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CHAPTER - 1

1.0. INTRODUCTION 


Water is an elixir of life. The parameter of socio-economical development of the society is average consumption of water for all-purpose per person. The mankind has wide range of water utility activity but direct intake of water for sustainance of life is of prime importance. Average intake of water by individual is 3.1% of body weight. The water is one of the most important mediums for transmission of diseases. The life sustains on water as one of the element, therefore qualitatively safe and adequate quantum as well as aesthetically acceptable water should be made available.


The Govt. of India and all State Govt. are committed to provide safe water and adequate water supply to every individual in rural areas. The Department of Drinking Water Supply, Ministry of Rural Development, Govt. of India has taken this issue as a national mission. According to the current policy the department of drinking water supply emphasizing on the need of community involvement as well as participation and capacity development of all stakeholders in maintaining sustainable safe water supply system. In this context the department of drinking water supply in association with different state govt. has taken up sector reform programme wherein special thrust is being given on community based management programme on rural water supply. Such thrust includes capacity building and training at different levels from policy makers, administrators, implementers, operators, caretakers and community as a whole.


This training module has been prepared for sensitizing policy makers and implementers and also to develop manpower for training at the block level on water quality monitoring and surveillance. The target group at state and district level training programme would be public health engineering and health department functionaries, technocards and scientists of different institutions, social scientists, educationists and teachers, representative from resourceful NGOs and other concerned personnel dealing with issues relating to rural water supply. A resource pool of manpower in each district is to be created.


2.0. 
Water Quality Surveillance - Its Need :

The problem of water supply is by no means confined only to the quantity of water available but to quality as well. Surveillance of drinking water quality, from the public health point of view, involves organization, management and number of other activities including follow up action to keep a constant vigil on the safety and acceptability of drinking water supplies. It is also an indispensable activity to ensure that the investments made and assets created thereof on drinking water supply schemes promote and protect the health of the consumers. Unfortunately, proper realization of the importance of this vital function is almost non-existent in our country.

Water quality monitoring programme have been adopted in some urban areas in India but no surveillance programme has yet been initiated either in urban or rural area, although the Rajiv Gandhi National Drinking Water Mission envisages surveillance of water quality of rural water supply systems. Catastrophies due to contamination and break down of safe water supply schemes are periodically reported from several urban areas, leading to out-break of water borne diseases, and on such events only some amount of realization of the essentiality of surveillance programme is evidenced among the administrators, government agencies and professionals, only to be forgotten till the reoccurrence of such episode.

Surveillance  of drinking water  quality,  from  the public health point of view,  involves organisation, management and number of other activities including  follow up  action  to  keep a constant vigil on  the  safety  and acceptability of drinking water supplies. The activity of surveillance is indispensable for promoting and protecting health of consumers as well as by aspect of investments on assets of drinking water supplies systems. 

Water quality monitoring programmes need to be tagged with surveillance. The absence of water quality surveillance may leads to catastrophies due to contamination of water. Such situation may cause out-break of water borne and water related diseases. 

Surveillance of drinking water quality is an uninterrupted and vigilant public health  assessment, and watchdog  of drinking water supplies. The key elements of a  surveillance programme should include :

(a) Monitoring

(b) Sanitary survey

(c) Data Processing

(d) Evaluation

(e) Remedial and preventive action, and

(f) Institutional analysis

Monitoring 

Monitoring involves the laboratory and / or spot testing of water samples collected from different locations in the water supply system including sources, water purification plants, distribution system and house reservoirs, representative of the actual condition of water at the point of collection.

Sanitary Survey

This is on-sight inspection and assessment of all conditions, applications and practices in the water supply system that are prone to develop health hazard to the consumers. Sanitary survey is not an alternative to water quality analysis but is an important component to such analysis in the overall quality control programme.

Data Processing and Evaluation

This involves processing of large number of data generated in course of monitoring and sanitary survey to elicit precise information to be utilized for decision making to improve the management and operational components of the surveillance programme.

Remedial and Preventive Action 

 Remedial action entails a series of exercises to be carried out to rectify sanitary deficiency upon detection. The evaluator should be extremely cautious in interpreting the relative effect of the identified deficiency on the safety of the supply and kind of corrective and preventive measures needed. The recommended remedial actions are :

(a) Resampling and sanitary survey to locate the probable cause.

(b) Take corrective measures such as repairs, check chlorine dosage and application, use of alternative source.

(c) Issue notification and advice to consumers, or in extreme case stop supply.

Institutional Examination

Institutional examination of water supply system is a scrutiny of operation and management of the relevant functions like inadequacy / lack of sustainability of sources, defective design, poor maintenance, ineffective supervision, inadequate training of personnel, lack of inter-sectoral coordination etc. which may lead to health hazard to the consumers.

3.0. Present  Status of  Water Quality Surveillance and Monitoring Programme in India 

In India financial and technical support to the urban and rural water supply systems are provided by the Central Government through the Ministry of Urban Development and the Ministry of Rural Development, Government of India respectively. However, planning, design, construction, operation and maintenance including laboratory for process control are undertaken by the Public Health Engineering Department / Water Supply and Drainage Boards of the respective State Governments both for urban and rural water supply systems.

At present there is no set norm for institutional frame work for water quality  surveillance programme, incorporating components such as continuous monitoring, sanitary survey, data processing and evaluation, intersectoral coordination  etc. The water quality monitoring and surveillance has prime importance in drinking water supply systems. 

The present status of functioning the laboratories established under Rajiv Gandhi National  Drinking Water Mission is to provide support in the matters related to :

1. Identification and assessment of existing  facilities and needs.

2. Strengthening of existing laboratory facilities at different levels.

3. Establishment of new district level water quality testing laboratories and procurement of hardware.

4. Water quality surveillance.

5. Programme for  manpower  training  and  awareness campaign.

6. Coordination  with  PHED, Water Boards, Zilla Parishads, Primary Health Centres as well as R & D Agencies and university departments.

7. Motivating people's participation through school/ colleges, National Social Service Organisations, national and local voluntary organisations. 

4.0. Organisation and Management of Surveillance Programme

The organizational set up and effective and smooth functioning of routine water quality monitoring and surveillance should match the objectives set forth to ensure supply of safe and projected water supply to the community in urban, peri-urban and rural areas. 

The cost involved in routine surveillance and quality control would be a small fraction of the capital and maintenance cost of big urban systems where the existing laboratories can carry out the programme. The situation in peri-urban and rural areas is different since large number of small systems spread over large areas and the remoteness of locations.

The universal goal of water quality surveillance is to safeguard and protect public health through supply of safe and protected drinking water at all time to the community. Implementation, operation, maintenance and surveillance and different functions which are generally undertaken by separate agencies of the government or autonomous bodies. In allocating the responsibilities the various agencies the need of the community should be kept in view. It is advisable to entrust the operation and maintenance to an engineering agency such PHED or Water Board, and the Water quality monitoring to the Public Health department. The surveillance programme, as a whole should be managed by intersectoral coordination.

CHAPTER - 2

HEALTH ASPECTS OF WATER & SANITATION

2.1
General Considerations 

The health status of an individual, a community or a nation is determined by the interplay and integration of two ecological universes ( the internal environment of man himself and the external environment which surrounds him.  The external environment consists of 3 major components ( physical, biological and social, all of which are closely related. The physical environment encompasses the non-living things and physical forces affecting man, e.g. water, air, ventilation, light, noise, climate.  The biologic environment includes the living things of the plant and animal kingdom.  The social environment comprises a complex interplay of factors and conditions such as cultural values, customs, habits, beliefs, attitudes, economic status, occupation, religion, social and political organization. 

It is well known today that a disease is caused due to a disturbance in the delicate balance between man and his environment.  Of the three ecological factors (agent, host and environment) responsible for diseases, the disease agent is usually identified with the help of laboratory diagnosis; the host is available for study; but the environment from which the patient comes is largely unknown.  Yet frequently, the key to the nature, occurrence, prevention and control of disease lies in the environment.  Without this knowledge, this key may not be available to the physician who desires to cure disease, prevent or control it.  This chapter will deal with one of such environmental factors which is responsible for transmission of many diseases in man.  

Poor environmental sanitation and unsafe drinking water has been one of the major health problems in India.  Water & sanitation related infections and the diseases of the alimentary tract constitute 60% to 80% of the illness.  Many of them, such as diarrhoea, dysentry, typhoid fever, intestinal helminthiasis, jaundice, cholera are endemic in India, particularly in the rural areas. 

In spite of significant progress in scientific and technical fields there is no significant change in the situation since attainment of independence.  While the rural areas continue to be in-sanitary, rapid industrialization and associated growth of the urban population during the last 25 to 30 years have adversely affected the environmental sanitation of the major cities.  Though substantial progress has been achieved in the in the sector of community water supply, health benefits have not been commensurate with the investment made, primarily because of the following factors : -

· Community water supply projects have not been integrated with hygiene, education and sanitation. 

· Water quality surveillance has been totally neglected. 

· Lack of participation of the community / beneficiaries. 

The diseases related to water supply and sanitation are numerous and the relationships are sometimes complex.

2.2
Water Related Infections :

A water-related disease is one that is in some gross way related to water in the environment or to impurities within water. Water-related diseases may be divided into those caused by a biological agent of disease (a pathogen) (Table 2.1) and those caused by some toxic chemical substances         (Table 2.3) in water. The first group may be called the water-related infections and may include some of the greatest causes of disease and death in the developing countries (for instance diarrhoeal diseases and malaria). The second group includes diseases such as fluorosis (linked to high fluoride levels in drinking water) and infantile methemoglobinemia (related to high nitrate levels in drinking water). These chemistry related diseases are overwhelmingly overshadowed by the water related infections in the developing countries, but some of them are slowly gaining importance in India, particularly due to industrial developments.


Transmission Routes :

The water-related infections are so described because their transmission. There are four transmission routes that are water related. These are shown in Table 2.2 and are related there to the environmental strategies for disease control that are appropriate to each route. The four routes are :

2.2.1 Water-borne route : 

Truly water-borne transmission occurs when the pathogen is in water that is drunk by a person or animal that may then become infected. Potentially water-borne diseases include the classical infections, notably cholera and typhoid, but also include a wide range of other diseases, such as infective hepatitis, and some diarrhoeas and dysenteries.

2.2.2 Water-washed route : 

There are many infections of the intestinal tract and of the skin that, may be significantly reduced following improvements in the domestic and personal hygiene. These improvements in hygiene 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 important types of water-washed infections are those of the skin or eyes. Bacterial skin sepsis, scabies, and fungal infections of the skin are extremely prevalent in many hot climates, and eye infections such as trachoma are also common and may lead to blindness.

2.2.3 Water-based route : 

A water-based disease is one in which the pathogen spends a part of its life-cycle in a water snail or other aquatic animal. All these diseases are due to infection by parasitic worms (helminths) which depend on aquatic intermediate hosts to complete their life-cycles. The degree of sickness depends upon the number of adult worms that are infecting the patient and so the importance of the disease must be measured in terms of the intensity of infection as well as the number of people infected. Important examples are schistosomiasis and Guinea worm.

2.2.4 Insect vector route : 

The fourth route is via insects that either breed in water or bite near water. Malaria, yellow fever, dengue and onchocerciasis (river blindness), for example, are transmitted by insects that breed in water another example West African trypanosomiasis (Gambian sleeping sickness) is transmitted by the riverine tsetse fly (Glossina spp.) which bites near water.

2.3 Excreta-Related Infections :

An excreta-related infection is one related to human excreta (meaning urine and faeces). Only two transmission mechanisms are excreta related :

2.3.1 Transmission via infected excreta : 

The pathogen is released into the environment in the faeces or urine of an infected individual.

2.3.2 Transmission by an excreta-related insect vector : 

An insect that visits excreta to breed or feed may mechanically carry excreted pathogens to food or an insect vector of a non-excreted pathogen may preferentially breed in faecally polluted sites.

All excreta-related infections except one are also excreted infections, i.e., they are shed in the urine or feces of an infected individual. The one clear exception is Bancroftian filariasis, which in some parts of the world is transmitted by members of the Culex pipiens group of mosquitoes that breed in sewage and other heavily polluted waters. All excreta-related infections are also water related except for the hook-worm Strongyloides and the beef and pork tapeworms. Several water-related infections are not excreta related (e.g., skin infections, trachoma, Guinea worm and malaria).

2.4 Water and Excreta Related Infections :

The water and excreta related classifications are overlapping in that many water-related infections are excreta related and most excreta-related infections are water related. In this section, therefore, the water and excreta-related infections are brought together in groups having similar epidemiological features and are tabulated in a way that highlights their amenability to prevention through interventions in water supply, excreta disposal, or hygienic behaviour. The groupings considered are :

· The diarrhoea-causing infections and enteric fevers

· Poliomyelitis and hepatitis A

· Worms with no intermediate host

· Worms with intermediate stages in the pig or cow

· Worms with aquatic intermediate stages

· Water borne re-infection 

· Skin and eye infections and louse-borne infections

· The infections transmitted by water-related insects

2.4.1
The  Diarrhoea-Causing Infections and Enteric Fevers

They are the most important group of water and excreta-related infections. Diarrhoeal diseases are caused by a variety of excreta viruses, bacteria, and protozoa. In all cases transmission is fecal-oral and both water-borne and water-washed modes of transmission occur.

Figure - 1 represents the major transmission routes for diarrhoeal diseases and enteric fevers (typhoid and paratyphoid) and indicated the modes of action of several strategies for interrupting transmission.

2.4.2
Poliomyelitis and Hepatitis A & E
Poliomyelitis and hepatitis A & E are entirely different infections but they have several epidemiological features in common. Transmission is fecal-oral ; infective doses are probably low. Figure - 2 represents the major transmission routes for poliovirus and hepatitis A virus and indicates the modes of action of several strategies for interrupting transmission.

2.4.3
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 faeces (or, if not actually in faeces, 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. Re-infection 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 reinfection by penetrating the unbroken skin, usually of the foot.  Figure - 3 describes the transmission routes and control measures for these common intestinal worms.

2.4.4
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 worms live only in the intestine of humans. Egg, 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 Figure - 4.

2.4.5
Worms with Aquatic Intermediate Hosts
A fascinating array of worms infect humans only having passed through developmental stages 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 but not in India.

2.4.6
Water-Borne Re-infection
Guinea worm or Dracunculus medinensis requires an aquatic intermediate host, and re-infection in man is always and only water-borne. Female worms mature in the deep tissues and then migrate to lie subcutaneously in a limb. Numerous larvae develop within the body of the female which induces a blister in the skin, which breaks down. The female exposes her prolapsed uterus there and the larvae are discharged whenever water is sensed by the worm. The life cycle continues if these larvae reach water containing copepods Cyclops, which eat the larvae. Development to the third stage larvae takes place in the body of the Cyclops and these are infective to humans if ingested. Guinea worm is a unique water related infection in that it can be eradicated solely by simple improvement in community water supply (Figure - 5)
2.4.7
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 (Figure -6).

Skin infections are extremely common and varied in the tropics. Superficial fungal infection, skin sepsis and ulcers, scabies are common. In some regions the prevalence of scabies exceeds 50% among school children. 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 infection is trachoma, which is particularly prevalent in arid areas of India. Trachoma often leads to impaired vision and sometimes to blindness. Various forms of conjunctivitis (especially acute bacteria) are also very common. Transmission is by direct eye-to-eye transfer of infective discharge by fingers, clothing or flies.

Diseases transmitted by body louse i.e. louse borne typhus caused by Rickettsia prowazeki and louse borne relapsing fever caused by Borrelia recurrentis can be reduced by controlling louse population and this can be achieved by increased body and clothes washing.

2.4.8
Infections Transmitted by Water-Related Insects
A large group of infections, several of them of major international public health importance, are transmitted by flies or mosquitoes which breed in water or bite near water. Malaria, yellow fever, dengue and Bancroftian filariasis are most important.

2.5 Chemicals Causing Water Related Diseases (Table 2.3) :

Arsenic  :

As per BIS (IS 10500 : 1991), the maximum permissible limit of Arsenic in drinking water is 0.05 mg/l. The sources of Arsenic pollution in water are generally industrial wastes, contaminating water bodies, either directly or by leaching through soil and also some agricultural insecticides. Though rare, natural arsenic pollution can occur in groundwater from arsiniferous 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 a potential carcinogen and skin and lung cancer can occur after prolonged exposure.

Mercury :

As per BIS (IS 10500 : 1991), the maximum permissible limit of Mercury in drinking water is 0.001 mg/l. Mercury poisoning can occur through food and water. The source of pollution is almost exclusively industrial waste. It must be noted however, that chronic mercury poisoning is less often water borne. Industrial wastes contaminate water bodies and is taken up by phyto and zooplanktons. These are then biomagnified in fish and other sea foods, eaten by man. In organic mercury poisoning various types of neural damages occur ranging from numbness, speech impairment to paralysis and death. With inorganic mercury poisoning renal damages can occur.

Nitrates :

As per BIS (IS 10500 : 1991), the maximum permissible limit of Nitrate in drinking water is 45 mg/l. 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. Excessive nitrates cause to infants who are particularly susceptible to asphyxiation by methemoglobinemia. Secondly, nitrites can combine with various amines in the gastrointestinal tract to form nitrosamines (particularly in low acidity conditions) some of which are carcinogenic.

Fluoride :

As per BIS (IS 10500 : 1991), the maximum permissible limit of Fluoride in drinking water is 1.5 mg/l. 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.

However, 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.

Pesticides : 
As per BIS (IS 10500 : 1991), the maximum permissible limit of pesticidec in drinking water is 0.001 mg/l. Surface run-off carrying pesticides / insecticides may cause pollution of surface water sources. Pesticides may cause following deleterious effect on public health and environment.

· Residues of pesticides contribute significantly to contamination of food, water, soil, animal products and human milk and tissues. 

· The ubiquitous presence of DDT and HCH in the environment. 

· High body burden of DDT and HCH in the general population and reported possible risk of breast cancer among women. 

· Widespread contamination of bovine milk and baby feeds with hard to degrade organochlorine pesticides. 

Water supply agencies should conduct study to monitor presence of insecticides in surface water sources through research institutions. Indiscriminate disposal of hazardous and toxic chemicals and heavy metals into water and soil is causing serious contamination of surface and ground water sources.  The periodic reports of contamination of water sources with chromium, cadmium, lead, mercury, etc. are of grave public health concern. 

2.6 Conclusion :

It is estimated that in India alone, 1.5 million children below 5 years die from diarrhoeal disease every year. Despite tremendous advances in medical knowledge and practice, morbidity and mortality due to water and excreta related communicable diseases continue to remain a heavy burden for all governments in the developing countries.

Water and sanitation has been accepted today, as a priority issue in health sector.  But, it is also clear that the health impact cannot be achieved by a simplistic policy of only supplying clean water.  Only carefully designed programmes that integrate water quality improvements with improvement in water availability, sanitation and hygiene education will achieve substantial reductions in the transmission of water and excreta related infections. 

Table 2.1 : Environmental Classification of Water-Related Infections
	Sl. No.
	Category
	Infection
	Pathogenic agent

	1.
	Faecal-oral

(water - borne or water - wahsed)
	Diarrhoeas and dysenteries Amoebic dysentery
Balantidiasis

Campylobacter enteritis

Cholera

E. coli diarrhoea

Giardiasis

Rotavirus diarrhoea

Salmonellosis

Shigellosis (Bacillary dysentery)

Yersiniosis

Enteric fevers

Typhoid

Paratyphoid 

Poliomyelitis

Hepatitis A

Hepatitis e

Leptospirosis

Ascariasis

Trichuriasis
	Protozoa

Protozoa

Bacteria

Bacteria

Bacteria

Protozoa

Virus

Bacteria

Bacteria

Bacteria

Bacteria

Bacteria

Virus

Virus

Virus

Virus

Spirochaete

Helminth

Helminth

	2.
	Water-washed

Skin and eye infections 

Others
	Infectious skin diseases

Infectious eye diseases

Louse-borne typhus

Louse-borne relapsing fever


	Fungi

Virus

Bacteria

Ricaettsia

Spirochaete

	3.
	Water-based

Penetrating skin  / Ingested
	Guinea worm

Schistosomiasis 

Clonorchiasis

Diphyllobothriasis

Fasciolopsiasis

Paragonimiasis


	Helminth

Helminth

Helminth

Helminth

Helminth

Helminth



	4.
	Water-related insect vector

Biting near water

Breeding in water
	Sleeping sickness

Filariasis

Malaria

River Blindness

Mosquito-borne viruses

Yellow fever

Dengue

Encephalitis
	Protozoa

Helminth

Protozoa

Helminth

Virus

Virus

Virus


Table 2.2 : 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



	Water - washed
	Increase water quantity used

Improve accessibility and reliability of domestic water supply

Improve hygiene

 

	Water - based
	Contact with infected water need to be decreased

Reduce contamination of surface water by excreta*



	Water - related insect vector
	Improve surface water management

Destroy breeding sites of insects

Decrease need to visit breeding sites

Use mosquito netting



*
The preventive strategies appropriate to the water-based worms depend upon the precise life cycle of each and this is the only general prescription that can be given.

Table 2.3 : Inorganic chemicals causing water related diseases
	Inorganic contaminant
	Major source
	Sphere most affected
	Primary health effects

	Arsenic
	- Ore smelting, refining

· Pesticides

· Geological
	- Air, Water
	- Arsenic poisoning (dermatosis, keratosis, gastro-intestinal disorders, lower limb paralysis, cancer)

	Fluoride
	Geological
	Water
	Dental, skeletal and non-skeletal fluorosis

	Nitrates

Nitrites
	Agricultural run-off

Meat preservatives
	- Water, Food
	- Nitrates ( Nitrite + Amines (in body) yield carcinogenic nitrosamines

Nitrates can cause methemoglobinemia in infants.

	Mercury
	- Inorganic form           Electrical goods Chlor-alkali industry, burning of fossil fuel

- Organic form Slimicides, Fungicides
	- Water, Food
	- Inorganic : disorders of renal system

- Organic : , disorders of CNS, numbness, impaired speech, paralysis, deformity, death.

	Cadmium
	- Electroplaters, battery manufacturers
	- 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

	Pesticides
	Public health & agricultural use
	Food, water, soil and animal products
	Contamination of human milk and tissue risk of breast cancer among women


CHAPTER - 2

HEALTH ASPECTS OF WATER & SANITATION

2.1
General Considerations 

The health status of an individual, a community or a nation is determined by the interplay and integration of two ecological universes ( the internal environment of man himself and the external environment which surrounds him.  The external environment consists of 3 major components ( physical, biological and social, all of which are closely related. The physical environment encompasses the non-living things and physical forces affecting man, e.g. water, air, ventilation, light, noise, climate.  The biologic environment includes the living things of the plant and animal kingdom.  The social environment comprises a complex interplay of factors and conditions such as cultural values, customs, habits, beliefs, attitudes, economic status, occupation, religion, social and political organization. 

It is well known today that a disease is caused due to a disturbance in the delicate balance between man and his environment.  Of the three ecological factors (agent, host and environment) responsible for diseases, the disease agent is usually identified with the help of laboratory diagnosis; the host is available for study; but the environment from which the patient comes is largely unknown.  Yet frequently, the key to the nature, occurrence, prevention and control of disease lies in the environment.  Without this knowledge, this key may not be available to the physician who desires to cure disease, prevent or control it.  This chapter will deal with one of such environmental factors which is responsible for transmission of many diseases in man.  

Poor environmental sanitation and unsafe drinking water has been one of the major health problems in India.  Water & sanitation related infections and the diseases of the alimentary tract constitute 60% to 80% of the illness.  Many of them, such as diarrhoea, dysentry, typhoid fever, intestinal helminthiasis, jaundice, cholera are endemic in India, particularly in the rural areas. 

In spite of significant progress in scientific and technical fields there is no significant change in the situation since attainment of independence.  While the rural areas continue to be in-sanitary, rapid industrialization and associated growth of the urban population during the last 25 to 30 years have adversely affected the environmental sanitation of the major cities.  Though substantial progress has been achieved in the in the sector of community water supply, health benefits have not been commensurate with the investment made, primarily because of the following factors : -

· Community water supply projects have not been integrated with hygiene, education and sanitation. 

· Water quality surveillance has been totally neglected. 

· Lack of participation of the community / beneficiaries. 

The diseases related to water supply and sanitation are numerous and the relationships are sometimes complex.

2.2
Water Related Infections :

A water-related disease is one that is in some gross way related to water in the environment or to impurities within water. Water-related diseases may be divided into those caused by a biological agent of disease (a pathogen) (Table 2.1) and those caused by some toxic chemical substances         (Table 2.3) in water. The first group may be called the water-related infections and may include some of the greatest causes of disease and death in the developing countries (for instance diarrhoeal diseases and malaria). The second group includes diseases such as fluorosis (linked to high fluoride levels in drinking water) and infantile methemoglobinemia (related to high nitrate levels in drinking water). These chemistry related diseases are overwhelmingly overshadowed by the water related infections in the developing countries, but some of them are slowly gaining importance in India, particularly due to industrial developments.


Transmission Routes :

The water-related infections are so described because their transmission. There are four transmission routes that are water related. These are shown in Table 2.2 and are related there to the environmental strategies for disease control that are appropriate to each route. The four routes are :

2.6.1 Water-borne route : 

Truly water-borne transmission occurs when the pathogen is in water that is drunk by a person or animal that may then become infected. Potentially water-borne diseases include the classical infections, notably cholera and typhoid, but also include a wide range of other diseases, such as infective hepatitis, and some diarrhoeas and dysenteries.

2.6.2 Water-washed route : 

There are many infections of the intestinal tract and of the skin that, may be significantly reduced following improvements in the domestic and personal hygiene. These improvements in hygiene 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 important types of water-washed infections are those of the skin or eyes. Bacterial skin sepsis, scabies, and fungal infections of the skin are extremely prevalent in many hot climates, and eye infections such as trachoma are also common and may lead to blindness.

2.6.3 Water-based route : 

A water-based disease is one in which the pathogen spends a part of its life-cycle in a water snail or other aquatic animal. All these diseases are due to infection by parasitic worms (helminths) which depend on aquatic intermediate hosts to complete their life-cycles. The degree of sickness depends upon the number of adult worms that are infecting the patient and so the importance of the disease must be measured in terms of the intensity of infection as well as the number of people infected. Important examples are schistosomiasis and Guinea worm.

2.6.4 Insect vector route : 

The fourth route is via insects that either breed in water or bite near water. Malaria, yellow fever, dengue and onchocerciasis (river blindness), for example, are transmitted by insects that breed in water another example West African trypanosomiasis (Gambian sleeping sickness) is transmitted by the riverine tsetse fly (Glossina spp.) which bites near water.

2.7 Excreta-Related Infections :

An excreta-related infection is one related to human excreta (meaning urine and faeces). Only two transmission mechanisms are excreta related :

2.7.1 Transmission via infected excreta : 

The pathogen is released into the environment in the faeces or urine of an infected individual.

2.7.2 Transmission by an excreta-related insect vector : 

An insect that visits excreta to breed or feed may mechanically carry excreted pathogens to food or an insect vector of a non-excreted pathogen may preferentially breed in faecally polluted sites.

All excreta-related infections except one are also excreted infections, i.e., they are shed in the urine or feces of an infected individual. The one clear exception is Bancroftian filariasis, which in some parts of the world is transmitted by members of the Culex pipiens group of mosquitoes that breed in sewage and other heavily polluted waters. All excreta-related infections are also water related except for the hook-worm Strongyloides and the beef and pork tapeworms. Several water-related infections are not excreta related (e.g., skin infections, trachoma, Guinea worm and malaria).

2.8 Water and Excreta Related Infections :

The water and excreta related classifications are overlapping in that many water-related infections are excreta related and most excreta-related infections are water related. In this section, therefore, the water and excreta-related infections are brought together in groups having similar epidemiological features and are tabulated in a way that highlights their amenability to prevention through interventions in water supply, excreta disposal, or hygienic behaviour. The groupings considered are :

· The diarrhoea-causing infections and enteric fevers

· Poliomyelitis and hepatitis A

· Worms with no intermediate host

· Worms with intermediate stages in the pig or cow

· Worms with aquatic intermediate stages

· Water borne re-infection 

· Skin and eye infections and louse-borne infections

· The infections transmitted by water-related insects

2.4.1
The  Diarrhoea-Causing Infections and Enteric Fevers

They are the most important group of water and excreta-related infections. Diarrhoeal diseases are caused by a variety of excreta viruses, bacteria, and protozoa. In all cases transmission is fecal-oral and both water-borne and water-washed modes of transmission occur.

Figure - 1 represents the major transmission routes for diarrhoeal diseases and enteric fevers (typhoid and paratyphoid) and indicated the modes of action of several strategies for interrupting transmission.

2.4.2
Poliomyelitis and Hepatitis A & E
Poliomyelitis and hepatitis A & E are entirely different infections but they have several epidemiological features in common. Transmission is fecal-oral ; infective doses are probably low. Figure - 2 represents the major transmission routes for poliovirus and hepatitis A virus and indicates the modes of action of several strategies for interrupting transmission.

2.4.3
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 faeces (or, if not actually in faeces, 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. Re-infection 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 reinfection by penetrating the unbroken skin, usually of the foot.  Figure - 3 describes the transmission routes and control measures for these common intestinal worms.

2.4.4
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 worms live only in the intestine of humans. Egg, 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 Figure - 4.

2.4.5
Worms with Aquatic Intermediate Hosts
A fascinating array of worms infect humans only having passed through developmental stages 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 but not in India.

2.4.6
Water-Borne Re-infection
Guinea worm or Dracunculus medinensis requires an aquatic intermediate host, and re-infection in man is always and only water-borne. Female worms mature in the deep tissues and then migrate to lie subcutaneously in a limb. Numerous larvae develop within the body of the female which induces a blister in the skin, which breaks down. The female exposes her prolapsed uterus there and the larvae are discharged whenever water is sensed by the worm. The life cycle continues if these larvae reach water containing copepods Cyclops, which eat the larvae. Development to the third stage larvae takes place in the body of the Cyclops and these are infective to humans if ingested. Guinea worm is a unique water related infection in that it can be eradicated solely by simple improvement in community water supply (Figure - 5)
2.4.7
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 (Figure -6).

Skin infections are extremely common and varied in the tropics. Superficial fungal infection, skin sepsis and ulcers, scabies are common. In some regions the prevalence of scabies exceeds 50% among school children. 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 infection is trachoma, which is particularly prevalent in arid areas of India. Trachoma often leads to impaired vision and sometimes to blindness. Various forms of conjunctivitis (especially acute bacteria) are also very common. Transmission is by direct eye-to-eye transfer of infective discharge by fingers, clothing or flies.

Diseases transmitted by body louse i.e. louse borne typhus caused by Rickettsia prowazeki and louse borne relapsing fever caused by Borrelia recurrentis can be reduced by controlling louse population and this can be achieved by increased body and clothes washing.

2.4.8
Infections Transmitted by Water-Related Insects
A large group of infections, several of them of major international public health importance, are transmitted by flies or mosquitoes which breed in water or bite near water. Malaria, yellow fever, dengue and Bancroftian filariasis are most important.

2.9 Chemicals Causing Water Related Diseases (Table 2.3) :

Arsenic  :

As per BIS (IS 10500 : 1991), the maximum permissible limit of Arsenic in drinking water is 0.05 mg/l. The sources of Arsenic pollution in water are generally industrial wastes, contaminating water bodies, either directly or by leaching through soil and also some agricultural insecticides. Though rare, natural arsenic pollution can occur in groundwater from arsiniferous 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 a potential carcinogen and skin and lung cancer can occur after prolonged exposure.

Mercury :

As per BIS (IS 10500 : 1991), the maximum permissible limit of Mercury in drinking water is 0.001 mg/l. Mercury poisoning can occur through food and water. The source of pollution is almost exclusively industrial waste. It must be noted however, that chronic mercury poisoning is less often water borne. Industrial wastes contaminate water bodies and is taken up by phyto and zooplanktons. These are then biomagnified in fish and other sea foods, eaten by man. In organic mercury poisoning various types of neural damages occur ranging from numbness, speech impairment to paralysis and death. With inorganic mercury poisoning renal damages can occur.

Nitrates :

As per BIS (IS 10500 : 1991), the maximum permissible limit of Nitrate in drinking water is 45 mg/l. 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. Excessive nitrates cause to infants who are particularly susceptible to asphyxiation by methemoglobinemia. Secondly, nitrites can combine with various amines in the gastrointestinal tract to form nitrosamines (particularly in low acidity conditions) some of which are carcinogenic.

Fluoride :

As per BIS (IS 10500 : 1991), the maximum permissible limit of Fluoride in drinking water is 1.5 mg/l. 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.

However, 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.

Pesticides : 
As per BIS (IS 10500 : 1991), the maximum permissible limit of pesticidec in drinking water is 0.001 mg/l. Surface run-off carrying pesticides / insecticides may cause pollution of surface water sources. Pesticides may cause following deleterious effect on public health and environment.

· Residues of pesticides contribute significantly to contamination of food, water, soil, animal products and human milk and tissues. 

· The ubiquitous presence of DDT and HCH in the environment. 

· High body burden of DDT and HCH in the general population and reported possible risk of breast cancer among women. 

· Widespread contamination of bovine milk and baby feeds with hard to degrade organochlorine pesticides. 

Water supply agencies should conduct study to monitor presence of insecticides in surface water sources through research institutions. Indiscriminate disposal of hazardous and toxic chemicals and heavy metals into water and soil is causing serious contamination of surface and ground water sources.  The periodic reports of contamination of water sources with chromium, cadmium, lead, mercury, etc. are of grave public health concern. 

2.10 Conclusion :

It is estimated that in India alone, 1.5 million children below 5 years die from diarrhoeal disease every year. Despite tremendous advances in medical knowledge and practice, morbidity and mortality due to water and excreta related communicable diseases continue to remain a heavy burden for all governments in the developing countries.

Water and sanitation has been accepted today, as a priority issue in health sector.  But, it is also clear that the health impact cannot be achieved by a simplistic policy of only supplying clean water.  Only carefully designed programmes that integrate water quality improvements with improvement in water availability, sanitation and hygiene education will achieve substantial reductions in the transmission of water and excreta related infections. 

Table 2.1 : Environmental Classification of Water-Related Infections
	Sl. No.
	Category
	Infection
	Pathogenic agent

	1.
	Faecal-oral

(water - borne or water - wahsed)
	Diarrhoeas and dysenteries Amoebic dysentery
Balantidiasis

Campylobacter enteritis

Cholera

E. coli diarrhoea

Giardiasis

Rotavirus diarrhoea

Salmonellosis

Shigellosis (Bacillary dysentery)

Yersiniosis

Enteric fevers

Typhoid

Paratyphoid 

Poliomyelitis

Hepatitis A

Hepatitis e

Leptospirosis

Ascariasis

Trichuriasis
	Protozoa

Protozoa

Bacteria

Bacteria

Bacteria

Protozoa

Virus

Bacteria

Bacteria

Bacteria

Bacteria

Bacteria

Virus

Virus

Virus

Virus

Spirochaete

Helminth

Helminth

	2.
	Water-washed

Skin and eye infections 

Others
	Infectious skin diseases

Infectious eye diseases

Louse-borne typhus

Louse-borne relapsing fever


	Fungi

Virus

Bacteria

Ricaettsia

Spirochaete

	3.
	Water-based

Penetrating skin  / Ingested
	Guinea worm

Schistosomiasis 

Clonorchiasis

Diphyllobothriasis

Fasciolopsiasis

Paragonimiasis


	Helminth

Helminth

Helminth

Helminth

Helminth

Helminth



	4.
	Water-related insect vector

Biting near water

Breeding in water
	Sleeping sickness

Filariasis

Malaria

River Blindness

Mosquito-borne viruses

Yellow fever

Dengue

Encephalitis
	Protozoa

Helminth

Protozoa

Helminth

Virus

Virus

Virus


Table 2.2 : 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



	Water - washed
	Increase water quantity used

Improve accessibility and reliability of domestic water supply

Improve hygiene

 

	Water - based
	Contact with infected water need to be decreased

Reduce contamination of surface water by excreta*



	Water - related insect vector
	Improve surface water management

Destroy breeding sites of insects

Decrease need to visit breeding sites

Use mosquito netting



*
The preventive strategies appropriate to the water-based worms depend upon the precise life cycle of each and this is the only general prescription that can be given.

Table 2.3 : Inorganic chemicals causing water related diseases
	Inorganic contaminant
	Major source
	Sphere most affected
	Primary health effects

	Arsenic
	- Ore smelting, refining

· Pesticides

· Geological
	- Air, Water
	- Arsenic poisoning (dermatosis, keratosis, gastro-intestinal disorders, lower limb paralysis, cancer)

	Fluoride
	Geological
	Water
	Dental, skeletal and non-skeletal fluorosis

	Nitrates

Nitrites
	Agricultural run-off

Meat preservatives
	- Water, Food
	- Nitrates ( Nitrite + Amines (in body) yield carcinogenic nitrosamines

Nitrates can cause methemoglobinemia in infants.

	Mercury
	- Inorganic form           Electrical goods Chlor-alkali industry, burning of fossil fuel

- Organic form Slimicides, Fungicides
	- Water, Food
	- Inorganic : disorders of renal system

- Organic : , disorders of CNS, numbness, impaired speech, paralysis, deformity, death.

	Cadmium
	- Electroplaters, battery manufacturers
	- 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

	Pesticides
	Public health & agricultural use
	Food, water, soil and animal products
	Contamination of human milk and tissue risk of breast cancer among women


CHAPTER – 3

COMMUNITY EDUCATION AND INVOLVEMENT

Mass Awareness Campaign :


Majority of the people’s perception of good quality water is limited to aesthetic and organoleptic characteristics such as colour, odour, turbidity and taste as revealed in a number of studies conducted by different investigating agencies in different regions. Bacteriological and Chemical criteria of water quality are yet to be determined and appreciated by all sections of the community. The policy makers, planners and engineering professionals conceive and create protected water supply systems to ensure supply of safe water in adequate quantity on a continuing basis without taking cognizance of the conceptual gap between the people and the planners in their perception of wholesome water. This often results in under utilisation or even non-utilisation of the drinking water supply systems in some rural areas. Moreover, this apathy of the community towards safe water supply systems deprives the planners and executors of an effective back-up support from the community after the installation of a safe water source which is so essential for the success of the programme.


It is, thus, evident that in addition to installation of hardware, there is an urgent need for consumer information and education to generate awareness and conciousness in the community about the importance of water quality and its impact on public health. This would naturally ensure the cooperation and active participation of the community in maintaining the safe water supply system and take lead in demanding supply of safe drinking water. It would also develop positive attitude toward prevention of contamination and even eliminate vandalism or damage to vulnerable parts of the system. Community education and participation is thus a sine qua non for successful implementation of water quality surveillance programme.

The separate module on community education and awareness is prepared under sector reforms programme. This module shall be the basic training programme module for subject matter. However, considering importance and need of subject at a glance coverage is included in this module.


Several options are available for organising Mass Awareness Campaign to create general awareness in the community about the importance of safe water, personal hygiene and sanitation in man’s life and involve them in all activities of national water supply and sanitation programme. A broad guideline for organising such campaign in rural areas is offered below.

Guideline for Organising Mass Awareness Campaign


1.
Components of the Campaign :



The campaign shall have two components :

(a) Camps (popular talks, demonstration / Orientation workshop / Seminars etc.)

(b) Visits to villages.

Camps :


The general guideline for organising a camp as given below should be followed as far as practicable. The voluntary organisations and other organisers of camp may modify the guideline to suit local conditions and other compulsions without deviating from the objective.

i. The camp shall be of 5 day duration

ii. The number of participants should be 30 to 40

iii. The participants should be from various walks of life, such as Mahila Samities, local youth clubs, social workers, panchayats, college and school teachers, primary health centres, ICDS workers, gramsevak and gramsevikas, local PHED personnels. In addition, there should be adequate representative from all section of the society in a particular community or village, with particular emphasis on participation by women.

Methodology  :


The methodology to be adopted for propagating the message shall be through popular talks / organizing baseline survey (individual household based) by resource personnels and inter personnel communication on different topics using identified tools and medias for awareness and education. The tools to be designed and medias to be adopted will be finalized based on adaptability, acceptability and need of community. 

Contents of the Communication messages can be as under or may be decided as above as per requirement  :

1. “Aims and objective of the National Drinking Water Mission”.

2. “Water and Man’s life” ( beneficial uses of water.

3. “Water and Man’s Health”.

4. Drinking water quality standards.

5. Effect of different parameters of water on human body.

6. Safe water and child’s health.

7.  “Importance of personal hygiene and sanitation”

8. “Importance of operation and maintenance of water treatment plants, hand pumps, and dug wells by the community” ( Do and Don’ts.

9. “Ways in which the community can play active role in monitoring and surveillance of water quality” followed by demonstration of the working of Field Kit for water quality testing.

10. Person to person contact with community members to appreciate and identify specific problems.

11. Communication with small group of people in the village by using low cost flip charts, black boards and models, well prepared slide and sound shows to suit the specific audience.

12. Individual discussion with respected and influential community leaders as useful introduction to the community.

13. Distribute hand-bills through educational institutions to generate awareness among younger generation.

14. Evaluation of the entire programme is done by the participants and organisers.

15. Identification of specific problems and the needs of the villages by the participants.

16. Draw up action plan.

Organisational Facilities :

1. The camps shall be organised by the respective state governments or other autonomous or voluntary organisation with government support.

2. All infrastructural facilities for conducting the camp shall be provided by the state governments.

3. All charts, models, video strips, posters, films shall be prepared and made available by the state government.

Role of Regional Centres (ITN) :


The regional centres shall provide, if requested by the state government/DRD, all assistance in organising camps by way of :

1. Preparation of visual and audio-visual aids.

2. Make available resource personnels for conducting the camps.

3. Intersectoral co-ordination with special involvement of Health and Education Departments.

4. To co-ordinate with Apex Committee at State Level (SWSM) for ensuring participation / policy input from all the Stakeholders (Agri-irrigation / ground water department, etc.). 

CHAPTER - 4

COMMUNITY BASED WATER QUALITY SURVEILLANCE 

Introduction 


Ensuring safety of public water supply systems in the municipal towns as well as rural areas has remained the greatest challenge to the Public Health Engineers and Municipal Authorities. Lack of safe drinking water has been a major cause of endemicity of most water borne diseases like Cholera, Typhoid, Infectious Hepatitis, Enteric diseases, Diarrhoea, etc. As a matter of fact, epidemic of such diseases has become an annual event in urban, peri-urban and rural areas particularly among the low-income groups of people and the under-served areas like the urban slums and peri-urban areas. Even in the Metropolitan and Megacities, the operation and maintenance and quality monitoring of drinking water supply systems are extremely inadequate. In the rural areas even rudimentary facilities of water quality monitoring and surveillance are not available. The recent calamity in respect of large-scale contamination of ground water with Arsenic, affecting the health of millions of people in West Bengal and Bangladesh is a testimony to our utter failure in monitoring and management of water quality. The present paper discusses some of the key issues and concerns in respect of water quality surveillance in the country and strongly advocates a community based approach which alone could ensure sustainability of the programme.

Need for a Community Based Approach 


Even though the coverage has been impressive over the last decade, various studies indicate that there is no institutionalized 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. 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 utilizing 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 a 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 a way that only focused 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 State for strengthening water quality monitoring facilities, based on projects received from the State Governments. As part of the strategy for strengthening the infrastructure of the States of water quality monitoring, the Mission has been assisting all the States financially to set up district-wise water testing laboratories.


The followings are significant consideration in the implementation of community based water quality surveillance in the country.

· Constitution of communities and their role.

· Participating planning process

· Legislation frame work

· Institutional linkage.

· Financial sustainability

· Transparency of financial activities

· Water and sanitation linkages

· Continuing training.

Formation and Composition of Community Based Organisation (Committees) at various levels :


The organisation must be representative of the various segment of the community. Each significant group should be represented by women from the community. The organisation should include each ethnic group, each of the major water user group, the local government and the traditional leadership.


In order to organize community based water quality monitoring and surveillance programme, committees at various levels e.g. state, district, block and village level need to be formed. All committees should be formed taken representatives from various organizations, user community, Mahila Mondal, etc. In district, block and village level committees representatives from Panchayat must be incorporated. 

Participatory Planning Process :


Participation should mean that communities have a role in choosing the methodology, appropriate to them, in developing that technology and controlling its management. In the past, when communities have been indifferent to official programmes, the assumption has often been that programme benefits need to be more intensely directed at the ‘target’ population in order to convince them that this is what they should want. The last decade has revealed that in most cases the programme design and methodologies were absolutely inappropriate to community needs and aspiration. Community participation can therefore no longer be interpreted as a community acceptance of given direction.


It has been found in pilot study on water quality surveillance conducted by AIIH&PH that when AWW’s were asked to select that appropriate water testing kit select the then available kits none of the kits was fully accepted by them. They had presented their defficiencies as well as probable corrective measures in an absolutely participatory way. On the other hand, if the AWWs were asked to perform the water quality monitoring by any pre-selected water testing kit that could have been a major cause of the failure of the project. On the contrary, AIIH&PH kit was developed with the help of their participatory evaluation and the kit has been accepted as very much user-friendly in various parts of rural India. 


The importance of such community participation does not reduce the critical role of implementers in water supply programmes because placement of alternatives before the community is still very much in the hands of the professionals. While community and voluntary effort can help extend the range of the motivators influence, the role of professional is crucial. The emphasis must therefore be on establishing network which bring professionals and communities into closer dialogue and partnership, helping government to move from being providers of system to becoming promoters and facilitators of a programme to assess the communities who should act as clients not beneficiaries or users. 

Legislative Frame Work :


A community based organisation of any kind, set up to manage infrastructure facilities, should be recognised by the various level of governments as legitimately representing the consensus of the community. This may sometime encourage powerful person or community to rule over the weaker section but it can be checked effectively by the combined force of the community. But without the ability to enforce the rule community organisation may prove paper-tigers. It should act as an extension of district / town / block administrations. The administrations would act a supportive agency in ensuring that organisation perform adequately. In the case of non-performance by an organisation, the activities has an obligation to intervene in the  management of the scheme. 

Institutional Linkage :


If one carefully analyses the institutional role of water quality surveillance activities in peri-urban and rural areas it can be said that small municipal authorities or Public Health Engineering Directorate (or equivalent) do not have the necessary infrastructure or personnel to develop even a rudimentary system of water quality monitoring at the town or village level. 


In Indian situation there may be many networks who can perform the community based water quality surveillance effectively. It is desirable to have three tier arrangement for managing the system. In Table – 1 different options for network have been shown. From the table it can be obtained that all the networks are based on three tier arrangement.

Table – 1 : Water Quality Surveillance Netowrk

	Strata
	Network I
	Network II
	Network III
	Network IV

	District Level      
	Exe. / Asstt Engg. (PHED / RDD) / Zilla Parishad
	DMO
	DPO / ICDS
	NGO Personnel

	Block 
Level       
	Sub-Asstt. Engineer
	BMO
	CDPO / Supervisor
	NGO personnel

	Grass Root Level      
	
Mechanic / Panchayat Members
	Health Workers / Auxiliary Nurse / 
Mid- Wife
	Anganwadi Workers
	Members of Local Youth Clubs / Mahila Mandal


Financial Sustainability:


Community based organization assuming managerial responsibility for a water quality surveillance programme must approach the O&M of the facilities on a full cost recovery basis. The determination of revenue requirements must take into account both the direct and indirect operating cost, and the capital cost of asset (e.g. field kits) replacement over time. In India, most cases, full cost recovery will not be practical through direct service charge (tariff) and a certain amount subsidiary will be required. However, it is important that the community based organisation identify all of the cost categories and develop a plan for ensuring that they are catered for adequately. For example the following is the budgetary estimate of  the proposed model project (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)


(i.e. quarterly)


Therefore, 25 Nos. of sources can be monitored in a year with a single field kit or with a single refill of reagents.


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 to be allotted for 5000 population.


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

Capital Expenditure :

Cost of one Field kit 
- 
Rs.2500/-

Annual Recurring Expenditure :


a. 
Addl. Honorarium to Grass-root Workers (GRW)


(5 x Rs.300/-)
-
Rs.2,500/-


b.
Refilling Cost for Field Kit 


(Chemical & Bacteriological reagents)
 -
Rs.500/-


c.
Cost of disinfectants, minor remedial 


expenses, mobility,etc.
- 
Rs.1500/-


d.
Annuity (10% of the capital)
-
 Rs.  250/-


    e.
Honorarium to GP coordinator
                  Rs.  1200



Total
-
Rs.5950/-

Estimated annual  per capita contribution

(Rs.5950 / 5000)
-
Rs. 1.19

Estimated annual  per family contribution

(6 x Rs.1.19)
-
Rs.7.14

Estimated monthly per family contribution

 (Rs.7.14/12)
-
60 paise

Transparency of Financial Activities :


When a portion of the community hold responsibilities of finance handling other part of the community may complain of not getting any information on the finance management. The community organisation would be set up in such a way all the finance matter like purchase of refill, disinfectant, etc. should be transparent to every section of the community. A bank account or post office account should be opened and it must be audited periodically. In pilot study conducted by AIIH&PH monetary contributions from the community were encouraged the people were motivated to contribute Re.1/- per family per month to create a revolving fund to be utilised towards the refilling cost of the reagents of the kit, bleaching powder for disinfection, etc. There was an enthusiastic response in most of the village level water committees have open savings accounts in the local post offices or rural banks. 

Water and Sanitation Linkages 


‘Safe Water for All’ cannot be achievable without providing sufficient attention towards sanitation coverage. Community, especially rural one, must be continuously motivated to use sanitary latrines for defecation. Presently for towns it is not a problem but for the rural areas in almost all the states of India it is still a major but under-recognised problem. In this regard, community of better sanitation covered villages should be effectively used as motivators for the other less covered villages. An appropriate and situation specific community based hygiene education programme should be established in this regard. 

Continuing Training :


Training is an integral part of the process of implementing a community managed water quality surveillance strategy. Training should be considered to be the final stage of planning and first stage of implementation. It must be a bad planning if implementation cannot be quickly follow training because without rapid implementation  the community surveillance worker soon require retraining.


One of the most important aspects of water quality surveillance work is the co-ordination of the surveillance team partially at the higher level (state / district / town level). A co-ordination workshop is emphasised as the first training course.


On a national level a three tier pyramidal model has been envisaged. At the top there would be the District Level Key Trainers. From each of the 516 districts in India,  3 to 4 key persons would be identified and appropriately trained to conduct and supervise the training and surveillance activities in his / her district. They would in turn train Block Level Trainers ( at least 5 in each block. The Block Level Trainers would in turn, disseminate the knowledge to the grassroot workers at the village level. The idea is to develop a Grassroot Worker in each village in India, who would, armed with a field kit, not only be in charge of water quality surveillance in rural areas, but would also act as a nucleus  of change.

CHAPTER - 5

ORGANISATION AND MANAGEMENT OF SURVEILLANCE PROGRAMME

5.1. Approach :


An organizational framework of effective quality control and surveillance for fulfillment of objectives to provide safe protected water supply with reliable service need to be established. This setup will respond to and act upon information for improvement and oversee service management. This establishment would be keeping of a careful watch at  all times, from the public health  point  of view, over  the safety and acceptability  of  drinking water supplies. The surveillance setup may be supported by regulatory standards and codes of practice.

The surveillance activity will help in overall manpower and logistic management and will help in effective control of diseases. This will also provide guidelines in HRD as well as formulating innovative techniques. 

Some important aspects of the surveillance programme are as follows :

(a) The agency should have the sole responsibility within the health authority for providing surveillance services to protect the public from waterborne  diseases and other hazards  associated with the water supply.

(b) Water-quality surveillance should be integrated with other environmental health measures, especially sanitation.

(c) Surveillance requires specialized knowledge and the agency should thus include personnel specially trained in matters such as sanitary engineering, community health, epidemiology, chemistry, biology  etc.; additional support should be provided by the  medical profession, particularly during   an  outbreak of enteric disease.

(d) Health authorities should possess centralized laboratories and other services, which can be advantageously used for the conduct of programmes of surveillance of water supplies.

(e) Periodic reports to the government regarding the public health situation of the  country's water supplies are essential. 

The community participation is an essence of developing effective surveillance system. 


5.2.
Water Supply Management vis-a-vis Surveillance Programme :

The  Department of Public Health, Public  Health  Engineering/Water Supply Boards and Environment Pollution  Control/Protection  will all be involved  in water supply management, but  their  functions and responsibilities  are delineated according to states own administrative  structure. A broad outline is indicated below :

	Agency
	Function
	Responsibility

	Surveillance
	
	

	Ministry of Health /   State Health Department  
	Surveillance of drinking water quality
	Ensure that all drinking water quality in the country is free from health hazards to find out what is wrong and assists in putting matters right for both urban rural systems.

	State PHE Department / Jal Boards
	Monitoring of quality drinking water supplied
	

	Water Supply Agency
	
	

	State PHED / Water Boards
	Supply of potable water
	Provide water of sufficient quantity and quality to the population to rural population.

	Pollution Control Board
	Controlling of pollution at source
	Protect the raw water sources from being unduly polluted for the entire state / country.


5.2.1.  Water Quality Control Responsibilities

Major activities by different agencies active in sector are broadly given below :

Department of Drinking Water Supply:

i) administer and coordinate  the drinking  water quality control programme. This includes providing consultancy and technical assistance to the states in formulating and implementing their monitoring programmes and sanitary survey programmes;

ii) recommend and review guidelines, standards, manuals etc. for programme implementation;

iii) process, analyse and evaluate all data pertaining to drinking water quality and to make them available for decision makers;

iv) identify technical  and methodological gaps, training needs and other problems associated with the implementation of the programme and provide or recommend solution; 

v) promote health  education  and  self-inspection (especially for process quality surveillance  and analytical quality control);

vi) promote and coordinate research activities; 

vii) "approve" new sources for potable supply and water  treatment methods; and

viii) develop/maintain MIS on WQM

5.2.1.1. State Public Health Engineering Departments/ Rural Development Departments

i) administer and coordinate the  drinking water quality control activities;

ii) supervise and assist the district in the formulation and implementation of  the  district drinking water quality control programmes and sanitary survey programmes;

iii) compile  all  data pertaining to  drinking  water quality from the districts and forward them to the state/national surveillance agency for processing;

iv) coordinate in investigation and research activities.

Department of Health 

· Surveillance of privately owned public water supply systems, if prevalent 

Role of Panchayati Raj Organizations

In India, Panchayati Raj system plays an important role in rural development.  In the process of decentralization of activities, Panchayat’s responsibility have increased enormously.  Water quality surveillance programme could be undertaken by Panchayats and the Panchayat personnel are already involved in health promotion activities and with additional support by way of trained personnel, equipment, glassware and media, the task of surveillance could be undertaken more effectively.
5.2.1.2.  Zilla (District) Parishad

i) formulate and implement the district water quality monitoring programmes and sanitary survey programmes together with the Divisional/District Public Health Engineering Department;

ii) collect water samples and make sanitary survey as scheduled  in  the programmes and  submit  monthly summary  reports of such activities to  the  State Public Health Department for processing; 

iii) liaise with the DPHE to investigate water  quality  problems and, where appropriate, assist  in remedial  actions and report the incidence to  the State Health Department;

iv) coordinate water quality monitoring activities of Panchayats, Primary Health Centre to collect and collate data from rural water supply systems.

v) assist in carrying out investigation such as public  complaints or on the basis of reports from Panchayats.

5.2.1.3. Panchayat

· Collect  and analyse water  samples  periodically, from all the water supply systems,  wells, public  stand posts etc. periodically.

· Send reports on water quality to Zilla Parishad/ District Laboratories periodically.

· Check residual chlorine levels and alert water supply agency, if deficiency is noticed.

In case water analysis facilities is not available,  a  section along with a trained Laboratory Analyst/Technician and a field-kit for  chemical and bacteriological analysis need be provided.

· Liaise with community volunteers  to  sensitise community on water quality monitoring and surveillance through health education programmes. 

· Use mass/visual media in villages to promote the concept of safety of drinking water systems.

State Water Supply Board/Public Health Engineering Department  

· examine and analyse the results of laboratory tests on  water samples for process control purposes;

· identify and appraise new projects;

· implement new projects; and

· assist in organisation and management of the water  supply systems in the State.

· examine whether water supply facilities are adequate in service, supply safe water and are financially sound.

Role of PHCs / RHCs in Organization of Water Supply Surveillance


In view of the fact that most of the states in the country a network of Rural / Primary Health Centre, established (or proposed) to cover a group of villages, to which various health promotion activities are entrusted, it is logical that water quality surveillance programme is also added to its activity.  PHC / RHC already plays a pivotal role in immunization, family planning, nutrition and other activities through health education and community participation.    When epidemics, floods or other calamities take place, it is the personnel working in PHC / RHC who get the first information and are entrusted with field action, to remedy the situation.  Water-borne epidemics take place through contaminated water sources whether traditional or protected piped systems.  In such cases, PHC / RHC personnel could monitor water sources and take primary remedial measures in collaboration with PHED / Zilla Parishad / Panchayat.  

5.2.1.4   Water Testing Laboratories (PHED)

i) Administer and coordinate laboratory activities in the drinking water quality surveillance programme;

ii) compile and evaluate all laboratory data;

iii) provide  analytical  and advisory service  in  the drinking water quality surveillance programme;

iv) provide laboratory services for the examination of  chemicals etc. used in the  water  treatment processes; 

v) evaluate and issue reports of laboratory examination of water samples;

vi) recommend and review guidelines,  standard methods  and manuals in the programme;

vii) provide  training and technical advice to in-plant laboratories;

viii) evaluate and approve the use of field test kits;

ix) implement analytical quality control;

x) provide laboratory research and investigation;

xi) provide  sample  containers with  the  appropriate  treatment; and

xii) provide field investigation, when necessary.

5.2.1.5. District Water Testing Laboratories

i) Administer and coordinate laboratory activities in the drinking water quality surveillance programme;

ii) compile all data  and forward  them  to  the  HQ  laboratory;

iii) provide analytical and advisory services in  the drinking water quality surveillance programme;

iv) provide laboratory services for the examination of chemicals etc. used in the water treatment processes;

v) evaluate and  issue  reports of the laboratory examination of water samples;

vi) provide  training and technical advice to in-plant laboratories;

vii) implement analytical quality control;

viii) provide laboratory research and investigation;

ix) provide  sample containers with the  appropriate treatment; and

x) provide field investigation, when necessary.

The Rajiv Gandhi National Drinking Water Mission under Department of Drinking Water Supply, Govt. of India has carried out detailed evaluation of available water testing field kits developed by different agencies.  

Several agencies are involved in drinking water quality surveillance programme and chart of inter-and-intra-agency organisation is given below as an illustration :

Inter- and Intra-Agency Organisation Chart

(Drinking Water Quality Surveillance Programme)

	
	Ministry / Department
	PHED
	Agency
	Department of Drinking Water Supply

	National
	Ministry of Health & Family Welfare / Ministry of Rural Development, DDWS
	-
	National Referral Institute 
	National policy making & provide technical assistance at national level.

	State
	DPH
	PHED/ Water Board
	State level Referral Institute
	State level committee coordination supervisory assistance in implementation at State level.

	District
	DHD
	PHED/ Water Board
	District Laboratory
	Implementation at district level (DWSM)


This organizational chart can be extended based on existing administrative setup up to village level in the state.


5.3. 
Organisation for Water Supply Surveillance :

5.3.1.  Rural

The setup of  Rural / Primary Health Centres (RHC/PHC) already functioning in immunization, family planning, nutrition, health education  and community participation can be involved in the activities of water quality surveillance. 

The well developed concept of Panchayati Raj has an effective administrative system at village level with due empowerment panchayat personnel can plays an important role in water quality surveillance activity. For effective application panchayat personnel are to be trained in this regard. 

5.4. 
Inter-Sectoral Coordination :

The various govt. agencies functioning up to grass root level may be motivated with legislative support for involvement in water quality surveillance programme. A system need to be introduced for coordination among such agencies under leadership of sectoral department. The sectoral department will act upon recommendations of the coordination committee. 

CHAPTER - 6

WATER QUALITY GUIDELINE AND STANDARDS

6.0 Introduction :

The water quality guideline values for drinking water represents the level (a concentration or a number) of a constituent that ensures an aesthetically pleasing water and  does not result in any significant risk to the  health of the  consumer. The quality of water defined  by the guideline  values  is  such that it is suitable for human consumption and for all usual domestic purposes, including personal hygiene. Whenever a guideline value is exceeded, the cause need to be investigated in order to take corrective measures. The amount by which, and the duration for which any guideline value can be exceeded without any adverse effect on public health will depend on the specific constituent or characteristic involved.


The first step in developing standards, it is essential to establish scientifically based recommendations for each assignable use of water. Establishment of recommendations  implies access to practicable methods for detecting and measuring the specified Physical, Chemical, Bacteriological, Biological, and Aesthetic characteristics. 


In developing countries national drinking water standards based on the guidelines, it is imperative to take into account a variety of local geographical, socio-economic, dietary habits and industrial conditions. This may result in the formulation of national standards appreciably  different from the guideline values.


In the case of small community supplies, the parameters used in measuring and assessing quality of water intended for public supply must necessarily be limited in number. Similarly, the guideline values have often to be considered as long term goals rather than rigid standards that have to be complied with at all times and in all  the supply systems.


Although, any national or regional health authority may take its own choice of parameters and set its own standards, the present guidelines require that those selected should  cover the most essential aspects of drinking  water quality. Keeping in mind that emphasis is placed first and foremost on the bacteriological safety of drinking water supply, only a limited number of physico-chemical parameters are considered to be of general significance for small community supplies. Wherever chlorine disinfection is practiced, the residual chlorine level is considered the most convenient and meaningful parameter to be monitored.

6.1. Microbiological Aspects :


Ideally, drinking water should be free from any micro-organisms known to be pathogenic. Any bacteria indicative of excremental pollution should be absent. To ensure that a supply of drinking water satisfies these guidelines, it is essential to examine the water samples regularly for indicators of faecal pollution. The primary bacterial indicator recommended for these purpose is the coliform group of organisms as a whole. Although as a group they are not exclusively of faecal origin; nevertheless they  are universally present in large number in the faeces of man and other warm-blooded animals, and thus can be  detected even after considerable dilution. The detection of faecal coliform organisms, especially, Escherichia coli, provides definitive evidence of faecal contamination.


Guidelines values, although developed for large water supply  systems, the values for piped and unpiped water supply systems are also applicable to small community supplies.


The guideline values for bacteriological quality is reproduced below :

Table 6.1: Essential bacteriological standards

	Sl No.
	Characteristics
	Number/100 ml

	1.
	Treated water in the distribution system
	Faecal coliform 0

Total coliform > 10

TC should not be detectable in two consecutive supplies. Total coliform 0 is 95% of the supply throughout the year

	2.
	Unpiped supplies
	Faecal coliforms 0

Coliform organisms 0


6.2. Physical and Chemical Aspects :


Although the great majority of water quality problem are related to bacteriological or other biological contamination, a significant number of very serious problems may occur, even in rural areas, as a result of chemical contamination of water sources. Such contamination may arise from certain agro-based industries, mining etc. or from agricultural practices or malpractice (e.g. use and misuse of nitrate as fertilizer) or from natural sources (e.g. iron, manganese, fluoride and arsenic etc.). In order to establish whether such problems exist, a selected number of physico-chemical parameters may be measured. However, in case of rural water supplies, it could be very expensive and physically impracticable to cover a large number of parameters, and in most cases, testing may initially be limited primarily to bacteriological analysis.


In case there are chemical constituents of local significance (arsenic, iron, manganese and fluoride), the levels must be measured and results evaluated in the light of the guideline values and  other recommendations. In other areas, although no general recommendations or universally applicable selection of parameters can be given, there are a few indicative parameters of practical importance, which can provide useful guidance in assessing water quality. 

Turbidity :


High levels of turbidity can shield and protect bacteria from the action of disinfecting agents, stimulate growth of the bacteria and exert significant chlorine demand. Hence, water should be of low turbidity. The recommended guideline value (as per BIS) is 5 NTU or 5 JTU, but levels should  be  below 1 NTU when disinfection is practised. Turbidity in excess of 10 NTU constitutes ground for rejection.

Colour :


Colour in drinking water may be due to the presence of organic matter,                e.g. humus substances, metals (such as iron and manganese) or highly coloured industrial waste waters. Experience has shown that consumers often turn to use unsafe source, when their water displays aesthetically displeasing levels of colour. It is thus desirable that drinking water be colourless.

Taste and Odour :


Odour in water is due mainly to the presence of organic substances. Increased biological activity may also be the cause of certain types of odour; others may have their origin in industrial pollution. The possible and existing sources of odour should always be investigated and eliminated by taking corrective measures.


The combined perception of substances detected by the senses of taste and smell is often termed as "Taste" and the problem of taste in drinking water supplies represent the largest single class of consumer complaints. Generally, the taste buds in the oral cavity specially detect inorganic compounds of metal like magnesium, calcium, sodium, copper, iron and zinc. 


Changes in the normal taste of a public water supply may signal changes in the water quality of raw water sources or deficiencies in the treatment process.


Since water should be free from objectionable taste and odour for the large majority of consumers, the guideline criterion is "not offensive to most of the consumers".

6.3. Water Quality Standards :


In India water quality standards were set as early as 1940 and the standards were modified later from time to time. Although there are at least three standards formulated by ICMR, BIS, and CPHEEO, the one recommended by Bureau of Indian Standards (BIS) is being widely adopted. A summary of Drinking Water Quality Standards established by BIS is indicated in Table – 6.2 .

6.4. Conclusion :


Water quality is dynamic and its changing parameters demand water technologists to be in constant touch with many segments of scientific world. The chemists, bacteriologists, biologists and toxicologists are forging ahead in the assessment and quantification of water quality parameters, but there is hardly any scope to be complacent about, because other branches of science and technology are constantly generating products and new water  contaminants at an ever increasing rate. Man himself is multiplying and his  activities are expanding. The products of population explosion and industrial expansion are immensely reflected in the deterioration of water quality in the different parts of the world which were otherwise unaffected in past. It is thus  obvious that in future, water utilities will be forced to accept water of inferior quality and treat it to conform to the consumer's need. Consequently, water quality acquired greater significance and man must define in more exacting terms those parameters which for most part have been quite subjective during the earlier period of our social development.


The progress towards man's health and welfare can result only from better control over his environment. The provision of better quality of water is only a logical step in that direction. 

Table 6.2

Drinking Water Quality Standards ( IS : 10500)


a)
The physical and chemical quality of water should not exceed the limits shown in the Table below :

	Sl. No.
	Characteristics
	* Desirable Limit
	** Permissible Limit in absence of Alternative Source

	
	Physical and Chemical Standards :
	
	

	1.
	Turbidity (units on NTU scale)
	5.0
	10

	2.
	Colour (units on Hazen scale)
	5.0
	25

	3.
	Taste and Odour
	Unobjectionable 
	Unobjectionable

	4.
	pH
	6.5 – 8.5
	No relaxation

	5.
	Total Dissolved Solids
	500
	2000

	6.
	Alkalinity, mg/l
	200
	600

	7.
	Total Hardness, mg/l, as CaCO3
	300
	600

	8.
	Chlorides, as Cl, mg/l
	250
	1000

	9.
	Sulphates, as SO4, mg/l
	200
	400

	10.
	Fluorides, as F, mg/l
	1.0
	1.5

	11.
	Nitrates, as NO3, mg/l
	45
	No relaxation

	12.
	Calcium as Ca, mg/l
	75
	200

	13.
	Magnesium, as Mg, mg/l
	30
	150

	
	If Sulphate is present to the extent of 250 mg/l, Magnesium is increased to 125 mg/l at the rate of one unit for every 2.5 unit of sulphate.

	14.
	Iron, as Fe, mg/l
	0.1
	1.0

	15.
	Manganese, as Mn, mg/l
	0.1
	0.3

	16.
	Copper, as Cu, mg/l
	0.05
	1.5

	17.
	Zinc, as Zn, mg/l
	5.0
	15

	18.
	Phenolic compounds, as phenol, mg/l
	0.001
	0.002


	Sl. No.
	Characteristics
	* Desirable Limit
	** Permissible Limit in absence of Alternative Source

	19.
	Anionic detergents, as MBAS, mg/l
	0.2
	1.0

	20.
	Mineral oil, mg/l
	0.01
	0.03

	
	Toxic Materials :
	
	

	21.
	Arsenic, as As, mg/l
	0.05
	No relaxation

	22.
	Cadmium, as Cd, mg/l
	0.01
	No relaxation

	23.
	Chromium, as hexavalent Cr, mg/l
	0.05
	No relaxation

	24.
	Cyanide, as Cn, mg/l
	0.05
	No relaxation

	25.
	Lead, as Pd, mg/l
	0.05
	No relaxation

	26.
	Selenium, as Se, mg/l
	0.01
	No relaxation

	27.
	Mercury, as Hg, mg/l
	0.001
	No relaxation

	28.
	Polynuclear aromatic hydrocarbon (PAH)
	0.2 (g/l
	No relaxation

	
	Radio Activity :
	
	

	29.
	Gross Alpha emiters, Bq/l
	-
	0.1

	30.
	Gross Beta emiters, pci/l
	-
	1


Note :


1.
*The figures indicated under the column “Desirable” are the limits up to which water is generally acceptable to the consumers.



2.
** The figures in excess of those mentioned under “Desirable” render the water not acceptable, but still may be tolerated in the absence of alternative and better source but up to the limit indicated under column “Permissible Limit” above which the supply shall have to be rejected.



3.
It is possible that some mine and spring waters may exceed these radio activity limits and in such cases it is necessary to analyse the individual radionuclides in order to assess the acceptability or otherwise for public consumption.


Bacteriological Standards :

Water entering the distribution system in piped supply need to be chlorinated or otherwise disinfected. Coliform count in any sample of 100 ml should be zero. A sample of water that does not conform to this standard, calls for immediate investigation into the efficiency of the purification process and the method of sampling.

Water in the distribution system have these three criteria :

Coliform count in 100 ml of any sample should zero.

Coliform count of not more than 10 per 100 ml sample shall be present in any sample.

Coliform should not be detected in 100 ml of any two consecutive samples or more than 95% of the samples collected for the year.

Individual or small community supplies ( coliform count should be zero in any sample or 100 ml and if the number exceeds 8 – 10 per 100 ml, the supply should be disinfected. Reliance is on Sanitary protection of the source from contamination.

Virological Standards :


0.5 mg/l of free residual chlorine for one hour is sufficient to inactive virus, even in water that was originally polluted. This free residual chlorine is to be insisted upon in all disinfected supplies in areas suspected of endemicity of infectious hepatitis to inactivate virus and also bacteria. 0.2 to 0.5 mg/l of free residual chlorine is used for bacteria in other areas.

Biological Standards :


Biological examination is of value in determining the cause of objectionable taste and odours and controlling remedial treatments. They are also of great importance when the raw water has not undergone coagulation and filtration. A variety of biological growth, such as bacteria, algae, Diatoms, micro and macro invertebrates may be supported by water with adequate food and proper environment in water. At certain times of the year they become a source of nuisance to treatment plants and distribution system because of the profuse growth. Macro-organisms, such as worms, snails sponges are among the significant ones causing nuisance to water supplies leading to chokage, taste, colour and odour problems. Generally, the problem is noticed only when there is trouble and no routine check of these biological life is carried out in most water works. If a periodic check is done, the problem could be controlled before its onset.

CHAPTER – 7

WATER QUALITY MONITORING


7.1.
Introduction :


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


The drinking water thus should be (
· free from pathogenic (disease causing) organisms

· clear (i.e. low turbidity, little colour)

· not saline

· free from offensive taste or smell

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

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

Monitoring of water quality involves laboratory and field testing of water samples collected from various points in the water supply system including the source, water purification plants, distribution system and house reservoirs, representative of the condition of water at the point and time of collection.

The objective of water quality monitoring are (
· to assess the impact of activities by man upon the quality of water and its suitability for required uses;

· to determine the quality of water in its natural state which might be available to meet the future needs;

· to keep under observation the sources and pathway of specified hazardous or harmful substances.

7.2.
Location of Sampling :


Obviously, the objective of monitoring water quality is to obtain reliable and useful data for which it is essential to take every precaution in locating the sampling spots at representative points either in the water production system (water purification plant, wells etc.) or distribution network. Collection of water sample in a surveillance programme aims at :

a) ascertaining the quality of water as it emanates from pipe, tap etc. to be used for drinking or other domestic uses; and

b) examining physico-chemical and bacteriological quality to reveal whether the limit of values prescribed for different parameters have been exceeded or not.

The distribution system in a piped water supply in a rural or peri-urban system is rather simple and sampling may be done periodically in public stand posts and in selected consumer locations at random. In majority of the small water supply schemes, sampling locations recommended are the public stand posts.

In rural areas where there are no piped water supply systems the location of sampling would be spot sources. Such spot sources may be tubewells, dugwells, etc.


7.3.
Collection / Transportation / Preservation / Leveling           of Water Samples :


The collection of water samples deserves a scrupulous care. Meaningful and reliable sampling assures correct laboratory results. For this purpose, water samples must fairly represent the body of water from which they are collected and there must not be significant change in the samples between the time of collection and conducting the water analysis. For physical analysis, ordinary cause will do but for bacteriological examination, extreme case must be taken during sample collection; chemical examination need case of intermediate nature but for assessment of different parameters, preservation are needed.

Basic Requirements :


One of the vital element in drinking water quality control is the bacteriological examination of the water. In collecting samples for bacteriological analysis, the following requirements must be fulfilled (
(a) After proper planning, sampling should be carried out ideally with adequate frequency to ensure any seasonal variations in the quality of water to be investigated.

(b) Samples should be collected, stored and despatched in suitable sterilized bottles.

(c) The volume of water sample to be collected should be adequate enough to permit an accurate analysis. For chemical analysis, 2 litres water and for bacteriological analysis at least 300 ml (as per Sterilized bottle) need to be collected. Separate samples need to be collected for arsenic by adding preservatives. 

(d) The selection of sampling point in the water supply system should be such that the samples collected there from are as representative as possible.

(e) Utmost precaution should be taken during sampling to avoid contamination of the sample being collected.

(f) In order to prevent significant alteration in the composition of a collected sample prior to analysis, it is important to ensure that the sample is despatched to the laboratory under iced condition as soon as practicable.

(g) The details of the sample should be clearly described and the sample bottles properly labelled to avoid any error.

7.4.
Type of Samples :

Grab or Catch Samples :


A sample collected at a particular time and place and can represent only the composition of the sources at that time and place.

Composite Samples :


A mixture of grab samples collected at the same sampling point at different times.

Integrated Samples :


Mixture of grab samples collected from different points simultaneously or as nearly as possible is called integrated sample.


Generally for drinking water quality monitoring, grab samples are taken.

7.5.
Sample Containers :


A sample container must satisfy the following requirements (
· It should easily be freed from contamination.

· It should not change the relevant water characteristics

· It should have adequate capacity for storing the samples (required for laboratory analysis)

· It should be resistant to impact and to internal pressure which is increased by expansion of water or by release of dissolved gases at elevated temperature on storage.

· It should not make any reactions with the water.

For most purposes, 2 litres of sample water are advisable for collection assuming a margin for contingencies. Colourless or pal green bottles are preferable. Dark colour bottles are to be avoided, except for samples for residual chlorine estimation, which should be collected separately in amber coloured glass bottles so that direct access to light is prevented from altering the chlorine content of the samples.

For bacteriological examination, water sample should be collected in sterilized glass bottles provided with ground glass stopper having an overlapping rim, the stopper and neck of the bottle should be protected by a paper or thin aluminium foil. The process of sterilization is carried out in an autoclave at 1kg/cm2 pressure for 15 minutes as 2 hours under steam.

In case water to be sampled contains residual chlorine, or chloramine, dechlorination is necessary during sampling for bacteriological examination .

For this purpose, before sterilization, Sodium thiosulphate (Na2S2O3, 5H2O) is added to the clean dry sampling bottles to neutralise these substances. 0.2 ml to 10% solution of Sodium thiosulphate is added to 250ml bottle. The bottle is then sterilized.

7.6.
Sampling Procedures :


As already discussed the sample collected must be true representative of water to be tested. A great care should be taken to ensure that no contamination takes place while collecting the sample prior to examination. The sampling bottle should be opened only when it is required for filling. The bottle should be held from the base while filling and stopper should be replaced immediately after filling. No rinsing should be done while filling. The bottle should not be filled completely. Some spaces should be left for air to facilitate shaking before analysis. After replacing the stopper, the stopper and neck of the sampling bottle should be protected by wrapping with brown paper. The following procedure should be observed while taking water samples from various sources. 

(a) Sampling from river, stream, lake, reservoir or shallow wells :  While collecting sample of water directly from a source, an effort should be made to obtain a sample which is true representative of water which is being taken for the purpose of treatment or supply as the case may be. The sample should be taken from actual draw off point with respect of distance from the bank and with respect to depth of water.
Samples are taken by holding the bottle in the hand near its base and plunging its neck downward below the surface. The bottle should then be turned until the neck point slightly upward, the mouth being directed towards the current. In case of reservoir where there is no current, it should be created artificially by pushing the bottle horizontally forward in a direction away from the hand. In case it is difficult to take sample by hand, weight should be attached to the base of the bottle which is lowered into the water. Special type of apparatus is also available which arranges the mechanical removal of stopper of sampling bottle below the surface at a required depth.

(b) Sampling of Hand pump Water :  For collection of water sample from a hand pump, water should be pumped for about five minutes before filling the sample bottle. 
(c) Sampling of water from public stand post and house service connection :  For taking sample of water from a tap on distribution system, make sure that the tap selected for water sample is located on the service pipe connected with the main and not the one served from storage tank. Before taking the sample, clean the tap, sterilise it by heating with spirit lamp, open it fully and allow the water to run for 3 to 4 minutes or more to allow clearing of service pipe. Then adjust the flow of the tap to fill the bottle without splashing. The taps which are leaking allowing the water to flow over the outside should not be used for taking samples. In case it is necessary to use a particular leaking tap as a sampling point, carry out the repair of the tap first. 
Data Relative to Samples : 


It is very important that all samples are properly labelled and complete and accurate data is supplied along with sample. If the samples are required to be carried for long distance for examination, the bottles should be properly packed, with separate compartment for each bottle to ensure safety in transit.

1. Name and address of person / agency requesting the examination

2. Date and time of collection

3. Purpose of examination

4. Sampling point and its location (well, stream, river, house tap etc.)

5. Exact place and depth below surface from where sample taken

6. Particulars of recent rainfall, if any, at the time of sample collection

7. After on odour and taste of water after rainfall or under any particular circumstances

8. Complaint from consumers, if so, nature of complaint.

9. Surroundings : Proximity to drains, cess pools, cattle sheds, grave yards, cremation grounds, bathing ghats, manure heaps or any source of pollution.

10. Treatment and sterilization methods, if any, particulars of treatment, chemical dose and point of application etc.

11. If sampling is from a well or a bore well :

(a) Depth of well and water surface from ground level.

(b) Whether covered or uncovered, nature, material and construction of cover.

(c) Whether newly constructed or with recent alterations.

(d) Height and condition of parapet and apron.

(e) Construction : 

i. Bricks set dry or in cement, whether plastered inside and whether puddled outside the lining,

ii. Depth of lining

iii. Method of pumping or other means of raising water.

(f) Any discoloration of sides of well or other visible indications of pollution.

(g) Nature of sub-soil and water bearing strata.

(h) Proximity of drains, cess pools or other possible sources of pollution and distance from the source.

(i) Whether water is clear it flows out of the tube well and remains clear when exposed to atmosphere for 4-6 hours or becomes discoloured or turbid.

12. If sampling is from a river or stream :

(a) Nature of flow, whether flood or common.

(b) Level of water whether above or below normal

(c) Depth below surface at which sample was taken

(d) Whether sample was taken from middle or side

(e) Condition of weather, particulars of rainfall or flood

(f) Any possible source of pollution upstream and distance from point of sampling, such as bathing ghat, boat jetty, burial ground and sewer outfall etc.

13. If sampling is from a spring :

(a) Nature of stratum from which water drawn.

(b) Whether sample is taken from the spring itself or from a collecting chamber; if from a chamber, indicate construction of chamber.

14. If sampling is from tanks, impounded reservoir or lakes :

(a) Source of input i.e. rain, stream or a channel etc.

(b) Characteristics of catchment area whether restricted or not.

(c) Type and extent of weed growth

(d) Size and number of reservoirs

(e) Whether covered or open

(f) Date of last cleaning

The above particulars should be indicated in the forwarding letter to be sent to the testing agency and at the same time it should be written on the label of the bottle or on an appropriate tag for identification and convenience of the person conducting the test in the laboratory even at some later date. This would eliminate the chance of any confusion or mistake.

The particulars should bear the date and the name in block letters of the person collecting the sample.

Preservation and Storage of Samples : 


It is recommended that the sample should be examined preferably within one hour after collection but this period, in no case should exceed 24 hours. Efforts should be made to keep the temperature of the sample as close as possible to that of the source of water. It is considered necessary to preserve the sample in ice until analysis of the sample (if the sample cannot be analysed within 24 hours). For bacteriological analysis, sample is unfit for analysis after 72 hours.


When the waters have high coliform count originally, icing of sample is not necessary if the object of analysis is only to detect pollution. However, if the object is an accurate examination of coliforms, icing of water samples is considered necessary. Hence it is clear that icing of water samples is not strictly necessary for routine bacteriological analysis of water.

7.7.
Frequency of Sampling :


The frequency of sampling is generally determined by the population served, size and type of the system. In urban areas where the system is complex and the population served is high the frequency of sampling is necessarily high.


Sampling frequency for rural and peri-urban systems however, varies depending upon the source and type of systems. Properly developed spring, shallow and deep tube wells, provided with sanitary protection should provide good quality water constantly and thus reduce the sampling frequency. In streams and rivers where the flow is low in summer, there is a greater risk of contamination, and immediately following monsoon there is likelihood of greater pollution due to surface run off. Hence, it would be prudent to sample during summer / dry season and again during the onset on monsoon / flood.


Based on sanitary surveys, it is possible to identify rural water supply systems into high risk and low risk zones. Sampling should be more frequent in high risk areas compared to low risk areas.


A recommendation for frequency of sampling for various systems is as under :

Frequency of Sampling

	Facilities
	Routine Monitoring

	
	Daily
	Weekly
	Monthly
	Periodically

	Rural :
	
	
	
	

	Protected Springs
	-
	-
	-
	(

	Piped Systems (Consumer end)
	-
	-
	(
	-

	Protected Wells
	-
	-
	-
	Summer & Monsoon

	Wells with hand pumps
	-
	-
	-
	Same

	Rain Water Catchments
	-
	-
	-
	Same

	Peri-Urban :
	
	
	
	

	Water Treatment Plants
	(
	-
	-
	-

	Large Piped Systems (Consumer end)
	-
	(
	-
	-

	Public Stand Posts
	-
	(
	
	


CHAPTER - 8

SANITARY SURVEY

8.0. Introduction :

The microbiological / bacteriological analysis is the most important  indicator for determination of contamination in drinking water. The surveillance and analysis of data indicates sources of contamination. 

The best and effective process of preventive measure is to carry out sanitary inspection / surveys of water systems from source to delivery point. This will provide overall appraisal of factors associated with contamination in water quality. Sanitary inspections provide a direct method of pinpointing possible problems and  source of contamination. They are also important in the prevention and control of potentially hazardous conditions, including epidemics of waterborne diseases.

The tool of sanitary inspection will help in effective sustainable management of the system.

8.1. Organization :

The organizational setup for sanitary inspections depends upon geographic, demographic, cultural and traditional belief of community. The surveillance programme is very much linked up with sanitary inspections. The area and intensity of sanitary inspections may depend upon available expertise in setup or socio-economic development of the community. The special capacity development programme for personal of setup and community involved in the activities required to be arranged frequently. 

The surveillance team, under the supervision of a co-ordinator should be charged with gathering basic data in order to prepare inventories in the area selected. The team may well require not only specific water quality surveillance training but also training for basic data gathering because they will be required to :

i. record the population in each community, village or town;

ii. list the water sources which are being used;

iii. summarise the existing water quality data supplied by the water authority;

iv. identity existing sources for which no data is available;

v. consolidate water related epidemiological data ;

vi. watch disease outbreak and hot spots with water source and quality.

Survey or inspection should be prioritized according to the following criteria :

i. in the area selected, the inventories should be as complete as possible;

ii. the largest urban populations’ sources should be dealt with first;

iii. for rural supplies the largest number of people using a source;

iv. for  small rural supplies public facilities take procedure over private.

Routine  inspection  are visits made with a defined frequency in accordance with a previously established plan. In addition,  non-routine visits by the inspector will  be necessary in a typical situations, such as the introduction of a new water source and in cases of emergency.

Emergency situations calling for the urgent presence of the engineer or technician include :

(a) reports of epidemics;

(b) high turbidity caused by floods;

(c) unresolved  cases  where  bacteriological  analyses  repeatedly  show the presence of excess  levels  of  microbiological organisms and where residual  chlorine levels remain consistently low;

(d) the detection of any important changes that  could impair drinking water quality.

The routine surveillance activity can be supported / supplemented by experts in the situation of probable high risk on health of community or outbreak of epidemic etc. in emergency. 

8.2 Training :

The personnel involved in activities of surveillance and sanitary inspections need to be provided with backup support of refreshers training by interval. An effective alarming and message communication system may be developed and tested routinely for its effectivity (Mock Programmes) in emergency.

The recommendations based on experience for inspection intervals of various water supply arrangements are as per Table 8.1. 

Table – 8.1 : Suggested Frequency of Sanitary Survey

	Population Size Served by Source
	Maximum Intervals between Sanitary Inspection

	Piped water supply :
	

	>1,00,000
	1 year

	50,000 – 1,00,000
	1 year

	20,000 – 50,000
	3 years

	5,000 – 20,000
	3-5 years

	Community dugwells
	Initial they as situation demands, ( During any waterborne epidemics, after disaster such as earthquake, flood, etc.

	Deep or shallow tubewells
	- ditto -

	Springs
	Initial and every 5 years or as situation demands.


Methodology :

The recommended method of undertaking an inspection is to follow the natural sequence, starting with the source water and its intake, and going on to treatment, disinfection, storage, distribution etc. In each case it is essential to record what has been observed on appropriate forms.

The procedures for carrying out sanitary survey should be formulated in such a way that the inspector can make a rapid, systematic and complete assessment of the key points of any water-supply system with the help tabular forms. 

The cause for contamination and rise in disease can be found out by careful onsite inspection. The sanitary risk factors depend upon to, any or all of the following (
i. poor quality source waters;
ii. poor site selection or protection;
iii. construction difficulties and 
iv. structural deterioration with age.

Standard proforma for sanitary survey for the assessment of risk of contamination of drinking water sources have been included in this chapter.

The complementary nature of sanitary survey and analysis cannot be overemphasized. There are many occasions when the source of contamination cannot be detectable by sanitary inspection. In the case of ground water contamination, for example, a hand pump tubewell may appear to be in a good physical state, but the aquifer itself may be contaminated at a point remote from the tubewell. Thus remote contamination of the aquifer can only be detected by water analysis. Thus, the sanitary survey can provide a robust and conservation safe method of risk identification. 

CHAPTER – 9

PREVENTIVE AND REMEDIAL MEASURES


9.1.
Approach :


The purpose of the surveillance of drinking water supplies is to control the quality of the water and thereby protect the consumers. If the sanitary deficiencies identified by such surveillance are not remedied, then the situation may become dangerous, because the faith of community in the system will be lost. As a result effective preventive and remedial measures with reliable advance warning system must be adopted. 

9.2.
Preventive Measures :


The preventive measures are follow up activities of water analysis and sanitary survey. The preventive activities can substantially reduce expensive and complicated subsequent remedial measures. The remedial measures can be taken based on priority of problems. The method and technique of remedial measure will depend upon level and type of contamination. This will decide degree and stages of water purification system.

9.3. 
Water Purification :

9.3.1.  Introduction :

Water is usually withdrawn for drinking and household purposes from the following sources.

Ground water (springs, infiltration galleries, wells, etc.)

Surface water (streams, lakes, ponds, rivers, impounded reservoirs, stored rain water, etc.)

If ground water is found in adequate quantity and if it is conveniently located for the water supply concerned, the ground water should be used, as it is less polluted compared with surface water.

Ground water may be aerobic or anaerobic, depending on the environmental conditions where it is found. The anaerobic ground water often contains CO2, which make it corrosive. Chlorination also removes CO2. Some ground water contains excessive amounts of Fe, Mn, hardness, or fluoride, and these should be removed.

The surface waters are generally more polluted than ground water due to their exposure to the environment, hence they may require more treatment steps than ground water. The typical impurities may include turbidity, color, algae, floating debris, bacteria and other microorganisms, etc., in addition to the constituents of ground water.

Surface water in general contains physical chemical, and biological impurities (such as clay, sand, colloids, minerals, color, odor, taste, microorganisms). Rivers and streams, because of the flowing nature of the water and exposure to sunlight, have self-purification properties. However, they carry sand, silt, and clay. The intake point for the water supply should be far from the sewage effluent discharge point. Lakes and ponds are generally contaminated with bacterial impurities because the water is stagnant. Water quality in impounded reservoirs is highly variable, depending on the season. Table – 9.1  presents the common pollutants in different water sources and the essential and optional treatment methods available for their removal.

9.3.2. Conventional Water Treatment Process :

The most common water treatment process used for a treatment of raw water from a surface source are rapid mixing, flocculation, sedimentation, filtration, and disinfection. In addition, there are treatment methods specific to some impurities such as iron, manganese, and fluorides. These impurities are mainly associated with ground water, as opposed to surface water supplies. Only those impurities that are found to cause significant difficulties have been considered for specific treatment. For example, in some water supplies, fluorides are found in excess and therefore a specific treatment technique has to be applied to bring fluoride levels within allowable limits. There are several alternative methods available for each treatment process (Tables – 9.1 & 9.2).

Rapid mixing is commonly used to disperse the chemicals added to water so that the chemicals come into close contact with the impurities in water. Rapid mixing is also used in disinfection to mix the chlorine uniformly with the mass of water. The common method of rapid mixing is mechanical mixing. This, however, consumes considerable energy and requires a high degree of maintenance. Due to these disadvantages, non-mechanical or hydraulic devices for mixing such as hydraulic jump are gaining popularity. In some cases, in-line blenders and injection mixers have been found to be technically sound and cost-effective alternatives.

Flocculation follows rapid mixing and facilitates the agglomeration of particles and minute flocs into large flocs by gradually bringing the particles together. The mixing intensity (velocity gradient) plays an important role in flocculation unlike in rapid mixing and therefore, the extent of agitation must be very carefully controlled. Flocculation is generally achieved through slow mixing, again using mechanical devices. The process is characterized by relatively high energy consumption and operation and maintenance costs. To overcome these disadvantages, hydraulic methods (such as gravel bed flocculator and Albama-type flocculators) that make use of gravitational energy are being more frequently used, particularly in small to medium sized plants.

Table – 9.1 : Selection of Water Treatment Processes Depending on the Common Impurities Present in Raw Water

	Pollutant
	Suggested Treatment Steps

	Floating matter
	Screening 

	Algae
	Coagulation, flocculation and sedimentation, followed by rapid sand filtration, CuSO4 in limited quantity

	Turbidity (NTU) <5
	Slow sand filtration and post chlorination

	<15-30
	Sedimentation, SSF, post chlorination

	<30 – 1000
	Coagulation, sedimentation, rapid filtration, and post chlorination

	>1000
	Preliminary settlement, coagulation, sedimentation, rapid filtration and post chlorination

	Color (if greater than 30 Hazen units)
	Coagulation, flocculation, sedimentation, and RSF

	Tastes and odors
	Aeration, SSF, adsorption, chlorination

	Hardness 
	Lime & Soda ash softening

	Iron & Manganese
	Aeration, Sedimentation and filtration

	Fluoride (>1 mg/l)
	Alum + Lime + Bleaching powder addition by rapid mixing followed by slow mixing and sedimentation and filtration (co-precipitation method ( Nalgonda Technique)

	
	Adsorption by using activated alumina

	
	Ion exchange

	Chloride (if >500 mg/l)
	Desalination

	Arsenic (>0.05 mg/l)
	Co-precipitation (using alum or ferric sulphate and bleaching powder)

	
	Adsorption by using activated alumina or ferric hydroxide

	
	Ion exchange

	Pathogenic organisms (Bacteriological contamination in water)
	Pre-chlorination (where applicable)

	
	Post chlorination

	
	Super chlorination (where applicable)


Table – 9.2 : Selected Unit Operations in Water Supply

	Unit Operations
	Conventional
	Modified Process
	Comments

	Rapid mixing
	Hydraulic mixers; mechanical backmix reactor
	Flash mixing facility (injection type)
	Suitable for water treatment plants of all sizes. Higher percentage of coagulant utilization (much better effluent quality)

	Flocculation
	Hydraulic and mechanical type flocculation
	Tapered flocculation
	Less energy imput, better floc formation.

	
	
	Gravel bed flocculator
	Simplicity, effective flocculation, suitable to be used in low-cost package plants.

	
	
	Alabama flocculator
	Economical to construct, operate, and maintain; minimum supervision needed.

	Sedimentation
	Rectangular horizontal flow filtration
	Solids contact clarifier
	Smaller size, better efficiency

	
	
	Tube settler
	Modular design, surface toading rate is 2 to 10 times or greater, thus very compact; upgrading of existing treatment plants possible by placing modules in the existing sedimentation tank.

	
	
	Horizontal Roughing Filter
	3 or 4 gravel pack compartments are used.

	Filtration
	Slow Sand filtration
	
	Retains suspended and colloidal particles including organic matter. Excellent in removing micro-organisms

	
	Rapid Sand filtration
	Dual media filter

Coarse media filter

Declining rate filter
	Better filtration efficiency, longer filter run.

	
	
	Direct filtration
	No sedimentation, smaller flocculation facility, lower chemical use, low energy requirement.

	Disinfection
	Chlorine
	Clo2
O3
	No THM formation, tower chemical requirement, better disinfection.


Subsequent to coagulation and flocculation, the flocs are allowed to settle in a settling tank. Conventionally, sedimentation has been effected in rectangular clarifiers or at times in circular clarifiers. There are sedimentation tanks with numerous modifications, but the basic principles are the same. The flocs formed generally require a long time to settle down and thus require large tanks to obtain satisfactory effluent.

High rate settling processes were always the dream of water supply engineers, and there are several alternatives available. These have never been in much demand in developing countries because of the simplicity of rectangular / circular basins and the availability of cheap land. But there are always situations where land is scarce, particularly in urban areas. There are other instances where the capacity of the plant must be increased to meet the increase in demand for water. Tube settlers are ideal in such situations. Combinations of more than one process are also feasible. An example is the sludge blanket clarifier or clariflocculator, where coagulation, flocculation, and clarification take place in the same tank.

Filtration is an age-old technique to capture the fine particles in water. Even bacteria and viruses can be trapped in a filter to a certain extent. Slow sand filtration has been extensively used in small community water supplies in developing countries due to its simplicity in design, operation, and maintenance. Rapid sand filtration, on the other hand, is used in urban water treatment plants. There have been a number of modifications made on the rapid sand filter to improve the filtrate quality and to meet the increasing demand for water supply.

It always becomes necessary to treat raw water for removal of iron, manganese, fluorides, etc. The treatment techniques discussed so far are not effective in removing these impurities and, therefore, specific treatments are necessary.

No water treatment process is complete without disinfection. In fact, the most important of all the water treatment process is disinfection because it prevents waterborne diseases in humans. Chlorine has been used extensively for decades as a disinfectant. But problems and after-effects due to chlorine use, such as trihalomethane (THM) formation, have encouraged the use of alternative disinfectants as well as alternative techniques of disinfection.

Conventional water treatment processes often do not remove dissolved organics and inorganics, algae, color, odor, and viruses in significant quantities. Flotation, adsorption, iron exchange, and membrane processes that can be used for their removal.

9.4. Disinfection of wells and ponds to prevent bacteriological contamination :

1. Volume of water to be disinfected can be calculated as follows :

For Open Wells
:
Volume = Area of Cross-Section X h 



Where, “h” measures the column of water.





Or



II r2h, if the well is circular with radius r or II r2 h X 1000 litre; where, r = radius in metre and h = depth of water in metre.

For pond and tanks :
Volume = Area of water surface X 1/3h; where, h measures the depth at the deepest point (centre).

2. Where facilities permit determine the chlorine demand and make a correct estimate of the disinfectant to be used before adding it to water (1m3 = 1000 lit.) If facilities are not available to determine the chlorine demand of a particular source, then dosage of bleaching powder  may be fixed based on the sanitary survey. Generally a dose of 2 mg/l  of bleaching powder ( 25% strength ) is a standard dose.

3. The quantity of disinfectant needed for a particular source would be made into a paste by adding little quantity of water. Then adding more water would dilute the paste. The solution will be uniformly distributed in the well or tank but care should be taken being to see that there is no local concentration of the chlorine anywhere. This may lead to killing the fish (concentrations exceeding 10mg/l will even kill large fish).

4. The bottom of the well or pond should not be disturbed as this would lead to wastage of the added chlorine (some of the chlorine will be used up in reacting with the disturbed soil).

5. The residual chlorine is to be tested after at least ½ hour contact, and it should be between 0.20 and 0.4 mg/l.

6. Bacteriological examination is the surest test of successful disinfection and must be carried out as far as possible, before certifying a water for consumption. Failing this, the residual chlorine test which also provide a valuable indication index must at least be carried out in all cases. Sampling for bacteriological examination is to be carried out 24 hours after disinfection.

7. In times of  epidemic, when a large number of wells and tanks are to be disinfected in a short time, it may not always be possible to determine the chlorine demand then a little over dose of chlorine would be provided straightway.


9.5. 
Disinfection of Tubewells :


Residual chlorine has no significance in tubewell disinfection as the different parts of the well are disinfected and not the water coming through the well. About 50mg/l chlorine solution is used for this purpose. This is prepared by dissolving a spoonful of bleaching powder or 2 spoonfuls of “perchloron” in about 4 litres of water. The pump is removed and a quantity of chlorine solution at least equal to the volume of the tube it poured into the well. The different parts of the pump are also immersed in a bucketful of chlorine solution. After half an hour contact, the pump is refitted and the chlorine solution is pumped out.


9.6. 
Storage of Disinfection Powder :


Bleaching powder deteriorates rapidly when exposed to air and it should therefore be properly stored and carefully handled. The bulk of the powder may be stored in a central place where the container can be properly sealed after taking out the quantity required for immediate use.

CHAPTER – 10

SURVEILLANCE PERSONNEL

In order to carry out water quality surveillance programme, village and district level personnel both for field and laboratory work are needed. The existing personnel, both technical and non-technical in the departments of P. H. Engineering, Health, Rural Development, Panchayati Raj etc. must be involved in the programme. A suggestive model of requirement of personnel for water quality surveillance is suggested below.

	LEVELS
	CATEGORY OF STAFF
	TASKS

	Surveillance Unit :
	
	

	A. Primary Unit (Level – I)
	1. 
Sanitary Technician / Inspector
	· Interact with village committes.
· Sanitary inspection collect and analyse water  sample.

	
	2.
Laboratory Technician
	· Collect and analyse water samples.

· Maintain laboratory equipment.

· Manage stores.

	
	3.
Driver / Technician
	· Operate / mobile laboratory, collect samples.

	B.
District Unit (Level – II)
	4.
Senior Chemist
	· Incharge of water testing laboratory.

· Allocate and analyse samples.

· Data processing and records.

· Budget for chemicals and glasswares.

	
	5.
Junior Chemist
	· Prepare standard solutions.

· Analyse samples 

· Field visit for sample collection.

	
	6.
Bacteriologist
	· Analyse samples

· Interpret data.



Depending upon the location of district unit and number of schemes, there shall be one or more mobile teams.

	DEPARTMENT
	CATEGORY OF EXISTING STAFF
	ADDITIONAL TASK

	I.  Public Health Department :
	
	

	A. District
	7. 
District Health Officer (DHO)
	· Oversee water quality surveillance programme.

· Plan programme of work

· Administer field teams

· Administer HQ laboratory

· Data compilation.

	
	8.
Health Inspector
	· Assist DHO in water quality surveillance

· Arrange field visits

· Oversee field visits and team work.

	
	9.
Deputy Director of Public Health (DDPH)
	· Assist Director of Public Health in charge of water quality surveillance programme in state level.

	
	10.
Chief Health Inspector
	· Assist DDPH in water quality surveillance 

· Plan programme of field visits

· Maintain liason

	
	11.
Public Health Engineer
	· Laise with PHED

· Data processing and handling.

· Remedial action follow up.

	C. Public Health Laboratory
	12.
Director / Chief
	· Manage state public laboratory.

	
	13. Senior Chemist
	

	
	14.
Junior Chemist
	

	
	15.
Bacteriologist
	

	
	16.
Lab. Analysts
	

	
	17.
System Analysts or Manager
	· Head, Computer Division

	
	18.
System Analysts (water quality surveillance)
	· Data processing (water quality surveillance)


	DEPARTMENT
	CATEGORY OF EXISTING STAFF
	ADDITIONAL TASK

	II. Public Health Engineering Department 
	
	

	A.
Water Supply Board Technical Wing
	19.
Chief Engineer
	· Chief of PHED

	
	20.
Dy. Chief Engineer
	· Planning

· Designing

· Water Quality Surveillance 

· Training

	
	21. Executive Engineer
	· Water Quality Surveillance Division

· Training

	B. Laboratory Wing
	22. Director (Labs.)
	· Manager water quality labs in WTPS.

· Plan surveillance activity in WTPS

· Periodical check of sources.

	
	23.  Scientist (Chemist)
	

	
	24. Scientist (Bacteriologist)
	

	
	25. Scientist (Biologist)
	


CHAPTER – 11

LABORATORY INFRASTRUCTURE

Laboratory control in water quality management is indispensable. A well arranged and adequately equipped analytical laboratory with competent analysts is an important and indeed an integral part of any water quality monitoring and surveillance programme. The results of laboratory analysis performed on representative samples of water are also essential for the evaluation of the efficiency of the operations of purification plants. It is therefore essential that the analytical determinations of different physical, chemical, biological and bacteriological parameters must be carried out most efficiently and accurately. However, the laboratory infrastructure needed shall necessarily depend upon the level of analysis desired, location and other support facilities available.

Location of Laboratory Facilities :


The organisation pattern adopted for water quality monitoring and surveillance would decide the location of laboratory facilities. However, a three tier structure of laboratory facilities, as shown below, is recommended by WHO and may be adopted with necessary modifications :


Level – I (Village Level)
…
Water analysis section may be attached to primary rural health centres mainly for bacteriological analysis of samples collected from villages through community volunteers. In addition, Field kits for both chemical and bacteriological analysis of water should be provided at village level.

Level – II

(District Level)
…
There should be water testing laboratory in each district under PHD / PHED and mobile laboratory in hilly and difficult areas with facilities for chemical and bacteriological examination of water and to oversee chemical analysis of samples from villages and small towns.

Level – III 

(State  Level)
…
Chemical and bacteriological analysis of water samples collected at random.



…
Special analysis for metals, pesticides and organics.



…
Analytical quality control.



…
Data analysis and information transfer.



…
Assist district level laboratories.



…
Policy planning and formulation at state level for rural and peri-urban water supply system.



…
Policy formulation.



….
Budget calculation/ requirement allocation of funds

Laboratory Staff :


The most important need of a water testing laboratory is competent individual to be in charge of the analytical work. The person to whom the laboratory functions are to be entrusted upon, must be interested in the job, ready to learn and able to receive the required specialised instructions. However, the staffing pattern in village, district, state / regional and national level will depend upon the local situation. Personnel needed at different levels, as recommended by WHO is rational as indicated below :


Village Level :


Trained person for operation of 


Water testing field kit
…
1


 Sample Collector
…
1


District Level :


Senior Chemist
…
1


Chemist
…
1


Bacteriologist
…
1


Analyst
…
1


Sample Collector
…
1


Laboratory Attendant
…
1


Data Entry Operator
…
2


State Level :


Chief Chemist
…
1


Chemist
…
2


Bacteriologist
…
2


Laboratory Technician
…
2


Analyst
…
4


Sample Collector
…
4


Laboratory Attendant
…
2


Senior System Analyst
….
1

National Level - Water Quality Surveillance

Director


Senior Chemist

  


Senior Bacteriologist


Computer Programmers


System Analysts

Specification for the Laboratory Space and Other Infrastructural Requirements 

Planning of Laboratory Facilities :


Physical Facilities :


The design of the laboratory depends on the volume of analytical work required to be done. In deciding the requirement of space, due attention should be given to space needed for permanently installed equipments and smooth performance of analytical work by the laboratory personnel. Necessary provision for future expansion should also be kept in view.


Location :


The laboratory should be so located as to have easy access and adequate natural lighting (preferably north light) and ventilation.


Floor Space :


As guideline, a laboratory to be manned by one person should have a minimum floor space of 6m x 6m. Additional 3m x 3m area should be provided for each additional worker. However, a minimum floor space required is 80m2. The width of walk ways between rows of tables should be at least 1m, preferably 1.2 m. The total floor space requirement for a work room should be computed by accounting for space requirement for all equipments and their placement and the number of staff working in the room. A tentative estimate of the space requirement is given in Annex – II.


Walls :


The walls should be finished smooth in bright colours and should be of sufficient thickness to provide built-in cabinets. The wall space and offsets should be convenient to locate cabinets, benches etc. along side without any loss of floor space.


Lighting :


All work room in the laboratory including passengers should be well lighted. The window area in terms of floor area should not be less than 20% and all windows fitted with transparent glass panels. Long windows rather than broad windows are preferred for greater depth of light penetration in the room. North-South facing is preferred for elimination of glare on work tables. Provision of adequate artificial lighting to supplement day light should be provided for uniform lighting with minimum shadow effect. Adequate number of plug points should be provided for extra lighting if and when needed.


Power Supply :


Adequate electric power supply should be ensured by providing both single and three phase A. C. lines. It is also recommended to provide a suitable generator to ensure uninterrupted supply of power during load shedding periods to prevent spoiling  of chemical and bacteriological tests. It is also advisable to provide voltage stabilizers to protect costly equipments from damage due to wide fluctuation in line voltage.


Floor :


Floors should be smooth but not slippery and should be easy to clean. Concrete flooring with terrozo finish and didoing upto window sill is recommended.


Work Tables and Benches :


A provision of 10m2 space of work table and benches per worker is adequate. The working tables and the benches should be located along the walls. Tables located in any other position should have a clear gangway of not less than 1m between adjacent rows. The wall side tables are generally 60 to 75cm. wide and centre tables are designed  140cm wide to facilitate work space on both sides. The height of the table should be 90 to 95 cm for working in standing posture and 75 to 80cm working in sitting posture. Table tops should be covered with black acid resistant glossy sheets. A separate table of size 120 cm X 60 cm with stool should be provided for analytical balance. Adequate number of high stools should be provided along with working tables and benches.


Reagent Cabinets and Cupboards :


These should be provided in adequate number and size for storing chemicals and reagents and should be provided with sliding glass panels. The laboratory tables should be provided with cupboards and open glass shelves on the top.


Plumbing :


Plumbing should be well designed to ensure sufficient water supply to both tables sink and separate sinks. The table sinks should be provided with goose-neck taps extending high enough above the table to permit 1 litre cylinders. Separate sinks of adequate size and depth located at suitable points should also be provided for washing of glasswares. Plumbing to sinks and wash basins should be of proper design and of non-corrosive material like PVC, especially for waste water line.


Electrical Installation :


Electrical plugs should be provided at all benches and work tables and the locations of all electrically operated equipments. Use of long extension lines should be avoided as far as possible inside the laboratory.


Fuel Gas Supply :


Provision for supply of illuminating gas for operation of burners should be made and gas taps at suitable intervals should be provided on all benches and work tables. Natural gas, tank gas or bio-gas if available, can be used provided that proper type of burners for a particular gas is available.


Balance Room :


The analytical balance placed on a small table to be used in sitting position should be provided in separate cubicale or enclosure in the laboratory.


Media Preparation and Sterilization Room :


For bacteriological analysis additional facilities for media preparation, centrifuging, sterilization by autoclaving etc. are essential and a separate room for accommodating these facilities needs to be provided. This room, however, should be attached to the laboratory and located within easy reach of the analyst.


Equipments :


An important problem for water quality monitoring  and surveillance  laboratory is the selection of equipments. List of laboratory equipment necessary for conducting the analysis in the laboratory is enclosed in this chapter.


In planning, the fundamental needs for laboratory equipment, the matter of reference to standard text books and current periodicals pertaining to the science of water analysis need not be over looked.


The principal items of chemicals, equipments and sundry articles for the proposed laboratories are incorporated in this chapter. The list is not exhaustive but covers major requirements.


All equipments need certain amount of maintenance care. Periodic servicing of equipments and checking for their efficiency will save the loss of equipments and prevent faulty analyses leading to wrong inference.


A stock register for all equipments, chemicals and glasswares must be maintained in all laboratories and kept upto date.

Space for Laboratory

Tentative estimate for the space required for the laboratory :


Area in Sq. Meters


1.
Physical, Chemical and bacteriological testing laboratory
…
50


2.
Store Room
…
10


3.
Office Room
…
20





((((--



Total :
…
80





((((-


In case a new building is to be constructed, then a land area of about 120 sq. mts. is to be acquired at a suitable location.

List of laboratory equipment, chemicals, glasswares and furniture for District Level Laboratory.


A.
List of Instruments  :

	Sl. No.
	Item
	Specification
	No. Required

	1.
	Monopan balance
	Cap. 200gms. Tarring device accuracy ( 0.001 gm
	1

	2.
	pH  meter
	Digital display, Auto buffer, 
pH range 0 – 14
	1

	3.
	Conductivity meter
	Direct reading, Digital display
	1

	4.
	Nephelo meter (Turbidimeter)
	Direct reading,  
Range –--  0 – 100 & 100 – 1000
	1

	5.
	Spectrophotometer
	Visible range
	1

	6.
	Refrigerator
	Cap. 295 litres
	1

	7.
	Voltage Stabilizer
	To be specified in terms of the instrument with which is to be used
	4

	8.
	Hot plate
	1500 /2000 watts, big size
	2

	9.
	Heating Mentle
	Capacity – 1 litre
	

	10.
	Steam Bath (electrical)
	With 12 openings with lid
	1

	11.
	Hot air oven
	Memest type. Inner chamber of Aluminium, big size with four shelves
	

	12.
	Bacteriological Incubator
	As given at the end 
	1

	13.
	Autoclave
	- do -
	1

	14.
	Magnetic stirrer
	with speed control device and Taflon paddle
	2

	15.
	Microscope
	Binocular 10X, 5X
	

	16.
	Vacuum Pump
	1 H.P. capacity
	1

	17.
	Water Bath (thermostatic)
	44(C ( 0.25(C
	1

	18.
	Typewriter
	
	1

	19.
	Room Cooler 
	1.5 ton
	1

	20.
	Distillation Still 
	Stainless steel capacity 5 litre / hour
	1



B.
List of Glasswares  :

	Sl. No.
	Item

	1.
	Conical flask ( Cap. 100ml, 250ml, 500ml, 1000ml

	2.
	Beaker ( Cap. 50ml, 100ml, 250ml, 500ml,  1 lit., 2 lit.

	3.
	Pipette (bulb) ( Cap. 5ml, 10ml, 25ml, 50ml.

	4.
	Pipette (graduated) ( Cap. 1ml, 2ml, 5ml, 10ml, 20ml, 25ml.

	5.
	Burette ( Cap. 10ml, 25ml, 50ml, 100ml.

	6.
	Burette (Automatic) (  Cap. 50ml.

	7.
	Measuring cylinder (graduated) ( Cap. 10ml, 25ml, 50ml, 100ml, 250ml, 500ml, 1 lit.

	8.
	Measuring Flask ( Cap. 10ml, 25ml, 50ml, 100ml, 250ml, 500ml & 1 lit.

	9.
	Flask (flat bottom) ( Cap. 100ml, 1 lit., 2 lit., 4 lit.

	10
	Desicator – Small & Big

	11.
	Reagent bottle (ground glass stoppered) ( Cap. 500ml, 1 lit., 2 lit.

	12.
	Sample bottle (glass) ( Cap. 250ml, 500ml, 1 lit.

	13.
	Sample bottle (Polythene) ( Cap. 100ml, 250ml, 500ml, 1 lit.,  2 lit.

	14.
	Test tube (Rimless) Borolsil (Size : 6” x ¾”)

	15.
	Durham tube (  1” X 3/8” X 5/16”,    3” X 1/16”

	16.
	Flask (round bottom) ( Cap. 250ml,  500ml,  1 lit.

	17.
	Filter Funnel ( 3” dia., 4” dia., 5” dia.

	18.
	Porcelin dish ( Cap. 95ml, 50ml.

	19.
	Nessler tube (polished bottom) with stand Cap. ( 50ml, 100ml.

	20.
	Glass rod

	21.
	Glass bead

	22.
	Glass tube (assorted)

	23.
	Thermometer ( 10(C – 110(C,  10(C – 250(C.

	24.
	Wash bottle (Polythene) ( 1 lit.

	25.
	Separating Funnel ( Cap. 250ml, 500ml, 1000ml.

	26.
	Petri dishes dia. 4” and 6”.

	27.
	Dropping bottle.

	28.
	Glass slide 3” X 1” X 2mm 

	29.
	Cover slip (round)

	30.
	Arsenic generator and absorption Tube, (All glass with standard joint).



C.
List of Miscellaneous Items  :

1. Burette stand with clamp

2. Burner (gas)

3. Clamp holder

4. Centrifuge machine, medium size

5. Filter paper, Whatman nos. 1, 42, 42.

6. Funnel support

7. Jar brush

8. Motor and Pestle (Glass or Porcelain)

9. Rubber tubing (assorted dia.)

10. Spatula, medium and big

11. Test tube support

12. Plastic Carboys ( Cap. 1 lit., 2 lit., 5 lit., 10 lit., 20 lit., 50 lit.

13. Rubber Stopper (assorted)

14. Ice box (Thermocol)

15. Cotton, absorbent & non-absorbent

16. Gas Cylinder

17. Tripoid stand

18. Iron ring with clamp

19. Heating mentle (loose)

20. Blotting paper

21. Physical balance with Weight box

22. Wire gauze with asbestos centre 6” X 6”.

23. Asbestos sheet 12” X 12”

24. Wash bottle, Plastic, 1 litre.

25. Stop Watch

26. Glazed tile 6” X 6”

27. Enamel Tray 1’ X 1’ and 2’ X 2’

28. Plastic bucket

29. Plastic mug

30. Plastic beaker 1 litre.

31. Spirit lamp

32. Kerosene stove

33. Tongs 10” and 18”

34. Pinch clamp

35. Triangular file 4” and 6”

36. Cork Borer Heavy duty

37. Wire net basket 6” X 6” 6”

38. Wire cutter (small)

39. Test tube brush

40. Pipette case, Stainless


D.
List of Chemicals  :

1. Acetic acid, glacial

2. Alizarin Red S

3. Absolute alcohol

4. Aluminium Potassium Sulphate

5. Ammonium Acetate

6. Ammonium Chloride

7. Ammonium Hydroxide

8. Ammonium Purpurate / Murexide

9. Arsenic Trioxide

10. Barium Chloride

11. Boric Acid

12. Calcium Chloride (fused)

13. Calcium Chloride

14. Disodium Ethylenediaminetetra Acetate (EDTA)

15. Erichrome Black T

16. Ferrous Ammonium Sulphate

17. Hydrochloric Acid

18. Hydroxylamine Hydrochloride

19. Hydrogen Peroxide

20. Electrolytic Iron

21. Lead Acetate

22. Methyl Orange Indicator

23. Phenolphthalein Indicator

24. Potassium Hydroxide

25. 1-10, Phenanthroline, Monohydrate

26. Potassium permanganate

27. Potassium Iodide

28. Potassium Chromate

29. Potassium Hydrogen Phthalate

30. Stannous Chloride

31. Silver diethyldithiocarbamate

32. Sodium Hydroxide

33. Silver Nitrate

34. Sodium Acetate

35. Sodium Thiosulphate

36. Starch (Soluble)

37. Sodium Fluoride (Anhydrous)

38. Sodium Arsenate

39. SPADNS, Sodium 2-(parasulphophenylazo)-1,8-dihydroxy-3, 6-naphthalene disulphonate, also called 4,5-dihydroxy-3-(parasulphophenylazo)-2,7 naphthalenedisulphonic acid trisodium salt

40. Zirconyl Oxichlorid, Octohydrate, ZrOCl2 . 8H2O

41. Sodium Sulphate (anhydrous)

42. Sulphuric acid, sp. gr. 1.84

43. Sulphuric acid (Fuming) Oleum

44. Sodium Chloride

45. Potassium Dichromate

46. Calcium Carbonate (anhydrous)’

47. Phenol, white

48. Potassium Nitrate

49. Sodium Sulphate, non-hydrate, Na2S, 9H2O

50. PH Indicator paper, Range 2-14 with comparator

51. Methylated spirit

52. MacConkey broth, dehydrated (Hi-media)

53. Peptone

54. Oxgall

55. Lactose

56. Brilliant Green.

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/garbage)
(     (

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

5.
Is there a faulty drainage channel? Is it broken, creating 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 WELL 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 (handpump apron) 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?
(     (

10.
Is the tubewell sanitary seal upto 6m below the ground?

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

All the post to be made available to the National Referral Institute
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