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OVERVIEW
In this Course, “Municipal Water and Wastewater Treatment” we will learn the concepts of water and wastewater treatment. In Unit 1, we will discuss concepts of water availability, quality, attributes, use-based classification, hydrological cycle, etc. In the latter part of the Unit, water quality for various uses, municipal water supply complexities, water leakage have been explained. Unit 2 on the other hand discusses aspects related to municipal wastewater collection, conveyance and treatment. Various components of wastewater collection system have been explained along with concepts such as type of pollutants, mass balance, nitrification, reaeration and dosage. Water supply and treatment processes have been described in Unit 3. Physical and chemical processes involving screening, sedimentation, flocculation, filtration, chemical precipitation, softening and disinfection have also been explained. Unit 4 pertains to physical and chemical treatment processes including ammonia stripping, foam fractionation, reverse osmosis, ion exchange, electrochemical treatment, electro- dialysis etc. 

Unit 5 details the biological treatment processes for wastewater. It is important to understand the concepts of biological growth, growth kinetics for aerobic and anaerobic systems as well as practical aspects of biological treatment. One of the important objectives of wastewater treatment is to meet the regulatory requirement, however, in recent times; disposal of treated wastewater is not viewed as an environment friendly option. There is a lot of emphasis on investigating the alternative use of the wastewater for municipal, industrial, agricultural, forest or for recreational purposes. We will discuss these aspects in Unit 6. The treatment processes always produce sludges of different qualities and quantities that need appropriate treatment and disposal, which is discussed in Unit 7. Concepts and standards relating to discharge and receiving water quality related to treated wastewater disposal in lakes, rivers, estuaries and ocean are discussed in Unit 8. Wastewater application and disposal on land have been discussed in Unit 9. Finally, we will describe in Unit 10 the selection, planning and implementation guidelines for water and wastewater treatment processes. 

This Unit, i.e., Unit 1 deals with the various aspects pertaining to the issues of water as resource, quality attributes, use based classification, the hydrologic cycle to understand the movement of water through different media. We will study water demand, different methods of characterisation, water quality for different usage and complexities of municipal water supply system. We will be discussing in detail the water characteristics and classifications with regard to its best-designated use in a country. Water quality issues with regard to drinking, bathing, fisheries and other related use have been dealt with in this Unit. Municipal water supply system has been explained with a view to understand the sources of water, selection methodology of water treatment processes, complexities of water distribution system and water leakage and its impact on the whole system as well as the population.    

LEARNING OBJECTIVES 

After completing this Unit, you should be able to:

· discuss the major issues of water resources and their availability related problems;

· assess the water quality with regard to their different characteristics such as physical, chemical and microbiological;

· identify different water quality usage based on their quality and relevant standards;   

· explain the working of municipal water treatment plant operation and what are the basic principles on which it functions besides issues related to water leakages and their remedial measures.

 

1.1
WATER AS A RESOURCE
Water could be classified into two categories viz. fresh and saline water. We shall be discussing mainly fresh water used for drinking and other human requirements. 

Majority of the world population today get either untreated or minimally treated drinking water which are of doubtful quality. About 80% of the population of the industrially developed Northern Europe and North America are served by well designed and operated conventional water treatment plants, which continually deliver adequate quantity of water of acceptable quality. On the other hand, several sizeable populations even in the better managed cities of Africa, Asia, the Caribbean and the Mediterranean regions are served by poorly operating simple water treatment plants which, for most of the year, intermittently deliver water of unknown or doubtful quality.

Many large cities in India have been able to construct and operate water treatment plants in proper manner and deliver good acceptable quality of water, however, this may not be true for quantity. With continued efforts of international community and local actions, water supply situations are improving, however, sanitation still remains a big issue in developing countries. The inadequate system existing in many cities with regard to wastewater conveyance, collection, treatment and disposal results in serious problem of water and sanitation related diseases. 
We will discuss the various aspects related to the availability of water and understand the hydrologic cycle as the basics of water availability can be understood through this. 

1.1.1
Availability of water and hydrologic cycle        

Before we understand the problems relating to water quality and quantity, we need to understand how water is available in our earth system. The movement of water in the different media such as solid, liquid and vapour is best explained by understanding the hydrologic cycle.  

The earth and its atmosphere contain large amounts of water, but 97 per cent of this water is saline and about 2.3 per cent which exists as freshwater, is immobilized in the polar ice caps. Water present in the earth’s hydrosphere takes part in a very active re-circulation, which is known as the hydrological cycle as depicted in Figure 1.1. 

Figure 1.1

The Hydrological Cycle
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Only about 0.7 per cent of the earth’s water occurs in fresh water lakes and rivers, in accessible underground aquifers and the atmosphere itself. Nevertheless, if this water were distributed on the land surface in proportion to the population distribution, there would be ample water for all needs. The spatial distribution of rainfall varies widely from zero in permanent desert areas to several meters a year in mountainous tropical rain forests. Figure 1.2 shows this spatial distribution of rainfall. 

In general, heavy rain is associated with mountainous regions whereas most of the world’s densest populations are found in low-lying flat areas, e.g., in the UK, which is usually considered as a temperate country, rainfall in the mountainous North- West can be as much as 2 meters a year with a population density of 2 or 3 people per square kilometer. In contrast, London has a rainfall of less than 0.5 meters a year with a population density of over 1000 people per square kilometer. Similar variations can be found in many other countries leading to frequent regional problems of water availability. These are usually made worse by the fact that urban communities tend to have higher water demand than rural communities with simpler lifestyles and minimum needs.

Figure 1.2

Spatial Distribution of Rainfall
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A measure of water availability in an area is the volume of water per person per year. A value of around 1000 cubic meters per person per year is usually considered as a constrained situation. By this definition, many countries in Africa and the Middle East are already water-stressed and others will be added by the year 2010 as populations continue to grow. India also has its share of the water scarce regions, which are experiencing severe water supply problems particularly in summer. 

Effective management of water resources requires accurate measurement at various stages of the hydrological cycle. This involves measurement of precipitation, runoff in streams and rivers, evaporation from land and water surfaces, evapo-transpiration from vegetation and the movement of groundwater. For an overall assessment of resources and to enable their optional use it is necessary to look at quantity data along with quality of water supply.

1.1.2
Water in our daily life


Every plant, animal, and human being needs water to stay alive. This is because all the life processes from taking in food to getting rid of wastes require water. But people depend on water for more than just to stay alive. We also need it for our way of life. We need water in our homes to brush our teeth, cook food, and wash dishes. We need water in our factories to manufacture almost everything from automobiles to zippers. We need water for irrigation to raise crops in regions that do not get enough rain. 

Water in living things: Every organism (living thing) consists mostly of water. The human body is usually made up of 50 to 75 percent water. A mouse has about 65 percent water. An elephant and an ear of corn about 70 percent water. A potato and an earthworm about 80 percent water. A tomato about 95 percent water. 

All living things need a lot of water to carry out their life processes. Plants, animals, and human beings must take in nutrients (food substances). Watery solutions help dissolve nutrients and carry them to all parts of an organism. Through chemical reactions, the organism turns nutrients into energy, or into materials it needs to grow or to repair itself. These chemical reactions can take place only in a watery solution. Finally, the organism needs water to carry away waste products. 

Every living thing must keep its water supply near normal, or it will die. Human beings can live without food for several weeks, but they can live without water for only about one week. If the body loses more than 20 percent of its normal water content, a person will die painfully. Human beings should take in about 2 1/2 quarts (2.4 liters) of water a day. This intake can be in the form of beverages we drink, or water in food. 

Water in our homes: In our homes, we use far more water than the amount we need simply to stay alive. We require water for cleaning, cooking, bathing, and carrying away wastes. For many people, such water is a luxury. Millions of homes in Asia, Africa, and South America have no running water. The people must haul water up by hand from the village well, or carry it in jars from pools and rivers far from their homes. 

Water for irrigation: Most of the plants that people raise need great quantities of water. For example, it takes 115 gallons (435 liters) of water to grow enough wheat to bake a loaf of bread. People raise most of their crops in areas that have plenty of rain. But to raise enough food for their needs, people must also irrigate dry areas. The rainfall that crops use to grow is not considered a water use, because the water does not come from a country's supply. Irrigation, on the other hand, is a water use because the water is drawn from a nation's rivers, lakes, or wells. 

The water a nation uses for irrigation is important to its water supply because none of the water remains for reuse. Plants take in water through their roots. They then pass it out through their leaves into the air as a gas called water vapor. Winds carry away the vapor, and the liquid water is gone. 


Water for industry: Industry uses water in many ways. It uses water for cleaning fruits and vegetables before canning and freezing them. It uses water as a raw material in soft drinks, canned foods, and many other products. It uses water to air-condition and clean factories. But most of the water used by industry is for cooling. For example, water cools the steam used in producing electric power from fuel. It cools the hot gases produced in refining oil, and the hot steel made by steel mills. 


About 144,000 liters of water are required to make a tonne of steel or a tonne of paper. Manufacturers use about 27 liters of water to refine 3.8 liters of gasoline. It takes about 57 liters of water to brew 4 litres of beer.


Although industry uses a lot of water, only 6 percent of it is consumed. Most of the water used for cooling is pumped back to the rivers or lakes from which it is taken. The water consumed by industry is the water added to soft drinks and other products, and the small amount of water that turns to vapor in the cooling processes. 

Water for power: People also use water to produce electric power to light homes and to run factories. Electric power stations burn coal or other fuel to turn water into steam. The steam supplies the energy to run machines that produce electricity. Hydroelectric power stations use the energy of falling water from waterfalls and dams to produce electricity. 

Water for transportation and recreation: After people learned to build crude small boats, they began using rivers and lakes to carry themselves and their goods. Later, they built larger boats and sailed the ocean in search of new lands and new trade routes. Today, people still depend on water transportation to carry such heavy and bulky products as machinery, coal, grain, and oil. 


People build most of their recreation areas along lakes, rivers, and seas. They enjoy water sports, such as swimming, fishing, and sailing. Many people also enjoy the beauty of a quiet lake, a thundering waterfall, or a roaring surf. 


1.1.3
Water demand 

After having understood the hydrologic cycle, its important for us to determine, how the demand and supply positions are for different countries. This issue becomes important for different communities within the same city as well when the water distribution is not equitable.

We should attempt to understand water issue from the human population requirement and expectations point of view. Being the most essential element for human population, we need about 2.5 liters per day, although in hot climates it could be about 20 liters per day for those involved in labour intensive activities. In simple living pattern, a water consumption of around 10 liters per person per day is fairly typical to include all cooking and drinking requirements, particularly when water has to be brought from a distance. If a stand pipe is provided in a village, the consumption will probably be around 25 liters per person a day and the provision of a single house tap will lead to a daily consumption of around 50 liters per person. In developed countries and high value urban property in less developed countries, the provision of multiple bathrooms, flush toilets, clothes and dish washing machines, large gardens and swimming pools can easily lead to domestic water consumptions of several hundred liters per person per day. Table 1.1 presents examples of domestic water consumption in a number of developed countries as well as of India. Though water consumption in India is below many of the developed countries it is adequate for the human survival.

Table 1.1

Average Domestic Water Consumption in Different Countries

	Location
	Litres/Person /Day

	Belgium
	145

	Denmark
	190

	Hungary
	205

	Italy
	220

	Netherlands
	167

	Spain
	126

	Sweden
	194

	Switzerland
	264

	United Kingdom
	136

	USA
	300

	India (mainly in large cities)
	80-100


1.1.4
Water pollution

Water is supplied from various sources such as rivers, lakes, reservoirs etc. We need to understand, why this water coming from these sources need treatment before it is supplied to us. The reasons are that the pollutants from various sectors such as industrial wastes, sewage and agricultural wastes contaminate most of these sources. We shall discuss all of them in detail.

When populations are of low density with little or no industrial activity, water pollution will probably not be a major problem provided that effective sanitation is provided. Increasing urbanisation and industrialisation inevitably produce environmental pressures, of which water pollution is often a graphic example. Conditions in most developed countries last century gave rise to major water pollution problems with consequent environment damage and risks to health. Similarly in developing countries, water pollution of rivers, lakes ground water as also marine water is prevalent due to high population growth and low attention on population control. Much of the water pollution was caused by point sources of discharge in the form of sewage and industrial waste effluents. 

The control of effluents can be achieved using one of two different approaches: 

(i)
The first, water quality objective approach considers the uses of receiving water and on the basis of their quality requirements and the relative flows of water and effluent, it is possible to determine the allowable concentration of pollutants in any discharge. 

(ii)
The alternative approach embodies fixed discharge standards based on rigid application of maximum allowable concentrations of pollutants in any discharge. Although simpler to operate, the fixed emission standards take no account of the assimilative capacity of the water and often have little scientific or economic justification. 

Whichever control method is adopted the effluent standards are normally based on oxygen demand measured as BOD (Bio-chemical Oxygen Demand), suspended matter measured as SS (Suspended Solids), together with such other parameters which may be toxic to aquatic life or inhibit uses of the receiving water. Water quality objectives can be on a general basis or based on the requirements of specific uses such as water abstraction for potable or irrigation purposes, fisheries, watersports, etc. Table 1.2 illustrates a typical general water quality objective classification based on three common chemical parameters. 

Table 1.2

Typical River Quality Standards

	Class
	Description
	DO % sat mg/l 10%ile
	BOD mg/l

90%ile
	Amm N mg/l

90%ile

	1
	Very good
	80
	2.5
	0.2

	2
	Good
	70
	4.0
	0.6

	3
	Fair
	60
	6.0
	1.3

	4
	Poor
	60
	8.0
	2.5

	5
	Very poor
	20
	15.0
	9.0

	6
	Bad
	<20
	
	


In India, water quality have been classified as A, B, C, D and E from very good to bad categories as shown in Table 1.3.

Table 1.3

Surface Water Quality Criteria in India

	Designated Best Use
	Class of Water
	Criteria

	Drinking water source without conventional treatment but after disinfection
	A

(Very Good)
	Total Coliform organized MPN/100 ml shall be 50 or less

pH between 6.5 and 8.5

Dissolved Oxygen 6 mg/l or more

Biochemical Oxygen Demand 5 days at 200 C, 2 mg/l or less

	Outdoor bathing (Organised)
	B
	Total Coliform organized MPN/100 ml shall be 500 or less 

pH between 6.5 and 8.5

Dissolved Oxygen 5 mg/l or more

Biochemical Oxygen Demand 5 days at 200 C, 3 mg/l or less

	Drinking Water Source
	C
	Total Coliform organized MPN/100 ml shall be 5000 or less 

pH between 6.0 and 9.0

Dissolved Oxygen 4 mg/l or more

Biochemical Oxygen Demand 5 days at 200 C, 3 mg/l or less

	Propagation of Wild Life Fisheries
	D
	pH between 6.5 and 9.5

Dissolved Oxygen 4 mg/l or less

Free Ammonia (as N) 1.2 mg/l or less

	Irrigation, Industrial Cooling Controlled Waste Disposal
	E

(Bad)
	pH between 6.5 and 9.5

Electrical Conductivity at 25 microgram per cm

Sodium absorption ration Max. 26

Boron Max. 2 mg/l


In India the drinking water quality standards have been defined for in IS 10500, 1991 as presented in Table 1.4 alongwith the WHO guidelines values.

Table 1.4

IS 10500 : 91 Drinking Water Compared To 

W.H.O. Guidelines (1993)

   Bacteriological Quality

	Parameter
	IS 10500-91
	W.H.O. Guidelines

	All water intended for drinking 
	
	E-Coli thermo-tolerant Coliform bacteria must not be detectable in any 100ml. sample.

	Treated water entering the distribution system
	
	E - Coli or thermo-tolerant Coliform bacteria must not be detectable in any 100ml. sample. 

Total coliform bacteria must not be detectable in any 100ml. sample. 



	Treated water in the distribution system
	No sample should contain E-Coli in 100ml.

Through out the year 95% samples should not contain any colifrom organisms in 100 ml.

No sample should contain more than 10 coliform organisms per 100 ml. Colifrom organisms should not be detectable in 100 ml. of any 2 consecutive samples.
	E-Coli or thermo tolerant Coliform bacteria must not be detectable in any sample.

In 95% of samples taken throughout any 12 months period, total Coliforms must not be detectable in any 100ml. sample.




   Virological Quality

	Parameter
	IS 10500-91
	W.H.O. Guidelines

	
	
	Drinking water must essentially be free of human entero viruses to ensure negligible risk of transmitting viral infection. For all sources, the median value of turbidity before terminal disinfection must not exceed 1 NTU and must not exceed 5 NTU in single samples.

Terminal disinfection must produce a residual concentration of free chlorine of  0.5 mg/litre after at least 30 minutes of contact in water at pH < 8 or must be showing to be an equivalent disinfection process in terms of the degree of entero virus inactivation (> 99.99%).

Filtration must be either slow sand filtration or rapid filtration preceded by adequate coagulation, flocculation with sedimentation or floatation. The degree of virus reduction must be > 90%.

Additional treatment may consist of slow sand filtration, ozonation with granular activated carbon adsorption, or any other process demonstrated to achieve > 99% entero virus reduction.


Parasitological Quality

	Parameter
	IS 10500-91
	W.H.O. Guidelines

	
	The drinking water shall be free from microscopic organisms such as algae, zooplanktons, flagillates, parasites and toxin producing substances
	It is not possible to set guideline values for pathogenic protozoa, heliminths and free-living organisms. Other than that, these agents should not be present in drinking water because one or very few organisms can produce infections.


There many other parameters like chemicals of health significance, organic constituents, pesticides, disinfectants and radioactive constituents are specified by WHO. But no such parameters are specified by the Indian Standards.


1.2
WATER CHARACTERISTICS AND ITS

CLASSIFICATION

We must appreciate that even highly polluted wastewaters such as domestic sewage are still essentially water. Domestic sewage is 99.9 percent water as it has only about 1000 mg/l impurities. Seawater has about 35,000 mg/l of impurities, (it is called impurities as long as we relate this water with potability, otherwise salts present in sea water is considered normal) in this case all in solution. Seawater can be, however, used for swimming and recreation but sewage cannot be considered for any use. 

It is important for us to understand the various characteristics of water before we proceed ahead for its treatment and use. There are three major characteristics such as physical, chemical and microbiological.  

We will now discuss these characteristics in view of water use and wastewater disposal.

1.2.1
Physical 

Physical characteristics include several parameters which are obvious to a non-specialist and others which are not so obvious, at least by inspection. Important physical characteristics include:

· Temperature: Significant for its effect on other properties such as tastes and odours, gas solubilities and speed of chemical and biochemical reactions.

· Tastes and odours: Tastes and odours caused by complex organic substances of natural or industrial origin and are responsible for most consumer complaints with water supply agencies.

· Colour: Chemically pure water has a blue tint but many natural surface waters have a yellow appearance. True colour is due to soluble matter but apparent colour can be produced by suspended matter.

· Solids: Flowing water can transport colloidal, suspended and floating solids, It is often useful to additionally divide the various types of solids into inorganic and organic materials which are present in water. 

· Electrical conductivity: Electrical conductivity is due to the presence of dissolved salts in water and it can be correlated with total dissolved solids.

1.2.2 
Chemical 

Chemical characteristics are very much a result of the solvent properties of water and they are often important in specifying water quality. Some chemical characteristics are due to natural properties but others may be more influenced by external pollution.

· pH : pH is a measure of the intensity of acidity of alkalinity in a water expressed in terms of the logarithm of hydrogen ion concentration. Using negative values gives a scale from 0 to 14 with pH 7 being assumed neutral with increasing acid intensity towards pH 0 and increasing alkali intensity towards pH 14.

· Alkalinity: Alkalinity is due to the presence of bicarbonate, carbonate or hydroxide ions. It provides a useful buffering action to resist sudden changes in pH. If pH exceeds 8.3 caustic alkalinity is present due to carbonates and / or hydroxides but bicarbonate alkalinity exists in the pH range 4.5 to 8.3.

· Acidity: Most natural waters are buffered by a carbon dioxide/ bicarbonate system in which carbonic acid exists in the pH range 4.5 to 8.3. Some organic acids are also found in this pH range. Mineral acidity when the pH is less than 4.5 is unlikely to occur naturally.
· Hardness: Calcium and /or magnesium ions in water result in the formation of scale in hot water systems and increases soap consumption. Carbonate hardness occurs when the metals are associated with carbonates and bicarbonates and non-carbonate hardness is when the metals are associated with sulpahtes and chlorides. Hardness, alkalinity and acidity are by convention all expressed in terms of calcium carbonates so that total hardness – alkalinity = non-carbonate hardness. 

· Dissolved oxygen (DO): DO is one of the most important parameters in assessing water, as since oxygen is essential for most forms of aquatic life. In many situations the most serious effect of pollution is by depletion of the DO concentration in the receiving water. Oxygen is only slightly soluble in water (9.1 mg/l at 200C at sea level). Healthy surface waters are normally saturated with DO but many ground waters have little or no DO. Organic wastewaters normally have no DO since they exert an oxygen demand. Fish require minimum DO concentrations of between 10 and 60 per cent saturation depending upon species and other characteristics of the water. Dissolved oxygen is desirable in drinking water.

· Oxygen Demand: The most common agent of oxygen demand is the oxidation of organic matter although inorganic reducing agents such as sulphides also take up DO. In natural watercourse, the oxidation of organic matter is carried out by microorganisms, which in the presence of DO use aerobic reactions to produce stable inorganic end products. A measure of the oxygen utilization under such circumstances given by the Bio-Chemical Oxygen Demand (BOD). A more rapid indication of oxygen demand can be obtained from Chemical Oxygen Demand (COD) determinations.

· Nutrients: Nitrogen and phosphorus are important in water and wastewater because of the influences, which they have on biological activity. Domestic wastewaters normally have ample nutrients but some industrial wastes may be so deficient in nutrients that biological oxidation may be impossible unless additional nutrients are provided.

Other chemical characteristics which may be important includes; chloride, heavy metals, complex organic compounds such as pesticides and herbicides.

1.2.3 
Microbiological 

Water consumption by human population makes microbiological characteristics very important. In water supplies, number of diseases can be transmitted by pathogenic microorganisms present in water. Simple forms of micro-organisms (procaryotes) include viruses, bacteria and some algae; more complex micro-organisms (eucaryotes) include many algae together with protozoans and fungi. Some are found widely in many different environmental conditions but other micro-organisms are highly specific in their environments. Healthy natural waters usually have large numbers of different species of micro and macro organisms present. A badly polluted water is likely to have few species present with only those capable of tolerating pollution being there in significant numbers. The diversity of biological species or the lack of it is the basis for biological monitoring of water pollution. 

Table 1.5 gives examples of some typical quality characteristics for a number of water sources.

Table 1.5

Typical Water Quality Characteristics

	Parameter
	Upland
	Lowland
	Raw Sewage

	pH (units)
	5
	7
	7

	Total solids
	50
	150
	1000

	Chloride
	5
	50
	150

	Alkalinity
	20
	125
	200

	Colour (Hazen)
	50
	20
	n/a

	Amm.- N
	0.05
	0.5
	30

	Nitrate – N
	0.1
	2
	1

	Turbidity – NTU
	2
	25
	n/a

	BOD
	2
	4
	250

	Fluoride
	0.1
	0.1
	n/a

	Iron
	0.2
	0.2
	n/a

	Aluminium
	0.2
	0.2
	n/a

	22 C count/ml
	100
	30000
	106

	37 C count/ml
	10
	7500
	10/

	Coliform MPN/100 ml
	5
	1000
	106


Units are mg/l except where noted: n/a= not applicable




 

1.3
WATER QUALITY
Water quality is the primary reason for its different use as its quality parameters can make the water fit for drinking or otherwise. Different water usages require differing water quality objectives. Therefore, now we will discuss the water quality parameters for various usages of water along with various attributes of water quality with a view to understand the units of measurements and their designated usages.

Because of the relatively low concentrations of contaminants found in water and wastewaters and the number and complexity of both natural and synthetic compounds in the environment, it is often impracticable to measure all the individual contaminants in a sample. The use of ‘blanket’ parameters, which measure a class or type contaminant, provides a practical solution to what would otherwise be a costly and time-consuming exercise. It is important to understand that careful and accurate sampling is an essential prerequisite to any analysis.

1.3.1
Drinking water 

As we are all aware, drinking water quality is of great significance in relation to the public health and it is therefore, important that the drinking water meets the highest possible standards consistent with economic, geographic and sociological constraints.

Analytical methods and expression of results

Traditional forms of physical and chemical analysis of water are based on procedures such as:  

· The weighing of solids produced by evaporation, filtration or precipitation. 

· Volumetric titrations with standard solutions of known strength and appropriate indicators. 

· Colorimetric determinations in which the intensity of colour in a reaction is proportional to the concentration of a soluble ingredient in the sample.

· Microbiological examination utilises culturing techniques, which depend upon the biochemical properties of the micro-organisms causing visible results under appropriate conditions.

As the presence of more and more contaminants in the aquatic environment becomes established there is increasing pressure for more sensitive analytical procedures in the water industry. This is partly because some contaminants are thought to be potentially harmful at concentrations of micrograms/litre but also because greater demands are made by regulating agencies for evidence of sustained water quality. Continuous monitoring of important water quality parameters is now being adopted in many countries using remote multi-sensor devices with telemetry networks. Real-time analysis of treatment processes is beginning to permit more reliable operation and better performance of water and wastewater systems.

Analytical results for water and wastewater samples are expressed in terms of physical and chemical units of measurement.

Chemical parameters are usually expressed in the physical unit of milligrams per litre (mg/l). For the dilute systems in which a litre weighs a kilogram, such as those encountered in natural waters and wastewaters the mg/l unit is interchangeable with parts per million (ppm), which is the weight-to-weight ratio.

Dissolved gases are considered to be chemical constituents and are measured as mg/litre. Gases as a by-product of sewage treatment, such as methane, nitrogen and also chlorine are measured in terms of litres. Results of tests and parameters such as temperature, odour, hydrogen ion, and biological organisms are expressed in units other than mg/litre. For instance, biological organisms are expressed as organisms/ml, temperature in 0C, colour in Hazen units, turbidity in NTU (nephalometric turbidity units), etc.

Maintenance of the quality of drinking water is of great significance to public health and therefore, important that drinking water meets the highest possible standards consistent with economic, geographic and sociological constraints. The hazards of microbiological contamination of drinking water supplies are well known but for many of the physical and chemical characteristics of water, health-related effects may be non-existent or difficult to establish. In this context it is relevant to set out the World Health Organization definition of health, which is: “a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity”. Thus in addition to those substances with demonstrable health effects, in that excessive intake can produce adverse effects on a consumer, there are also indirect health consequences due to substances which make a water unattractive or unpalatable. This could include unpleasant tastes, odours or appearance which would cause concern to people. 

Public water supplies need to be potable, palatable and suitable for all normal domestic uses. Physical and chemical standards for drinking water are often considered under four headings. Organoleptic parameters are those such as colour and temperature which are readily observable by a person but which have little or no direct health significance. Natural physicochemical parameters like pH, alkalinity, total solids (made up mainly of Ca, Na, K, Mg, NO3, Cl, CO3, and SO4, ions) may sometimes have minor health effects but are usually viewed as indicators of a balanced composition. Natural parameters like chloride, nitrate, phosphate and fluoride are undesirable in excessive amounts because they may have direct health effects or they may be indicators of undesirable contamination. Toxic parameters are those contaminants which are recognized as real or potential hazards to human health although the effects are very much dependent on the dose and the period of exposure. Contaminants in this class include arsenic, lead, cadmium, nickel, mercury, organochlorine compounds and some pesticides.

Setting up of standards

When setting standards for the first three types of parameters, the values adopted must be a balance between what is accepted to the normal consumer and the costs of removing the substance from the water or of preventing its entry into the water. With health-related parameters, the definition of a safe level is often very difficult because health effects are of two forms. Acute effects in which the consequences of a single or short-term intake become quickly apparent are unlikely to occur in water supplies except as the result of a catastrophic accident following which appropriate measures would normally be taken to prevent consumption. Chronic effects due to the long-term intake of tiny amounts of potentially harmful substances do, however, lead to concern. Such effects are, however, complex and the medical and scientific evidence is often conflicting. For some substances it would seem that there is a threshold level below which there is no effect from ingestion. With other substances, in particular those responsible for causing cancers, it would appear that any intake should be avoided if at all possible. When setting drinking water standards, the ultimate goal might be to ensure no harmful health effects from life-time consumption of water. In many cases there is insufficient information to determine ‘safe’, concentrations and the matter is in any event complicated by other dietary intake via foods and drinks. 

In the absence of unambiguous toxicological data some regulatory bodies have adopted the lowest concentrations which can be detected as surrogate zero levels for carcinogenic and other potentially hazardous substances found in water. Table 1.6 discussed earlier gives examples of drinking water maximum allowable concentrations and guideline levels specified by WHO. It is important to appreciate that such values are based on life-time consumption of water with no significant health effect so that occasional concentrations above the permitted levels are most unlikely to produce any actual risk to the consumer.

In the case of microbiological standards for drinking water, quality control is based on the absence of indicator organisms, which whilst not in themselves harmful, show evidence of human faecal pollution. Statistical arguments indicate that the absence of an indicator organism E.coli in 100 ml is sufficient to ensure the absence of an infective dose of pathogenic bacteria. Such considerations are not, however, necessarily valid when dealing with viruses and certain chlorine-resistant organisms of which Crypotsporidium is a prime example. With these micro-organisms the infective dose is thought to be much smaller than for bacteria like Salmonella typhi. It is important that drinking water quality guidelines and standards are interpreted in the light of local conditions. Since water is essential for life, it would be nonsensical to ban the use of the only source of water in an area simply because it contained a potential carcinogen. In a location where water commonly spreads gastro-intestinal diseases such as cholera and typhoid, concerns about possible long-term hazards from trace chemicals are misplaced. The ultimate objective should, however, be to provide WHO guidelines quality water when possible and the initial focus must be on the high-risk hazards.


1.3.2
Bathing and recreational water 

The other water quality related issue, which becomes very important, is for bathing and other recreational activities, which will involve water contact. Water quality parameters have been specifies by various agencies with a view to protect the health of citizens. We shall be well aware of the implications of the water quality where we take bath and use it for swimming and other contact sports.   

Although the links between bilharzias infections and water contact are well established in those parts of the world where this disease is a major problem, there is little evidence that bathing in sewage contaminated water in temperate climates poses major hazards. There is some evidence of increased nasal and eye infections amongst bathers and also more minor gastro-intestinal infections. Even in chlorinated swimming pools there is evidence of more nasal and eye infections than in non-bathers. Many countries have adopted microbiological standards for bathing waters.  In India, standards have been laid for freshwater and marine water body as in given in Table 1.6.

1.3.3 
Fisheries and other sensitive areas 

Because of the commercial, dietary and recreational importance of fish it is common practice in developed countries to establish water quality standards appropriate for salmonid and coarse fish. Because fish are usually the highest form of life in rivers and lakes they tend to be sensitive to many types of pollution and can thus be considered as continuous monitoring devices. Indeed, some water abstraction intakes are equipped with fish monitors in which the responses of fish are used to set off an alarm. Such a monitor does not of course indicate the nature or concentration of a pollutant but gives warning of possible danger. Water quality standards in relation to fish life are often used as part of a pollution control strategy. Water quality standards are also maintained for the ecological sensitive areas which include salt pans, shell fish areas, fish breeding areas. 

Table 1.6

Receiving Sea Water Criteria For Different Categories and

Applicable Parameters

	Categories
	Major parameters

	Salt pans, 

shell fish, 

ecologically sensitive zones  (SW I)
	pH-6.5-8.5,  no colour and floating matter

DO- 5.0 mg/l 

Oil & Grease- 0.1 mg/l

Heavy metals-0.01mg/l (Hg, Pb and Cd) 

	Commercial fishing,  contact  recreation, bathing water  

(SW II)
	pH- 6.5-8.5

DO- 4.0 mg/l 

No noticeable colour, odour and floating matters

BOD5 - 3 mg/l 

Fecal Coliform - 100/100 ml  

	Industrial Cooling 

(SW III)
	pH – 6.5-8.5

DO - 3.0 

No noticeable colour and floating matter, odour

Fecal Coliform-500/ 100 ml

	Harbour 

(SW IV)
	pH - 6.5-8.5

DO - 3.0 mg/l

No visible colour and odour

Fecal Coliform - 500/100 ml

BOD5 - 5 mg/l

	Navigation, controlled Waste Disposal  

(SW V)
	pH- 6.0-9.0

DO - 3.0 mg/l

Small amount of floating solids, oil & grease which may be due to appropriately treated sewage and industrial discharges 

Fecal Coliform- 500/100 ml 


No standard exists for the discharges from the long  outfall in the coastal area

Source:  Criteria for classification and zoning of coastal waters (Sea waters) - A Coastal Pollution Control Series:  COPOCS / 6/1993-CPCB , New Delhi- June, 1993
1.3.4 
Water quality index

Common person’s perception about the water quality for consumption is mainly sensory such as observation about colour, turbidity, odour, taste, and temperature. Although taste may give some idea about dissolved substances such as chlorides, but is mainly dependent on chemical characteristics. Some other observation can provide idea about the quality of water particularly smell and colour. However, there are no definite ways of assessing the microbiological quality for drinking water, without cultivating these pathogenic or indicator organisms in the laboratory.

The problem with laboratory analysis of water is that all agencies use nearly 50 different parameters to define water quality. It is both expensive and time consuming to analyse each and every water sample for this purpose and not all laboratories are equipped to handle this kind of analysis. Moreover even when the results of the analysis are available, it is not useful to an average layperson of what this might mean to them and hence evaluation of water quality only in terms of raw data can be misleading and confusing for general public. As a result, it may be difficult for a person interested in water quality to interpret the data to gain an overall understanding of water quality conditions. This may result in faulty conclusions regarding water quality status and management practices. Thus it is difficult to effectively communicate the results from water quality improvement programs when the raw data is confusing.  As a solution, a water quality index (WQI) integrates complex analytical raw data and generates a single number (like a grade) that express subjectively the water quality. Such a rating scale allows for simplicity and consumer comprehensibility.

A water quality index can be of different types depending on its final intended purpose. It can be highly specific for different bodies of water or could be general one for all types of water meant for human consumption. A WQI can also be based not just on readings at a single point of time but instead on readings collected over a period of time (like a year). A WQI may also be arrived at by calculating the number of objectives/parameters not met, or by calculating the frequency with which they are not met or the amount by which they exceed the norm. 

One of the main aims of WQI is also to communicate the information on water quality in simpler terms to the consumer so that can take effective steps to get clean water for consumption and also adopt preventive practices. This means that the WQI should not merely be a tool for the use of monitoring agencies, but should be simple enough to be communicated to the people. 

While water quality indices were first seriously proposed and demonstrated beginning in the 1970s but not widely utilized or accepted by agencies that monitor water quality. The principal reason is that there are various uncertainty issues in WQI as stated here:

· Only a single number cannot convey the whole story of water quality.

· There are much other important quality parameters that may be not included in WQI for the sake of simplicity.

· If parameters in WQI are not properly weighted then one or two parameter may tend to dominate the overall index.

· WQI divides the water quality in some broad categories hence the precision in the information is lost. As a result water samples having same water quality index may have substantially different water quality.

A WQI should be therefore, based on a properly weighted set of selected (widely regarded as important) parameters to provide a simple indicator of water quality and to educate the general public about the possible problems with water in the region.

We will now discuss some of the water quality indexes used in different places. 

The British Colombia Water Quality Index   

Methodology:  The British Colombia water quality index recognizes six uses of water: drinking, recreation, irrigation, livestock watering, use by aquatic life, and use by wildlife. The first of the four uses are related to human use and are only considered in the rankings when they are naturally sustainable. The use by aquatic life and wildlife are usually always sustainable. Note that drinking water in this context always refers to the quality of the raw water source, as it exists in the environment before it is delivered to a consumers tap. Such raw water, even if ranked excellent, always needs, at least, disinfections before drinking.

The index is based on combination of three factors:

(i)
Number of objectives not met (F1):  The first factor F1, measures the number of objectives not met. It is expressed as percentage of the number of objectives checked. Calculate F1 for one year by summing the number of objectives not met in that year, dividing by the total number of objectives measured that year and multiplying by 100.

(ii)
Frequency with which objectives not met (F2):  The second factor, called F2 is the number of times objectives were not met, at all sites and dates in a given time period, expressed as percentage of all instances of objectives being checked. It is calculated for one year by summing all events of objectives not met in that year dividing by the total number of instances objectives were checked that year and multiplying by 100.

(iii)
Amount by which objectives not met (F3):  The third factor, called F3 is a measure of the maximum amount by which objectives are not being met in a given year. For the common case of objective expressed as a maximum, this deviation is calculated by subtracting the objective value from the maximum measurement exceeding the objective, dividing by this maximum measurement, and multiplying by 100. The highest deviation obtained in a year from all objectives checked is the value of F3 used in the index.

The index is then obtained by summing the three factors as if they were vectors. Thus, the square of the index is equal to the sum of the squares of each factor. The index is given by the formula:  

Index = [(F1)2 + (F2)2 + (F3)2)]1/2
Description of the Index:  Natural water quality conditions refer to conditions that exist in the absence of any human interference. Desirable conditions are those, which will sustain the most sensitive water uses. Natural and desirable are synonymous, although they may differ when human activity has brought permanent change.

The rankings are described as follows:

	Index Value
	Ranking
	Description

	0 – 4
	Excellent
	All uses are protected with virtual absence of threat or impairment. 

No uses ever interrupted

Conditions very close to natural or pristine levels.

	5 – 25
	Good
	All uses protected with only minor degree of threat or impairment.

No uses ever interrupted

Conditions rarely depart from natural or desirable levels.

	26 – 62
	Fair
	Most uses protected but a few threatened or impaired. 

A single use may be temporarily interrupted.

Conditions sometimes depart from natural or desirable levels.

	63 – 85
	Borderline
	Several uses threatened or impaired.

More than one use may be temporarily interrupted.

Conditions often depart from natural or desirable levels.

	86 – 100
	Poor
	Most uses threatened or impaired.

Several uses may be temporarily interrupted. 

Conditions usually depart from natural or desirable levels.


Some of the limitations of the index is listed here, which indicate that its use should be based on understanding of these:  

· This index reflects the water quality over a period of time and will be unable to show the effects of spills and other such random and transient events, unless these are relatively frequently or long lasting.

· By design, quite a number of samples have to be collected frequently from water body for minimum period of one year to arrive at the index. This makes the calculation of index cumbersome. 

In another index developed by National Sanitation Foundation in USA, the concept used has been different, as we will discuss them now. 

NSF Water Quality Index

Methodology

The National Sanitation foundation Water Quality index (NSF WQI) has the following mathematical structure:

NSF WQI  = (1n (Wi * Li) for n parameters

Where,  Li  = Sub-index for ith water quality parameter; 

Wi = Weight (in terms of importance) associated with ith 

water   quality parameter; n =  Number of water quality parameters.



Sub Index Equation for Water Quality Parameter (NSF WQI)

	Water Quality Parameter
	Range applicable
	Equation

	Percent Saturation D.O.
	0 – 40%
	|DO = 0.18 + 0.66 * (%Saturation of DO)

	
	40+ - 100%
	|DO = -13.550 + 1.17 * (%Saturation of DO)

	
	100+ - 140%
	|DO = -163.34 - 0.62 * (%Saturation of DO)

	BOD (mg/l)
	0 – 10
	|BOD = 36.90 – 1.23 * (BOD)

	
	10+ - 30
	|BOD = 36.90 – 1.23 * (BOD)

	pH
	2 – 5
	|PH = 16.10 + 7.35 * (pH)

	
	5+ – 7.3
	|PH = -142.67 + 33.50 * (pH)

	
	7.3+ – 10
	|PH = 316.96 – 29.85 * (pH)

	
	10+ - 12
	|PH = 96.17 – 8.00 * (pH)

	Fecal coliform
	1- 103
	|Coli = 97.20 – 26.60 * log(FC)

	
	103+ - 105
	|Coli = 97.20 – 26.60 * log(FC)

	
	105+
	|Coli = 2


The index when used has certain figures, which appears as shown below:  

The Description of the Index

	NSF WQI
	Ranking
	Description

	63 – 100
	Good to Excellent
	Drinking water source without conventional treatment but after disinfections

	50 – 62
	Medium to Good
	Outdoor bathing, swimming and water contact sports

	38 – 49
	Bad
	Drinking water source with conventional treatment followed by disinfections

	0 – 37
	Worst to Bad
	Propagation of wild life fisheries, irrigation, industrial cooling and controlled waste disposal


Limitations: 

· Index is used to determine the use of a particular water body and it does not convey how good the water quality is for a particular use.

· Index uses only Fecal Coliforms and BOD as parameters for bacterial contamination which may not be sufficient indicator of water quality for drinking purpose hence, even if the NSF WQI is excellent for a particular water body it may be hazardous for health.

 

1.4 
MUNICIPAL WATER SUPPLY SYSTEM

So far we have concentrated on quality of water for its differing usage, it is important for us to learn about how the municipal water supply system works and also what are the major issues associated with it. We should also understand the importance of preservation of quality and water with regard to its usage. Now we will make an attempt to learn about the water supply system.

Throughout history, communities have grown up close to water sources such as springs, streams or lakes. As development occurs the demand for water is likely to exceed the locally available supplies and the possibility of their contamination increases. Simple cultures may accept the need to carry water for domestic needs for some distance but as standards of living rise so do the requirement for water. This means that consumers expect a constant and unrestricted supply of potable water to satisfy all domestic uses regardless of climatic conditions. To achieve this level of service requires the implementation of strategies to identify and protect potential sources of water together with the development of a complex water supply system, which is shown in Figure 1.3.  Such a system comprises a reliable source of raw water, an appropriate combination of treatment processes and a distribution network of service reservoirs, supply mains and individual property connections. 

Figure 1.3

Elements of A Water Supply System

[image: image3.png]- Source i~
S~ Dtake
7 Raw water ly Street Main
pipeline man
;mumr - trunk main -
Service
Reservoir

or 7

L " individual

Water tower | Eo .
onnections




1.4.1 
Source of water

Conventional sources of water normally include ponds, lakes or impounded reservoirs; rivers and ground aquifers.

In areas, where these conventional sources are insufficient or unavailable, it may be necessary to utilise saline water or recycled wastewater after treatment. Conventional sources of water depend upon replenishment by rainfall or snow and thus their yield is influenced by the random nature of precipitation as well as factors such as, temperature, topography and vegetation. Using statistical techniques, it is possible to analyse past records of rainfall and runoff for catchments to determine the yield, which can be obtained for a given probability of failure of supply, often taken as 1 in 100. Groundwater sources are rather more difficult to quantify because of the problems in obtaining sufficient information about the properties of the aquifer and its rate of recharge. It is important to understand that abstractions from aquifer, which exceed the long-term recharge rate, will cause failing groundwater levels and is analogous to mining the water resource. High salinity groundwater, seawater and wastewater effluents are normally considered as last-resort sources because their high levels of contamination necessitates complex and costly treatment systems. In the case of reclaimed wastewater, its origin may pose objections on sociological or religious grounds to use for drinking water. Rainwater collection has considerable potential as a drinking water source in areas with scarce water resources. 

Because of the variable flow characteristics of upland catchments, it is often necessary to construct impounding reservoirs to provide a reliable yield by storing flood flows for use in dry periods. Reservoirs as shown in Figure 1.4 may be operated as direct supply units, which are single purpose, or as river regulations units, which permit multipurpose use. As rainfall flows over the land and down river channels, it becomes more contaminated from natural and human activities and the further downstream abstraction takes place the more intensive will be the treatment required to provide acceptable water quality. The storage of water containing nutrients in reservoirs can promote prolific growths of algae which cause strong tastes and odors and which can block treatment systems. Although ground waters are normally relatively free from suspended matter and micro-organisms, because of the natural filtration action through solids and rocks, they are likely to pick up soluble substances and thus tend to be hard, possibly with a high salt content. Ground waters also often lack dissolved oxygen and may thus dissolved iron from the aquifer which precipitates out as a reddish suspension on exposure to the atmosphere. All water sources should be very well protected from the accidental dumping of hazardous solid wastes and toxic liquid discharges. 

Figure 1.4

Types of Reservoir
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1.4.2
Selection of water treatment processes

Normally we see that all water sources tend to have their own particular characteristics and in many cases, it is necessary to use a series of treatment processes to achieve the desired product quality. 

For major schemes, it is advisable to carry out laboratory and pilot-scale studies in order to optimize the treatment systems. It is, however, possible to outline likely treatment combinations for various classes of raw water sources and some examples are given in Table 1.7. It should be noted that Table 1.7 indicates only treatment processes and not operations. Appropriate water treatment systems should consider both processes and the operations under the prevailing socio-economic, technological and environmental conditions. Figure 1.5 shows the flow sheet of full conventional water treatment for a lowland river water treatment. 

Table 1.7

Typical Water Treatment Processes for Various Raw Waters

	Source
	Probable Treatment

	Upland Catchments
	Screening, sand filtration, disinfection.

Optional: coagulation, pH adjustment.

Alternative: slow sand filtration, disinfection.

	Lowland river
	Screening, coagulation, settlement, sand filtration, disinfection.

Optional: activated carbon, softening pH adjustment, aeration.

Alternative: screening, settlement, slow sand filtration, disinfection.

	Aquifer
	Disinfection.

Optional: pH adjustment, softening, aeration, nitrate removal.

	Sea
	Desalination by membrane or distillation preceded by coagulation and filtration, disinfection and pH adjustment.


Figure 1.5

Full Conventional Water Treatment for River Source
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1.4.3
Water distribution system

This stage comes when the water has been treated to the required quality meeting the relevant standards. We need to explore the systems used for the water distribution and related complexities. 

Treated water need to be distributed to all the consumers in the area. Water distribution systems can range from water tankers in the rural and some urban areas to elaborate networks of supply mains in the major cities and towns of the world. The construction, operation and maintenance of a water distribution network for even a modest town are costly and complex, enterprises. Many kilometers of supply main will be needed which will be three main types; trunk mains which connect the treatment plant to main distribution points such as service reservoirs or water towers, secondary mains which distribute water from service reservoirs to street mains and to major industrial users, service mains which run along each street and to which individual consumer connections are made. Depending upon size and pressure, water mains may be manufactured from ductile iron, steel, asbestos cement, concrete or plastics. Each material has its own particular properties and laying and jointing techniques so that there is no universal choice of water main.

The layout of distribution networks is greatly dependents upon local conditions and topography but in general the system is arranged in a series of pressures zones, each with a range of 30-50 m head, to prevent excessive pressures at any point in the system, which aggravate leakage losses. Dead ends in a distribution system are undesirable since they lead to stagnant water with taste and odour problems. Ring mains prevent the occurrence of a stagnant condition and also have the advantage of reducing the area with loss of supply in the event of a burst. Cross connections between zones, which can be opened in an emergency, are useful in emergency situation. Water mains are usually laid to follow ground contours with a minimum cover of about 1 m for protection so that air and drain values must be provided at intervals to allow removal of air and for scouring purposes. Because water is incompressible it is important to provide surge prevention devices so that failure of pumps or sudden closing of valves do not result in a structural damage to the system. Corrosion of metal water mains has always been a problem although model cement mortar and epoxy linings have much reduced the potential for corrosion damage. Many soils are corrosive so that external protection by bituminous compounds or plastic sheathing is often specified. 

It is usually desirable to operate water treatment plants at a steady flow rate since this simplifies process control. However, demand for water varies during the day with a typical pattern as shown in Figure 1.6. The ratio of peak hourly demand rate to annual average demand rate can vary from about 3 for a population of a few hundred to 2.2 for a community of around 50,000 and about 1.9 for a city of half a million. Due to paucity of adequate water and consumption of electricity in developing countries, water supply is intermittent. 

Figure 1.6

Typical Daily Demand Profile for Water
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1.4.4  
Water leakage and its impact

We may not be aware that excessive amount of water gets lost in the inefficient distribution system. It can some time range from 15 to 40 percent. As you would know by now, the value of water in terms of its scarce availability and deteriorating quality is enormous. Therefore, it is necessary for us to understand the reasons of such occurrence and consequences.

Excessive amounts of water may be lost from a large distribution network and it is common to have between 10 and 20 per cent of the supply unaccounted for, this includes leakage together with water used for mains cleaning and fire-fighting operations. In some cities in India, loss of water from distribution system estimated at as high as 40-55%. This is due to inadequate maintenance of lines and lack of preservative measures. It is possible to use computational models of distribution networks in conjunction with zone metering to establish those sections of a network, which have excessive leakage and poor hydraulic properties. Automatic pressure control to prevent high pressures during low demand periods is a powerful tool for reducing losses and wastage. Regular waste surveys using potable meters; leak-noise correlations and sounding rods are an important part of a leakage control strategy. 


SUMMARY 

This Unit has made an attempt to make you aware of various issues relating to the water and also enables you to understand the water quality issues and their importance. It also make you understand the treatment processes used before water is supplied and finally analyse the situation where water leakage is a big problem.  
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Unit 1


Model Answers to Learning Activities
LEARNING ACTIVITY 1.1
Water is used in daily life in various ways which are connected with us. These are in our homes, industries, power, other living things and recreation activities.

LEARNING ACTIVITY 1.2
Dissolved Oxygen in water is important as this provides oxygen needed for all form of aquatic life. It is also important for good quality potable water. DO concentration required by fish population is with saturation of 10-60% saturation. Level of DO directly indicates the health of water.

LEARNING ACTIVITY 1.3
Toxic parameters are those contaminants which are recognised as real or potential hazards to human health although the effects are very much dependent on the dose and the period of exposure. Contaminants in this class include arsenic, lead, cadmium, nickel, mercury, organochlorine compounds and some pesticides.

LEARNING ACTIVITY 1.4
Groundwater sources are rather more difficult to quantify because of the problems in obtaining sufficient information about the properties of the aquifer and its rate of recharge. It is important to understand that abstractions from aquifer, which exceed the long-term recharge rate, will cause failing groundwater levels and is analogous to mining the water resource.

LEARNING ACTIVITY 1.5
Treated water distribution is key to the satisfactory supply of water to all the consumers. Water distribution systems can range from water tankers in the rural and some urban areas to elaborate networks of supply mains in the major cities and towns of the world. The construction, operation and maintenance of a water distribution network for even a modest town is costly and complex. Many kilometers of supply main will be needed which will be three main types; trunk mains which connect the treatment plant to main distribution points such as service reservoirs or water towers, secondary mains which distribute water from service reservoirs to street mains and to major industrial users, service mains which run along each street and to which individual consumer connections are made. On the other hand the rural supply may start with a water reservoir and a simple water taps at certain locations. 







































































































(LEARNING ACTIVITY 1.5





Differentiate between the kind of distribution system water for rural and urban areas.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 1.4





Why are ground water sources are difficult to quantify?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 1.3





What are the toxic parameters possibly present in water?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 1.2





Why is dissolved oxygen important for water?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 1.1





What are different categories of water used in our daily life?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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