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OVERVIEW
We will discuss physical operations involved in treatment such as screening, sedimentation and floatation. We will also study design criteria for water treatment processes. Later in the Unit, we will discuss the different chemical reactions, such as, precipitation, neutralisation and coagulation occurring in chemical processes used in treatment of water. In addition we will discuss chemical reactions and their kinetics, which are an integral part of the chemical treatment processes. Concepts pertaining to water hardness and softening involving causes of hardness, methodology of softening, disinfection will also be discussed.

In the Unit you will also find discussion with regard to many miscellaneous processes such as toxic metal removal, organics removal etc. These additional minor but toxic pollutants are posing serious challenges in water treatment.  Region specific and water source specific issues such as high levels of dissolved inorganic and organic salts have also been addressed.

LEARNING OBJECTIVES

After completing this Unit, you should be able to:

· discuss physical treatment processes;

· discuss chemical treatment processes and reaction kinetics involved in these processes;

· explain concept of coagulation and precipitation; 

· discuss the different methods of softening of hard water and disinfection method;

· explain the other treatment processes for dissolved solids, organics and toxic metals.

 

3.1 
BASIC CONCEPTS OF TREATMENT  

Having gone through Units 1 and 2, we are now in a good position to appreciate the importance of treatment of water supplied to the community. Water treatment means treating water to meet the standards of potablity without which we will not be willing to drink. Let us ask a question, why do we need to treat the water at all? Isn’t the water that we find in nature clean? The fact is that clean water does not exist. In other words, pure water does not exist. 

Nature of impurities

As we say that pure water is difficult to find, it is because it contains some degree of impurities. These impurities found in water coming from natural sources are classified as: 

· floating and large suspended solids like leaves and micro-organisms;

· colloidal solids like clay, silt, etc;

· dissolved solids such as salts, hardness, etc;

· dissolved gases such as carbon dioxide, hydrogen sulphide etc. 

In order to remove the most of the impurities to make water potable as well as useful for other application, we need to treat water by various means. The physical and chemical methods of treatment are carried out for treating water supplied to the consumer. We will now discuss the two important methods of treatment.

Types of treatment 

The treatment process available can be divided into two classes:

(i)
Physical treatment process: It depends entirely on the physical characteristics of the impurities to be removed, e.g., screening, flocculation, filtration, etc;

(ii)
Chemical treatment process: These processes depend on the chemical characteristics of the impurities, as well as the substances to be added to the fluid containing impurities, e.g., coagulation, ion exchange, etc.

You must also note that these treatment processes are particularly useful for the removal of organic impurities. In practice, we can combine these processes to get better results. Some treatment processes in which combination of physical and chemical treatment processes are used to give better results. For example, though filtration it is a physical operation, as you will see later, addition of a chemical to enhance the filtration rate can be referred to as chemical process.

Modes of operation

For the treatment of water as discussed above with a view to remove impurities, some process can be used in batch mode, but most of the process is carried out in a continuous mode. Continuous mode is generally preferred as it provides better control and continued supply of water, having intermittent pauses only for cleaning. Continuous operations are also most cost effective than batch operation, however, they require careful design and operation control for reliable results. 

Having discussed the water impurities, let us discuss in detail the two types of treatment processes. 

 

3.2
PHYSICAL TREATMENT 

Physical treatment operations are carried out by means of physical forces or in which only physical changes take place. These are necessary to remove large floating and suspended matter to protect the main process from possible damage.  These steps are essential for uninterrupted water treatment processes downstream.  

3.2.1 
Screening

In water treatment plant, hand rakes and bar screen with openings of 50-100mm and with inclination of 60-80o is used to provide protection against the entry of large objects. Water jets are also used to remove the collected debris that is returned to the water downstream of the intake. 

The drum screen is a micro strainer, which uses specially woven stainless steel mesh with aperture size of 20-40mm. This unit can provide all the physical treatment necessary for a high quality surface water source and also have application for tertiary treatment in waste water effluent for fine particles. These screens have arrangements for back wash jets for cleaning the screen. The screens are also cleaned manually as well as mechanically depending upon the flows and load on the screen.    

Water screens are also simpler to design and operate compared to waste water screens which we shall discuss in Unit 4.

3.2.2 
Sedimentation 

To remove readily settleable solids from the water, sedimentation process is used. The operation is governed by the principle of the difference in the densities of particles or solids and of the water and liquids. The operation can also be used for grit and floc removal. It is used for solid concentration and to produce clarified effluents. 

In most of the water treatment processes the nature and concentrations of suspended solids are such that chemical coagulation is often employed to improve settling characteristics. In general, however, suspensions in water treatment are of lower densities and more flocculent in nature than those found in raw waters. Sedimentation in water treatment is thus generally undertaken in sludge blanket units. Sludge blanket unit provides a form of filtering action, which removes particles with lower settling velocities than the upward velocities in the blanket region of the tank. 

Vertical flow sludge blanket unit are popular although a flat floor has replaced hopper bottoms with the inflow distribution by a pipe system. They are designed to operate at a specified velocity. If the solids do not attain this velocity or the hydraulic loading on the tank is increased, its performance will deteriorate. 

Sedimentation tanks take a variety of forms and common types are horizontal flow rectangular tank, radial flow circular tank, vertical flow circular tank and simple sedimentation tank used for flocculation. Rectangular horizontal flow units provide the most effective use of the land area because of their configuration; pose hydraulic problems at inlet and outlet sections in relation to establishing established calm conditions in the settling zone. Sludge deposited at the bottom of the tank must be scraped to a hopper using a screw blade mechanism, which can be prone to operational difficulties. Circular sedimentation tanks operate as horizontal flow units with a baffled inlet at the centre and discharge over peripheral weirs, which provide ample length to ensure low discharge velocity.  Sedimentation tanks are normally designed with a view to minimise any operational difficulties.  


3.2.3 
Flocculation 

Sedimentation operation cannot remove small-suspended solids (sizing less than 50 (m) and those having low specific gravities, because the actual settling velocities become very low. When high concentration of flocculent particles are present, velocity gradients are created in the suspension. This causes collisions between particles with consequent agglomeration. This natural flocculation can be enhanced by applying controlled velocity gradients through hydraulic turbulence or mechanical stirring. 

If, the concentration of suspended matter is not high enough, a chemical coagulant is added, which precipitates in water and enmeshes the suspended matter. 

The range of optimum velocity gradient is 25 - 27 sec-1 for most of the flocculent suspensions. There is some benefit in providing tapered flocculation so that high values of velocity gradient at the inlet encourage collisions as the floc particles grow. The agitation is reduced to prevent shearing of the floc.  The number of collision in a suspension is proportional to the velocity gradient and the power input necessary to produce a particular velocity gradient can be given by P = UG2:

Where, P = power input per unit volume


U = absolute viscosity of fluid


G = velocity gradient in basin

In many cases, the concentration of suspended matter is not high enough for significant agglomeration to occur under the action of flocculation alone. It is thus frequently necessary to introduce a chemical coagulant, which precipitates in the water and enmesh the suspended matter. 

3.2.4
Filtration 

Filtration is carried out to remove suspended particles. The type of filter to be used depends upon the local factors and comparative study of different filters. Slow sand filter, rapid filters, pressure filters, diatomaceous earth filters are some of the filters commonly used in water treatment. The filtration operation is carried out to meet the established treatment criteria of filtrate at minimum costs. 

Filter operation is a simple process, however, it needs excellent operation and control as we will discuss now. 

Operation and control

Slow sand filters and rapid filters are widely used filters. These conventional filters use bed of graded sand as filtration media and bed grain characteristics specified by the following two parameters: 

(i)
Effective size: the aperture size which will pass 10% of the grains by weight.

(ii)
Uniformity coefficient: the aperture size which passes 60% of the particles by weights divided by effective size. 

Slow sand filters are the original form of filter used in potable water treatment. They are sometimes felt to be obsolete because of their large area and inability to deal with highly turbid waters. It provides a very effective form of treatment that is particularly good at removing harmful microorganisms. Much of the purification taking place in slow filters is achieved in the surface layers of the bed and the biological activity which produces a surface layer known as the schmutzdeke. It contributes to the removal of fine particulate matter and causes some removal of taste and odour forming organic compounds. To prevent disturbance of bed surface, a depth of about 1m of water above the bed is used and provides the head required for flow through the unit. 

Conventional rapid filters operate in a down flow mode. The water meets the finer grains at the top of the bed first. This tends to clogging and possible breakthrough of turbidity before full utilisation of voids in beds. The hydraulic instability of up flow beds and their tendency to sudden quality failures, do not encourage the adoption of rapid filters for potable water treatment. Table 3.1 shows the technical features of both these conventional filters

Table 3.1

Technical Features of the Conventional Slow and

Rapid Gravity Flow Sand Filters

	
	Slow Sand Filters
	Rapid Sand Filters

	Rate of Filtration
	3 m3/m2/d 
	125 m3/m2/d

	Side of Bed
	Large, 2000 m2
	Small, 200 – 400 m2

	Depth of Bed
	0.3 m of gravel, 1.2 m of sand, usually reduced to no less than 0.6 m by scraping
	0.5 m of gravel; 0.7 m of sand; or less; not reduced by washing

	Size of Sand
	Effective size 0.25 to 0.35 mm; coefficient of uniformity 2 to 3
	0.45 mm and higher-coefficient of uniformity 1.5 and lower, depending on under drainage system.

	Grain Size Distribution of Sand in Filter
	Unstratified
	Stratified with smallest or lightest grains at top and coarsest of heaviest at bottom

	Under drainage system
	Split tile laterals laid in coarse stone and discharging into tile or concrete main drains
	Perforated pipe laterals discharging into pipe mains

Porous plates above inlet box

Porous blocks with included channels 

	Loss of Head
	0.15 m initial to 1 m final
	0.3 m initial to 2.5 m final

	Length of run between cleaning
	20-60 days 
	12 to 72 hr

	Penetration of suspended matter
	Superficial
	Deep

	Method of Cleaning
	Scraping off surface layer of sand and washing and storing cleaned sand for periodic resanding of bed

Washing surface sand in place by washer traveling over sand bed
	Dislodging and removing suspended matter by upward flow or backwashing which fluidizes the bed. Possible use of water or air jets, or mechanical rakes to improve scour

	Amount of Wash Water Used in Cleaning Sand
	0.2 to 6% of water filtered
	1 to 4% water filtered

	Preparatory Treatment of water
	Generally none
	Coagulation, flocculation and sedimentation

	Washwater rate m/h
	--
	10-40

	Air scour rate m/h
	--
	20-40


	
	Slow Sand Filters
	Rapid Sand Filters

	Supplementary treatment of water
	Disinfection
	Disinfection

	Cost of construction
	Moderate to high
	Relatively low 

	Cost of operation
	Relatively low where sand is cleaned in place or labour costs are low
	Relatively high

	Depreciation
	Relatively low
	Relatively high


Types of filters

There are different types of water filters. The selection of filter is based on local factors and the advantage and disadvantage of each type compared with other filters. We have already discussed some of the common filters such as slow sand filter and conventional rapid filter, now we will discuss some other types of filters which are considered more efficient such as pressure filters, diatomaceous earth filters and micro strains in-flow.

Pressure filters 

They are identical in principle to gravity filters, as described above. The under drain systems, gravel and sand bed are placed in vertical or horizontal, steel cylinders designed to withstand water pressure to about 10 atm. In this way water under pressure may be subjected to filtration without pressure being dissipated and thus, double pumping is avoided. 

Vertical pressure filter are inherently more satisfactory than horizontal units, because the area of the space above the sand is the same as that of the sand, gravel and under drains. Pressure filters pose difficulty in inspection, cleaning and replacing sand and gravel. For waters with high turbidity, frequent clogging and cleaning take place. However, these filters are good for small water supply.

Diatomaceous earth filters

These units are frequently used for clarification of water being recirculated because relatively clear water does not require coagulation prior to filtration through finely powdered material. Another characteristics of these filters is their filtering area compared to their overall size and weight. 

Pressure of operation is in the range of 2-3.4 atm so as to secure longer filter runs. Open unit operates under atmosphere pressure. The advantage with open units is that we can observe operating details due to exposed elements. 

These filters are used for clarifying waters of low turbidity or when we want to remove suspended solids and microorganisms without coagulation. But, residual floc in coagulated and settled water clog these filters rapidly. Thus, these filters should be used considering local conditions and quality of raw water. 

Microstrainers 

They are made of S.S. wire with very fine mesh openings for the removal of microorganisms and coarse suspended solids from raw water prior to filtration thereby prolonging filter runs. They may remove 50-95% of planktons.

The stainers are washed by a continuous spray of water under pressure of 0.34-0.68 atm, although pressure as high as 2 atm may also be used. The volume of wash water varies from 1-3% of volume of water strained. The operation is simple and requires no control except microscopic examination of the water before and after straining and supervision for effective washing. The observed loss of head is a measure of the cleanliness of the strainer.

The use of microstrainer depends on many local factors. They are best when plankton content of raw waters is such that slow sand filters have short filter runs, so that microstrainers would be much cheaper than any increase in filter area or frequent scraping of filters.

Cleaning of filter beds

As the filtration operation is carried out, the solids is the fluid penetrate deep into the beds, and may eventually penetrate throughout the full depths causing deterioration in filtrate quality. In low flow rate deep filters, the penetration of solids is little into the bed (flow rates 2-20 m/h) and can be cleaned by removing the top layer of medium and washing it.

In case of high flow rate deep filters, bed clogs faster with turbid feed waters and solids penetrate deeply into the bed. Thus, cleaning carried out must be in-situ, by using backwashing process. 

Let us now discuss the cleaning operation of the filter beds.  

Cleaning 

Previously filtered water is introduced into the base of the bed to give an upward velocity sufficient for fluidisation of the bed and 10-20% expansion of the bed is achieved.  The bed grains are violently agitated so that the trapped and attached particles are released and carried upward through the enlarged pores of the bed. This agitation is carried out by injection of compressed air. Wash water and compressed air are introduced at the same time for more effective cleaning. The back wash water can be taken to a settling basin where the solids are concentrated for disposal and the water can be returned to the works inlet. 
While cleaning filters, we should know the hydraulic of the bed. The hydraulics of the porous bed is dependent on porosity of bed, particle shape, surface area of sphere volume, Reynold’s number and kinematic viscosity of fluid.

In a bed which receives suspended matter, the porosity is continually changing due to the position of the solids and thus the head loss behaviour is dynamic. It is usually assumed that the rate of removal of suspended matter with depth into the bed is a function of the inlet particle concentration. 

The build up of head loss with time can produce negative pressure in a bed with detrimental effects on the rate of flow. Dual media beds using sand and anthracite are often used to increase the length of filter runs without affecting filtrate quality. For optimum operation of a deep bed filter, it is desirable for the limiting head loss to be reached at about the same time as the filtrate quality approaches the allowable limit. Such a situation can in theory be achieved by selection of appropriate bed depth and filtration rate for a given water quality and filtration rate. Such optimisation does, however, become difficult to achieve if the influent quality is not reasonably constant.


 

3.3
CHEMICAL TREATMENT PROCESSES

After understanding physical treatment processes in earlier section, we will examine the chemical process used in water treatment. Some of the impurities are removed by adding a chemical to enhance the process. For studying the chemical processes of water treatment, we should know the reactions that occur. The reactions generally taking place are precipitation, neutralisation, oxidation and reduction, coagulation. We will see these reactions in subsections 3.3.1 to 3.3.2. 

3.3.1 
Types of chemical reactions 

There are various types of reactions, which take place in the water treatment processes, of which precipitation, neutralisation, oxidation and reduction are the main chemical reactions. We will discuss them briefly. 

· Precipitation: It is the addition of a chemical into an aqueous medium so that the undesired soluble constituents of the medium are converted into insoluble, settleable chemical compound that can be removed easily. 

· Neutralisation: It is the process in which a chemical compound (acid or alkali) is added into aqueous medium so that the resultant pH is about 7 or practically in the range of 6.5 to 8.5.

· Oxidation and Reduction: Oxidation and reduction involve the addition of a chemical which is capable of modifying the valency or the ionic level or state of a chemical compound in the aqueous solution. In short, reduction is gain of electrons and oxidation is loss of electrons.

· Coagulation: In coagulation, principal salts of trivalent aluminium and iron are added into aqueous media, which form absorbent bulky precipitate and also neutralise the negative electrical charges of the colloidal particles which can coalesce more easily. 

Reaction kinetics

While designing the equipment/reactors for water treatment we must know the rate of reaction taking place. With the help of reaction rate, we can find out size of reactor and cost of the reactor. We must know that chemical reactions follow reaction orders. Reaction order is the power to which the reactant concentration is used. 

If the reaction rate is proportional to the first power of concentration of one of the reactants, the reaction is of first order with respect to A or B, e.g.: 

aA + bB  (   cC + dD…..

The rate is given as: 

Ct /Co = K1t or Ct = Coe K1t                     

Where 
Co = Concentration of reactant, (mg/l) at time 0

Ct = Concentration at time t

K1 = Reaction rate constant

Reaction rates depend upon temperature of the reactions. In most of the water and wastewater treatment processes, the operative reactions generally follow first order and rarely second order. 

Coagulation

Coagulation is defined as the addition of a chemical to a colloidal dispersion, which results in particle destabilisation by the reduction in forces, which tends to keep particles apart. The added chemical is called the coagulant. Coagulation results in the reduction of surface charges and the formation of precipitable complex hydrous oxide. The process involves agitated, addition of the coagulant and forming of either flocculent suspensions of compounds, which entrap undesired constituents and carry them out of solution or the formation of insoluble precipitates of the undesired constituents themselves. After coagulation, to destabilise the particles and flocculation to generate large particles, the materials can subsequently be separated from water by sedimentation.

The pH value is very important in coagulation. Most coagulants are acidic and cause pH value of water to fall when added. This may have to be corrected by dosing with alkali. Floc formation tends to be satisfactory below pH values of 6.8 and above 7.9. Some waters have a dead area between 6.9 and 7.8 where flocs are fine or non-existent. Each individual water has its peculiarities that may vary seasonally and require frequent adjustments which should be considered while treating water.

In some cases, low pH is maintained to aid flocculation and lime is added finally to correct any corrosive tendencies of treated water. This should be done after filtration process, otherwise, floc formed may go back into solution and pass through filter carrying excessive metallic salts into supply, which is undesirable.

In water treatment, the most commonly used coagulants are primary aluminium and iron salts. Lime is used as a secondary coagulant. In certain cases, synthetic products like cationic polyelectrolytes are used as coagulant aids and natural polyelectrolytes for clarifying water.


 

3.4
WATER HARDNESS AND SOFTENING 

Hardness is defined as the effect of any particular water on soap. Lesser the soap required producing lather, the softer is water. The salts of calcium (Ca) and magnesium (Mg) react with soap, get neutralised and form a curd like substance and not the lather.

3.4.1 
Hardness treatment 

There are two types of hardness, temporary hardness and permanent hardness. Temporary hardness is due to carbonates and bicarbonates of Ca and Mg. This type of hardness can be removed by boiling. Permanent hardness is due to sulphates, nitrates and chlorides of Ca and Mg, which cannot be removed by boiling but should be treated.

The causes of hardness can tell us the methods, which can be adopted for the softening as discussed below.

3.4.2 
Methods of softening

Hard water may be harmful to human life. Hard water causes excessive soap consumption, may produce scale in hot water heaters and pipes. It also causes loss of fuel and damage to boilers, heaters, etc. Thus, to avoid all the above-mentioned losses, hard water is treated to act like soft water. Generally, the following two methods are used for changing hard water to soft water. 

(i) 
Chemical precipitation
Chemical such as soda and lime are added to water to change hardness. These compounds are added to water to get insoluble precipitates, which are settled down and filtered through rapid gravity filters.


Typical application of chemical precipitation softening follows:

· Lime softening: Lime is added to hardwater. It removes calcium temporary hardness.

Ca(HCO3)2 + Ca(OH)2 (  2CaCO3 ( + 2H2O

Calcium         Calcium    (Precipitate)    Water   

bicarbonate    hydroxide  Calcium 

                                        carbonate

· Lime-soda softening: Lime removes temporary hardness while soda addition removes non-carbonate permanent hardness.

CaCl2  +   Na2CO3  (  CaCO3 (  +  2NaCl

      Calcium   Sodium      (Precipitate)   Sodium   

      Chloride  carbonate   Calcium         chloride

                                         carbonate


CaSO4  +  Na2CO3   (  CaCO3 (  +  Na2SO4
      Calcium    Sodium       (Precipitate)   Sodium   

      sulphate    carbonate   Calcium         sulphate

                                           carbonate

· Excess lime softening: The excess addition of lime removes magnesium temporary hardness. The high pH level produces good disinfection as a by-product and thus chlorination may be unnecessary after excess lime softening. Carbonation is necessary to remove the excess lime and reduce pH after softening.

Mg(HCO3)2 + Ca(OH)2 ( CaCO3 (     +  MgCO3 (  +  2H2O

      Magnesium    Calcium     (Precipitate)    Magnesium   Water   

      bicarbonate    hydroxide   Calcium          carbonate 

                                                carbonate


MgCO3    +     Ca(OH)2 ( Mg(OH)2 ( +  CaCO3 (
      Magnesium     Calcium    (Precipitate)    (Precipitate)  

      carbonate        hydroxide  Magnesium     Calcium  

                                                hydroxide        carbonate  

· Excess lime-soda softening: This method is used to remove all forms of magnesium hardness. Excess lime removes all magnesium salts and soda removes calcium salts.

MgCl2 +       MgSO4 +     2Ca(OH)(2Mg(OH)2 ( + CaCl2 + CaSO4 ( 

Magnesium Magnesium  Calcium    (Precipitate)

chloride       sulphate       hydroxide   

CaCl2 + CaSO4 + 2Na2CO3    (  2CaCO3 ( + Na2SO4 + 2 NaCl

Calcium Calcium  Sodium        (Precipitate)    Sodium     Sodium

chloride sulphate  carbonate      Calcium         sulphate   chloride

                                                    carbonate

Lime soda treatment, generally, results in reduction of total dissolved solids of treated water.

(ii) 
Ion exchange
In ion exchange method, ions of dissolved salts in water and the ions of the compound, added for treatment, are exchanged to form an insoluble precipitate. The compound added is known as zeolites, which are complex sodium-alumino-silicates and greensands.

Hard water is passed through the bed of the natural zeolites. The zeolite exchanges its sodium ions for calcium and magnesium ions in water. This method removes hardness completely. These reactions can be written as:

Ca++ + Na2Z ( Ca2 + 2Na+
Mg++ + Na2Z ( MgZ + 2Na+
Z represents the zeolite.

When the zeolites get exhausted, i.e., their capacity of exchanging ions is depleted they are regenerated. The regeneration of zeolites is done with 10% brine solution.

The regeneration is represented as,

CaZ + 2NaCl ( Na2Z + CaCl2 

MgZ + 2 NaCl ( Na2Z + MgCl2
The use of ion exchangers is not limited to water softening. They can be used for the removal of other ions such as ammonia, nitrite, chloride, fluoride, etc. from water. A wide variety of ion exchangers are commercially available. This method of softening is most widely used in industrial water supply treatment, rather than in domestic water supply treatment.


3.4.3
Disinfection

We know that disinfection is an essential minimum treatment requirement for any drinking water supply. Disinfection is the destruction or inactivation of harmful micro-organism in water by either a physical process or a chemical process.

Physical disinfection such as heating is safe and would destroy pathogenic microorganisms such as viruses, bacteria, etc. But it is not applicable on large scale, as it is very expensive. Ultraviolet light irradiation on other hand, is effective only for clear and low-salinity water. It is generally not applicable to community water supplies in the developing countries on large scale operation. 

Chemical disinfection is the most widely used method. The chemicals used for disinfection are chlorine and chlorine compounds, bromine, iodine, ozone, potassium permanganate, hydrogen peroxide, silver and even some phenolic compounds. Most of these disinfectants are oxidising agents. Thus, disinfection may be viewed as a specialised oxidation process.

Of many physical and chemical methods, chlorination is the most widely used method although ozonation is another new method used.  

Chlorination

Chlorine and its various compounds are most widely used for disinfection. They are used because of the following advantages:

· Ease of destruction of pathogens.

· Cheapness and wide availability. 

· Ease of application, high solubility in water.

· Non-colouration of the treated water. 

Since chlorine is a poisonous gas, it requires careful handling. It may form carcinogenic, taste and odour forming compounds when it reacts with some organic compounds. 

Modes of chlorination

Now, we will discuss modes of chlorination, as chlorine can exist in different forms in different chemicals.  

Chlorine gas or liquified chlorine gas (chlorine water) can directly be used in municipal water supply. It reacts with water to form hypochlorous acid and nascent oxygen, which acts as a germicide.

Sodium hypochlorite (NaOCl) contains 12-50% available chlorine in commercial product and 3-5% available chlorine in the household bleach. These solutions are prone to decomposition, therefore, should be stored in dark bottles and cool places.

Bleaching powder is commonly used chlorine compound. In water, bleaching powder decomposes to give hypochlorous acid. It is preferably stored in dark, cool places and enclosed corrosion resistant containers. High test hypochlorite (HTH) is essentially calcium hypochlorite (CaCOCl2, 4H2O) containing about 60-70% available chlorine. It is preferred because of its higher chlorine content and stability. It is commonly known as ‘perchlorin’, pitchlor, hadex, etc.

Application of chlorine in water treatment in any applied form is governed by several factors such as equipment needed for application and skill required for operation and control.

The rate of kill of bacteria by disinfectants is given by:

Nt  = N0 * e-ut

Nt = No. of organisms at time t

No = No. of organisms initially

t =  desired contact time

u = specific decay rate constant in time t for a particular 

      disinfectant

When chlorine is added to water, hypochlorous acid is formed. Hypochlorous acid decomposes into hydrochloric acid and nascent oxygen. This nascent oxygen kills germs present in water.

Ozonation

In the process of ozonation, contacting it with ozone disinfects water. Ozonation is carried out in a container, to which a perforated plate is fixed on the top. Water is fed above the perforated plate. Ozone is supplied from the bottom of the containers. Ozone gets contacted with water coming down through the plate. Ozone gets decomposed into oxygen and nascent oxygen. Nascent oxygen acts as a disinfectant. The reaction is:

O3   (   O2  + [O]

 [O]  + germs (  germs gets oxidised.



3.5
OTHER PHYSICAL – CHEMICAL

TREATMENT PROCESSES

Most of the treatment processes, we have discussed so far, may be considered as general or conventional processes since they are used to remove the constituents which are more commonly found in domestic water supply. A number of constituents of water, which do not respond to these conventional treatment methods must be removed by fairly specialised treatment processes. Most of them are physical and chemical processes. These specialised treatment processes are expensive, require skilled operation, maintenance and adequate supply of consumable chemicals and materials. 

Toxic metals removal 

In raw water supplies toxic heavy metals are found in very low concentrations. They all are removed by sedimentation or coagulation process. Many metals are reliably removed as they form insoluble salts by precipitation with lime or sodium hydroxide at high pH. Solubility product constants can be used as suitable guides for the residual concentrations of metals to be expected in solution after treatment. There is no economical means of removing fluorides by the usual treatment methods, except when softening waters containing magnesium. Whenever magnesium is absent in hard water, dolomite lime should be used in softening process. Excess fluorides can also be removed by passing water through tricalciumphoshpate, certain ion exchange compounds or activated alumina. These methods are effective but expensive. 

Dissolved inorganic salts removal 

The techniques like distillation, electrolysis, ion exchange and reverse osmosis can separate salts from water. These processes are expensive and complex. Thus, they are used only in exceptional circumstances in the developing countries. Some of these have been discussed in Unit 4.

Dissolved organic matter removal

Pesticides, herbicides, fungicides and disinfectants are widely and almost indiscriminately used in industrial and agricultural operations in several developing countries. The presence of those organics in raw water supplies can lead to taste and odour problems in the conventionally treated water.

Adsorption is the most widely used method for the removal of soluble organic compounds. Adsorption is the accumulation of dissolved particles from a solvent on the surface phenomenon.

The nature of adsorption reaction can be described by relating the adsorption capacity to the equilibrium concentration of solute remaining in solution. The activated carbon in powdered form is used in situation where intermittent or occasional removal of low concentrations of organic matter is required. The granular activated carbon is for continuous removal of significant concentration of organic substances. It is most suitable for removal of large branched chain and non-polar organic compounds present in dying waters. 


SUMMARY 

In this Unit, we have studied various physical operations and chemical processes, used for water treatment. We have looked at various criteria, factors that should be considered while designing a process and process equipment. We also studied the important factors like cleaning of filters beds, settling velocities in case of sedimentation, which play important roles in the respective operations. We saw various methods of removing hardness of water, also the disinfection methods used widely. We discussed other parameters like removal of toxic metals, dissolved inorganic salts and dissolved organic matter in brief. Studying all these factors, we can use proper methods for water treatment while designing the process on our own. 
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Unit 3


Model Answers to Learning Activities
LEARNING ACTIVITY 3.1
Different types of impurities in water are floating solids, colloidal solids, dissolved solids and dissolved gases.

LEARNING ACTIVITY 3.2
These filters are sand filters, pressure filter, diatomaceous earth filter and micro strainer.

LEARNING ACTIVITY 3.3
Coagulation is defined as the addition of a chemical to a colloidal dispersion which results in particle destabilisation by the reduction in forces which tends to keep particles apart. The added chemical is called the coagulant. Coagulation results in the reduction of surface charges and the formation of precipitable complex hydrous oxide.

LEARNING ACTIVITY 3.4
MgSO4.

LEARNING ACTIVITY 3.5
Of many processes of disinfection, chlorination and ozonation are two important methods. 

LEARNING ACTIVITY 3.6
Pesticides, herbicides, fungicides and disinfectants are widely and almost indiscriminately used in industrial and agricultural operations in several developing countries. The presence of those organics in raw water supplies can lead to taste and odour problems in the conventionally treated water. These need to be removed for improving the water quality. The method of removal of organics is mainly adsorption. It is used for the removal of soluble organic compounds. Adsorption is the accumulation of dissolved particles from a solvent on the surface phenomenon.




































































































(LEARNING ACTIVITY 3.6





Explain the need of organic matter removal and the method of removal.





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 3.5





What are the methods of disinfection?





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 3.4





Complete this chemical reaction given below.


MgCl2   +   ?   +   2Ca(OH) 2 (  2Mg(OH)2 (   +   CaCl2   +   CaSO4 (





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 3.3





What is coagulation?





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 3.2





Mention all the different types of filters used in water treatment.





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 3.1





What are the different types of impurities 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.
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