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OVERVIEW
In this Unit, we shall study the wastewater treatment methodologies employing physico-chemical methods. As we are aware wastewater from domestic as well as industries are discharged into rivers, estuaries seawater etc. leading to water pollution. To obviate water pollution problems, wastewater should be treated to meet the standards set by authorities. The various treatment methods to be used depend upon the various parameters of wastewater and disposal methodology.

This Unit describes the nature of impurities present in the wastewater and later discusses the possible methods of treatment. We will discuss the physical operations given in Section 4.2, to remove impurities according to physical characteristics and also study the advanced physical techniques such as, distillation, reverse osmosis etc. and some chemical techniques given in Section 4.2, such as ion exchange, electrodialysis, etc., in brief. We will also discuss the chemical processes like coagulation and chemical precipitation that are used in wastewater treatment processes. Study of these processes shall help you in understanding of wastewater treatment concepts.

LEARNING OBJECTIVES

After completing this Unit you should be able to: 

· assess the treatment processes employed in wastewater treatment;

· discuss the different treatment methods and relate them to the other parameters of treatment of the system involved;

· explain different physical and chemical processes involved in advance techniques of treatment;

· discuss advanced chemical techniques used for treatment.

 

4.1
BASIC CONCEPTS

In order to dispose off the wastewater, it should meet some standards set by the local or control authorities. To meet these standards, wastewater should be treated. In most of the cases more than one treatment process is needed to achieve the desired change in quality. Thus the treatment plants usually consist of a chain of processes operating in sequence. The process is selected according to the impurities present in waste and the required output quality. In some cases treatment processes do not destroy the impurity but simply concentrate them in the form of sludge or effluent stream. Selection of proper method based on the characteristics of wastewater is key to solving the treatment problems.  We shall be discussing these issues in the subsequent Subsections.

Nature of impurities

Rainwater, surface water, ground water, seawater and wastewater can be considered as the different forms of the same basic material, varying in form and amount of impurities. These impurities decide the levels of treatment that we may have to provide for its use or disposal. Municipal water has many types of impurities such as floating and large suspended solids (paper, rags, plastics, grit); dissolved solids (organics and inorganics); dissolved gases (hydrogen sulphide, methane, etc.) and microorganisms – pathogens, bacteria, viruses etc. Waste water on the other hand can have much higher levels of impurities as discussed above as human organic waste gets added to water along with detergents, pesticides etc, along with host of microorganisms. Wastewater, therefore, can also be called water of different form where if the concentration of impurities is reduced, it can have applications similar to water. 

The various types of treatment processes for wastewater are same as that for water treatment. Since you have completed Unit 3 in water treatment earlier, you may find many similarities of wastewater treatment processes within water treatment. In many cases, in wastewater treatment, we have to use several processes in sequence to achieve the desired product quality. With wastewater containing organics, initial physical processes will be followed by biological processes and a final physical solid/liquid separation stage. In cases where the wastewater is of complex nature, treatment process chain may require all the methods such as physical, chemical, and biological processes.

The many treatment processes commonly used for wastewater treatment, can again be divided into three main processes: 

(i)
Physical Processes comprising of screening or straining, sedimentation, flocculation and filtration, etc.

(ii)
Chemical treatment using adsorption, coagulation, ion exchange, precipitation, etc.

(iii)
Biological treatment systems (discussed in Unit 5) with dispersed growth system (activated sludge, stabilisation ponds, etc.), fixed film reactors (biological filters such as tricking filter, etc.).   

The wastewater treatment processes normally would use the physical processes initially such as screening and later chemical process like precipitation.  In cases, where the wastewater cannot be effectively treated to meet the desired local standards for disposal in the water bodies, land or sewer by physical and chemical methods, biological treatment can also be used. Some indicative chains of the processes have been presented in Figure 4.1. 

Figure 4.1

Waste Water Treatment Process Chain
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In a wastewater treatment plant most of the processes are continuous as it is most cost effective compared to the batch process. However, batch processes are preferred in some cases where the quantity of waste is small and the waste generation is not continuous. Most of the processes require finite residence time for a process to get completed and therefore, size and cost of the units are directly proportional to the residence time. One of the most important parameter for the equipment sizing is to prevent short-circuiting as this can reduce the efficiency of the system dramatically.   

 In the subsequent Sections, we will discuss physical and chemical methods. Biological methods will be discussed later in the Unit 5.   


 

4.2
PHYSICAL TREATMENT PROCESSES

The main aim of physical processes in a wastewater treatment system is to protect the main treatment systems from possible damage or clogging. Various processes are used to predominantly remove in size, large floating and suspended material. The processes have been explained below: 

(i)
Screening
It is the first operation in the treatment process. As we have learnt earlier, microstrainer with specially woven stainless steel meshes of size between 20-40mm are generally used for water treatment plants. However, they will not be suitable for the wastewater treatment plants where paper, rags, plastics and host of other unwarranted floating material are regularly received. In such places, bar screens are normally used with an opening of about 15-25 mm. These screens can be cleaned manually in small works. For big units mechanically operated bar screens are employed. It is important to control the entry velocity of the wastewater flow through the screen as higher flow rate may force the floating matter pass through the screens. A typical maximum flow of about 0.6 m/s is recommended to avoid solids passing through the screens.  There are different types of screens, which can clean itself with the screen aperture of about 6mm by 25mm.   

The nature and quantity of screening collected depend upon the social, dietary as well sewerage system of the city. It is also dependent upon the screen bar spacing, which affects the loss of velocity head. This headloss is an indicator of the performance of a screen.  On an average, its quantity ranges from 0.01-0.03 m3/1000 population per day. Screenings are unpleasant in nature with a strong odour, particularly in high temperatures. Their density is usually 1800-100 kg/m3 with a solids content of 15-30%. A number of proprietary screenings presses have been developed to produce compacted blocks with a high solids content and thus reduced volume. Disposal, which should take place quickly for health reasons, is usually by controlled burial onsite or by incineration in a purpose-designed unit, which uses high temperature to destroy volatile organics which can otherwise produce significant odour problems. We shall now understand the screening process through a numerical example.       

Now let us discuss the other methods of physical treatment process.

(ii)
Comminution and maceration
In-situ maceration of floating and large suspended solids can be achieved by a comminutor or macerator in which the material is trapped between teeth mounted on a slotted rotating drum and a fixed comb. The macerated solids should then be small enough to pass to the later stages of treatment without causing any problems.  Some problems can still arise due to combination of shredded rags into strings leading to blockages downstream.  This process can be effectively combined with the screenings and the maceration, when the macerated material can be returned to the main flow for its removal in the subsequent separation processes. 

This unit is usually not provided in many small treatment facilities. In India most of the plants do not have maceration as the screenings are normally disposed off in the landfill. This process is useful at places where there is no nearby land for disposal.   

(iii)
Grit removal
In most sewerage systems, considerable amount of sand and grit are transported to the wastewater treatment plant. These materials arise from roads and other paved areas. These sand and grit can damage the pumps and other mechanical equipments, and thus have to be removed earlier. The sand and grit being relatively large sized and of higher density than organic solids, have higher settling velocities. A parabolic section channel will provide a constant velocity for the wide range of flows experienced at the inlet to a sewage works when followed by at control flume. Extensive research at Indian Institute of Science, has resulted in a number of useful linear proportional weirs, which when placed at the grit chamber outlets, results in excellent constant settling velocities and maintain flow even after sufficient grit accumulation.  A length of channel sufficient to provide a retention time of 30-60 seconds allows grit particles to settle to the bottom while the lighter solids remain in the flow. Grit removal is mainly a differential settling process where difference densities of various material is used for removal. We shall be discussing this process in detail in the next section on sedimentation.  

(iv)
Sedimentation
Sedimentation is the separation of solids based on difference between densities of solids and the wastewater due to gravity. The settling velocity a particle in a fluid is a function of its density, size and shape as well as the density and viscocity of the fluid. 

 For primary sedimentation of wastewater, it is essential to provide some form of device to trap surface scum and grease so that this can be prevented from escaping with the effluent. Vertical flow hopper-bottom tanks are used in some small wastewater settlement units since they have the advantage of not requiring mechanical desludging.

The basic theory behind the sedimentation is that the discrete particles made up of fixed rigid shape such as sand grain do not coalesce and therefore, has a constant settling velocity. Simple settling theory considers a situation in which a discrete particle is placed in a fluid of lower density. The particle will accelerate under gravity until the terminal velocity is reached when the gravitational force is balanced by an equal and opposite frictional drag force. The classical Stoke’s law is based on this phenomenon and is expressed as: 

Vs = (gd2/18V)(Ss-1)

Where, Vs = discrete particle terminal velocity


 g =  acceleration due to gravity


 d = diameter of the particle


 V = Kinematic viscosity of water


 Ss = specific gravity of the particle

Practical consideration in settlement of the discrete suspension which involves the concept of ideal settling basin in which it is assumed that following conditions exist:

· Quiescent settlement in the settling zone.

· Uniform flow through the settling zone.

· Uniform solids concentrations entering the settling zone.

· Solids entering the sludge zone are not resuspended.

Tables 4.1 and 4.2 show typical design criteria and design features of sedimentation tank for wastewater. 

Table 4.1

Typical Design Criteria for 

Sedimentation Tanks (at Maximum Flow)

	Wastewater Treatment

	          Primary Sedimentation

	                  Horizontal and Radial Flow Units

	                               Surface overflow rate       
	1-1.5 m/h

	                               Retention time 
	2 h

	                               Outlet weir loading
	< 12.5 m3/mh

	                               Width : Length  

                               (Rectangular units)
	1:4 to 1:8

	                   Vertical flow units

	                               Surface overflow rate       
	1-1.8 m/h

	                               Retention time 
	2-3 h

	                  Outlet weir loading
	< 12.5 m3/mh

	          Final Settlement After Biological Treatment                  

	                  Surface overflow rate
	1.5 m/h

	                  Retention time
	2 h

	                  Outlet weir loading 
	<10 m3/mh


Table 4.2

Design Features of Wastewater Sedimentation Tank

	Parameter
	Types of Sedimentation Tank

	
	Rectangular
	Circular

	Max. Length
	90m
	--

	Max. Width
	30m
	--

	Depth
	2-2.5m
	2-3.5m

	Range of Length/Width Ratio
	1.5-7.5
	--

	Range of Length/Depth Ratio
	5-25
	--

	Bottom Slope
	1%
	7.5-10% (from periphery to centre)

	Max. Diameter
	--
	30m

	Inlet
	Multiple pipes on the width side with baffle boards of depth 0.5m and 0.8m in front of the pipe inlets and extending 2.5m below water surface for scum Passover
	Central inlet pipe with concentric inlet baffle of diameter 15% of the tank diameter and extending about 1m below water surface

	Outlet
	Overflow weir with V-notches to provide uniform flow at low heads. Scum baffles provides ahead of weir for wastewater installations
	Peripheral weir provided with V-notches. Scum baffle extending 0.3m below water surface provided ahead of effluent weir for wastewater installation

	Peak Velocity
	Depends upon feed
	--

	Scraper arms velocity
	0.2 m.min
	1.5 m.min


(v) 
Flocculation
This process is used when the small-suspended solids having low specific gravity and low settling velocity cannot be separated by sedimentation easily. In wastewater treatment, this usually occurs particularly with particles of less than 50 µm in size. When high concentrations of flocculent particles are present, the creation of velocity gradients in the suspension causes collisions between particles with consequent agglomeration. This natural flocculation process can be enhanced by the application of controlled velocity gradients through hydraulic turbulence or mechanical stirring.  The number of collisions in a suspension is proportional to the velocity gradient.

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 necessary to introduce a chemical coagulant, which precipitates in the wastewater and enmeshes the suspended matter.

The other physical processes, which are similar for water treatment, have been discussed earlier in Unit 3. Some of these are flocculation, floatation and filtration operations. Flocculation is used for the separation of suspended solids in activated sludge systems and also for thickening of activated sludges produced by conventional gravity settlement. Floatation is not normally employed frequently in wastewater treatment as it is mainly used in specific cases.  Filtration is a process, which is normally employed in wastewater treatment for tertiary level treatment leading to reuse.    


 

4.3
ADVANCED PHYSICAL PROCESSES

Wastewater treatment normally consists of the physical processes as discussed above, however, in many cases where specific pollutants need to be removed many advanced physical processes are used to get better treatment efficiency. Some of the better known operations used in advanced treatment are ammonia stripping, distillation, foam fractionation, freezing, etc., which have been discussed in the subsequent Sections.

Ammonia stripping

Ammonia stripping is also known as air stripping of ammonia. Ammonia stripping from wastewater is a modification of the aeration process used for the removal of gases dissolved in water.

Ammonium ions in wastewater exist in equilibrium with ammonia. As the pH of wastewater increases above 7, the equilibrium is shifted and ammonium ions convert into ammonia, which can be removed as a gas by agitating wastewater in presence of air. Nitrogen present in wastewater is removed in the form of ammonia. This operation takes place, generally, in packed tray towers, equipped with an air blower. 

In the tower, the wastewater is fed from the top, and air is fed from the bottom of the stripping tower. On the trays, air and wastewater containing ammonia, get contacted. The ammonia gets mixed with air and is taken out from the top of the tower and wastewater from the bottom.

In most of the cases, where ammonia stripping is applied, a number of problems develop such as calcium carbonate scaling within the tower and feed lines and poor performance during cold weather operation. The amount and the nature of scale formed depend on the characteristics of wastewater and local environmental conditions. If temperature decreases, the amount of air increases for the same degree of removal. Under conditions of icing, the liquid-air contact geometry alters, which reduces the overall efficiency.

Apart from the difficulties, the discharge of ammonia to the atmosphere near large water bodies or snow-covered areas may create serious nitrogen pollution. In such cases, use of ammonia scrubber or alternate method of nitrogen removal is followed.


Distillation

Distillation is a unit operation in which the components of a liquid solution are separated by vapourisation and condensation. If the entrainment is kept low, almost all non-volatile contaminants can be removed in a single evaporation step. Volatile contaminants such as ammonia gas and low molecular weight organic acids, may be removed in a preliminary evaporation step. But if their concentration is so small that their presence in final product is not objectionable, this step can be eliminated.

Multistage flash evaporation, multiple-effect-evaporation and vapour compression distillation appear most feasible for the purification of municipal wastewaters.

Foam fractionation

Foam fractionation is the separation of colloidal and suspended material by floatation and dissolved organic matter by adsorption. Most of water-soluble organic compounds are surface active to some-extent. When air is bubbled through wastewater, foam is produced or sometimes, induced by addition of foaming agents. This foam is removed with the water-soluble organic compounds, which tend to concentrate at the gas-liquid interface.

Freezing

Freezing operation is similar to distillation operation. Wastewater is sprayed into a chamber operating under a vacuum. A portion of wastewater gets evaporated and cooling effect produces contaminant-free ice crystals in the remaining liquid. The ice is then removed and melted by using heat of condensation of the vapour from evaporation stage. Butane and other refrigerants are used for this operation.

Gas phase separation 

Gas phase separation is a promising method for removal of ammonia as a gas. This method is based on the development of selective permeable gas-phase membranes. Wastewater is passed through tubes lined with or made of selective gas phase membranes. The gas passes through the membrane and gets attached to the exterior of the tube. This attached gas is removed by blowing air or nitrogen tangentially along the tubes.

Reverse osmosis

Reverse osmosis is a process in which water is separated from dissolved salts in solution by filtering through a semi-permeable membrane at a pressure greater than the osmotic pressure caused by the dissolved salts in wastewater. The existing membranes and equipments operate at a pressure ranging from atmospheric pressure to 1500 psi.

As an advanced wastewater treatment process, reverse osmosis has its limitations. Under existing manufacturing processes, a semi-permeable membrane, such as cellulose acetate, is subjected to a temporary treatment that sets the rate at which water can be produced. Salts with low solubility levels will precipitate on the membrane, which will reduce the quantity of water produced. To prevent these losses, wastewater should be pretreated by activated carbon adsorption or chemical precipitation followed by filtration.

Sorption 

Conventional alum treatment for removal of phosphate increases the concentration of sulphate ions in solution. To avoid this, sorption is developed. Sorption is a process of removing various forms of phosphate without increasing concentration of sulphates. Activated alumina is used to sorb phosphates by passing stream of water through the sorption column. The exhausted activated alumina is regenerated by small amounts of caustic and nitric acid. 

Land application is another method, which we will discuss in detail in the Unit 9. Other techniques, which are frequently used are chemical methods which we will discuss in the following Section, i.e., Section 4.4.


 

4.4
CHEMICAL TREATMENT PROCESSES

The chemical treatment processes such as chemical precipitation, coagulation are used widely for removal of chemical impurities of various kinds. To understand chemical treatment processes, we should have some basic knowledge of chemical reactions taking place in the processes and the reaction kinetics of the reactions. Of many chemical processes, precipitation is highly effective and is used widely. 

4.4.1
Chemical precipitation

Chemical precipitation is the method of addition of chemicals to the wastewater, converting undesired soluble substances into an insoluble precipitate which can be removed easily and rapidly. 

The undesired constituents generally found in wastewater are:

(i)
Suspended, colloidal and supra colloidal solids and their associated organic matter. They should be removed in order to avoid damage to performance and reduction in efficiency.

(ii)
Phosphorus.

(iii)
Toxic heavy metals and organics discharged from industrial plants and premises into the municipal wastewater treatment plant. They should be removed so that they do not affect subsequent treatment processes of the effluent treatment stream.

All chemical precipitation processes generate precipitates or flocs or sludges, which enhance the sedimentation of unwanted suspended and colloidal solids in a sedimentation tank thus clarifying turbid water or wastewater. Thus, this process is also known as ‘chemically assisted sedimentation’ or ‘chemical clarification’.

Depending upon various factors the process is carried out using a particular coagulant. The factors to be considered are proportions of suspended, colloidal, soluble matter present in wastewater; effluent quality after coagulation, economical precipitant and nature of precipitate, etc.

4.4.2
Coagulation

Coagulation is an important operation in removing colloidal solids. In wastewater treatment, chemicals such as lime, ferric salts and commercial alum are used as coagulants. This process removes suspended solids (60-80%), BOD (50-70%), phosphorus (over 90%) and heavy metals (cover 80%). Larger doses of chemical coagulants are necessary in wastewater treatment.

Chemical clarification of wastewater can be combined with the activated carbon adsorption process to provide complete physical-chemical wastewater treatment. This treatment nullifies the need for biological treatment and at the same time, provides more effective removal of organics which are resistant to biological treatment, e.g., the effluent residual chemical oxygen demand (COD) after chemical precipitation and carbon adsorption is 10 to 290 mg/l while the effluent residual COD after biological treatment is about 60 to 100 mg/l. The use of chemical clarification has restricted applications in developing countries because of its constant requirement of consumable chemical and consequent higher running costs. The process requires strict control and is less economical than secondary biological treatment methods. The process therefore has restricted use. It can be used particularly when:

· Wastewaters have high seasonal variations in flow and strength.

· Wastewaters in which nutrients like phosphorus and heavy metals should be removed.

· Sludge conditioning for dewatering is necessary.

The optimal dose of the required coagulant cannot be computed as it depends upon many constituents of the wastewater. It is therefore, necessary that jar tests are carried out in laboratory, to calculate optimal dose of the coagulant as described below.

Jar test 

As we have discussed earlier that the optimal dose cannot be calculated of the coagulant without the laboratory jar test. Jar test assembly is very simple which comprises of multiple stirrer and beakers used with the wastewater for additions of various doses of coagulant as shown in Figure 4.2. This test involves the following steps:

· determination of the concentrations of the pertinent attributes of the waste water such as colour, turbidity, pH, BOD, COD etc;

· determination of rough doses of coagulant to produce floc using about 200 ml of wastewater and addition of 1 ml of coagulant solution;

· arranging one liter of waste water in the jar test beakers and addition of varying amount of coagulant in a range 25-200 % of the minimum doses;

· mixing the contents of beaker for two minutes and allow to flocculate for 30 min and settle for 60 min. 

Figure 4.2

Laboratory Scale Jar Test Assembly for Coagulation
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Use of polyelectrolytes, which are derived from natural sources or chemically sythesised is also determined during the jar test. Polyelectrolytes carry electrical charges either cationic or anionic. Amongst many types of polyelectrolytes available, polysachharides are more common. Other types with high molecular weight polymers, water soluble, organic, synthetic etc. are also available and are widely used in wastewater treatment compared to water treatment.    


 

4.5
ADVANCED CHEMICAL PROCESSES

Advanced chemical treatment processes are used many times to achieve better treated water quality for use and also when the necessary standards are not being met with the conventional means of treatment. A variety of chemical unit processes are applied to advanced wastewater treatment. Processes such as electro-dialysis, ion-exchange are applied more commonly to treated effluents.

Ion exchange  

We have discussed the operation of ion-exchange process in Unit 3 earlier for water treatment. However, ion exchange has also good applicability in wastewater treatment. Although both natural and synthetic ion exchange resins are available, synthetic resins are used more widely because of their durability. Some natural zeolites (resins) are also used for the removal of ammonia from wastewater. 

The regeneration is done with lime. The ammonium ion removed from the zeolite is converted to ammonia because of high pH. The zeolite bed is equipped with backwash facilities to remove the carbonate deposits that are formed within the filter. 

The serious problem associated with application of ion exchange is resin binding, caused by the residual organic matter found in effluent from biological treatment. But it can be solved partially by pre-filtering the wastewater.

To make ion exchange economical for advanced waste treatment, regenerants and restorants used, should remove both the inorganic anions and organic material from the spent resin. Chemical and physical restorants found successful are sodium hydroxide, hydrochloric acid, methanol and bentonite.

Electrochemical treatment

In electrochemical treatment process, wastewater is mixed with seawater and is passed into a single cell containing carbon electrodes. Because of relative densities of seawater and seawater-wastewater mixture, the seawater accumulates in anode area at the bottom of the cell; while the mixture accumulates in the cathode area near the top of the cell. The current in cell raises the pH at cathode. This increase in pH causes the phosphorus and ammonia to precipitate, as calcium phosphate and magnesium ammonium phosphate along with magnesium hydroxide.

Hydrogen generated at cathode, lifts the sludge to the surface where it is skimmed and disposed of. Chlorine, formed at the anode, is used for disinfection of the effluent. The remaining seawater and wastewater mixture is then discharged to the ocean.

Electro-dialysis

In electrodialysis, ionic components of a solution are separated through the use of semi permeable ion-selective membranes. If the electrical potential is applied between the two electrodes, which in turn causes a migration of cations toward the negative electrode and migration of anions toward the positive electrode. Because of the alternate spacing of cation and anion permeable membranes, cells of concentrated and dilute salts are formed.

There are some problems associated with electrodialysis. The salts with low solubility precipitate on the membrane surface, clogging of membrane takes place by the residual colloidal organic matter present in wastewater treatment plant effluents. To reduce membrane fouling, activated carbon pretreatment, possibly preceeded by chemical precipitation and some form of multimedium filtration, may be necessary.

Oxidation and reduction - removal of refractory organics 

Oxidation

In wastewater treatment, chemical oxidation is used to remove ammonia, to reduce the concentration of residual organics and to reduce bacterial and viral contents of wastewater. At present one of the few processes for the removal of ammonia nitrogen, found operationally dependable, is chlorination. Ammonia can be removed chemically by adding chlorine or hypochlorite to form monochloramine and dichloramine as intermediate products and nitrogen gas and hydrochloric acid as end products.

Problem associated with this method is the presence of various organic and inorganic compounds that will exert a chlorine demand. Chemical oxidation of organic material in wastewater with chlorine is enhanced by the use of ultraviolet radiation.

Ozone can also be used as an oxidizing agent to reduce organic, bacterial and pathogenic content of treated wastewater. But the costs associated with this method are prohibitive compared to costs of other treatment methods for achieving the same objectives.

Reduction

Nitrates present in wastewater can be reduced electrolytically or by using strong reducing agents (e.g., ferrous hydroxide). The reaction must usually be catalyzed while using reducing agents. The two-step processes using different reducing agents and catalysts are limited by availability of chemicals at low cost, and the fact that the treated effluent and waste sludge may contain toxic compounds derived from the chemicals used for catalysing various reactions.

The physical-chemical treatment processes are carried out, to remove the constituents of wastewater that do not respond to the conventional processes. 

SUMMARY

In this Unit we have discussed the various treatment methods for wastewater. To meet the standards set by the local or national authorities (in India it could be state pollution control board or central pollution control board), the wastewater should be treated by various combination of processes be it physical, chemical and biological. According to the nature of various impurities present in the wastewater, we can go for the suitable selection of treatment. In this Unit, we discussed the nature of impurities, physical treatment methods such as screening, communition, grit removal and sedimentation. There are some processes used in wastewater treatment methods, which are used in water treatment also. For those processes and operations, we can go through earlier unit on water treatment. We discussed the chemical processes such as coagulation, flocculation and precipitation. We also discussed the various physical and chemical processes used in advanced wastewater treatment.
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Unit 4


Model Answers to Learning Activities
LEARNING ACTIVITY 4.1
Impurities are classified as floating and large suspended solids such as paper, rags, plastics, grit; dissolved solids such as organics and inorganic; dissolved gases such as hydrogen sulphide, methane etc.; microorganisms such as pathogens, bacteria, viruses, etc.

LEARNING ACTIVITY 4.2
Different types of physical treatment processes are screening, communition and maceration, grit removal, sedimentation and flocculation.

LEARNING ACTIVITY 4.3
Ammonia stripping is known as air stripping of ammonia. Ammonia stripping from wastewater is a modification of the aeration process used for the removal of gases dissolved in water.

LEARNING ACTIVITY 4.4
Ammonia stripping, distillation, foam fraction, freezing, gas phase separation, reverse osmosis and sorption are the various methods used for the advance physical treatment of wastewater.

LEARNING ACTIVITY 4.5
Lime, ferric salts and commercial alum are used as chemicals for coagulation. 







































































































(LEARNING ACTIVITY 4.5





List the chemicals used for 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 4.4





Write down the different methods used in advanced physical wastewater 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 4.3





What is ammonia stripping?





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 4.2





Describe briefly the various physical treatments used in the wastewater 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 4.1





Write down the classification of the impurities found in wastewaters.





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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