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OVERVIEW
Until now, we have studied the various methods of treating water and wastewater. It is a well known global phenomenon that sources of water supply are getting depleted and therefore there is a need to preserve and maximise its usage by concepts like water reuse and recycling. Recycling or reusing of water is a promising alternative, if we wish to make water available to all the households in the country with enough provision for future generation. 

In this Unit, we will discuss the areas where we can reuse wastewater by carrying out different processes. We will also discuss the factors affecting the extent of effluents reuse in municipal, industrial, recreational and agricultural sectors. The purpose of understanding this concept is to make us aware that water is no more a cheap commodity and the demand is increasing so rapidly that there is immense stress on this natural resource. 

LEARNING OBJECTIVES

After completing this Unit, you should be able to:

· explain different fields of reuse of treated wastewater;

· explain irrigational use of wastewater;

· discuss the treatment methods that should be carried out before reusing wastewater;

· explain the modalities of ground water recharge.

 

6.1
INTRODUCTION TO WASTEWATER REUSE

We must understand that wastewater generated from domestic and industrial units, is not waste but a reusable resource. When we dispose wastewater in watercourses, not only we loose the precious resource but also spoil our pristine water bodies. Wastewater can be reused in various ways in different sectors. However, wastewater needs to be adequately treated through various treatment purposes for the intended use.  It is, generally, not possible to reuse wastewater completely. 

The reuse of treated wastewater either directly or indirectly as mentioned in Table 6.1 suggests the many areas where one can think of utilising this concept. Table 6.1 is an indicator to possible sectors where treated wastewater can be used either directly or indirectly.

Table 6.1

Uses of Treated Wastewater

	Use
	Direct
	Indirect

	Municipal
	Lawn watering with separate distribution system. Park or golf course watering. Potential source for municipal water supply.
	Ground water recharge to reduce aquifer overdrafts.

	Industrial
	Cooling water. Boiler feed water. Process water.
	Replenish ground water supply for industrial use.

	Agricultural
	Irrigation of certain agricultural lands, crops, orchards, pastures and forests. Leaching of soils.
	Replenish water supply for agricultural overdrafts.

	Recreational
	Forming artificial lakes for boating, swimming, etc. swimming pools.
	Develop fish and waterfowl areas.

	Other
	Ground water recharge to control saltwater intrusion. Salt balance control in ground water. Wetting agent-refuse compaction.


	Ground water recharge to control land subsidence problems. Oil well re-pressurising, soil compaction.


We consider wastewater treatment as water reuse because it is so interconnected with the other usage of waters. Much of the water used by homes, industries and businesses must be treated before it is released back to the environment. The amount of treatment necessary for wastewater reuse is affected by the following important factors:

· availability and cost of fresh water;

· transportation costs;

· water quality standards (local, regional);

· reclamation potential of wastewater.

We will discuss all these factors one by one in the subsequent Sections.

Availability and cost of fresh water

With the growing population and growing desire of the people for luxurious life style, the demand for freshwater is continuously increasing, whereas the availability of fresh water is depleting very rapidly. Many freshwater sources are being increasingly polluted by domestic sewage and industrial wastewater discharge. The polluted water stream will in turn require higher levels of treatment to get clean water. Issues of availability of water resource requiring minimum treatment before supply and the cost of higher degree of treatment for wastewater reuse have to be dealt with a view to look at the ultimate cost of water to the consumer. Thus, a balance between the availability and consumption rate is necessary. Cost of freshwater is rapidly increasing because advanced water treatment technologies are needed for reuse and reclamation of freshwater.

Transportation cost

Transportation cost may not appear to be relevant for a layperson. However, except in small communities, water is normally transported from far off places to the point of treatment and use. Sometimes, these distances could be as much as 300-400kms. The concept of water transportation has been widely accepted everywhere, however transport of wastewater, either raw or treated has not been so widely accepted. 

The treated wastewater cannot find users as long as the regular water supply is ample and for all the possible use. We must, therefore, find out the sector of demand for treated or untreated wastewater either in close vicinity or at a distance from the source of wastewater generation. Such analysis is necessary to compute the viability of the wastewater reuse at a distance from the place of generation. 

Water quality standards 

With the growing public awareness about environment and pollution, newer stringent laws are being made by all countries. In India also water quality standards have been formulated and amended from time to time to make them more stringent. Water quality standards of a country can play an important role in the implementation of wastewater reuse policy in various sectors. Standards are the basis on which the treatment levels and possible use can be fixed. These standards should be comprehensive enough so that reuse potential could be fully realised. In India, wastewater reuse standards have been specified only with regard to agricultural use /irrigated land. Table 6.2 gives an idea about standards for discharges into inland surface, public sewers and irrigation land.

Table 6.2

General Standards for Discharge of 

Environment Pollutants Elements

	Sr. No.
	Parameters
	Standards for Discharges into

	
	
	Inland Surface
	Public Sewers
	Land for Irrigation
	Marine Coastal Areas

	1
	Suspended solids mg/l, max.
	100
	600
	200
	For process wastewater – 100. For cooling water effluent 10 percent above total suspended matter of influent.

	2
	Particular size of suspended solids
	Shall pass 850 micron sieve
	--
	--
	Floatable solids, max. 3 mm. Settleable solids, max. 850 microns

	3
	pH Value
	5.5-9.0
	5.5-9.0
	5.5-9.0
	5.5-9.0

	4
	Temperature
	Shall not exceed 50C above the receiving water temperature
	--
	--
	Shall not exceed 50C above the receiving water temperature

	5
	Oil and Grease mg/l, Max.
	10
	20
	10
	20

	6
	Total Residual Chlorine mg/l, Max.
	1.0
	--
	--
	1.0

	7
	Ammonical Nitrogen (as N), mg/l, Max.
	50
	50
	--
	50

	9
	Free Ammonia (as NH3), mg/l, Max.
	5.0
	--
	--
	5.0

	10
	Biochemical Oxygen Demand 

(5 days at 200C), mg/l, Max.
	30
	350
	10
	100

	11
	Chemical Oxygen Demand, mg/l, Max.
	250
	--
	--
	250


Reclamation potential of wastewaters 

Wastewaters have always been regarded as resources, if it is managed properly. One of the most popular means of reclamation is to use wastewater in wetland areas and achieve twin objectives of both treatment and water recovery for fish farming etc. Such potentials need to be analysed based on site-specific conditions. If freshwater sources are easily available and quantity is no problem, normally community and municipal authorities would not like to reuse wastewater after high degree of treatment. However, if the freshwater supply costs more than treatment cost of the wastewater, one will intend to adopt the latter. This situation arises in places where local population gets subsidised water supply and the subsidy burden is passed on to industrial and commercial sectors. In a real scenario, an industry can setup a plant to treat sewage and reuse for its own industrial use. It has been estimated that treatment and reuse of wastewater would payback its cost within 3 years. 

Therefore, availability and pricing of water for a city can define the pathway of wastewater reuse.  A proper guideline has to be developed and followed in terms of characterisation, treatment and toxicity of the treated wastewaters and study of feasibility options prior to its application in the field. Such guidelines have been evolved in many developed countries. However in developing nations, attempts for such guidelines development have not yet been made. 


 

6.2
WASTEWATER REUSE

We will now discuss wastewater reuse in major sectors as given below, with a view to understand sector specific issues; the reuse of wastewater in major sectors has been classified according to the requirement. As we learnt from Table 6.1 we can classify the wastewater reuse sectors as mentioned below:

· Municipal reuse.

· Industrial reuse.

· Agricultural reuse.

· Recreational reuse.

· Ground water recharge. 

We will study this sector specific reuse of wastewater in the subsequent Subsections. 

6.2.1
Municipal reuse

Treated municipal (domestic) wastewater can be used for various purposes, which depends upon the strength or concentration of pollutants in municipal wastewaters. After treatment, wastewater can be used in domestic sectors. Acceptability criteria is a major issue when wastewater has to be taken for reuse for a particular purpose.

The condition of wastewater at its treatment works, is a function of the time of travel and temperature of wastewater. The time of travel to treatment works depends upon the length and grade of collecting systems. Long lines, wastewater quality and high temperatures destroy the freshness of wastewater. Fresh domestic sewage has little odour, gray colour and contains dissolved oxygen. As the wastewater becomes stale, it turns black and creates a foul odour. Wastewater needs treatment before reuse to remove the unwanted contaminants.

Direct reuse of the treated wastewater, as drinking water is practicable on the emergency basis, but only after dilution of wastewater in natural waters to the maximum possible extent after processing through coagulation, filtration and heavy chlorination for disinfection. This process has been in detailed in Unit 3of this Course. The practice varies according to the situation of the rivers used for both water supply and waste disposal. The advanced treatment methods like demineralisation, desalination, and chlorination are carried out to bring wastewater to acceptable levels. With an average dissolved solids less than 500 mg/l, we can use the treated wastewater for drinking purposes, in emergency cases after disinfection. 

The advanced methods of treatment such as demineralisation, desalination etc. is capable of removing almost all impurities. These methods are very expensive, but become necessary in case of inadequate supply of water. Adequately treated and disinfected wastewater effluents could be reused for other domestic purposes such as flushing toilets, gardening and other direct applications. Even those require many safeguards, as there are chances of possible mix-up. Some of the safeguards, which can be implemented, are:

· Use of different pipe sizes. 

· Use of different colour or embossed markings of pipes, joints etc.

· No tap from these pipelines inside the house.

· Educate people on such dual supply system.


6.2.2
Industrial reuse

Let us look at industrial reuse carefully after having understood the implications of domestic sewage reuse in municipal sector, as the industrial wastewater reuse is more complex. Nearly every company in the manufacturing industry must deal with wastewater problems. The best and most cost-effective solution for these problems is to recover the wastewater. By recycling the recovered water back into the manufacturing process, one can:

· Reduce wastewater treatment costs. 

· Reduce waste disposal costs. 

· Minimise the quantities of rinse water generated. 

· Improve water quality and attributes. 

· Provide a constant source of demineralised water, wherever required. 

· Maximise recovery of metals present in the wastewater. 

· Reduce compliance requirements. 

Wastewater from industries usually consists of rinse water (water generated in the industry due to product washings) and wastewater streams with low levels of contaminants, which can be recovered and recycled back in the manufacturing operations. Most manufacturing plants could recycle about 80% of the water used in their production process.

Industries being large users of water demand the largest quantities of water mainly for cooling and processing purposes. However, it should be noted that only a small fraction of water is reused by industries in their manufacturing process at present. In other words, most of the flow is eventually emptied into natural watercourses as spent water. Thus, industry also joins farms, mines and municipalities in contributing to the large-scale pollution of stream and other water bodies. Much attention, therefore, needs to be focussed on the treatment of industrial wastewaters to avoid the high potential of pollution of natural water resources and also to exploit the potential reuse within the industries. Figure 6.1 shows an actual view of industrial wastewater discharges into water body.

Figure 6.1

Industrial discharges into water body


Rinse water (oily and non-oily) streams are the major source of waste from industries needing treatment. They contain soil or the process liquids that are to be removed. Even though they are usually dilute, they may be troublesome because of their large volume with high content of polluting substances. Depending upon the constituents of the industrial wastewater, treatment needs to be provided for reuse purpose. The oily rinse water streams are pretreated to remove the immiscible oil phase and then combined with all the other rinse water streams in an equalisation tank. The primary treatment for the rinse water streams is a combination of Ultrafiltration (UF) and Reverse Osmosis (RO) processes. The combination of these technologies can recover and recycle approximately 80% of the plant's total waste effluent. The filtrate from the UF and RO systems produces clean (purified) water that is recycled back to the manufacturing operations. 

The wastewaters from food productions and other largely organic industries are like domestic sewage in their composition and behaviour. Accordingly, it is often reasonable as well as convenient to discharge them into municipal sewers. Thus, they can be reused, by getting treated with municipal wastewater. 

Wastewater recovery for reuse is not an uncommon practice in India. In many industries, wastewater is being reused after different levels of treatment. This is being carried out due to the two major factors viz. high cost charged for water supplied to the industries and low water supply levels. 

Spent water can be reused after removal of heat by aeration, evaporation and / or refrigeration. In some industries, water with a high mineral content and not meeting bacterial drinking water standards can also be reused with little treatment. Several new techniques viz. precipitation, ion exchange and electrolysis are available for metal extraction from industrial wastewater. The process industries can recycle or reuse the wastewater for some light duty purposes. This technique is more economical if included at the design stage than it is by modification of an existing system. In case of metal processing industries, the wastewater consists of several recoverable metals, which if not extracted, get mixed in water system causing deleterious water pollution. Table 6.3 presents the possible list of metals, which can be recovered, from various types of industries.

Table 6.3

Recovery of Metal from Industrial Wastewaters

	Industry
	Recoverable Metals

	Textile
	Sodium hydroxide

	Paper and Pulp
	Ligno-sulphonate, Sodium salts

	Rayon
	Sodium sulphate, Zinc

	Fertiliser
	Calcium sulphate

	Electroplating
	Chromium, Nickel salts

	Petrochemical
	Carboxylic acid

	Distillery
	Potassium salts, yeast

	Dyestuff
	Sodium and Potassium hydroxides

	Coke Oven
	Phenol, Ammonia, Naphthalene, Ammonium Sulphate, Naphthalene, Aromatics


For many industrial purposes, potable water quality is not required and hence simple methods for wastewater treatment such as sedimentation and chlorination are sufficient. In some cases heavy chlorination to remove hydrogen sulphide and addition of nitrate to supply oxygen is necessary. If the quality requirements for specific industrial purposes are high, then by sedimentation and precipitation followed by biological treatment and sometimes even aeration, dilution or heavy chlorination will be necessary. We have studied these processes in the earlier Units on wastewater treatment 

Figure 6.2

Reuse of Wastewater
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We observed that though industrial wastewater could be largely utilised in different ways within the industry as well as outside, however municipal wastewater can be utilised in much wider sections of our society as shown in Figure 6.2.     


6.2.3
Agricultural reuse

The introduction of wastewater systems for irrigation indicates a progressive step, but it is generally possible to limit or dispense with utilisation of the fertilising constituents of sewage or sewage effluents in order to protect the public health. Accordingly, most health authorities prohibit the irrigation of vegetables, garden, berries or fruits with partially treated or undisinfected sewage. Also the watering of areas where fruit lie on ground is not advisable. Only nursery stock vegetables raised exclusively for seed purposes, cotton and field crops such as hay, grain, rice, alfalfa etc. can be allowed to be watered with sewage. However, milk cows and goats are not permitted to be pastured on irrigated land moist with sewage and must be kept away from irrigation ditches. Whenever, the produce from sewage irrigated areas is to be cooked, irrigation with sewage must be stopped at least a month prior to harvest. Commercial canning of sewage-irrigated crops is sometimes permitted under proper control by health authorities in many countries. In India, to grow leafy vegetables on lands irrigated with sewage water is a very old practice. This is also due to the fact that there are no guidelines for such usage of wastewater.

Irrigation practices should be designed (explained in a later Section) for maximum economical use of water, these should also depend upon water holding capacity of soil, land topography, general climate, crop, etc. The quality of irrigation water is of interest in relation to wastewater disposal by irrigating agricultural areas either by direct discharge from the drainage system or by diversion of sewage polluted receiving waters. Such objectives are, however, seldom followed resulting in following difficulties:

(i)
Concentration of various constituents which may be deleterious to crop yields.

(ii)
Decreases in soil permeability.

(iii)
Increased chances of ground water contamination.

It is, therefore, imperative that soils on which the effluents are applied should be studied periodically from the viewpoint of physico-chemical characteristics, to ensure that they are not damaged and ground water are not polluted. Hydraulic loading rates depend upon the land available and are different for different types of soil.

The type of crops irrigated with reclaimed wastewater depends upon the quality and quantity of effluent used, the health regulations, concerning the use of treated and untreated wastewater on crops.

According to Indian Standards, in order to regulate disposal of effluents on land, it is necessary to limit certain constituents in effluents, especially those considered toxic, so that the effluent may comply with normally accepted irrigation water quality. With this objective in view, the standards are prepared. The standards applicable for land application of wastewater in India as per Environment (Protection) Act, 1986 is given in Table 6.4.

Table 6.4

Standards of Treated Wastewater for Irrigation in India

	Sr. No.
	Parameter
	Limits*

	1
	Colour and Odour
	**

	2
	Suspended Solids
	200

	3
	Total Dissolved Solids
	2100

	4
	pH Values
	5.5 to 9.0

	5
	Oil and Grease
	10

	6
	BOD5 at 200C
	100

	7
	Arsenic as As
	0.2

	8
	Boron as B
	2.0

	9
	Percent Sodium
	60.0

	10
	Residual Sodium Carbonate
	5.0

	11
	Cyanide as CN
	0.2

	12
	Chloride as Cl
	600.0

	13
	Sulphate as SO4
	1000.0

	14
	Pesticides
	Absent


*
All efforts should be made to remove colour and unpleasant odour as far as possible.

**
All values are maximum limit expressed as mg/l except pH.

In arriving at a decision on the tolerance limits given in above table, due consideration to the local authorities should be given and in special cases, conditions may be relaxed or tightened as the case may be. No tolerance limit has been laid down for odour but it is recommended that as far as practicable, obnoxious odour should not be present in the effluent.

· Design of irrigation areas

Irrigation methods rationally conform to local circumstances. They vary with the nature of soil, rainfall magnitude and distribution, other topography and geology, and kinds of crops to be grown. Agricultural benefits may be derived from the water and fertilising components individually or collectively. However, treatment is not necessarily proportional to agricultural benefits and agricultural management of irrigation areas may come into conflict with their sanitary management.

Wastewaters are run onto grasslands, ploughed fields and standing crops for two purposes:

(i)
To improve the harvest. 

(ii)
To dispose off industrial wastewater. 

· Distribution aspects

Wastewater is taken to irrigation fields by canals or pipes. On arrival, the water is run onto the land by either of the following processes:

(i)
Surface flow from ridge distributors:  The distributors are ditches or pipes with side outlets in surface, ridge or bed irrigation and in flood irrigation or land filtration.

(ii)
Sprays:  Spraying from large monitors or revolving nozzles attached to stationary pipes or to movable lightweight pipelines. Because they share some of the features of surface irrigation, attention is called also to subsurface irrigation systems for isolated dwellings or small housing groups. Industrial wastewaters rich in organic matter and seasonal in their production may be run or sprayed onto areas of waste and scrubland like beet sugar and natural wetlands. Of the wastewater reaching cropped lands, some evaporates, some seeps into the soil and most of it is collected in ditches but with moderate contact with soils and crops.

In flood irrigation or land filtration, the applied water must percolate through the soil to be collected by under-drains. In open soil, flows may join the natural groundwater and remain out of sight. The physical, chemical and biological purifying powers of the soil are mobilised in these circumstances and treatment is more effective than in surface irrigation. Direct contact with crops is avoided when surface flows are confined to furrows between cropped beds. Organic residues are converted into ‘humus’ which functions as a soil builder, which may improve the harvest. The power of soil to bind all types of chemicals, from simple to exotic in their structure is remarkable. If this were not so, large amounts of substances contained in the soil, generated or decomposed within it, or added to it for enrichment, pest control and / or waste disposal, would leach from aquifers into ground and surface water. Like the self-purification of water, the binding power of the soil is a manifestation of the healing power of nature.

When rainfall is heavy, crops can do without supplemental irrigation, and on the other hand wastewater volumes to be disposed off are then increased by storm runoff and groundwater infiltration. Hydrological difficulties may be overcome by holding about a quarter of the irrigation area in reserve, or by shunting in storm-water detention basins or pretreatment devices. In sizing the areas, harvest times must be allowed for as well as rainy spells. Unless farmlands are irrigated intermittently they will not dry out, re-aerate and remain wet. Tight soils and overloaded fields become septic, sour, sewage-sick and useless. Wastewater reuse in agricultural sector could be very large and useful to the society, provided proper care is taken with regard to monitoring of the wastewater and soil quality.

6.2.4
Recreational reuse

In those cases, where wastewater reuse cannot be made for other major sectors viz. municipal, industries and agriculture, it can be easily used for recreational purposes. Today’s technologies allow the production of an excellent effluent, well suited for the direct reuse of treated effluent for recreational purposes such as contact water sports, park watering, establishment of ponds for boating and recreation, maintenance of fish or wild life ponds, etc.

For recreational reuse, wastewater should be treated to meet the standards set by the health authorities. For fishing, recreational boating, the wastewater used should be sedimented, chemically precipitated or should be treated with biological treatment processes. Sometimes, aeration, heavy chlorination or addition of diluting waters is needed. For bathing and shellfish culture, the effluents should be chlorinated along with all other processes mentioned above.

Nowadays, in India this method of reusing wastewater is practised for recreational uses like developing watering parks, maintenance of wildlife ponds, etc. Recreational use can also be for water fountains and maintenance of canals around buildings for cooling and aesthetic effect.


6.2.5
Groundwater recharge

Let us now discuss the concept of groundwater recharge with wastewater and processes involved in it. In many areas after water is used, the wastewater generated by communities, is disposed off in the nearby water bodies. Such practice leads to a situation when the adjoining water bodies no longer remain useful. On the other hand overdrawing of water from ground leads to depleting resources, saltwater intrusion, and high power requirement. It is, therefore, prudent to use the domestic sewage to recharge the groundwater.  

Ground water is the part of precipitation that seeps down through the soil until it reaches rock material that is saturated with water. Ground water slowly moves underground, generally at a downward angle (because of gravity), and may eventually seep into streams, lakes, and oceans.  Figure 6.3 shows how the ground is saturated below the water table.

Figure 6.3

Schematic of Ground Water Interaction with Soil Stratum
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The ground above the water table may be wet to a certain degree, but it does not stay saturated. The dirt and rock in this unsaturated zone contain air and some water and support the vegetation on the Earth. The saturated zone below the water table has water that fills the tiny spaces (pores) between rock particles and the cracks (fractures) of the rocks.

Ground water reuse is one of the most common methods of combining water reuse and effluent disposal. This recharge is used to replenish groundwater supplies. Treated effluents can be used to replenish the groundwater and to stop the saltwater intrusion into fresh water aquifers. It is also used in recharging the oil-bearing strata. The process involved can be classified into direct and indirect methods. The former method requires detailed study of the area where recharge has to be accomplished. The assessment is carried out with a view to get data on recharge requirement (how much water can it take?), soil permeability depth of recharge zone, etc. After establishing the parameters of recharge as indicated above, mechanical means of recharge is used. In the indirect method, however, even if the data of permeability and other details are not available, wastewater is impounded in large areas, which leads to some ground water recharge. This method, however, may not yield high levels of recharge.  

SUMMARY

In this Unit, we discussed the reuse of wastewater in different sectors. We studied the multiple factors affecting reuse potential of wastewater. We have also discussed the reuse of treated wastewater as municipal reuse for drinking purposes (in emergency cases), gardening etc. The industrial reuse is more complex where the various constituents of industrial wastes need to be specifically treated and largest quantities can be reused. Agricultural sector reuse as irrigation water could be the most important reuse. Various difficulties, important measures and the design of irrigation lands were also discussed. Groundwater recharge and the recreational reuse of treated wastewater are the least preferred option presently, however, in future they would acquire more and more attention when ground water availability reduces.

SUGGESTED READINGS

Hartley, K.J., 1985, Operating the Activated Sludge Process, Gutteridge Haskins & Davey Pty. Ltd., Brisbane, Australia.

National Environmental Engineering Research Institute (NEERI), 1980, A Course Manual on Unit Processes in Wastewater Treatment, Nagpur, India.

Ross, R.D., 1968, Industrial Waste Disposal, Reinhold Environmental Engineering Series, Reinhold Book Corporation, U.S.A.

Sharma R.K. and Kaur H., 1995, Environmental Chemistry, Krishna Prakashan Mandir, Meerut.

The World Book Encyclopedia, 1997, Volume 21, pp 68-90, World Book International, USA.

REFERENCES 

Fair G.M., Geyer J.G., Okun D.A., 1968, Water and Wastewater Engineering, Volume 2, John Wiley and Sons Inc., New York.

Indian Standard Tolerance Limits for Industrial Effluents Discharged on Land for Irrigation Purposes (First revision) ISI, April 1977.

Metcalf and Eddy, (1998), Wastewater Engineering and Reuse, Tata McGraw Hills Publications, New Delhi.

Unit 6


Model Answers to Learning Activities
LEARNING ACTIVITY 6.1
Direct uses of municipal wastewater are used for lawn watering with separates distribution system and park or golf course watering. Indirect uses are recharging the ground water to reduce aquifer overdrafts.

LEARNING ACTIVITY 6.2
Wastewater can be used in various sectors after certain levels of treatment. The major sectors where wastewater can be used are municipal, industrial, agriculture and recreational field. The other area where it can be used but commonly used is the for ground water recharge.

LEARNING ACTIVITY 6.3
Normally for industrial purposes, potable water quality is not required and hence simple methods for wastewater treatment such as sedimentation and chlorination are sufficient. In some cases heavy chlorination to remove hydrogen sulphide and addition of nitrate to supply oxygen is necessary. If the quality requirements for specific industrial purposes are high, then sedimentation and precipitation followed by biological treatment may be needed.

LEARNING ACTIVITY 6.4
Techniques such as precipitation, ion exchange and electrolysis are used for metal removal from wastewaters. Precipitation is carried out using alkali, when it is added raises the pH and the metals get precipitated.







































































































(LEARNING ACTIVITY 6.4





State the method of metal removal from the wastewater.





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 6.3





What are the requirements for industrial waste 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 6.2





What are different sectors where the wastewater can be reused?





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 6.1





Mention the direct and indirect uses of municipal wastewater.





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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