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OVERVIEW
As we learnt in the previous Unit, ocean, river, lake estuaries, etc., have been used for disposal of treated as well as untreated wastewater. Many places where water bodies are not available for disposal (for example land locked areas), land has been used for treatment and disposal. In recent times, even where water bodies are available for treated or untreated wastewater disposal, concern of pollution of water sources is making authorities to consider land treatment more often. High degree of awareness of water pollution and degradation of aquatic life, make us think of land for treatment and disposal as an option.

In this Unit, we will discuss some of the areas of land application of wastewater in terms of wetland either naturally occurring or artificially constructed, along with their advantages and disadvantages. Other land based treatment such as septic tank, lagooning, etc., have also been discussed in the Unit with a view to examine the potential of these techniques. We will also discuss land application methods where spraying, dripping, ponding, etc., are used for wastewater treatment. Along with these, we will also discuss the application of sludges and ash on land. 

LEARNING OBJECTIVES

After completing this unit, you should be able to:

· explain various issues pertaining to disposal of domestic wastes, effluents and sludge on land;

· discuss natural and constructed wetland treatment;

· explain the details of functioning of a septic tank; 

· explain lagooning and land application of sludges.

 

9.1 
WETLAND TREATMENT

By now you must be aware that effluents of municipal wastewater treatment plant contain abundant nutrients. Disposal of these nutrients on land is of considerable importance. In this process, the wastewater is distributed evenly over the ground surface which acts as a low rate filter. Suspended particles are strained out, colloids and organic matter are absorbed by the soil particles. Nutrients are utilised by vegetation and more complex organic materials are decomposed to simpler inorganic compounds by soil bacteria.

This process can replenish ground water, when the rate of application is not in excess of the rate at which nutrients can be utilised. If applied in excess, nitrates in the wastewater will travel unimpeded through most soil systems, which ultimately lead to ground water contamination.

9.1.1 
Natural wetland

Wetlands are areas that are permanently or periodically inundated or saturated by surface or groundwater and support the growth of aquatic vegetation. Marshes, bogs and swamps are all examples of naturally occurring wetlands. Wetlands are defined as land where the water surface is near the ground surface long enough each year to maintain saturated soil conditions, along with the related vegetation. Natural wetlands include saltwater wetlands (e.g., mangroves, salt marshes) and freshwater wetlands (e.g., reed beds, swamp forests and shallow lagoons). Wetlands are at the interface between terrestrial and aquatic environments and are strategically placed in the catchments where they can intercept runoff water from uplands and floodwater from lowlands. Because of their strategic transitional location, floodplain wetlands are highly fertile areas. Globally, natural wetlands have now disappeared due to cultivation for agriculture.

Wetland ecosystems (also known as aquatic ecosystems) are composed of abiotic (non-living) components (sediment, water, air) and biotic (living) components (micro-organisms, plants, animals). Plants are the most conspicuous feature of wetlands. Wetland plants, known as macrophytes can be classified into the following two functional types (Figure 9.1). 

(i) 
Rooted plants: They can be further classified as:

· emergent macrophytes, i.e., roots in the sediment and emergent stems and leaves, e.g., reeds, bulrush, sedges;

· submerged macrophytes, i.e., stems and leaves submerged, e.g., pond weeds;

· floating leafed macrophytes, i.e., stems submerged and leaves floating, e.g., water lilies.

Rooted emergent macrophytes are restricted to shallow water (a few centimeters to a maximum depth of 1.5m). The depth of distribution of submerged plants is restricted by turbidity and light availability. 

(ii) 
Floating plants: They have surface leaves and roots, which hang down into the water, e.g., water hyacinth (Eichornia), duckweed (Lemna), etc. Figure 9.1 gives the idea about common aquatic ecosystem.

Figure 9.1

Common Aquatic Ecosystem
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Micro-organisms are the most abundant and diverse group of living organisms in wetland systems. They include bacteria, fungi, unicellular and filamentous algae and protozoans. Microorganisms occur in the water column or attached to surfaces as biofilms. Wetlands also support diversity of aquatic animals including crustaceans (shrimps, crayfish) insects (water bugs, water boatman, dragonflies, beetles) frogs and fish. These organisms are a crucial component of wetland ecosystems providing invaluable food web linkages between plants, microorganisms and other animals. In natural wetlands, water sources occur through stream flow, runoff, groundwater discharge and rainfall and in most wetlands flows are extremely variable and stochastic. It is the interactions between abiotic and biotic components, which are vital for water quality improvement by removing, recycling or storing nutrients. 

Plants and microorganisms remove and recycle nutrients either from the water or sediments. The sediments, biotic components and detritus (dead organic matter) are the major nutrient storage components. Wetlands help maintain water quality by storing some of the nutrients, such as nitrogen and phosphorus, and removing some of the sediment from water that runs off upland areas, reducing the amount of pollutants that enters water- ways. Natural wetlands also help to reduce shoreline erosion and to maintain the levels of rivers, lakes, and streams by storing and slowly releasing floodwaters. 


9.1.2 
Constructed wetland

Constructed wetland is defined as a wetland specifically constructed for the purpose of pollution control and waste management, at a location other than naturally existing wetland. Constructed wetland systems are based on filterable wetland being utilised for different types of wastewater. It is used for secondary and tertiary treatment of municipal wastewater, management of sludge, treatment of industrial or agricultural effluent as well as for the treatment of landfill leachates.

Constructed wetlands are used to improve the quality of point and non-point sources of water pollutants, including storm water runoff, domestic wastewater, agricultural wastewater and coal mine drainage. Constructed wetlands are also used to treat petroleum refinery waste, compost and landfill leachates, fishpond discharges and pre-treated industrial wastewater, such as those from paper and pulp mills, textile mills and seafood processing. 

There are two basic types of constructed wetlands, free water surface wetland and sub surface flow wetland (Figure 9.2). Both the types utilise emergent aquatic vegetation and are similar in appearance to the marsh.

(i)
Free water surface wetland: This consists of a basin or channels with some type of barriers to prevent seepage, soil to support the root of the emergent vegetation, and water at a relatively shallow depth flowing through the system. The water system is exposed to the atmosphere, and the intended flow path through the system is horizontal. 

(ii)
Sub surface flow wetland:  This consists of a basin or channels with barriers. In these systems, water flows below the top of the rock/ gravel.

Figure 9.2 illustrates these two basic types of constructed wetlands.

Figure 9.2

Surface flow and subsurface flow constructed wetlands
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Working of constructed wetland

There are many physical, chemical and biological mechanisms that play a part in the wastewater treatment within a constructed wetland system. The principal mechanisms are outlined as follows:

(i)
Sedimentation: Plant stems in the marsh slow the flow of water and allow sediments in the wastewater to be deposited onto the bed of the marsh. Further sedimentation occurs in the still water of the pond where finer sediments settle out. 

(ii)
Bacterial action: Wetland plants have adapted to grow in saturated conditions. One such adaptation is the ability to draw oxygen from the leaves to the roots. Oxygen is released as fine bubbles, which allow aerobic bacteria to thrive in the root zone of the marsh and pond. The saturated area of the marsh below the root zone supports anaerobic bacteria. Bacteria also thrive on the dead plant material on the marsh surface. All of these groups of bacteria feed on the wastewater, playing a major part in the water cleansing process

(iii)
Filtration: Soil, root zone and plant litter all help to filter pollutants from the wastewater.

(iv)
Adsorption: Attractive forces acting between particles in the wastewater draws them together, allowing them to settle to the base of the wetland. Adsorptive forces also adhere pollutant particles to plant material and soil colloids.

(v)
Precipitation: Substances such as heavy metals can become insoluble under certain conditions and settle onto soil and plant material.

(vi)
Decomposition: Organic pollutants in the wastewater are oxidised and reduced in the treatment process. 
(vii)
Nutrient uptake: Plants growing in the marshes and pond use pollutants in the wastewater for growth. The lush growth in constructed wetlands is due to this abundance of nutrient availability. 

(viii)
Vegetation system: Choosing the specie(s) of vegetation to establish is the first decision to make. The type of vegetation to establish depends on the goals and objectives for the wetland. Ideally, vegetation should include a variety of species, however, constructed wetlands for treating wastewater need to be as versatile and easily maintained as possible. Practicality might dictate limiting plant species to the most hardy, commonly found, and easily managed. 

Some pilot studies and demonstrational research has found that cattails and reed canary grass have proven to be low cost, easy to establish, low maintenance, and tolerant of a wide range of climatic and contamination conditions. Cattails and reed canary grass (Phalaris arundinacea) can both tolerate drought conditions for several weeks. Broadleaf cattails (Typha latifolia) can withstand water depths up to 18 inches and narrowleaf cattails (Typha angustifolia) up to 12 inches. This makes control of water levels less critical for vegetation. The next most versatile and easily managed plants would be common reed (Phragmites australis) and various species of bulrush (Scirpus).

Applications of constructed wetlands

Because of the ability of constructed wetlands to remove, recycle, transform and/or immobilise a wide range of potential contaminants there are an ever-expanding number of applications for constructed wetland technology. The most widespread use of constructed wetlands is in the treatment of domestic and municipal wastewater. Constructed wetlands can provide secondary treatment and final polishing i.e. advanced or tertiary treatment (after activated sludge process, trickling filters and/or oxidation ditches). 

In recent years constructed wetlands to treat urban stormwater from housing estates and shopping centers have been incorporated into the urban landscape. Constructed wetlands are also being designed to hold and treat runoff from major roads and highways. Wetlands have also been constructed to intercept crop runoff in agricultural areas particularly where there are sensitive downstream aquatic ecosystems. Dairy farms, cattle feed lots, piggeries and poultry farms generate concentrated animal waste, which can be treated by constructed wetlands. Aquaculture farms are also pre-treating their water through wetlands prior to discharge into streams and rivers. Industrial applications are increasing and many of these have recently been reported in the literature. They include: · mining (acid coal mine drainage with high concentrations of dissolved iron, manganese, aluminium and sulphate; metal-mine drainage from lead, zinc, silver, copper, nickel and uranium mines), food processing wastes (peeling, pre-cooking and processing fruit and vegetables; sugar production; poultry and meat processing), petrochemicals (polishing of secondarily treated refinery wastewater, treatment of washdown runoff), pulp and paper mill wastewater Other documented applications include the treatment of landfill leachate and wastewater sludges.

Advantages of constructed wetlands

Constructed wetlands are a cost-effective and technically feasible approach to treat wastewater and runoff for several reasons, some of which are listed below:

· Wetlands can be less expensive to build than other treatment options.

· Operation and maintenance expenses (energy and supplies) are low.

· Operation and maintenance require only periodic, rather than continuous, on-site labour.

· Wetlands are able to tolerate fluctuations in flow.

· They facilitate water reuse and recycling.

· They provide habitat for many wetland organisms. 

· They can be built to fit harmoniously into the landscape.
· They provide numerous benefits in addition to water quality improvement, such as wildlife habitat and the aesthetic enhancement of open spaces. 
· They are an environmentally sensitive approach that is viewed with favor by the general public.

Disadvantages of constructed wetlands

As we discussed advantages of constructed wetlands, let us see what the disadvantages are:

· There are no standardised designs that can be routinely applied to universal applications. Each system of constructed wetlands must be custom-designed and site-specific. This limitation is not necessarily  detrimental because, it allows each system to be designed on wastewater flow, soil characteristics, and geochemical processes particular to each system's needs.

· Constructed wetlands traditionally have poorer performance in colder weather. The biological processes slow down in lower temperatures. This severely limits winter use of the system.

· Depending on the design, they may require a relatively large land area compared to a conventional facility. 

· The design and operating criteria for this new science are not yet precise.

· The biological and hydrological processes within a constructed wetland are not yet well understood.

· There may be possible problems with pests.


 

9.2
EFFLUENT DISPOSAL ON LAND

We are aware that wastewater after treatment finds its direct use in various sectors such as agricultural, recreational, ground water recharge, spraying, dripping and containment.  If you recall many of these, particularly agriculture, recreational and ground water recharge, were discussed in Unit 6. 

In the following Subsections, we will touch upon spraying, dripping and ponding (contained) methods of wastewater application on land. 

9.2.1 
Spraying method

Spraying on irrigated land, wooded areas and hillsides has been used in many countries. The amount of wastewater that can be disposed off depends on the climatic conditions, infiltration capacity of the soil, types of crops or grasses grown of the quality imposed where runoff is allowed. Site selection for such an exercise is a very important step. Also the major cause of contention is possible contamination of nearby water source or ground water. Location selection becomes more critical if residential locations or drinking water source are in close vicinity. 

For this purpose, the natural drainage patterns of the area need to be studied and pathways established. Normally wastewater treatment on land by spraying is carried out after the primary level treatment has been given. Primary treatment removes most of the solids, floatable, etc., which may hamper spraying process through mechanical, loses.

A combination of process such as evaporation, transpiration, percolation and runoff work for the disposal of wastewater by spraying. Spraying process leads to removal of waste load through filtration during percolation and removes most of the suspended solids. The other simultaneous process, which takes place in the soil layer is degradation of BOD by soil microorganisms. Transpiration of the grasses and plants of the area consume major portion of the waste load. A small portion of the wastewater gets lost through runoff process, as the designer of the system ensure that excess wastewater is not sprayed per unit area as per the design criteria. One of the major designer attributes is the type of vegetation system existing or proposed to be grown in the area. Following precautions need to be taken for the spray method of wastewater application on land:

· prior disinfection of wastewater; 

· personal protective gears for workers;

· fencing of the area.

Of the three factors, the first two are very important from the human health point of view. A prior disinfection of the wastewater indicates that anyone handling the wastewater in any form will be safeguarded. The protective gears for worker is required at those places where the headworks is located and the personnel involved are also handling the waste water without disinfection. Fencing off the area is only required as a safety measure for preventing either cattle or an unknown person coming in contact with the wastewater.    

9.2.2 
Drip method 

Drip systems utilize pressure compensated drip tubing to slowly and evenly dispense the wastewater just below the soil surface, but still within the root zone of the vegetation. The treated effluent by a septic tank, goes to a dosing chamber. The dosing chamber then periodically sends effluent through a series of disk filters before delivering it to the network of tubing. The system regularly back flushes effluent through the filters to prevent them from becoming clogged. The pressure compensated tubing is designed to distribute wastewater uniformly over the entire drainfield. Since the effluent is never exposed to the air, as it is with spray irrigation, aerobic treatment and disinfection are not always necessary with drip irrigation. This also enables this system to avoid the potential problem of odours. 

Both systems require an outside power source for the operation. Drip method easy to operate, is not widely used due to the fact that making such arrangement close to the septic tank is difficult and area availability also poses a problem.

9.2.3 
Ponding method

This method of disposal is used where evaporation losses are much greater. Evaporation losses are directly dependent on the area, temperature profile, wind, humidity and rainfall. This method is preferred in those areas where land availability is not an issue and rainfall is not widespread and heavy. Evaporation is rapid if the factors such high wind, low humidity and high temperature are prevalent simultaneously. This method can be used only for small flows ranging between 20-50 m3/d. Also the major prerequisite for this method is availability of large tract of land.



9.3
DOMESTIC WASTE DISPOSAL: SEPTIC

TANK

We have by now seen the varied methods of wastewater treatment where land is used as the media for treatment as well as disposal. Now we will discuss the method of septic tank treatment, which also uses land for wastewater treatment. 

Domestic wastewater contains waterborne solids and liquids, which are discharged into the sewers. In composition, wastewater includes dissolved and suspended organic solids, which are putrescible or biologically decomposable.  Domestic wastewater also contains countless number of living organisms – bacteria and other microorganisms whose life activities cause the process of decomposition.  When decay proceeds under anaerobic conditions, that is, in the absence of dissolved oxygen in the wastewater, offensive conditions result and odours and unsightly appearances are produced.  When decay proceeds under aerobic conditions, that is, in the presence of dissolved oxygen, offensive conditions are avoided and the treatment process is greatly accelerated.

The septic tank is the most widely used method of disposal of domestic waste disposal. Septic tank was one of the earliest treatment devices developed.  Currently, septic tanks provide wastewater treatment for small populations, such as individual residences, small institutions, schools, etc. 

The septic system consists of a series of the following four components:

· influent tank;

· settling tank;

· dosing tank;

· adsorption field.

If the complete septic tank system as shown in Figure 9.3 is working properly, a homeowner may never even have to think about where his/her waste is going. However, failure of the system could cause major problems. The septic tank could overflow if the soil percolation is not rapid enough, if the drainage system is not designed well or if the tank itself is too small. The system can also fail by failure of the microorganisms to metabolize the waste. Detergents and bleaches in sufficient quantities can kill the microorganisms, making the septic system ineffective. Thus, because of failures and inefficient treatment, the system must be located far away from drinking water wells. Figure 9.3 illustrates a complete septic tank system. 

Figure 9.3

Complete Septic System: An Illustration
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A septic tank works simply by acting as a settling tank for the household sewage. The wastes pass from the house to the tank by the force of gravity. The waste products settle to the bottom of the tank and the clarified liquid remains near the top. The clear effluent leaving the tank is directed to an adsorption field for further degradation and final disposal. Anaerobic digestion by microorganisms prevails in the lower sections of the tank. Figure 9.4 shows the schematic diagram of a septic system. 

Figure 9.4

Diagram of Septic System: A Schematic Diagram
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Settling tank

Microorganisms in the septic tank should accomplish three main purposes which are:

    

· destruction of all pathogens; 

· mineralisation of organic matter;

· oxidation of oxidisable material.  

The first process ensures that all the pathogens are killed in the overall activities that take place in the tank. The overall anaerobic process occurs in steps that eventually convert organic matter to minerals. The products of such conversion also called biodegradation are gas, clarified effluent and solids. The oxidation of oxidisable matter produces gases such as H2, H2S, CH4 and CO2, which are vented from the tank to the atmosphere. The liquid at the top of the tank is basically clean and is fed to the adsorption field for further degradation and filtration. The solids, which enter with the waste, settle and are degraded. If the microorganisms cannot keep up with the volume of solids, the solids will begin to fill the tank. At that time, a private septic hauler will have to empty the tank. 

Anaerobic process in septic tanks

The steps of the anaerobic process are: 

(i)
Hydrolysis of polymers: This process produces products such as  carbohydrates, proteins, lipids and nucleic acids. 

(ii)
Fermentation: Some of the products we get through this process include organic acids, ketones and alcohols.

(iii)
Biomethanation: the process produces acetate and also other gases such as CO2 , H2 and CH4.

Dosing tanks

A dosing tank is used in situations, when the clarified liquid cannot be fed to the adsorption field by way of gravity. In these cases, the liquid is gravity fed from the septic tank to the dosing tank and then pumped to the absorption field when the liquid inside the tank reaches a certain level. 

Adsorption 

An adsorption field is an area of sand, gravel or porous dirt which serves as the last stage of the septic system process. Final percolation of the liquid occurs in the field. Many times, the field is elevated and looks like a sand mound. Mound adsorption fields are used mainly when there is not enough available land to permit sufficient percolation. 

Both sand mounds and adsorption field works under the same concept. Clarified liquid waste is dispersed evenly among the area by way of a pipe network. The pipes have 3/16" holes around the perimeter to assist in an even distribution throughout the field. The only difference in the two fields other than physical appearance is liquid transport to the field. The sand mounds as given in Figure 9.5 require a dosing tank so that the effluent can be pumped to the top of the mound. Liquid from a septic tank destined for the adsorption fields is gravity fed through a distribution box and into the pipe network leading into the field. 

Figure 9.5

Sand Mound: An Illustration
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For larger installations serving multiple families or institutions, a shorter detention period may be permissible. In either case it is essential that adequate storage capacity be provided so that the deposited sludge may remain in the tank for a sufficient length of time to undergo decomposition or digestion before being withdrawn. In general, sludge should be removed every two to three years. Effluent from septic tanks is normally discharged to subsurface tile or leaching fields from where it percolates into the ground. 


We need to also understand the use of land for the application and/or disposal of sludges and ash obtained from the sludge incineration processes. In the following section we will discuss these aspects of land application.

 

9.4
SLUDGE AND ASH DISPOSAL

The solids removed from preliminary and biological treatment are concentrated and stabilised by biological and thermal means. They are reduced in volume in preparation for final disposal. The method of final disposal determines the type of stabilisation and the amount of volume reduction that is needed. At present, two possibilities, disposal on land and disposal in the sea, are available for the ultimate disposal of sludge and ash.

9.4.1 
Some common methods

Land disposal is the most common method which includes spreading on soil or land, lagooning, dumping, and landfill. We will touch upon them now.

(i) 
Spreading on land or soil
Wet digested sewage sludge may be disposed off by spreading over farmlands and plowing under after it has dried. The humus in the sludge conditions the soil, improving its moisture retentiveness. Several cities have disposed off dried sludge by bagging it and selling it as a soil conditioner. The digested sludge may be heat dried, ground in a mill and fortified with nitrogen to give it some fertiliser value. Air dried sludge may also be sold or given away for use as a soil conditioner, but the demand is usually seasonal.

The major problem in disposing off sludge in this manner lies in the economical marketing of the product. Heat dried activated sludge is sold as a fertiliser.

(ii) 
Lagooning
Lagooning of sludge is another popular method because it is simple and economical if the treatment plant is in a remote location. A lagoon is an earth basin into which raw or digested sludge is deposited. Raw-sludge lagoons stabilise the organic solids by anaerobic and aerobic decomposition, which may give rise to objectionable odours. The stabilised solids settle to the bottom of the lagoon and accumulate. Excess liquid from the lagoon, if any, is returned to the plant for treatment. 

Lagoons should be located away from highways and dwelling to minimise possible nuisance conditions and should be fenced to keep out unauthorised persons. They should be relatively shallow if they are to be cleaned by scrapping. If the lagoon is used only for digested sludge, the nuisance mentioned should not be a problem. Sludge may be stored indefinitely in a lagoon, or it may be removed periodically after draining and drying.

(iii)
Dumping
Dumping is a suitable disposal method only for sludges that are stabilised so that no decomposition or nuisance conditions will result. Digested sludge, cleaned grit and incinerator residue can be disposed off safely by this method.

(iv)
Landfill
A sanitary landfill can be used for disposal of sludge, grease, and grit whether it is stabilised or not, if a suitable site is convenient. The economies of hauling sludge usually indicate dewatering for volume reduction resulting in justifiable savings. The sanitary landfill method is most suitable if it is also used for disposal of the refuse and other solid wastes of the community. In a true sanitary landfill, the wastes are deposited in a designed area, compacted in place with a tractor or roller, and covered with 12 inches layer of clean soil. With daily coverage of the newly deposited wastes, nuisance conditions, such as odours and flies are minimised.

After a period of several years, during which the wastes are decomposed and compacted, the land can be used for recreational or other purposes where gradual subsidence would not be objectionable. In selecting a site for a dump or landfill, consideration must be given to the nuisance and health hazards that they may cause. Trucks carrying wet sludge and grit should be able to reach the site without passing through heavily populated areas or business districts. The site should have good drainage so that runoff would not create boggy conditions that would cause pollution of ground water supplies or surface streams must also be guarded against.

The ash from incinerators is usually disposed off by using it for fill.  Where fill area is available close to the incinerator, the ash can be converted into a slurry with water when removed from the ash hopper and pumped to the point of disposal.  If the fill area is remote, the ash should be sufficiently wet to suppress the dust and transported by truck or railroad cars to the point of disposal. 

9.4.2 
Soil conditioning or fertiliser 

Sewage sludge contains many elements essential to plant life, such as nitrogen, phosphorous, potassium, and in addition, at least traces of minor nutrients, which are considered more or less indispensable for plant growth, such as boron, calcium, copper, iron, magnesium, manganese, sulphur, and zinc.  In fact, sometimes these trace elements are found in concentrations, perhaps from industrial wastes, which may be detrimental. The sludge humus, besides furnishing plant food, benefits the soil by increasing the water holding capacity and improving the tilth, thus making possible the working of heavy soils into satisfactory seed beds.  It also reduces soil erosion.  

Soils vary in their requirements for fertiliser, but it appears that the elements essential for plant growth may be divided into two groups:  those which come from the air and water freely and those which are found in the soil or have to be added at certain intervals.  In the first group are hydrogen, oxygen and carbon.  In the second group is nitrogen, phosphorous and potassium and several miscellaneous elements usually found in sufficient quantities in the average soil, such as calcium, magnesium, sulphur, iron, manganese, and others.  The major fertilising elements are nitrogen, phosphorous and potassium, and the amount of each required depends on the soil, climatic conditions and crops as described below: 

· nitrogen is required by all plants, particularly where leaf development is required.  Thus, it is of great value in fertilising grass, radishes, lettuce, spinach, and celery.  It stimulates growth of leaf and stem.  

· phosphorous is essential in many phases of plant growth.  It hastens ripening, encourages root growth and increases resistance to disease.

· potassium is an important factor in vigorous growth.  It develops the woody parts of stems and pulps of fruits.  It increases resistance to disease, but delays ripening and is needed in the formation of chlorophyll.  

Dried or dewatered sewage sludge makes an excellent soil conditioner and a good, though incomplete fertiliser, unless fortified with nitrogen, phosphorous and potassium.  Heat dried, raw activated sludge is the best sludge product, both chemically and hygienically, although some odour may result from its use.  Heat dried, digested sludge contains much less nitrogen and is more valuable for its soil conditioning and building qualities than for its fertiliser content.  For some crops it is deleterious.  It is practically odourless when well digested.  

Sludge cake from vacuum filters, because of its pasty nature, cannot be readily spread on land as a fertiliser or soil conditioner.  It must be further air-dried.  At some plants the sludge cake is stockpiled on the plant site over winter.  Freezing, thawing and air drying result in a material which breaks up readily.  

Digested sludge has been said to be somewhat comparable to farm manure in its content of fertiliser constituents, their relative availability and the physical nature of the material. We will now discuss the usage of the digested sludge in different application on land such as cropland, marginal and forest land.   

Cropland: Sludges are applied to cropland either by surface spreading, or by subsurface injection. Surface irrigation methods include specially equipped farm tractors, trucks or special applicator vehicles. Sludge is usually applied once a year to a given area. 

Marginal land: Sludge has been applied to marginal land for reclamation in Pennsylvania and in other states successfully. This is usually a one-time process and a continual supply of land must be provided for future applications.

Forest land: Application to forestland has been done successfully in Michigan, Washington and South Carolina. It is determined by sludge characteristics, tree maturity, species, soil etc. Application to a specific site is often done only at multi-year intervals. 

Methods for ultimate disposal of concentrated contaminants resulting from advanced wastewater treatment are summarised below in Table 9.1:

Table 9.1

Summary of Disposal Methods

	Disposal Method


	Remark



	LIQUID
	

	Evaporation ponds
	Provision must be made to prevent ground water contamination.

	Spreading on soil
	Provisions must be made to prevent ground water contamination.

	Landfill
	Liquid used as a wetting agent to increase compaction.

	Controlled evaporation
	Depends on liquid volume, power costs and local conditions. 

	SLUDGE
	

	Spreading on soil
	Sludge may be pretreated to aid dewatering or to remove objectionable components.

	Lagooning
	Provisions must be made to prevent ground water contamination.

	Landfill
	Sludge used as a wetting agent to increase compaction.

	ASH
	

	Landfill
	Mixed with refuse to increase compacted density of landfill.

	Soil conditioner
	Depends on waste characteristics.


SUMMARY

In this Unit, we discussed methods for land treatment and disposal. By this method of disposal, we apply the wastes on the land directly. The method is used to dispose off the municipal wastewater, domestic wastes, sludges and effluents. We have also discussed appropriate application according to the material to be disposed of which is dependent upon the local and geographic conditions. Though the cost and area requirements are the controlling factor, this method is advantageous in many conditions.
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Unit 9


Model Answers to Learning Activities
LEARNING ACTIVITY 9.1
Wetland ecosystem consists of two types of plants are Rooted plants and Floating plants. Rooted plants can be further classified as: emergent macrophytes, i.e., roots in the sediment and emergent stems and leaves, e.g., reeds, bulrush, sedges; submerged macrophytes, i.e., stems and leaves submerged, e.g., pond weeds; floating leafed macrophytes, i.e., stems submerged and leaves floating, e.g., water lilies.

Floating plants have surface leaves and roots, which hang down into the water, e.g., water hyacinth (Eichornia), duckweed (Lemna), etc.
LEARNING ACTIVITY 9.2
Constructed wetland is defined as a wetland specifically constructed for the purpose of pollution control and waste management, at a location other than naturally existing wetland. Constructed wetland systems are based on filterable wetland being utilised for a variety of wastewater. Two types of constructed wetlands are free water surface and sub surface flow wetland.
LEARNING ACTIVITY 9.3
Advantages of constructed wetlands are wetlands can be less expensive to build than other treatment options; operation and maintenance expenses (energy and supplies) are low and operation and maintenance require only periodic, rather than continuous, on-site labour.

LEARNING ACTIVITY 9.4
Main factors to be considered in adopting the spraying method for land application are prior disinfection of wastewater, personal protective gears for workers and fencing of the area.

LEARNING ACTIVITY 9.5
The different components of a septic tank are influent tank, settling tank, dosing tank and adsorption field.







































































































(LEARNING ACTIVITY 9.5





List the different components of a septic tank.





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 9.4





What constitutes the main factors to be considered in adopting the spraying method for land application?





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 9.3





Mention any three advantages of constructed wetland.





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 9.2





Define constructed wetland and mention the types of constructed wetland.





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 9.1





What are types of plants in wetland ecosystem?





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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