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 1. Introduction
 1.1 Use of water in industries
 Water is the main component which is used in all type of the Industries. Water is used for different processes in the industries. It may be used for washing, dilution, formation and condensing the steam. But all water used in the different industry is not totally consumed. Generally, almost all the industries generate waste water that needs urgent attention. Water use in industry is a double-edged sword. On one hand it puts immense pressure on local water resources. On the other, wastewater discharged from the industry pollutes the local environment. Water is required, often in large volumes, by industries as process inputs in most industries. In other cases, like food and beverage and chloro-alkali industry, water is used as a raw material: turned into a manufactured product and exported out of the local water system. However, in most industries it is essentially used as input and mass and heat transfer media. In these industries a very small fraction of water is actually consumed and lost. Most of the water is actually meant for non-consumptive process uses and is ultimately discharged as Effluent.
 1.2 Industrial waste water sources
 Iron and steel industry
 The production of iron from its ores involves powerful reduction reactions in blast furnaces. Cooling waters are inevitably contaminated with products especially ammonia and cyanide. Production of coke from coal in coking plants also requires water cooling and the use of water in by-products separation. Contamination of waste streams includes gasification products such as benzene, naphthalene, anthracene, cyanide, ammonia, phenols, cresols together with a range of more complex organic compounds known collectively as polycyclic aromatic hydrocarbons (PAH). The conversion of iron or steel into sheet, wire or rods requires hot and cold mechanical transformation stages frequently employing water as a lubricant and coolant. Contaminants include hydraulic oils, tallow and particulate solids. Final treatment of iron and steel products before onward sale into manufacturing includes pickling in strong mineral acid to remove rust and prepare the surface for tin or chromium plating or for other surface treatments such as galvanization or painting. The two acids commonly used are hydrochloric acid and sulfuric acid. Wastewaters include acidic rinse waters together with waste acid. Although many plants operate acid recovery plants, (particularly those using Hydrochloric acid), where the mineral acid is boiled away from the iron salts, there remains a large volume of highly acid ferrous sulfate or ferrous chloride to be disposed of. Many steel industry wastewaters are contaminated by hydraulic oil also known as soluble oil.
 Food industry
 Wastewater generated from agricultural and food operations has distinctive characteristics that set it apart from common municipal wastewater managed by public or private sewage treatment plants throughout the world: it is biodegradable and nontoxic, but that has high concentrations of biochemical oxygen demand (BOD) and suspended solids (SS). The constituents of food and agriculture wastewater are often complex to predict due to the differences in BOD and pH in effluents from vegetable, fruit, and meat products and due to
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 the seasonal nature of food processing and post harvesting. Processing of food from raw materials requires large volumes of high grade water. Vegetable washing generates waters with high loads of particulate matter and some dissolved organics. It may also contain surfactants. Animal slaughter and processing produces very strong organic waste from body fluids, such as blood, and gut contents. This wastewater is frequently contaminated by significant levels of antibiotics and growth hormones from the animals and by a variety of pesticides used to control external parasites. Insecticide residues in fleeces is a particular problem in treating waters generated in wool processing. Processing food for sale produces wastes generated from cooking which are often rich in plant organic material and may also contain salt, flavourings, colouring material and acids or alkali. Very significant quantities of oil or fats may also be present.
 Complex organic chemicals industry
 A range of industries manufacture or use complex organic chemicals. These include pesticides, pharmaceuticals, paints and dyes, petro-chemicals, detergents, plastics, paper pollution, etc. Waste waters can be contaminated by feed-stock materials, by-products, product material in soluble or particulate form, washing and cleaning agents, solvents and added value products such as plasticisers. Treatment facilities that do not need control of their effluent typically opt for a type of aerobic treatment, i.e. Aerated Lagoons.
 Water treatment
 Water treatment for the production of drinking water is dealt with elsewhere. Many industries have a need to treat water to obtain very high quality water for demanding purposes. Water treatment produces organic and mineral sludges from filtration and sedimentation. Ion exchange using natural or synthetic resins removes calcium, magnesium and carbonate ions from water, replacing them with hydrogen and hydroxyl ions. Regeneration of ion exchange columns with strong acids and alkalis produces a wastewater rich in hardness ions which are readily precipitated out, especially when in admixture with other wastewater.
 1.3 Effluent Treatment Plant
 Industrial wastewater treatment covers the mechanisms and processes used to treat waters that have been contaminated in some way by anthropogenic industrial or commercial activities prior to its release into the environment or its re-use. Most industries produce some wet waste although recent trends in the developed world have been to minimize such production or recycle such waste within the production process. However, many industries remain dependent on processes that produce wastewaters.
 So, industries produce wastewater, otherwise known as effluent, as a bi-product of their production. The effluent contains several pollutants, which can be removed with the help of an effluent treatment plant (ETP). The “clean” water can then be safely discharged into the environment.
 Advantages of waste water systems
 Manufacturers face strict regulations on discharge and waste. Non-compliance can lead to expensive fees and operations interference. A wastewater treatment skid will help you:
 Stay in compliance Reduce hauling and off-site treatment costs Eliminate municipal fees
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 Reduce supply costs by recovering production materials out of the waste-stream for re-use
 Eliminate unnecessary water usage during processing
 1.4 National Standards for waste water
 The waste discharge quality standards differ according to the point of disposal. So, the standards are different for inland surface water (ponds, tanks, water bodies, water holes, canals, river, springs or estuaries); public sewers (any sewer connected with fully combined processing plant including primary and secondary treatment); and irrigated land defined as an appropriately irrigated plantation area of specified crops based on quantity and quality of wastewater.
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 1.5 What do these Standards Mean?
 Some of the main parameters listed in the water quality discharge standards are briefly discussed here to give a working knowledge of what they are and why they are important.
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 Color
 It is an issue in dye house effluent because unlike other pollutants it is so visible. Reducing color is therefore important for the public perception of a factory. Consequently, international textile buyers are increasingly setting discharge standards for color. However, as a health and environmental issue color is less of a concern than many of the other parameters.
 BOD and COD
 Measurement of the oxidisable organic matter in wastewater is usually achieved through determining the 5-day biological oxygen demand (BOD5), the chemical oxygen demand (COD) and total organic carbon (TOC). BOD5 is a measure of the quantity of dissolved oxygen used by microoganisms in the biochemical oxidation of the organic matter in the wastewater over a 5-day period at 200C. The test has its limitations but it still used extensively and is useful for determining approximately how much oxygen will be removed from water by an effluent or how much may be require for treatment and is therefore important whenestimating the size of the ETP needed. COD is often used as a substitute for BOD as it only takes a few hours not five days to determine. COD is a measure of the oxygen equivalent of the organic material chemically oxidised in the reaction and is determined by adding dichromate in an acid solution of the wastewater.
 TDS and TSS
 Wastewater can be analyzed for total suspended solids (TSS) and total dissolved solids (TDS) after removal of coarse solids such as rags and grit. A sample of wastewater is filtered through a standard filter and the mass of the residue is used to calculate TSS. Total solids (TS) is found by evaporating the water at a specified temperature. TDS is then calculated by subtracting TSS from TS.
 Metals
 A number of metals are listed in the national environmental quality standards for industrial wastewater, including cadmium, chromium, copper, iron, lead, mercury, nickel and zinc. Many metals, which are usually only available naturally in trace quantities in the environment, can be toxic to humans, plants, fish and other aquatic life. Phosphorus, Total Nitrogen, Nitrate and Ammonia. These parameters are all used as a measure of the nutrients present in the wastewater, as a high nutrient content can result in excessive plant growth in receiving water bodies, subsequent oxygen removal and the death of aquatic life.
 pH
 pH is a measure of the concentration of hydrogen ions in the wastewater and gives an indication of how acid or alkaline the wastewater is. This parameter is important because aquatic life such as most fish can only survive in a narrow pH range between roughly pH 6.5-8.
 Sulphur and Sulphide
 Textile dyeing uses large quantities of sodium sulphate and some other sulphur containing chemicals. Textile wastewaters will therefore contain various sulphur compounds and once in the environment sulphate is easily converted to sulphide when oxygen has been removed by the BOD of the effluents. This is a problem because hydrogen sulphide can be formed
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 which is a very poisonous gas, it also has an unpleasant smell of rotten eggs. The presence of sulphides in effluents can interfere with biological treatment processes.
 Oil and Grease
 This includes all oils, fats and waxes, such as kerosene and lubricating oils. Oil and grease cause unpleasant films on open water bodies and negatively affect aquatic life. They can also interfere with biological treatment processes and cause maintenance problems as they coat the surfaces of components of ETPs.
 1.6 Treatment of industrial wastewater
 The various types of contamination of wastewater require a variety of strategies to remove the contamination.
 Brine treatment
 Brine treatment involves removing dissolved salt ions from the waste stream. Although similarities to seawater or brackish water desalination exist, industrial brine treatment may contain unique combinations of dissolved ions, such as hardness ions or other metals, necessitating specific processes and equipment. Brine treatment systems are typically optimized to either reduce the volume of the final discharge for more economic disposal (as disposal costs are often based on volume) or maximize the recovery of fresh water or salts. Brine treatment systems may also be optimized to reduce electricity consumption, chemical usage, or physical footprint. Brine treatment is commonly encountered when treating cooling tower blow down, produced water from steam assisted gravity drainage (SAGD), produced water from natural gas extraction such as coal seam gas, frac flowback water, acid mine or acid rock drainage, reverse osmosis reject, chloro-alkali wastewater, pulp and paper mill effluent, and waste streams from food and beverage processing.
 Brine treatment technologies may include: membrane filtration processes, such as reverse osmosis; ion exchange processes such as electro-dialysis or weak acid cation exchange; or evaporation processes, such as brine concentrators and crystallizers employing mechanical vapor recompression and steam. Reverse osmosis may not be viable for brine treatment, due to the potential for fouling caused by hardness salts or organic contaminants, or damage to the reverse osmosis membranes from hydrocarbons. Evaporation processes are the most widespread for brine treatment as they enable the highest degree of concentration, as high as solid salt. They also produce the highest purity effluent, even distillate-quality. Evaporation processes are also more tolerant of organics, hydrocarbons, or hardness salts. However, energy consumption is high and corrosion may be an issue as the prime mover is concentrated salt water. As a result, evaporation systems typically employ titanium or duplex stainless steel materials.
 Solids removal
 Most solids can be removed using simple sedimentation techniques with the solids recovered as slurry or sludge .Very fine solids and solids with densities close to the density of water pose special problems. In such case filtration or ultra-filtration may be required. Although, flocculation may be used, using alum salts or the addition of poly-electrolytes.
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 Oils and grease removal
 Many oils can be recovered from open water surfaces by skimming devices. Considered a dependable and cheap way to remove oil, grease and other hydrocarbons from water, oil skimmers can some times achieve the desired level of water purity. At other times, skimming is also a cost-efficient method to remove most of the oil before using membrane filters and chemical processes. Skimmers will prevent filters from blinding prematurely and keep chemical costs down because there is less oil to process. Because grease skimming involves higher viscosity hydrocarbons, skimmers must be equipped with heaters powerful enough to keep grease fluid for discharge. If floating grease forms into solid clumps or mats, a spray bar, aerator or mechanical apparatus can be used to facilitate removal.However, hydraulic oils and the majority of oils that have degraded to any extent will also have a soluble or emulsified component that will require further treatment to eliminate. Dissolving or emulsifying oil using surfactants or solvents usually exacerbates the problem rather than solving it, producing wastewater that is more difficult to treat. The wastewaters from large-scale industries such as oil refineries, petrochemical plants, chemical plants, and natural gas processing plants commonly contain gross amounts of oil and suspended solids. Those industries use a device known as an API oil-water separator which is designed to separate the oil and suspended solids from their wastewater effluents. The name is derived from the fact that such separators are designed according to standards published by the American Petroleum Institute (API).
 A typical API oil-water separator used in many industries
 The API separator is a gravity separation device designed by using Stokes Law to define the rise velocity of oil droplets based on their density and size. The design is based on the
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 specific gravity difference between the oil and the wastewater because that difference is much smaller than the specific gravity difference between the suspended solids and water. The suspended solids settles to the bottom of the separator as a sediment layer, the oil rises to top of the separator and the cleansed wastewater is the middle layer between the oil layer and the solids. Typically, the oil layer is skimmed off and subsequently re-processed or disposed of, and the bottom sediment layer is removed by a chain and flight scraper (or similar device) and a sludge pump. The water layer is sent to further treatment consisting usually of a Electro flotation module for additional removal of any residual oil and then to some type of biological treatment unit for removal of undesirable dissolved chemical compounds.
 Parallel plate separators are similar to API separators but they include tilted parallel plate assemblies (also known as parallel packs). The parallel plates provide more surface for suspended oil droplets to coalesce into larger globules. Such separators still depend upon the specific gravity between the suspended oil and the water. However, the parallel plates enhance the degree of oil-water separation. The result is that a parallel plate separator requires significantly less space than a conventional API separator to achieve the same degree of separation.
 A typical parallel plate separator
 Removal of biodegradable organics
 Biodegradable organic material of plant or animal origin is usually possible to treat using extended conventional sewage treatment processes such as activated sludge or trickling filter. Problems can arise if the wastewater is excessively diluted with washing water or is highly concentrated such as undiluted blood or milk. The presence of cleaning agents, disinfectants, pesticides, or antibiotics can have detrimental impacts on treatment processes.
 Activated sludge process
 Activated sludge is a biochemical process for treating sewage and industrial wastewater that uses air (or oxygen) and microorganisms to biologically oxidize organic pollutants, producing a waste sludge (or floc) containing the oxidized material. In general, an activated sludge process includes:
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 • An aeration tank where air (or oxygen) is injected and thoroughly mixed into the wastewater. • A settling tank (usually referred to as a "clarifier" or "settler") to allow the waste sludge to settle. Part of the waste sludge is recycled to the aeration tank and the remaining waste sludge is removed for further treatment and ultimate disposal.
 Trickling filter process
 A trickling filter consists of a bed of rocks, gravel, slag, peat moss, or plastic media over which wastewater flows downward and contacts a layer (or film) of microbial slime covering the bed media. Aerobic conditions are maintained by forced air flowing through the bed or by natural convection of air. The process involves adsorption of organic compounds in the wastewater by the microbial slime layer, diffusion of air into the slime layer to provide the oxygen required for the biochemical oxidation of the organic compounds. The end products include carbon dioxide gas, water and other products of the oxidation. As the slime layer thickens, it becomes difficult for the air to penetrate the layer and an inner anaerobic layer is formed. The fundamental components of a complete trickling filter system are: • A bed of filter medium upon which a layer of microbial slime is promoted and developed. • An enclosure or a container which houses the bed of filter medium. • A system for distributing the flow of wastewater over the filter medium. • A system for removing and disposing of any sludge from the treated effluent.
 The treatment of sewage or other wastewater with trickling filters is among the oldest and most well characterized treatment technologies.A trickling filter is also often called a trickle filter, trickling biofilter, biofilter, biological filter or biological trickling filter.
 A schematic cross-section of the contact face of the bed media in a trickling filter
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 A typical complete trickling filter system
 Treatment of other organics
 Synthetic organic materials including solvents, paints, pharmaceuticals, pesticides, coking products and so forth can be very difficult to treat. Treatment methods are often specific to the material being treated. Methods include Advanced Oxidation Processing, distillation, adsorption, vitrification, incineration, chemical immobilisation or landfill disposal. Some materials such as some detergents may be capable of bio- logical degradation and in such cases, a modified form of wastewater treatment can be used.
 Treatment of acids and alkalis
 Acids and alkalis can usually be neutralised under controlled conditions. Neutralisation frequently produces a precipitate that will require treatment as a solid residue that may also be toxic. In some cases, gasses may be evolved requiring treatment for the gas stream. Some other forms of treatment are usually required following neutralisation. Waste streams rich in hardness ions as from de-ionisation processes can readily lose the hardness ions in a buildup of precipitated calcium and magnesium salts. This preci-pitation process can cause severe furring of pipes and can, in extreme cases, cause the blockage of disposal pipes. Treatment is by concentration of de-ionisation waste waters and disposal to landfill or by careful pH management of the released wastewater.
 Treatment of toxic materials
 Toxic materials including many organic materials, metals (such as zinc, silver, cadmium, thallium, etc.) acids, alkalis, non-metallic elements (such as arsenic or selenium) are generally resistant to biological processes unless very dilute. Metals can often be preci- pitated out by changing the pH or by treatment with other chemicals. Many, however, are resistant to treatment or mitigation and may require concentration followed by land filling or recycling. Dissolved organics can be incinerated within the wastewater by Advanced Oxidation Process.
 1.6 Planning an Effluent Treatment Plant: Factors to Consider
 Certain factories are required by law to install an ETP but deciding what type of ETP to install, what components it should contain and how it is best managed can be quite
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 complicated. This chapter aims to present some simple ideas about treatment plants and offers practical advice on how to choose the most suitable one for a particular factory.
 Any factory needing to install an ETP has to consider several factors. For example, information about the wastewater from the factory is required, including quantity and quality. To get this information the factory will have to take samples and have them analysed at a reputable laboratory.
 Some of the factors to be considered are presented as follows:
 What national or international standards must you comply with?
 ↓ Choosing an Effluent Treatment Plant
 ↓ What volume of effluent do you have?
 ↓ What chemicals does it contain?
 ↓ At what concentrations?
 e.g. 30m3/hour with COD of 500ppm, and pH of 11.5
 ↓ Do you plan to increase production?
 ↓ Will this increase the amount of effluent to be treated?
 ↓ How much can you afford to spend on constructing an ETP?
 ↓ How much can you afford to spend on running an ETP?
 ↓ How much land do you have available, or can you buy, on which to
 build the ETP? ↓
 Which ETP expert or designer should be used? ↓
 What type of plant will best suit your requirements? (the answers that you give to the above questions will help you and
 the designers to decide this). ↓
 What capacity do you have in your factory to manage the ETP? Do you need to hire more staff or train existing staff?
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 2 Treatment Methods
 Effluent can be treated in a number of different ways depending on the level of treatment required. These levels are known as preliminary, primary, secondary and tertiary (or advanced). The mechanisms for treatment can be divided into three broad categories: physical, chemical and biological, which all include a number of different processes (Table 1). Many of these processes will be used together in a single treatment plant.
 Table 1: Wastewater Treatment Levels and Processes
 2.1 Physical Unit Operations
 Common physical unit operations include among other processes screening, flow equalisation, sedimentation, clarification and aeration.
 Screening
 A screen with openings of uniform size is used to remove large solids such as plastics, cloth, polythene etc which may damage process equipment, reduce the effectiveness of the ETP or contaminate waterways.
 Treatment Level
 Description
 Process
 Preliminary Removal of large solids such as rags,
 sticks, grit and grease that may
 damage equipment or result in
 operational problems
 Physical
 Primary Removal of floating and settleable
 materials such as suspended solids
 and organic matter
 Physical and chemical
 Secondary Removal of biodegradable organic
 matter and suspended solids
 Biological and chemical
 Tertiary/advanced Removal of residual suspended
 solids / dissolved solids
 Physical, chemical and biological
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 Flow Equalisation
 There are several different steps in the industrial processes and therefore wastewater quality and quantity varies over time. ETPs are usually designed to treat wastewater that has a more or less constant flow and a quality that only fluctuates within a narrow range. The equalization tank overcomes this by collecting and storing the waste, allowing it to mix and become a regular quality before it is pumped to the treatment units at a constant rate. To determine the required volume of an equalization tank the hourly variation of flow needs to be determined.
 Sedimentation and Filtration
 The flocs formed in flocculation are large enough to be removed by gravitational settling, also known as sedimentation. This is achieved in a tank referred to as the sedimentation tank, settling tank or clarifier. Sedimentation is also used to remove grit and suspended solids, to produce clarified effluent, and to thicken the sludge produced in biological treatment. Flocculation and sedimentation should remove most of the suspended solids and a portion of the BOD.
 Aeration
 Aeration is required in biological treatment processes to provide oxygen to the micro- organisms that breakdown the organic waste. Two main methods are used for this, either mechanical agitation of the water so that air from the atmosphere enters the water, or by introducing air into the tank through diffusers.
 2.2 Chemical Unit Processes
 Chemical unit processes are always used with physical operations and may also be used with biological treatment processes, although it is possible to have a purely physico-chemical plant with no biological treatment. Chemical processes use the addition of chemicals to the wastewater to bring about changes in its quality. They include pH control, coagulation, chemical precipitation and oxidation.
 pH Control
 Waste from textile industries is rarely pH neutral. Certain processes such as reactive dyeing require large quantities of alkali but pretreatments and some washes can be acidic. It is therefore necessary to adjust the pH in the treatment process to make the wastewater pH neutral. This is particularly important if biological treatment is being used, as the microorganisms used in biological treatment require a pH in the range of 6-8 and will be killed by highly acidic or alkali wastewater. Various chemicals are used for pH control. For acidic wastes (low pH) sodium hydroxide, sodium carbonate, calcium carbonate or calcium hydroxide, may be added among other things. For alkali wastes (high pH) sulphuric acid or hydrochloric acid may be added. Acids can cause corrosion of equipment and care must be taken in choosing which acid to use. Hydrocholoric acid is probably better from an environmental view point but can corrode stainless steel therefore plastic or appropriately coated pumps and pipes must be used.
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 Chemical Coagulation and Flocculation
 Coagulation is a complex process but generally refers to collecting into a larger mass the minute solid particles dispersed in a liquid. Chemical coagulants such as aluminium sulphate (alum) or ferric sulphate may be added to wastewater to improve the attraction of fine particles so that they come together and form larger particles called flocs. A chemical flocculent, usually a polyelectrolyte, enhances the flocculation process by bringing together particles to form larger flocs, which settle out more quickly Flocculation is aided by gentle mixing which causes the particles to collide.
 Dissolved air flotation Dissolved air flotation (DAF) is a water treatment process that clarifies wastewaters (or other waters) by the removal of suspended matter such as oil or solids. The removal is achieved by dissolving air in the water or wastewater under pressure and then releasing the air at atmospheric pressure in a flotation tank or basin. The released air forms tiny bubbles which adhere to the suspended matter causing the suspended matter to float to the surface of the water where it may then be removed by a skimming device. Dissolved air flotation is very widely used in treating the industrial wastewater effluents from oil refineries, petrochemical and chemical plants, natural gas processing plants, paper mills, general water treatment and similar industrial facilities. A very similar process known as induced gas flotation is also used for wastewater treatment. Froth flotation is commonly used in the processing of mineral ores. In the oil industry, dissolved gas flotation (DGF) units do not use air as the flotation medium due to the explosion risk. Natural gas is used instead to create the bubbles.
 Process description
 The feed water to the DAF float tank is often (but not always) dosed with a coagulant (such as ferric chloride or aluminum sulfate) to flocculate the suspended matter. A portion of the clarified effluent water leaving the DAF tank is pumped into a small pressure vessel (called the air drum) into which compressed air is also introduced. This results in saturating the pressurized effluent water with air. The air-saturated water stream is recycled to the front of the float tank and flows through a pressure reduction valve just as it enters the front of the float tank, which results in the air being released in the form of tiny bubbles. The bubbles adhere to the suspended matter, causing the suspended matter to float to the surface and form a froth layer which is then removed by a skimmer. The froth-free water exits the float tank as the clarified effluent from the DAF
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 unit. Some DAF unit designs utilize parallel plate packing material, lamellas, to provide more separation surface and therefore to enhance the separation efficiency of the unit. DAF systems can be categorized as circular (more efficient) and rectangular (more residence time). The former type requires just 3 minutes; an example is a Wockoliver DAF system. The rectangular type requires 20 to 30 minutes; a typical example is a Syskill DAF system. One of the bigger advantages of the circular type is its spiral scoop.
 Drinking water treatment
 Drinking water supplies that are particularly vulnerable to unicellular algal blooms, and supplies with low turbidity and high colour often employ DAF. After coagulation and flocculation processes, water flows to DAF tanks where air diffusers on the tank bottom create fine bubbles that attach to floc resulting in a floating mass of concentrated floc. The floating floc blanket is removed from the surface and clarified water is withdrawn from the bottom of the DAF tank.
 2.3 Biological Unit Processes
 Biological treatment is an important and integral part of any wastewater treatment plant that treats wastewater from either municipality or industry having soluble organic impurities or a mix of the two types of wastewater sources. The obvious economic advantage, both in terms of capital investment and operating costs, of biological treatment over other treatment processes like chemical oxidation; thermal oxidation etc. has cemented its place in any integrated wastewater treatment plant.
 Biological treatment using aerobic activated sludge process has been in practice for well over a century. Increasing pressure to meet more stringent discharge standards or not being allowed to discharge treated effluent has led to implementation of a variety of advanced biological treatment processes in recent years.
 The objective of biological treatment of industrial wastewater is to remove, or reduce the concentration of, organic and inorganic compounds. Biological treatment process can take many forms (Table 2) but all are based around microorganisms, mainly bacteria.
 Table 2: Biological Treatment Processes
 Treatment Processes Definition
 Suspended-growth processes e.g. activated sludge
 The micro-oganisms are maintained in suspension in the liquid
 Attached-growth processes or fixed-film processes
 The micro-oganisms are attached to some inert medium such as rock or inert plastics
 Combined processes A combination of suspended-growth
 and fixed-film
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 These microorganisms use components of the effluent as their “food” and in doing so break them down to less complex and less hazardous compounds. In the process the microorganisms increase in number.
 There are two main types of processes, these involve suspended microbial growth (e.g. activated sludge) and attached microbial growth (e.g. fixed film). With both approaches large populations of microorganisms are brought into contact with effluent in the presence of an excess of oxygen. In both systems the microbial population has to be retained in a tank referred to as the reactor. With suspended growth systems microbes grow in small aggregates or “flocs” (this is known as activated sludge).
 Activated sludge (AS) leaves the reactor with the treated effluent but is settled out in a clarifier and returned to the aeration unit to recycle the bacteria. If the amount of AS is excessive some may be disposed of rather than being recycled.
 In fixed film systems the microbial population grows as a thin layer (a “bio-film”) on the surface of an inert support medium. The classical fixed film system is known as a percolating or biological filter and uses small stones as a medium to support microbial growth. In the more modern system microbes grow on plastic supports. In the traditional percolating filters effluent is sprayed over the medium and trickles through a packed bed with oxygen entering from the air. In more recent reactor designs, the medium (usually plastic) is submerged in effluent and air is blown into the base of the reactor. Submerged fixed film reactors using plastic media require much less land. Fixed film systems require a final clarifier to remove particles of biofilm that become detached from the medium. However, this material is not recycled to the reactor. While most of the activated sludge is recycled some may be surplus to requirements and needs to b disposed of, as does detached biofilm from fixed film reactors. This material must be disposed of appropriately so that the pollutants now present in this sludge do not enter the water cycle. The treated liquid is discharged to the environment or taken for further treatment depending on the desired standard of effluent quality or the required use of the wastewater.
 Biological treatment plants must be carefully managed as they use live microorganisms to digest the pollutants. For example some of the compounds in the wastewater may be toxic to the bacteria used, and pre-treatment with physical operations or chemical processes may be necessary. It is also important to monitor and control pH as adverse pH may result in death of the microorganisms. The ETP must be properly aerated and must be operated 24 hours a day, 365 days a year to ensure that the bacteria are provided with sufficient “food” (i.e. wastewater) and oxygen to keep them alive. Like humans, microorganisms need a “balanced diet” with sources of carbon, nitrogen, phosphorus and sulphur. While textile wastes have enough carbon and sulphur (sulphate) they are generally lacking in nitrogen and phosphorous containing compounds. If the microorganisms are to grow and work effectively they are likely to need addition of nutrients. Normally materials such as urea and ammonium phosphate are added. It is possible to replace these nutrients by substituting the liquid portion of effluent from toilets, which is rich in nitrogen and phosphorus containing chemicals (the solid portion may cause problems).
 Both activated sludge and fixed film systems can produce high quality effluent but both have advantages and disadvantages. In the AS process, the settling and recycling of AS to the aerobic reactor is vital, and the settling process can be difficult to accomplish. Fixed film systems do not require recycling of biomass and so do not have this problem.
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 Aerobic & Anaerobic
 Before we go in to the discussions of various aerobic biological treatment processes, it is important to briefly discuss the terms aerobic and anaerobic. Aerobic, as the title suggests, means in the presence of air (oxygen); while anaerobic means in the absence of air (oxygen). These two terms are directly related to the type of bacteria or micro organisms that are involved in the degradation of organic impurities in a given waste water and the operating conditions of the bioreactor. Therefore, aerobic treatment processes take place in the presence of air and utilize those microorganisms (also called aerobes), which use molecular/free oxygen to assimilate organic impurities i.e. convert them in to carbon dioxide, water and biomass. The anaerobic treatment processes, on other hand take place in the absence of air (and thus molecular/free oxygen) by those microorganisms (also called anaerobes) which do not require air (molecular/free oxygen) to assimilate organic impurities. The final products of organic assimilation in anaerobic treatment are methane and carbon dioxide gas and biomass.
 Major Differences in Aerobic and Anaerobic Treatment:
 Aerobic Treatment
 Process Principle: Microbial reactions take place in the presence of molecular/ free oxygen, Reactions products are carbon dioxide, water and excess biomass
 Applications: Wastewater with low to medium organic impurities (COD < 1000 ppm) and for wastewater that are difficult to biodegrade e.g. municipal sewage, refinery wastewater etc.
 Net Sludge Yield: Relatively high Post Treatment : Typically direct discharge or filtration/disinfection Example Technologies: Activated Sludge e.g. Extended Aeration, Oxidation Ditch, MBR,
 Fixed Film Processes e.g. Trickling Filter/Biotower, BAF, MBBR or Hybrid Processes e.g. IFAS
 Anaerobic Treatment
 Process Principle: Microbial reactions take place in the absence of molecular/ free oxygen , Reactions products are carbon dioxide, methane and excess biomass Applications: Wastewater with medium to high organic impurities (COD > 1000 ppm) and easily biodegradable wastewater e.g. food and beverage wastewater rich in starch/sugar/alcohol
 Net Sludge Yield: Relatively low (generally one fifth to one tenth of aerobic treatment processes)
 Post Treatment : Invariably followed by aerobic treatment Example Technologies: Continuously stirred tank reactor/digester, Upflow Anaerobic
 sludge Blanket (UASB), Ultra High Rate Fluidized Bed reactors e.g. EGSBTM, ICTM etc.
 It is not anaerobic or aerobic treatment, but a combination of the two types of the technologies that give an optimum configuration for those wastewater treatment applications where the organic impurities are at a relatively higher concentration.
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 Aerobic Biological Treatment Technologies
 There are multitudes of aerobic biological treatment processes and technologies in literature and practice; however, for the purpose of this article, following four biological treatment technologies are described. After description of each process and corresponding advantages/highlights, a qualitative comparison of these technologies is tabulated. This comparison is based on an actual wastewater treatment application for a refinery project, where the treatment requirement was meant for discharge of treated effluent to the sea.
 A. Conventional Activated Sludge Process (ASP)
 Activated sludge is a biochemical process for treating sewage and industrial wastewater that uses air (or oxygen) and microorganisms to biologically oxidize organic pollutants, producing a waste sludge (or floc) containing the oxidized material. In general, an activated sludge process includes:
 • An aeration tank where air (or oxygen) is injected and thoroughly mixed into the wastewater.
 • A settling tank (usually referred to as a "clarifier" or "settler") to allow the waste sludge to settle. Part of the waste sludge is recycled to the aeration tank and the remaining waste sludge is removed for further treatment and ultimate disposal.
 This is the most common and oldest bio-treatment process used to treat municipal and industrial wastewater. Typically wastewater after primary treatment i.e. suspended impurities removal is treated in an activated sludge process based biological treatment system comprising aeration tank followed by secondary clarifier. The aeration tank is a completely mixed or a plug flow (in some cases) bioreactor where specific concentration of biomass (measured as mixed liquor suspended solids (MLSS) or mixed liquor volatile suspended solids (MLVSS)) is maintained along with sufficient dissolved oxygen (DO) concentration (typically 2 mg/l) to effect biodegradation of soluble organic impurities measured as biochemical oxygen demand (BOD5) or chemical oxygen demand (COD).
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 The aeration tank is provided with fine bubble diffused aeration pipe work at the bottom to transfer required oxygen to the biomass and also ensure completely mixed reactor. Roots type air blower is used to supply air to the diffuser pipe work. In several older installations, mechanical surface aerators have been used to meet the aeration requirement. The aerated mixed liquor from the aeration tank overflows by gravity to the secondary clarifier unit to separate out the biomass and allow clarified, treated water to the downstream filtration system for finer removal of suspended solids. The separated biomass is returned to the aeration tank by means of return activated sludge (RAS) pump. Excess biomass (produced during the biodegradation process) is wasted to the sludge handling and dewatering facility.
 B. Cyclic Activated Sludge System (CASSTM
 ):
 Cyclic Activated Sludge System (CASSTM) as the name suggests is one of the most popular sequencing batch reactor (SBR) processes employed to treat municipal wastewater and wastewater from a variety of industries including refineries and petrochemical plants. Aquatech has an agreement with AECOM (erstwhile Earth Tech), UK, the licensor of this technology to supply CASS™ technology in India on exclusive basis to both municipal and industrial markets.
 This technology offers several operational and performance advantages over the conventional activated sludge process. The CASS™ SBR process performs all the functions of a conventional activated sludge plant (biological removal of pollutants, solids/liquid separation and treated effluent removal) by using a single variable volume basin in an alternating mode of operation, thereby dispensing with the need for final clarifiers and high return activated sludge pumping capacity.
 Conventional ASP System
 The Cyclic Activated Sludge System (CASSTM), incorporates a high level of process sophistication in a configuration which is cost and space effective and offers a methodology that has operational simplicity, flexibility and reliability that is not available in conventionally configured activated sludge systems. Its unique design provides an effective means for the control of filamentous sludge bulking, a common problem with conventional processes and other activated sludge systems.
 The essential features of the CASSTM SBR technology are the plug-flow initial reaction conditions and complete-mix reactor basin. The reactor basin is divided by baffle walls into three sections (Zone 1: Selector, Zone 2: Secondary Aeration, Zone 3: Main Aeration). Sludge biomass is intermittently recycled from Zone 3 to the Zone 1 to remove the readily
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 degradable soluble substrate and favor the growth of the floc-forming microorganisms. System design is such that the sludge return rate causes an approximate daily cycling of biomass in the main aeration zone through the selector zone. No special mixing equipment or formal anoxic mixing sequences are required to meet the effluent discharge objectives.
 The basin configuration and mode of operation enables combined nitrogen and phosphorous removal mechanisms to take place through a simple ‘one-shot’ control of the aeration. CASSTM utilizes a simple repeated time-based sequence which incorporates: • Fill – Aeration (for biological reactions)
 • Fill – Settle (for solids-liquid separation)
 • Decant (to remove treated effluent)
 Advantages of CASSTM
 :
 The CASSTM SBR maximizes operational: simplicity, reliability and flexibility. Important reasons for choosing CASSTM SBR over conventional constant volume activated sludge aeration and clarifier process include: • Operates under continuous reduced loading through simple cycle adjustment. • Operates with feed-starve selectivity, So/Xo operation (control of limiting substrate to micro-organism ratio), and aeration intensity to prevent filamentous sludge bulking and ensures endogenous respiration (removal of all available substrate), nitrification and denitrification together with enhanced biological phosphorus removal. • Simultaneous (co-current) nitrification and denitrification by variation of aeration intensity. • Tolerates shock load caused by organic and hydraulic load variability. The system is easily configured and adjusted for short-term diurnal and long-term seasonal variations.
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 Elimination of secondary clarifier.
 • Elimination of separate load equalization. The CASSTM SBR basin is in itself an equalization basin and a clarifier with a much lower solids flux, compared to conventional clarifier design.
 • Inherent ability to remove nutrients without chemical addition, by controlling the oxygen demand and supply.
 • Provision for energy optimization through nutrient removal mechanisms. The feed water carbonaceous BOD used in denitrification and enhanced biological phosphorus removal reduces overall oxygen demand and hence energy requirement.
 • Capital and operating cost advantages
 • Minimum footprint and reduced land requirement.
 • Provision for easy plant expansion through simple modular and common wall construction.
 CASSTM incorporates a selector zone, which offers an operational flexibility that is not obtainable in other variable volume, and constant volume, activated sludge facilities. The selector enables a simple cost effective measure for reliable plant scale-up without encountering filamentous sludge bulking. The selector operates efficiently from plant start-up to design loading conditions. No adjustments to the return sludge flow rate are necessary. The incorporation of a suitably sized high rate plug-flow selector in front of the complete-mix unit combines the elements of the process which offer a stable and relatively uniform level of metabolic activity of the sludge in the complete-mix volume. Operation is therefore insensitive to influent flow and concentration variation.
 CASSTM SBR designs have been available in the marketplace since 1980s. It is significant that the development of variable volume processes have incorporated the selector technology to enable scale-up in the 1990s to large multiple basin modules of around 50 MGD (200,000 m3/d). Today, it is a well-established and proven technology for municipal and industrial wastewater treatment. The cost effectiveness of the facilities, their compactness and their simplicity of operation provide the consulting engineer or contractor with a very strong argument to make the available money for wastewater treatment spread a lot further.
 C. Integrated Fixed Film Activated Sludge (IFAS) System:
 There are several industrial installations where two stage biological treatment comprising stone or plastic media trickling filter (also known as packed bed biotower) followed by activated sludge process based aeration tank, followed by secondary clarifier have been in operation.
 Another modification of above configuration that has been implemented in newer industrial wastewater treatment systems is fluidized media bioreactor (also known as moving bed bioreactor (MBBR)) in lieu of biotower followed by activated sludge process. In some of the industries (e.g. refineries and petrochemical plants, where the existing wastewater treatment system was single stage conventional activated sludge process (based on aeration tank and clarifier unit), that underwent capacity expansion and/or faced stricter discharge regulations, the up-gradation of activated ludge process by
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 Integrated Fixed Film Activated System (IFAS)
 addition of fluidized bio-media has been implemented to meet these requirements.This hybrid process of fluidized media and activated sludge process taking place in a single aeration tank is known as Integrated Fixed Film Activated Sludge (IFAS) process. The common advantages of all of the above described configurations are as follows:
 • Fixed film media provides additional surface area for biofilm to grow on it and degrade the organic impurities that are resistant to biodegradation or may even be toxic to some extent.
 • The overall efficiency of two stage biotreatment system is better than activated sludge process alone.
 • Fixed film processes are more effective in nitrification of the wastewater than activated sludge process.
 • The overall foot-print for a fixed film process based system is smaller than the activated sludge process system.
 • Due to less sludge wastage, the sludge handling and dewatering facility is smaller compared to the activated sludge process.
 Comparing IFAS with other configurations i.e. biotower followed by activated sludge or MBBR followed by activated sludge, following advantages for IFAS can be highlighted:
 • It can be easily incorporated in the existing activated sludge system to meet additional processing capacity requirement and/or stricter discharge regulations without the need of additional concrete tanks.
 • Foot-print of IFAS is smaller.
 • Capital and operating cost for IFAS is lower.
 D. Membrane Bioreactor (MBR):
 Membrane Bioreactor (MBR) is the latest technology for biological degradation of soluble organic impurities. MBR technology has been in extensive usage for treatment of domestic sewage, but for industrial waste treatment applications, its use has been somewhat limited or selective. The MBR process is very similar to the conventional activated sludge process, in that both have mixed liquor solids in suspension in an aeration tank. The difference in the two processes lies in the method of separation of bio-solids. In the MBR process, the bio-solids are separated by means of a polymeric membrane based on microfiltration or ultrafiltration unit, as against the gravity settling process in the
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 secondary clarifier in conventional activated sludge process. Therefore, the advantages of MBR system over conventional activated sludge system are obvious as listed below:
 • Membrane filtration provides a positive barrier to suspended bio-solids that they cannot escape the system unlike gravity settling in activated sludge process, where the bio-solids continuously escape the system along with clarified effluent and sometimes a total loss of solids is also encountered due to process upsets causing sludge-bulking in the clarifier. As a result, the bio-solids concentration measured as MLSS/MLVSS can be maintained at 3 to 4 times in an MBR process (~ 10,000 mg/l) in comparison to the activated sludge process (~2500 mg/l).
 • Due to the above aspect of MBR, aeration tank size in the MBR system can be one-third to one-fourth the size of the aeration tank in an activated sludge system. Further, instead of gravity settling based clarifier, a much more compact tank is needed to house the membrane cassettes in case of submerged MBR and skid mounted membrane modules in case of non-submerged, external MBR system.
 • Thus, MBR system requires only 40-60% of the space required for activated sludge system, therefore significantly reducing the concrete work and overall foot-print.
 Schematic of conventional activated sludge process (top) and external (sidestream) membrane bioreactor
 (bottom)
 • Due to membrane filtration (micro/ultrafiltration), the treated effluent quality in case of MBR system is far superior compared to conventional activated sludge, so the treated effluent can be directly reused as cooling tower make-up or for gardening etc. Typical treated water quality from MBR system is:
 • BOD5 < 5 mg/L
 • Turbidity < 0.2 NTU
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 MBR configurations
 Internal/submerged
 The filtration element is installed in either the main bioreactor vessel or in a separate tank. The membranes can be flat sheet or tubular or combination of both, and can incorporate an online backwash system which reduces membrane surface fouling by pumping membrane permeate back through the membrane. In systems where the membranes are in a separate tank to the bioreactor individual trains of membranes can be isolated to undertake cleaning regimes incorporating membrane soaks, however the biomass must be continuously pumped back to the main reactor to limit MLSS concentration increase. Additional aeration is also required to provide air scour to reduce fouling. Where the membranes are installed in the main reactor, membrane modules are removed from the vessel and transferred to an offline cleaning tank.
 External/sidestream
 The filtration elements are installed externally to the reactor, often in a plant room. The biomass is either pumped directly through a number of membrane modules in series and back to the bioreactor, or the biomass is pumped to a bank of modules, from which a second pump circulates the biomass through the modules in series. Cleaning and soaking of the membranes can be undertaken in place with use of an installed cleaning tank, pump and pipe work. An external, non-submerged type MBR for industrial applications especially in refineries and petrochemical wastewater applications, is the Aqua-EMBR (Aquatech’s Enhanced Membrane Bioreactor). Aqua-EMBR has been successfully piloted to treat wastewater from a petrochemical plant in middle-East. Aqua-EMBR filtrate was further processed through High Efficiency Reverse Osmosis (HEROTM) process to recover 90% high quality permeate. The permeate quality was suitable for its recycle as feed to the demineralizer system. The advantages of Aqua-EMBR over submerged MBR systems include:
 Aqua-EMBR system (membrane modules) has no membrane tank Enhanced Membrane Bioreactor). Aqua-EMBR has been successfully piloted to treat wastewater from a petrochemical plant in middle-East. Aqua-EMBR filtrate was further processed through High Efficiency Reverse Osmosis (HEROTM) process to recover 90% high quality permeate. The permeate quality was suitable for its recycle as feed to the demineralizer system. The advantages of Aqua-EMBR over submerged MBR systems include:
 Aqua-EMBR system (membrane modules) has no membrane tank, it can be built much quicker with less risks for contractors: Installed as skid(s) on a flat concrete slab, no complex civil works required.
 Civil works and skid assembly are independent and parallel activities.
 Less risk for contractors because of delays in civil works due to weather conditions, environmental or other local uncertainties.
 The system offers an operator friendly working environment as opposed to obnoxious environment in case of submerged systems:
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 Operators don’t see, smell or come in contact with the bio-sludge.
 Operators do not work on top of open membrane tanks where the air could contain harmful aerosols.
 In case of any maintenance issue, the membrane modules in Aqua-EMBR can be removed or replaced without any contact with the biosludge, whereas submerged membrane modules contaminated with sludge, have to be lifted out of tanks posing potential contact with the sludge.
 • The flux is ~50% higher which equates to 50% less surface area of membrane needed per unit volume permeate production. This results in:
 Lowest membrane cost per unit volume filtrate, resulting in lower capital and operating costs.
 Smallest footprint (about 20% less).
 Lowest maintenance costs (chemicals, man-hours etc.).
 • Electrical power consumption is 10 to 15% lower compared to submerged systems due to the use of airlift pump effect.
 • Aqua-EMBR has the tightest membrane pore size:
 Pore size nominal / maximum: 30 nm / 50 nm
 Turbidity of permeate: < 0.2 NTU
 TSS levels: < 0.5 mg/l
 Highest effluent quality is an important factor for re-use purposes and future regulations.
 Aqua-EMBR System
 Major considerations in MBR
 Fouling and fouling control
 The MBR filtration performance inevitably decreases with filtration time. This is due to the deposition of soluble and particulate materials onto and into the membrane, attributed to the interactions between activated sludge components and the membrane. This major drawback and process limitation has been under investigation since the early MBRs,and remains one of the most challenging issues facing further MBR development,.
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 In recent reviews covering membrane applications to bioreactors, it has been shown that, as with other membrane separation processes, membrane fouling is the most serious problem affecting system performance. Fouling leads to a significant increase in hydraulic resistance, manifested as permeate flux decline or transmembrane pressure (TMP) increase when the process is operated under constant-TMP or constant-flux conditions respectively. In systems where flux is maintained by increasing TMP, the energy required to achieve filtration increases. Alternatively frequent membrane cleaning is therefore required, increasing significantly the operating costs as a result of cleaning agents and production downtime. More frequent membrane replacement is also expected.Membrane fouling results from interaction between the membrane material and the components of the activated sludge liquor, which include biological flocs formed by a large range of living or dead microorganisms along with soluble and colloidal compounds. The suspended biomass has no fixed composition and varies both with feed water composition and MBR operating conditions employed. Thus though many investigations of membrane fouling have been published, the diverse range of operating conditions and feedwater matrices employed, the different analytical methods used and the limited information reported in most studies on the suspended biomass composition, has made it difficult to establish any generic behaviour pertaining to membrane fouling in MBRs specifically.
 The air-induced cross flow obtained in submerged MBR can efficiently remove or at least reduce the fouling layer on the membrane surface. A recent review reports the latest findings on applications of aeration in submerged membrane configuration and describes the enhancement of performances offered by gas bubbling. As an optimal air flow-rate has been identified behind which further increases in aeration have no effect on fouling removal, the choice of aeration rate is a key parameter in MBR design. Many other anti-fouling strategies can be applied to MBR applications. They comprise, for example:
 • Intermittent permeation, where the filtration is stopped at regular time interval for a couple of minutes before being resumed. Particles deposited on the membrane surface tend to diffuse back to the reactor; this phenomenon being increased by the continuous aeration applied during this resting period.
 • Membrane backwashing, where permeate water is pumped back to the membrane, and flow through the pores to the feed channel, dislodging internal and external foulants. Air backwashing, where pressurized air in the permeate side of the membrane build up and release a significant pressure within a very short period of time. Membrane modules therefore need to be in a pressurised vessel coupled to a vent system. Air usually does not go through the membrane. If it did, the air would dry the membrane and a rewet step would be necessary, by pressurizing the feed side of the membrane.
 In addition, different types/intensities of chemical cleaning may also be recommended:
 • Chemically enhanced backwash (daily);
 • Maintenance cleaning with higher chemical concentration (weekly);
 • Intensive chemical cleaning (once or twice a year).
 Intensive cleaning is also carried out when further filtration cannot be sustained because of an elevated transmembrane pressure (TMP). Each of the four main MBR suppliers (Kubota, Memcor, Mitsubishi and Zenon) have their own chemical cleaning recipes, which differ mainly in terms of concentration and methods.
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 Under normal conditions, the prevalent cleaning agents remain NaOCl (Sodium Hypochlorite) and citric acid. It is common for MBR suppliers to adapt specific protocols for chemical cleanings (i.e. chemical concentrations and cleaning frequencies) for individual facilities.
 Biological performances/kinetics
 COD removal and sludge yield:
 Simply due to the high number of microorganism in MBRs, the pollutants uptake rate can be increased. This leads to better degradation in a given time span or to smaller required reactor volumes. In comparison to the conventional activated sludge process (ASP) which typically achieves 95%, COD removal can be increased to 96–99% in MBRs (see table). COD and BOD5 removal are found to increase with MLSS concentration. Above 15 g/L COD removal becomes almost independent of biomass concentration at >96%. Arbitrary high MLSS concentrations are not employed, however, as oxygen transfer is impeded due to higher and non-Newtonian fluid viscosity. Kinetics may also differ due to easier substrate access. In ASP, flocs may reach several 100 μm in size. This means that the substrate can reach the active sites only by diffusion which causes an additional resistance and limits the overall reaction rate (diffusion controlled). Hydrodynamic stress in MBRs reduces floc size (to 3.5 μm in sidestream MBRs) and thereby increases the apparent reaction rate. Like in the conventional ASP, sludge yield is decreased at higher SRT or biomass concentration. Little or no sludge is produced at sludge loading rates of 0.01 kgCOD/(kgMLSS d). Because of the imposed biomass concentration limit, such low loading rates would result in enormous tank sizes or long HRTs in conventional ASP.
 Nutrient removal
 Nutrient removal is one of the main concerns in modern wastewater treatment especially in areas that are sensitive to eutrophication. Like in the conventional ASP, currently, the most widely applied technology for N-removal from municipal wastewater is nitrification combined with denitrification. Besides phosphorus precipitation, enhanced biological phosphorus removal (EBPR) can be implemented which requires an additional anaerobic process step. Some characteristics of MBR technology render EBPR in combination with
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 post-denitrification an attractive alternative that achieves very low nutrient effluent concentrations.
 Anaerobic MBRs
 Anaerobic MBRs (sometimes abbreviated AnMBR) were introduced in the 1980s in South Africa and currently see a renaissance in research. However, anaerobic processes are normally used when a low cost treatment is required that enables energy recovery but does not achieve advanced treatment (low carbon removal, no nutrients removal). In contrast, membrane-based technologies enable advanced treatment (disinfection), but at high energy cost. Therefore, the combination of both can only be economically viable if a compact process for energy recovery is desired, or when disinfection is required after anaerobic treatment (cases of water reuse with nutrients). If maximal energy recovery is desired, a single anaerobic process will be always superior to a combination with a membrane process. Recently, anaerobic MBRs have seen successful full-scale application to the treatment of some types of industrial wastewaters—typically high-strength wastes. Example applications include the treatment of alcohol stillage wastewater in Japan and the treatment of salad dressing/barbeque sauce wastewater in the United State. MBBR - Moving Bed Bio-film Reactor
 With the Moving bed Bioreactor (MBBR) an economically solution is offered for wastewater treatment if the "bulk" of the pollution load must be disposed of (as means of cost reduction) or if applicable discharge regulations are not as strict. With this application we offer advanced wastewater treatment solutions for the industrial and municipal markets. These solutions significantly increase the capacity and efficiency of existing wastewater treatment plants, while minimizing the size of new plant deployments. This method makes it possible to attain good efficiency results of disposal with low energy consumption. This process is used for the removal of organic substances, nitrification and denitrification. The MBBR system consists of an activated sludge aeration system where the sludge is collected on recycled plastic carriers. These carriers have an internal large surface for optimal contact water, air and bacteria. The bacteria/activated sludge grow on the internal surface of the carriers. The bacteria break down the organic matter from the waste water. The aeration system keeps the carriers with activated sludge in motion. Only the extra amount of bacteria growth, the excess sludge will come separate from the carriers and will flow with the treated water towards the final separator.
 The carrier material used inside a MBBR system
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 The system can consist of a one stage or more stage system (see underneath schedule), depending on the specific demands. The specific bacteria remain in their own duty tank because of the fact that the carriers remain in only 1 tank, protected by screens.
 The MBBR process can be used for a variety of different applications to attain the desired results, depending on the quality of the wastewater and the discharge regulations.
 Industrial applications
 • Capacity increase • Quality Improvement – BOD & Nitrogen Removal • Fast recovery from Process Upsets • Limited Footprint • Future Expansion • Minimize Process Complexity and Operator Attention Benefits
 • Economical very attractive • Compact (saves space) • Maintenance-friendly • Strong • High volume load • Simply to extend • Financial savings on discharge costs
 Comparison of Aerobic Biological Treatment Options
 Parameter
 Conventional
 ASP
 CASSTM
 IFAS MBR
 Treated Effluent
 Quality
 Meets specified
 discharge
 standards with
 additional
 filtration step
 Meets/ exceeds
 specified
 discharge
 standards
 without
 additional filtra-
 tion step
 Meets/exceeds
 specified
 discharge
 standards with
 additional
 filtration step
 Exceeds specified
 discharge standards
 without additional
 filtration step. Very good
 for recycle provided
 TDS level permits
 Ability to adjust
 to variable
 hydraulic and
 pollutant loading
 Average
 Very good
 Very good
 Very good
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 Pretreatment
 Requirement
 Suspended
 impurities e.g.
 oil & grease
 and TSS
 removal
 Suspended
 impurities e.g. oil
 & grease and
 TSS removal
 Suspended
 impurities e.g.
 oil & grease and
 TSS removal
 Fine screening for
 suspended impurities
 like hair and almost
 complete oil & grease
 removal
 Ability to cope
 with ingress of
 oil
 Average
 Good
 Average
 Poor & detrimental to
 membrane
 Secondary Clari-
 fier
 Requirement
 Needed
 Aeration Basin
 acts
 as clarifier
 Needed
 Clarifier is replaced by
 Membrane filtration
 Complexity
 to operate &
 control
 Simple, but not
 operator
 friendly
 Operator
 friendly
 Operator
 friendly
 Requires skilled
 operators
 Reliability &
 Proven-ness of
 Technology
 Average
 Very good
 Very good
 Limited references in
 industrial applications
 Capital Cost
 Low
 Low
 High
 Very High
 Operating Cost
 Low
 Low
 High
 Very High
 Space
 Requirement
 High
 Low
 Average
 Low
 Based on these comparisons, it can be inferred that CASSTM
 technology is superior to other
 aerobic biological treatment technologies in terms of overall life cycle cost and returns to the
 owner.
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 3. Operation and control
 Operating data from wastewater treatment plants has generated some useful operational control strategies. Some of these control methods include:
 Mixed liquor suspended solids
 Sludge Volume Index and Sludge Density Index
 Sludge Age; Mean Cell Residence Time (MCRT)
 Food/Mass Ratio
 Constant MLSS
 Return Activated Sludge Control (RAS)
 3.1 Mixed liquor suspended solids
 Mixed liquor suspended solids (MLSS) is the concentration of suspended solids, in an aeration tank during the activated sludge process, which occurs during the treatment of waste water. The units MLSS is primarily measured in are milligrams per litre (mg/L). Mixed liquor is a combination of raw or unsettled wastewater and activated sludge within an aeration tank. MLSS consists mostly of microorganisms and non-biodegradable suspended matter.
 MLSS is an important part of the activated sludge process to ensure that there is a sufficient quantity of active biomass available to consume the applied quantity of organic pollutant at any time. This is known as the food to mass ratio, more commonly notated as the F/M ratio. By maintaining this ratio at the appropriate level the biomass will consume high percentages of the food. This minimizes the loss of residual food in the treated effluent.
 In simple terms, the more the biomass consumes the lower the biochemical oxygen demand (BOD) will be in the discharge. It is important that MLSS removes BOD in order to purify water for clean drinking water and hygiene. Raw sewage enters in the water treatment process with a concentration of sometimes several hundred mg/L of BOD. Upon being treated with MLSS and other methods of treatment, the concentration of BOD in water is lowered to less than 2 mg/L, which is considered to be clean, safe to use water.The total weight of MLSS within an aeration tank can be calculated by multiplying the concentration of MLSS (mg/L) in the aeration tank by the tank volume (L).
 Overview
 MLSS is responsible for removing the biochemical oxygen demand make-up of a large portion of the solids that are retained in the activated sludge process within the water treatment process. They are the "active" part of activated sludge process. Mixed liquor suspended solids are he solids under aeration. MLSS is measured by filtering a known volume of the mixed liquor sample, which is the same way that suspended solids are measured in wastewater. Some of the MLSS may be inorganic material. Sometimes this may represent a large percentage of the solids present in the wastewater.
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 Environmental engineering focuses on the particles suspended in water and the suitable operation of water treatment plants. Therefore, it is important to measure the total mass
 of suspended solids, which is the MLSS, as well as the mass of organic matter suspended in the activated sludge unit. These measurements allow engineers to adjust the flow rate of return sludge from the secondary clarifier into the secondary treatment reactor. This ensures that influent organic matter will be treated with a correct concentration of microorganisms.
 Mixed liquor volatile suspended solids
 The portion of the MLSS that is actually eating the incoming food is referred to as the Mixed Liquor Volatile Suspended Solids (MLVSS). The volatile solids concentration in a sample of mixed liquor will consist mostly of microorganisms and organic matter. As a result, the volatile solids concentration of mixed liquor is approximately equal to the amount of microorganisms in the water and can be used to determine whether there are enough microorganisms present to digest the sludge.
 Removal process
 MLSS is removed by secondary treatment in a settling tank in the activated sludge process.
 Effects of MLSS in water treatment
 If MLSS content is too high • The process is prone to bulking of solids and the treatment system can become overloaded. • This can cause the dissolved oxygen content to drop; if the effect that the organic matter is not fully degraded. • Excessive aeration will be required which wastes electricity.
 If MLSS content is too low
 • The process is not operating efficiently and is wasting energy. The typical control band for the concentration of MLSS in wastewater is 2,000 to 4,000 mg/L. One of the easiest control procedures for activated sludge systems is the Constant Mixed Liquor Suspended Solids method. In this method, the operator selects a certain MLSS concentration or range of mix liquor concentrations that produce the best effluent and the highest removal efficiencies. This specific value or range must be determined experimentally. When the operator finds the optimum MLSS concentration for each plant, he attempts to maintain this value by adjusting the sludge wasting rate. One rule of thumb for activated sludge systems is that for every
 pound of BOD removed in the secondary system a half a pound of new solids is generated through reproduction of the organisms and addition of new organisms from the influent wastes. So, the operator tries to waste the proper amount of solids to keep his selected optimum mix liquor concentration constant.

Page 37
                        

Design, Operation And Analysis Of Waste Water
 37
 If the MLSS concentration is above the desired concentration, the wasting of the excess solids will have to be started or increased. If the MLSS concentration is below the desired concentration level, wasting should be decreased or stopped.
 Calculations of MLSS
 MLSS (mg/L) = [SV(1000 mg/g)]/SVI
 Where:
 SVI= sludge volume index (mL/g)
 SV= Volume of settled solids per 1 litre
 0=(Q+Qr)(X')-(QrX'r+QwX'r)
 Where:
 Q = wastewater flow rate (m3/d)
 Qr = return sludge flow rate (m3/d)
 X' = MLSS (g/m3)
 X'r = maximum return sludge concentration (g/m3)
 Qw = sludge wasting flow rate (m3/d)
 Estimating MLVSS Materials: Obtain a sample of mixed liquor. Transfer the sample into a laboratory in order to analyze it. Measure the sample volume weight of the sample. Remove two filters from a desiccator and record the weight of each. Place the filter holder on a vacuum flask and then place another filter on top of the filter holder by using a pair of tweezers. Stir the sample of mixed liquor in order to get a good mixture for the experiment. After sample is mixed pour 5 mL into a graduated cylinder. Turn on the vacuum pump and pour the sample into the filter holder. After all the mixed liquor has gone through, run three portions of 10 mL distilled water through the filter holder to rinse any particles that may have stuck to the glass. Allow the vacuum pump to run an additional three minutes. This will help remove any extra water from the filter before drying. Switch the vacuum pump off and remove the filter from the filter holder and place in the corresponding weighing dish. Repeat above process for as many trials as needed. Place the filter(s) into a drying oven, which is set to 103°-105° C, for one hour. Upon drying, replace filters into a desiccator for 30 minutes. After 30 minutes in the desiccator, the filters are to be weighed.
 Calculations
 MLVSS (mg/L) = [(A - B)*1000]÷[Volume of sample]
 Where:
 A is the sample and filter weight B is the weight of the filter
 3.2 Sludge Volume Index
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 Sludge Volume Index (SVI) is an indication of the sludge settleability in the final clarifier. It is a useful test that indicates changes in the sludge settling characteristics and quality.
 By definition, the SVI is the volume of settled sludge in millliliters occupied by 1 gram of dry sludge solids after 30 minutes of settling in a 1000 ml graduated cylinder or a settleometer.
 A liter of mix liquor sample is collected at or near the outlet of the aeration tank, settled for 30 minutes in a 1 liter graduated cylinder, and the volume occupied by the sludge is reported in milliliters.
 The SVI is computed by dividing the result of the settling test in ml/liter by the MLSS concentration in mg/L in the aeration tank times 1000.
 -or-
 The common range for an SVI at a conventional activated sludge plant should be between 50 and 150. Optimum SVI must be determined for each experimentally.
 Sludge Density Index
 Sludge Density Index is used like the SVI to determine sludge settling characteristics and return sludge pumping rates. SDI is computed by:
 The common operational range for SDI is 1.0 - 2.5. The SVI and SDI indexes relate the weight of sludge to the volume that the sludge occupies and attempts to show how well the activated sludge separates from the mix liquor. Sludges with a low SVI (high SDI) have good settling and compaction characteristics.
 3.3 Sludge Age
 The concentration of the activated sludge solids and the condition of those biological solids determines the effectiveness of an activated sludge process. Too few or too many organisms in a system will cause operational control problems, reducing treatment plant efficiency and causing an added load on the receiving waters. Sludge age is defined as the average time in days the suspended solids remain in the entire system. To successfully maintain a viable biological population and to maintain the proper concentration of solids, the system requires continuous observation and monitoring by the operator. Sludge age is one of the methods or tools available to the operator to help maintain the desired amount of solids in the aeration tank.
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 Sludge age is a relatively easy control parameter to monitor because the suspended solids in the aeration tank are easy to measure. Sludge age considers the:
 1. solids entering the aerator; measured as primary effluent suspended solids in mg/L, and
 2. solids or organisms available to degrade the wastes; measured as Mixed Liquor Suspended Solids, mg/L
 Sludge age is estimated as follows:
 The common range for sludge age for a conventional activated sludge plant is between 3 and 15 days. For extended aeration activated sludge plants the range is between about 15 and 30 days. Generally during the winter months, higher sludge ages are required to maintain a sufficient biological mass. In the summer time, biological activity increases and lower sludge ages normally produce a higher quality effluent. Thus, the sludge age should be adjusted at least twice a year to accommodate seasonal variations. The operator must realize, however, that the optimum sludge age may not fall in the common ranges given here. This is due to the fact that the waste characteristics, process design, flexibility in operation, and process control equipment are different for all facilities. The operator, by trial and error, can find the optimum sludge age for that particular plant and specific conditions.
 A low sludge age tends to produce a light, fluffy, buoyant type of sludge particle commonly referred to as straggler floc, which settles slowly in a final clarifier. This will be witnessed in a clarifier when these buoyant, fluffy sludge particles are being pulled over the weirs even though the effluent may be crystal clear.
 A high sludge age or too many solids in the system tends to produce a darker, more granular type of sludge particle, commonly called pin floc, which settles too fast in a final clarifier. Pin floc is observed as many fine tiny floc particles coming over the final clarifier weirs leaving a very turbid effluent.
 Mean Cell Residence Time (MCRT)
 Another operational approach for solids control, like the sludge age, is the mean cell residence time (MCRT) or Solids Retention Time (SRT). This parameter is a refinement of the sludge age and takes into consideration the total solids inventory in the secondary or biological system. Again, the desired MCRT for a given plant must be found experimentally just like the sludge age.
 The MCRT is calculated as:
 3.4 Food/Mass Ratio
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 The Food/Mass or the Food/Microorganism ratio commonly referred to as F/M is based upon the ratio of food fed to the microorganisms each day to the mass of microorganisms held under aeration. It is a simple calculation, using the results from the influent BOD test to the aerator and the mixed liquor suspended solids test. Using the COD test may be preferred because the results are available sooner than the five day BOD. Common ranges for F/M for a conventional activated sludge plant are from 0.15 to 0.5. These values refer to calculations based on the 5 day BOD test. The optimum F/M varies from plant to plant and can be determined by trial and error. Generally, low F/M ratios should be carried during the colder months.
 The F/M ratio is calculated as follows:
 *The mixed liquor volatile suspended solids (MLVSS) may be a more accurate estimate of the mass of microorganisms than MLSS.
 3.5 Constant Mixed Liquor Suspended Solids
 One of the easiest control procedures for activated sludge systems is the Constant Mixed Liquor Suspended Solids method.
 In this method, the operator selects a certain MLSS concentration or range of mix liquor concentrations that produce the best effluent and the highest removal efficiencies. This specific value or range must be determined experimentally. When the operator finds the optimum MLSS concentration for each plant, he attempts to maintain this value by adjusting the sludge wasting rate.
 One rule of thumb for activated sludge systems is that for every pound of BOD removed in the secondary system a half a pound of new solids is generated through reproduction of the organisms and addition of new organisms from the influent wastes. So, the operator tries to waste the proper amount of solids to keep his selected optimum mix liquor concentration constant.
 If the MLSS concentration is above the desired concentration, wasting of the excess solids will have to be started or increased.
 If the MLSS concentration is below the desired concentration level, wasting should be decreased or stopped.
 Operators should keep in mind that in most cases it is better to waste continuously over 24 hrs/day, seven days a week than to waste intermittently. Drastic changes in sludge wasting rates are undesirable. Increases or decreases in wasting should be made gradually, i.e., 20 - 25 percent per day.
 3.6 Return Activated Sludge Control
 To properly operate the activated sludge process, a good settling mixed liquor must be achieved and maintained. The MLSS are settled in a clarifier and then returned to the
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 aeration tank as the Return Activated Sludge (RAS). The RAS makes it possible for the microorganisms to be in the treatment system longer than the flowing wastewater. For conventional activated sludge operations, the RAS flow is generally about 20 to 40 percent of the incoming wastewater flow. Changes in the activated sludge quality will require different RAS flow rates due to settling characteristics of the sludge.
 There are two basic approaches that can be used to control the RAS flow rate. These approaches are based on the following:
 1. Controlling the RAS flow rate independently from the influent flow.
 2. Controlling the RAS flow rate as a constant percentage of the influent flow.
 Constant RAS Flow Rate Control
 Settling the RAS at a constant flow rate that is independent of the aeration tank influent wastewater flow rate results in a continuously varying MLSS concentration that will be at a minimum during peak influent flows and a maximum during minimum influent flows. This occurs because the MLSS are flowing into the clarifier at a lower rate during peak flow when being removed at a constant rate. Similarly, at minimum influent flow rates, the MLSS are being returned to the aeration tank at a higher rate than are flowing into the clarifier. The aeration tank and the secondary clarifier must be looked at as a system where the MLSS are stored in the aeration tank during minimum wastewater flow and then transferred to the clarifier as the wastewater flows initially increase. In essence, the clarifier acts as a storage reservoir for the MLSS, and the clarifier has a constantly changing depth of sludge blanket as the MLSS moves from the aeration tank to the clarifier and vice versa. The advantage of using this approach is simplicity, because it minimizes the amount of effort for control. It is also especially advantageous for small plants because of limited flexibility.
 Constant Percentage RAS Flow Rate Control
 The second approach to controlling RAS flow rate requires a programmed method for maintaining a constant percentage of the aeration tank influent wastewater flow rate. The program may consist of an automatic flow measurement device, a programmed system, or frequent manual adjustments. The programmed method is designed to keep the MLSS more constant through high and low flow periods.
 Comparison of Both RAS Control Approaches
 The advantages of the constant RAS flow approach are as follows:
 1. Simplicity.
 2. Maximum solids loading on the clarifier occurs at the initial start of peak flow periods.
 3. Requires less operational time.
 The advantages of the constant percentage RAS flow are the following:
 1. Variations in the MLSS concentration are reduced and the F/M varies less.
 2. The MLSS will remain in the clarifier for shorter time periods, which may reduce the possibility of denitrification in the clarifier.
 A disadvantage of using the constant flow approach is that the F/M is constantly changing. The range of F/M fluctuation due to the effect of short term variation in the MLSS
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 (because of hydraulic loading) is generally small enough so that no significant problems arise due to using this approach. The most significant disadvantage of the second approach is that the clarifier is subjected to maximum solids loading when the clarifier contains the maximum amount of sludge. This may result in solids washout with the effluent.
 In general, it appears that most activated sludge operations perform well and require less attention when the constant RAS flow rate approach is used. Activated sludge plants with flows of 10 million gallon per day or less are often subject to large hydraulic surges, and performance of these plants will benefit the most from the use of this approach.
 Operational Guidelines
 Though these operating parameters are widely used, the details of the operating procedure will vary at different activated sludge plants, depending on the type of facilities available, strength and character of the wastewater, temperatures, requirements of the receiving waters, etc. The best operating procedure for each plant must be determined by experience. Some guidelines that may be applied to a conventional activated sludge plant are:
 1. There must be sufficient aeration to maintain a dissolved oxygen concentration of at least two mg/L at all times throughout the aeration tanks.
 2. Dissolved oxygen should be present at all times in the treated wastewater in the final settling tanks.
 3. Activated sludge must be returned continuously from the final settling tanks to the aeration tanks.
 4. Optimum rate of returning activated sludge will vary with each installation and with different load factors. In general, it will range from 20 to 40 percent of the influent wastewater flow for diffused air and 10 to 40 percent for mechanical aeration units.
 5. The optimum mix liquor suspended solids concentration in the aeration tanks may vary considerably, but usually is in the range of 600 to 3000 mg/L. Optimum MLSS concentrations should be determined experimentally for each plant.
 6. A sludge volume index of about 100 and a sludge age of three to fifteen days are normal for most plants. When the optimum sludge volume index is established for a plant, it should be maintained within a reasonably narrow range. A substantial increase in SVI is a warning of trouble ahead.
 7. The suspended solids content in the aeration tanks may partially be controlled by the amount of sludge returned to them. All sludge in excess of that needed in the aeration tanks must be removed from the system. It
 should be removed in small amounts continuously or at frequent intervals rather than in large amounts at any one time. Sludge held too long in the final settling tank will become septic, lose its activity and deplete the necessary dissolved oxygen content in the the tank.
 8. Septic conditions in the primary sedimentation tanks will adversely affect the functioning of the activated sludge process. Prechlorination or pre-aeration may be used
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 to forestall septic conditions in the wastewater entering the aeration tanks. Septic primaries have been shown to cause filamentous bulking.
 9. Periodic or sudden organic overloads that may result from large amounts of sludge digester overflow to the primary tanks or from doses of industrial wastes having an excessive BOD or containing toxic chemicals will usually cause operating difficulties. Whenever possible, overloading should be minimized by controlling the discharge or by pretreatment of such deleterious wastes.
 The basic indicator of normal plant operation is the quality of the plant effluent. Failure of plant efficiency may be due to either of the two most common problems encountered in the operation of an activated sludge plant, namely, rising sludge and bulking sludge.
 Final Clarification
 For an activated sludge process to achieve optimum plant efficiency the final clarification unit must effectively separate the biological solids from the mix liquor. If these solids are not separated properly and removed from the clarifier in a relatively short period of time, operating problems will result, causing an increased load on the receiving waters and a decline in plant efficiency. The most important function of the final clarifier is to maintain the wastewater quality produced by the preceding processes.
 Design Considerations
 Final clarifiers should be designed with rapid sludge withdrawal systems to inhibit the tendency of the sludge to become anaerobic if not removed quickly.
 The tanks should be sufficiently baffled to reduce velocities and to disperse the flow evenly to reduce short-circuiting.
 Short-circuiting will tend to increase the solids losses over the clarifier weirs. Also, final clarifiers should include some type of surface skimming device to remove floating solids and scum. Final clarifiers should be designed with a hydraulic detention time from 2 - 2 hours.
 Operational Problems with Final Clarifiers
 The operator must keep in mind that many operating problems in the final clarifier can be associated with operating problems in the preceding processes, i.e. mainly the aeration system.
 1. Floating Solids: This is commonly referred to as "clumping", "ashing" or "rising sludge". Floating solids are usually due to a high sludge age (too many solids in system) or too long of a solids detention time in the final clarifier. Remedies:
 1. Decrease solids inventory (increase wasting rate)
 2. Remove solids from final clarifier quicker
 3. Check for any dead spots in clarifier where solids are not being collected and removed.
 A heavy accumulation of solids on the surface of a clarifier may be alleviated by spraying the surface with a high pressure hose to knock the solids down.
 1. Solids Losses Over Effluent Weirs: Excessive solids losses in the final clarifier can be the result of hydraulic overload or due to the type and characteristics of the biological solids present. Straggler Floc is indicative of a young sludge which tends to settle slowly. This
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 type of floc consists of light, fluffy, buoyant particles. This situation can be intensified by short-circuiting and hydraulic overloads. Remedies:
 Increase solids inventory by decreasing the wasting rate to produce an older sludge which tends to settle faster.
 Check clarifier for short-circuiting.
 Calculate detention time and check for hydraulic overloading.
 Pin Floc is indicative of an older sludge which tends to settle too fast, leaving many fine suspended particles in the supernatant and a turbid effluent. The sludge particles are usually darker, heavier and more granular in appearance. Remedies:
 Increase sludge wasting rate to decrease solids inventory.
 Check for short-circuiting and hydraulic overload.
 2. Fouling of Weirs: An accumulation of solids and/or on the weir surfaces can cause short-circuiting within the tank, creating excessive velocity currents that pull solids over the effluent weirs. Remedies:
 A thorough scrubbing of weir surfaces to remove solids build-up.
 Strong chlorine solutions applied to the weirs is also effective.
 Plugging of Withdrawal Ports is usually caused by too high of a solids concentration in the return sludge. Remedy:
 Withdraw sludge faster and/or more frequently.
 Rising Sludge: Unlike bulking the problem of rising sludge is only seen in the final settling tank and has definite operational causes and it can be corrected through an understanding of the system and defined management practices. The biological oxidation of a wastewater has been described as a two-phase reaction where organic carbon oxidation occurs first and is usually followed by the biological oxidation of ammonia or nitrification. Domestic wastewaters, as already noted, besides having organic, carbon containing compounds always contain ammonia. Generally, prolonged aeration or organic underloading of a biological wastewater treatment plant can result in a condition where oxidation of most of the organic matter occurs (that is, carbon is converted to carbon dioxide) and nitrification follows. This process of nitrification involves the conversion of ammonia, nitrogen and organic nitrogen to nitrate nitrogen.
 The nitrates that are formed in the aeration tank then flow into the final settling tank where quiescent settling and solids removal will take place. If the dissolved oxygen levels are sufficiently low in the settling tank and there is some organic matter available, denitrificaton will take place.
 Rising sludge is caused by denitrification in which nitrites and nitrates in the wastewater are reduced to nitrogen gas. Denitrification occurs in the sludge layer in the secondary clarifier when conditions become anaerobic or nearly anaerobic. As the nitrogen gas accumulates, the sludge mass becomes buoyant and rises or floats to the surface. Rising sludge can easily be differentiated from a bulking sludge by noting the presence of small gas bubbles attached to the floating solids and by microscopic examination. This problem can be overcome by increasing the removal rate of the sludge from sludge-collecting
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 mechanism, by regulation of the flows (loading) and monitoring of the dissolved oxygen levels in the final settling tank.
 Filamentous Bulking: Generally, non-flocculent or non-settling microbial growth is the result of either suppressing the normal wastewater treatment bacteria or promoting conditions favorable to filamentous microorganisms, such as fungi or actinomycetes which cannot be settled readily. The presence of filamentous microorganisms to the point where they interfere with settling is called bulking. This condition may be seen in the aeration tanks of activated sludge processes and is sometimes accompanied by frothing. The solids do not settle in the final settling tank and a homogeneous blanket of solids will pour out over the effluent weirs, especially during diurnal peak flow variations. Filamentous bulking can be recognized through a microscopic examination of the mix liquor and observing the presence of these microorganisms in the flocculent material that does not settle. Under filamentous bulking conditions the presence of filaments is obvious and the filaments can be seen preventing more normal looking flocs from coming together.
 The conditions associated with filamentous bulking are not always well understood, but have been associated with high organic loadings, pH changes, low pH wastewaters, inputs of industrial wastes, low dissolved oxygen levels, seasonal variations, septic primaries, and an improper balance between carbon, nitrogen and phosphorous in the waste. The problem of bulking is not easy to deal with since its causes cannot always be identified. However, a careful review of the operating records with respect to pH, loading, and aeration tank DO, MLSS, etc. is always useful in attempting to develop relationships between poor operating conditions and bulking. Careful records and trending as well as a close control over operating conditions and a knowledge of inputs into the wastewater system is useful.
 When bulking of activated sludge is caused by overloading, pre-chlorination to reduce the load on the aeration process has been tried with some success. Pre-chlorination of the primary tank influent to produce a residual of about 0.1 mg/L in the primary tank effluent is used. Pre-chlorination of the primary tank influent is particularly useful in controlling septicity. Chlorination of the return activated sludge can control filamentous bulking. The point of application should be where the return sludge will be in contact with the chlorine solution for about one minute before the sludge is mixed with the aerator influent. The chlorine dose is varied according to the variations in the sludge volume index and may be estimated as follows:
 SVI x F x W x 8.34 x 106 = pounds of chlorine per day where:
 SVI = Sludge Volume Index F = Return sludge rate in million gallons per day W = Suspended solids in return sludge in mg/L
 Chlorine dosages can better be determined by trial and error. In general, chlorination of a bulking sludge will reduce the sludge volume index, thus the dose is reduced daily until bulking is corrected. In some plants intermittent chlorination will maintain a low sludge volume index, and in others continuous chlorination of the return sludge has proven more satisfactory. Generally, when chlorination of the return sludge is started, the turbidity of the plant effluent will increase, but after a few days of operation the turbidity will again decrease to that of normal conditions.
 Extensive wasting of the biological sludge to reduce the filamentous organisms also has proven to be somewhat effective in alternating a bulking situation.
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 The operator must realize that these measures are only temporary steps to alleviate bulking and that the problem may reappear if the cause is not identified and corrected.
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 4. Choosing an Effluent Treatment Plant
 Every factory that is having an ETP designed and constructed must decide which components are needed to treat the waste from that particular factory. This decision must be based on the answers to the questions presented in Chapter 1, such as the quality and quantity of the wastewater to be treated. This chapter provides suggestions of how such an ETP may be designed and discusses the advantages and disadvantages. Three models are used for this, a purely biological ETP, a physico-chemical ETP and an ETP that combines all three. This chapter does not prescribe one particular design and there are many other ways of combining the operations and processes described in chapter 2 that would also be highly effective.
 4.1 Biological Treatment
 The basic units needed for biological treatment are: screening; an equalization unit; a pH control unit; an aeration unit; and a settling unit (Figure 1). A sludge dewatering unit may also be included. Biological treatment plants require the presence of microorganisms that are adapted to degrade the components of the effluent to be treated. Textile industry waste will not contain suitable microorganisms so these must be added to the ETP when it is set up. Traditionally in South Asia cow dung is used as a source of microorganisms. While it may be useful to use cow dung it is unlikely to be the best source of microbes for treatment of textile waste. If possible new reactors (either activated sludge or fixed film systems) should be set up using activated sludge from an existing ETP, preferably one treating a similar waste. If this is not possible polluted river water is likely to be a good source of suitable microorganisms and can be used together with cow dung or activated sludge. It is likely to take several months for the microbial population to establish itself and successful treatment to result.
 Output quality
 Evidence shows that output quality from biological treatment can satisfy the national standards for most of the required parameters except colour. According to Metcalf & Eddy (2003) a properly designed biological ETP can efficiently satisfy BOD, pH, TSS, oil and grease requirements. However, as already mentioned, the compounds in industrial wastewater may be toxic to the microorganisms so pretreatment may be necessary. Similarly most dyes are complex chemicals and are difficult for microbes to degrade so there is usually very little colour removal.
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 Figure 1: Typical Flow Diagram of a Biological Treatment Plant
 * A sludge recycle line is essential for activated sludge systems but is not needed for fixed film systems.
 ** The aeration unit can be either activated sludge or a fixed film reactor.
 4.2 Physico-chemical Treatment
 The basic units needed for a stand-alone physico-chemical treatment plant are screening, an equalization unit, a pH control unit, chemical storage tanks, a mixing unit, a flocculation unit, a settling unit and a sludge dewatering unit (Figure 2).
 Output quality
 With physico-chemical treatments (coagulation and flocculation) it is possible to remove much, possibly all of the colour depending on the process used. It is however difficult to reduce BOD and COD to the value needed to meet the national effluent discharge standard, and impossible to remove TDS. The removal rate is dependent on the influent wastewater quality. The removal efficiency of this type of treatment has been found to be 50% and 70% for BOD5 and COD respectively.
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 Figure 2: Typical Flow Diagram of a Physico-chemical Treatment
 4.3 Physico-chemical and Biological Treatment
 In this type of treatment a combination of physical operations, and physico-chemical and biological processes are used. The basic units needed for a physico-chemical and biological treatment plant are screening, an equalization unit, a pH control unit, chemical storage tanks, mixing units, flocculation units, a primary settling unit, an aeration unit, and a secondary settling unit (Figure 3). The physico-chemical unit always comes before the biological unit.
 Output quality
 These are the most common form of ETP used for the treatment of textile waste and are the most likely to meet the water quality standards set by the Government, as they provide the benefit of physical, chemical and biological treatment and can therefore raise the efficiency of BOD and COD removal to 90 %.
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 * A sludge recycle line is essential for activated sludge systems but is not needed for fixed film systems.
 ** The aeration unit can be either activated sludge or a fixed film reactor.
 Figure 3: Typical Flow Diagram of a Physico-chemical and Biological Treatment Plant
 4.4 Area Requirement Comparison
 The area needed for an ETP depends mostly on the quality of wastewater to be treated, flow rate, the type of biological treatment to be used and the orientation of different treatment units. In general physicochemical treatment plants require the least area and biological treatment plants require the largest area (Table 4), but good civil engineering can greatly reduce the land area required. This will require extra pumps and piping, and stronger tank walls, so construction costs may be higher for tall structures.
 Table 4: Common Area Requirements of Different Types of ETPs*
 * The area requirement values given in this table are not absolute and depend on the exact
 design of the ETP but they provide a broad comparison of the possible area requirements.
 Physico-
 chemical
 Biological Combined physico-chemical
 chemical and biological
 Area required
 (for 30 cubic
 metre/hour
 flow)
 80 sq metres
 170 sq metres
 140 sq metres
 Screening
 unit
 Equilization
 unit
 coagulation
 unit
 Primary
 sedimentation
 Flocculation unit
 Sludge
 Thickening unit
 Sludge
 dewatering unit
 Sludge
 disposal
 sludge
 Liquid overflow
 pH control
 unit
 influent
 Aeration
 unit**
 Sedimentation
 unit
 Liquid
 overflow
 Treated
 effluent
 *recycle

Page 51
                        

Design, Operation And Analysis Of Waste Water
 51
 4.5 Cost Comparison
 The installation costs of ETPs can vary greatly depending on such factors as the materials used, including the quality and source of the equipment (e.g. pumps and air blowers), land area and dimensions for construction, the quality and quantity of wastewater to be treated, and the quality of the required output. In addition, the operating costs of ETPs can also vary greatly depending on quality and quantity of inputs such as chemicals, the efficiency and size of motors and therefore the energy required the method of treatment and the efficiency of ETP management.
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 5 Analysis of waste water
 5.1 Commonly used chemicals
 Coagulation and flocculation:
 acrylamide copolymers, aluminium chloride, aluminium sulphate,cationic polyacrylamide, diallyldimethyl ammonium/chloride acrylamide copolymer, ferric chloride, ferric and ferrous sulphate, kaolinite, poly (diallyldimethyl ammonium chloride), polyaluminium chloride, polyamines, starch, polyethyleneamines, resin amines, sodium aluminate.
 pH adjustment:
 calcium carbonate, calcium hydroxide, calcium oxide, carbon dioxide, magnesium oxide, potassium hydroxide, sodium bicarbonate, sodium bisulfate, sodium carbonate, sodium hydroxide, sulfuric acid/hydrochloric acid
 Disinfection and oxidation products:
 anhydrous ammonia, ammonium hydroxide, calcium hypochlorite, chlorine, iodine, potassium permanganate, sodium chlorate, sodium chlorite, sodium hypochlorite. Algicide:
 copper sulphate, copper triethanolamine complexes.
 Softening:
 calcium hydroxide, calcium oxide, sodium carbonate, sodium chloride.
 Taste and odour control:
 activated carbon, chlorine, chlorine dioxide, copper sulphate, ozone, potassium permanganate.
 Dechlorinator and antioxidant:
 sodium metabisulfite, sodium sulfite, sulfur dioxide. System components:
 Pipes and related products:
 copper, lead, stainless steel, brass, galvanized, concrete pressure, ductile iron, PVC, chlorinated PVC, asbestos/cement.
 Protective (barrier): materials: coatings, paints, linings.
 Process media:
 Adsorption media:
 activated alumina, granular activated carbon, powdered activated carbon.
 Filtration media:
 aluminium silicates (e.g. zeolites), anthracite, diatomaceous earth, gravel, sand, membranes.
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 Mechanical devices:
 chemical feeders, pressure gas injection systems, disinfection generators, electrical wire, pumps, valves and related fittings, water process treatment devices (e.g. mixers, reverse osmosis, screens, clarifiers, aeration equipment, etc.)
 Ferric alum or Ammonium iron (III) sulfate
 Molar mass- 482.25 g/mol (dodecahydrate)
 Appearance -Pale violet octahedral crystals
 Ammonium iron(III) sulfate, NH4Fe(SO4)2·12 H2O, also known as ferric ammonium sulfate (FAS) or iron alum, is a double salt in the class of alums, which consists of compounds with the general formula AB(SO4)2 · 12 H2O.It has the appearance of weakly violet, octahedrical crystals. There has been some discussion regarding the origin of the crystals' color, with some ascribing it to impurities in the compound, and others claiming it to be a property of the crystal itself. FAS is paramagnetic, acidic and toxic towards microorganisms. It is a weak oxidizing agent, capable of being reduced to Mohr's salt, ferrous ammonium sulfate.
 Uses
 Areas of use for FAS include waste water treatment, tanning, production of dyestuffs, and as an etching agent in the production of electronic components. It has been used in a wide area of applications, including adiabatic refrigeration equipment, biochemical analysis and organic synthesis.
 Applications
 Most of the alum produced today is used in the pulp & paper industry as well as water and wastewater treatment. It is inexpensive and effective for a broad range of treatment problems because it can function as a coagulant, flocculant, recipitant and emulsion breaker. As a coagulant and flocculant, alum removes turbidity, suspended solids and colloidal color, reduces biochemical oxygen demand (BOD) and clarifies potable, process and wastewater.
 The main uses of alum are: Water treatment: used as a coagulant to remove suspended solids and or some metals (eg. Cr, Ba, Cu) from water (either drinking water or in waste treatment facilities).
 Lime (calcium oxide)
 Lime (calcium oxide), also known as quicklime, is a chemical compound derived from limestone. According to the National Lime Association, lime is the most used chemical by weight in potable and industrial water treatment.
 Chemical_formula CaO
 Molar_mass 56.0774 g/mol
 http://en.wikipedia.org/wiki/Chemical_formula
 http://en.wikipedia.org/wiki/Molar_mass
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 Water Softening
 Treating water with hydrated lime (calcium hydroxide) removes hardness caused by carbonate minerals. Treating with lime remedies non-carbonate hardness---that is, hardness resulting from non-carbonate calcium minerals and magnesium salts.
 Chemical_formula Ca(OH)2
 Molar_mass 74.093 g/mol
 PH Adjustment
 Water utilities use hydrated lime to prepare water for treatment processes by adjusting the water's pH. To minimize corrosion of pipes and equipment, utilities add lime to neutralize acidic water.
 Coagulation and Flocculation
 Water treatment facilities add lime to optimize conditions for coagulation and flocculation, the processes that make suspended particles clump together and settle out of suspension.
 Disinfection
 Raising water alkalinity to a pH of 10.5 to 11 by adding lime inhibits the growth of bacteria and some viruses.
 Purification
 Lime removes impurities such as fluoride, iron, manganese and organic tannins from water. The magnesium in dolomitic lime (CaO-MgO) is especially effective in removing silica from water. A side effect of the lime-enhanced softening process is arsenic removal, while disinfection with lime also serves to remove most heavy metals. Industry Overview: Lime applications in Water Treatment
 Lime is used extensively in the treatment of water systems drinking waters, process waters, and wastewaters. There are many benefits for the water treatment engineer in using lime products. Lime technology provides solutions to water treatment problems in a very cost effective manner. Lime treatment systems are inherently safe and are environment friendly Drinking Waters: Lime is a cost effective reagent, and assists the water engineer by:
 Re-mineralizing excessively soft water. Water that is too soft will cause corrosion of the water distribution system. The addition of lime provides a safe solution to this problem. It provides protection to the distribution system, and prevents the water collecting excessive levels of dissolved metals, which can adversely affect taste and odor, on its way to the user.
 Softens (de-carbonates) excessively hard water to prevent scaling of pipes. In this
 case, lime precipitates bicarbonate salts - the main scale forming minerals - providing water that will not scale the distribution system.
 http://en.wikipedia.org/wiki/Chemical_formula
 http://en.wikipedia.org/wiki/Molar_mass
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 Organic matter and trace metals can also be successfully removed in the process of
 lime treatment Process Waters: The industrial use of water in processes such as evaporative cooling, or steam raising, require water of high purity. Levels of hardness and alkalinity and iron that are acceptable for drinking supplies may need to be reduced by the industrial user. Lime provides a cost effective way to pre-treat many of the most difficult river and ground waters for industrial use. Lime softening, using lime, or a combination of lime and soda-ash, can be effective in treating large volumes of process water to reduce hardness, turbidity, organic matter and dissolved metals to acceptable levels. Waste Waters: Lime is used extensively in the treatment of wastewater to correct acid pH levels and to precipitate metals.
 Polyelectrolyte (flocculant)
 Polyelectrolytes are polymers whose repeating units bear an electrolyte group. These groups will dissociate in aqueous solutions (water), making the polymers charged. Polyelectrolyte properties are thus similar to both electrolytes (salts) and polymers (high molecular weight compounds), and are sometimes called polysalts. Like salts, their solutions are electrically conductive. Like polymers, their solutions are often viscous. Charged molecular chains, commonly present in soft matter systems, play a fundamental role in determining structure, stability and the interactions of various molecular assemblies. Theoretical approaches to describing their statistical properties differ profoundly from those of their electrically neutral counterparts, while their unique properties are being exploited in a wide range of technological and industrial fields. One of their major roles, however, seems to be the one played in biology and biochemistry. Many biological molecules are polyelectrolytes. For instance, polypeptides, glycosaminoglycans, and DNA are polyelectrolytes. Both natural and synthetic polyelectrolytes are used in a variety of industries.
 Chemical structures of two synthetic polyelectrolytes
 As Examples: To the left is poly (sodium styrene sulfonate) (PSS), and to the right is polyacrylic acid (PAA). Both are negatively charged polyelectrolytes when dissociated. PSS is a 'strong' polyelectrolyte (fully charged in solution), whereas PAA is 'weak' (partially charged).
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 Sodium hypochlorite (chlorinator)
 Sodium hypochlorite is a Chemical_compound with the Chemical formula NaClO.
 Sodium hypochlorite solution, commonly known as Bleach or clorox, is frequently used as
 a Disinfectant or a bleaching agent.
 Molar_mass 74.442 g/mol
 Uses
 Bleaching
 Household bleach is, in general, a solution containing 4-6% sodium hypochlorite and 0.01-0.05% sodium hydroxide; the Sodium_hydroxide is used to delay the breakdown of sodium hypochlorite into Sodium_chloride and Sodium_chlorate.
 In household form, sodium hypochlorite is used for removal of stains from laundry. It is particularly effective on cotton fiber, which stains easily but bleaches well. Usually 50 to 250 mL of bleach per load is recommended for a standard-size washer. The properties of household bleach that make it effective for removing stains also result in cumulative damage to organic fibers, such as cotton, and the useful lifespan of these materials will be shortened with regular bleaching. The Sodium_hydroxide (NaOH) that is also found in household bleach (as noted later) causes fiber degradation as well. It is not volatile, and residual amounts of NaOH not rinsed out will continue slowly degrading organic fibers in the presence of humidity. For these reasons, if stains are localized, spot treatments should be considered whenever possible. With safety precautions, post-treatment with Vinegar (or another weak acid) will neutralize the NaOH, and volatilize the chlorine from residual hypochlorite. Old T-shirts and cotton sheets that rip easily demonstrate the costs of laundering with household bleach. Hot water increases the effectiveness of the bleach, owing to the increased reactivity of the molecules.
 Disinfection
 A weak solution of 2% household bleach in warm water is used to sanitize smooth surfaces prior to brewing of beer or wine. Surfaces must be rinsed to avoid imparting flavors to the brew; these chlorinated byproducts of sanitizing surfaces are also harmful.
 US Government regulations allow food processing equipment and food contact surfaces to be sanitized with solutions containing bleach, provided that the solution is allowed to drain adequately before contact with food, and that the solutions do not exceed 200 parts per million (ppm) available chlorine (for example, one tablespoon of typical household bleach containing 5.25% sodium hypochlorite, per gallon of water). If higher concentrations are used, the surface must be rinsed with potable water after sanitizing.
 A 1-in-5 dilution of household bleach with water (1 part bleach to 4 parts water) is effective against many Bacteria and some Virus, and is often the disinfectant of choice in cleaning surfaces in hospitals (primarily in the United States). The solution is Corrosion, and needs to be thoroughly removed afterwards, so the bleach disinfection is sometimes followed by an Ethanol disinfection. Even "scientific-grade", commercially produced disinfection solutions such as Virocidin-X usually have sodium hypochlorite as their sole active ingredient, though they also contain Surfactants (to prevent beading) and fragrances (to conceal the bleach smell).
 http://en.wikipedia.org/wiki/Chemical_compound
 
 http://en.wikipedia.org/wiki/Sodium
 http://en.wikipedia.org/wiki/Bleach
 http://en.wikipedia.org/wiki/Disinfectant
 http://en.wikipedia.org/wiki/Molar_mass
 http://en.wikipedia.org/wiki/Sodium_hydroxide
 http://en.wikipedia.org/wiki/Sodium_chloride
 http://en.wikipedia.org/wiki/Sodium_chlorate
 http://en.wikipedia.org/wiki/Sodium_hydroxide
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 http://en.wikipedia.org/wiki/Virus
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 http://en.wikipedia.org/wiki/Ethanol
 http://en.wikipedia.org/wiki/Surfactants
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 Water treatment
 For Shock_chlorination of wells or water systems, a 3% solution of household bleach is used. For larger systems, Sodium_hypochlorite is more practical because lower rates can be used. The alkalinity of the sodium hypochlorite solution also causes the precipitation of minerals such as calcium carbonate, so that the shock chlorination is often accompanied by a clogging effect. The precipitate also preserves bacteria, making this practice somewhat less effective.
 Sodium hypochlorite has been used for the disinfection of drinking water. A concentration equivalent to about 1 liter of household bleach per 4000 liters of water is used. The exact amount required depends on the water chemistry, temperature, contact time, and presence or absence of sediment. In large-scale applications, residual chlorine is measured to titrate the proper dosing rate. For emergency disinfection, the United States Environmental Protection Agency recommends the use of 2 drops of 4% to 6% household bleach per litre of water. If the treated water does not smell of bleach, 2 more drops are to be added.
 Many who would prefer to store drinking water on a long term basis for emergency use should consider following the same treatment protocol during the storage process (and not when the time comes to access the water); typically using the 'additional' treatment rate of approximately 15 drops per gallon of water (~1 teaspoon full per 7 gallons of water) unless the water is from a municipality and is known to be free of excessive contaminants and already contains a certain amount of sodium hypochlorite. Note that you should confirm that the water has a bleach scent after sitting for half an hour. Additionally, dumping the water and replacing it every 3-5 years is recommended. Washing out the food grade containers (usually made of polyethylene) during this time is encouraged by using warm soapy water or alternatively a solution of water with heavy concentration of bleach (10x 'additional' rate) followed by rinsing with clean water.
 The use of chlorine-based disinfectants in domestic water, although widespread, has led to some controversy due to the formation of small quantities of harmful byproducts such as Chloroform. An alkaline solution (pH 11.0) of sodium hypochlorite is used to treat dilute (< 1 g/L) cyanide wastewater, e.g., rinse water from an electroplating shop. In batch treatment operations, sodium hypochlorite has been used to treat more concentrated cyanide wastes, such as silver cyanide plating solutions. A well-mixed solution is fully treated when an excess of chlorine is detected.
 Dechlorinator
 A dechlorinator is a chemical additive that removes chlorine and chloroamines from water. Where tap water is chlorinated, it should be dechlorinated before use in an aquarium , since chlorine can harm aquatic life in the same way it kills micro-organisms Chemicals that serve this function are reducing agents which reduce chlorine species to chloride, which is less harmful to fish.
 Some compounds employed in commercial dechlorinators are: sodium metabisulfite, Sodium Sulfite, Sodium hydroxymethanesulfonate and Sodium hydroxymethane sulfinic acid.
 http://en.wikipedia.org/wiki/Shock_chlorination
 http://en.wikipedia.org/wiki/Sodium_hypochlorite#Packaging_and_sale
 http://en.wikipedia.org/wiki/United_States_Environmental_Protection_Agency
 http://en.wikipedia.org/wiki/United_States_Environmental_Protection_Agency
 http://en.wikipedia.org/wiki/Sodium_hypochlorite#External_links
 http://en.wikipedia.org/wiki/Chloroform
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 5.2 Chemical Tests and Procedures
 Some commonly performed tests for analysis of waste water with their procedure are given here: 1. Chemical Oxygen Demand (COD)
 2. Dissolved Oxygen (Winkler Method)
 3. Biochemical Oxygen Demand (BOD)
 4. Total Suspended Solids (TSS)
 5. Total Dissolved Solids (TDS)
 6. Oil & Grease Content
 7. Jar Testing
 1. Chemical Oxygen Demand (COD)
 Introduction:
 The industrial and municipal waste water effluents may contain very high amounts of organic matter and if discharged into natural water bodies, it can cause complete depletion of dissolved oxygen leading to the mortality of aquatic organisms. The amount of oxygen needed to consume the organic and inorganic materials is called the Chemical Oxygen Demand (COD). Potassium dichromate is considered the best oxidant due to its strong oxidizing ability, its applicability to a wide variety of samples and ease of manipulation makes it very efficient. Reagents used:
 1. Potassium dichromate (Standard solution): K2Cr2O7 – 0.004167 M (0.0250 N)
 2. Mohr’s Salt: Ferrous ammonium sulphate (Standard solution): FeSO4.(NH4)2SO4
 (0.025 M)
 3. Mercuric Sulphate: Powdered HgSO4
 4. Silver Sulphate: Powdered Ag2SO4
 5. Phenanthroline ferrous sulphate indicator solution
 6. Concentrated Sulphuric acid: H2SO4 18 M
 Procedure:
 50 ml of sample was taken into a refluxing flask and several boiling stones were added. 0.1 g HgSO4 was added to the solution. 5 ml of concentrated H2SO4 was also added to the solution. To ensure that HgSO4 dissolved completely, the solution was swirled slowly while adding Sulphuric acid. 0.1 g of Ag2SO4 was added to this solution. Finally Potassium dichromate was added. Thorough mixing of the solution was ensured by swirling the flask in a water bath to recover any volatile substances that may have escaped from the liquid state. The flask was then attached to the condenser and further cooling was done. 20 ml of Sulphuric acid was added to the solution in the flask continuing cooling and swirling to mix the solution. The solution was refluxed for 1 hour.
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 A blank run (using 50 ml distilled water instead of sample) was simultaneously conducted with the same procedure after cooling; the solution was transferred to an Erlenmeyer flask. The reflux flask was rinsed thrice, pouring the rinsing water to the Erlenmeyer flask. The solution was diluted to about 300 ml and about 8 drops of Phenanthroline ferrous sulphate was added to the solution as an indicator. The solution was titrated against the Mohr’s salt and the titer volume required for the color change from blue-green to reddish blue was noted.The procedure was repeated for the blank run. Observations:
 Solution Intial reading (ml) Final reading(ml) Titar volume(ml)
 sample 0.00 19.60 19.60- Vs
 blank 0.00 21.20 21.20- Vb
 Calculations:
 COD = 8000 * (Vbl – Vs)* M/ original volume of sample taken mg/l Where,
 Vb = Titer volume for the blank Vs = Titer volume for the sample
 M = Molarity of Mohr’s solution
 COD = 8000 * (21.20-19.60) * 0.025/ 50
 = 6.4 mg/l
 Discussions and Results-
 Potassium dichromate acts as a strong oxidizing agent and oxidizes the organic and inorganic matter in the waste water. The reaction can be expressed as - Cr2O7
 2 - + 14 H+ + 5 e- = 2 Cr+ + 7 H2O If chlorides are present in the sample it will interfere with the oxidation of the organic matter. To ensure non-interference of chlorides Mercury Sulphate is added which will form complex of mercuric chloride. An amount of 10 g of Mercury Sulphate is required for 1 g of Chlorides to form complex. Sulphuric acid is added to the mixture so that the mercury is completely dissolved. Besides, it assists in oxidizing the nitrogen compounds in the sample and the increased heat will accelerate the reaction rate. Silver Sulphate catalyses the reaction and also assists in the oxidation of the nitrogen compounds. Mercury sulphate is added first in order to allow the chlorine atoms to combine with mercury. If Silver Sulphate is added first, the chlorine would bind with the silver. Mercury sulphate may be added after; however it will take some time for the chlorine to detach from the silver and bind to mercury. Thus, it is best to add mercury sulphate first. The titer volume of the sample gives the volume of Ferrous Ammonium Sulphate required to react with the excess potassium dichromate in the solution. Similarly, the titer volume
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 for the blank (distilled water) gives the volume of Ferrous Ammonium Sulphate required to react with the excess potassium dichromate in the blank. The equation for the titration can be expressed as: Cr2O7
 2 – + FeSO4 (NH4)2SO4 = Cr+ + NH4+ + Fe 3+
 From above equation it can be seen that one molecule of dichromate corresponds to one molecule of Mohr’s salt. Thus, the difference in volume of excess K2Cr2O7 reacting with Mohr’s solution can be calculated from the expression: = (Original vol. K2Cr2O7 – vol. of K2Cr2O7 used for oxidation) solution - (Original vol. K2Cr2O7– vol. of K2Cr2O7 used for oxidation) blank = (Vol. of K2Cr2O7 used for oxidation) blank – (Vol. of K2Cr2O7 used for oxidation) solution Hence, the difference in the titer volume for the solution and the blank is used to find out the Chemical Oxygen Demand directly.
 Conclusion
 COD of given sample using the method of titration is found to be 6.4 mg/l.
 2. Dissolved Oxygen (Winkler Method)
 What is the Winkler Method?
 The Winkler Method is a technique used to measure dissolved oxygen in freshwater systems. Dissolved oxygen is used as an indicator of the health of a water body, where higher dissolved oxygen concentrations are correlated with high productivity and little pollution. This test is performed on-site, as delays between sample collection and testing may result in an alteration in oxygen content. How does the Winkler Method Work? The Winkler Method uses titration to determine dissolved oxygen in the water sample. A sample bottle is filled completely with water (no air is left to skew the results). The dissolved oxygen in the sample is then "fixed" by adding a series of reagents that form an acid compound that is then titrated with a neutralizing compound that results in a color change. The point of color change is called the "endpoint," which coincides with the dissolved oxygen concentration in the sample. Dissolved oxygen analysis is best done in the field, as the sample will be less altered by atmospheric equilibration. Applications
 Dissolved oxygen analysis can be used to determine:
 the health or cleanliness of a lake or stream, the amount and type of biomass a freshwater system can support, the amount of decomposition occurring in the lake or stream.
 How to- Sample Collection, Preparation, Analytical Protocols, and Concerns
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 Dissolved oxygen should be measured as quickly and carefully as possible. Ideally, samples should be measured in the field immediately after collection. Reagent List:
 2ml Manganese sulfate 2ml alkali-iodide-azide 2ml concentrated sulfuric acid 2ml starch solution Sodium thiosulfate
 Please use caution when using these reagents, as they can be hazardous to one's health.
 Procedure:
 1. Carefully fill a 300-mL glass Biological Oxygen Demand (BOD) stoppered bottle brim-full with sample water.
 2. Immediately add 2mL of manganese sulfate to the collection bottle by inserting the calibrated pipette just below the surface of the liquid. (If the reagent is added above the sample surface, you will introduce oxygen into the sample.) Squeeze the pipette slowly so no bubbles are introduced via the pipette.
 3. Add 2 mL of alkali-iodide-azide reagent in the same manner. 4. Stopper the bottle with care to be sure no air is introduced. Mix the sample by
 inverting several times. Check for air bubbles; discard the sample and start over if any are seen. If oxygen is present, a brownish-orange cloud of precipitate or floc will appear. When this floc has settle to the bottom, mix the sample by turning it upside down several times and let it settle again.
 5. Add 2 mL of concentrated sulfuric acid via a pipette held just above the surface of the sample. Carefully stopper and invert several times to dissolve the floc. At this point, the sample is "fixed" and can be stored for up to 8 hours if kept in a cool, dark place. As an added precaution, squirt distilled water along the stopper, and cap the bottle with aluminum foil and a rubber band during the storage period.
 6. In a glass flask, titrate 201 mL of the sample with sodium thiosulfate to a pale straw color. Titrate by slowly dropping titrant solution from a calibrated pipette into the flask and continually stirring or swirling the sample water.
 7. Add 2 mL of starch solution so a blue color forms. 8. Continue slowly titrating until the sample turns clear. As this experiment reaches
 the endpoint, it will take only one drop of the titrant to eliminate the blue color. Be especially careful that each drop is fully mixed into the sample before adding the next. It is sometimes helpful to hold the flask up to a white sheet of paper to check for absence of the blue color.
 9. The concentration of dissolved oxygen in the sample is equivalent to the number of milliliters of titrant used. Each mL of sodium thiosulfate added in steps 6 and 8 equals 1 mg/L dissolved oxygen.
 Results Analysis
 The total number of milliliters of titrant used in steps 6-8 equals the total dissolved oxygen in the sample in mg/L. Oxygen saturation is temperature dependent - gas is more soluble in cold waters, hence cold waters generally have higher dissolved oxygen
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 concentrations. Dissolved oxygen also depends on salinity and elevation, or partial pressure. use the chart below to find saturation at a given temperature.
 3. Biochemical Oxygen Demand (BOD5)
 1. General Discussion
 a. Principle: The method consists of filling with sample, to overflowing, an airtight bottle of the specified size and incubating it at the specified temperature for 5 d. Dissolved oxygen ismeasured initially and after incubation, and the BOD is computed from the difference between initial and final DO. Because the initial DO is determined shortly after the dilution is made, all oxygen uptake occurring after this measurement is included in the BOD measurement.
 b. Sampling and storage: Samples for BOD analysis may degrade significantly during storage between collection and analysis, resulting in low BOD values. Minimize reduction of BOD by analyzing sample promptly or by cooling it to near-freezing temperature during storage. However, even at low temperature, keep holding time to a minimum. Warm chilled samples to 20 ± 3°C before analysis. 1) Grab samples—If analysis is begun within 2 h of collection, cold storage is unnecessary. If analysis is not started within 2 h of sample collection, keep sample at or below 4°C from the time of collection. Begin analysis within 6 h of collection; when this is not possible because the sampling site is distant from the laboratory, store at or below 4°C and report length and temperature of storage with the results. In no case start analysis more than 24 hours after grab sample collection. When samples are to be used for regulatory purposes make every effort to deliver samples for analysis within 6 h of collection. 2) Composite samples—Keep samples at or below 4°C during compositing. Limit compositing period to 24 h. Use the same criteria as for storage of grab samples, starting the measurement of holding time from end of compositing period. State storage time and conditions as part of the results.
 2. Apparatus
 a. Incubation bottles: Use glass bottles having 60 mL or greater capacity (300-mL bottles having a ground-glass stopper and a flared mouth are preferred). Clean bottles with a detergent, rinse thoroughly, and drain before use. As a precaution against drawing air into the dilution bottle during incubation, use a water seal. Obtain satisfactory water seals by inverting bottles in a water bath or by adding water to the flared mouth of special BOD
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 bottles. Place a paper or plastic cup or foil cap over flared mouth of bottle to reduce evaporation of the water seal during incubation.
 b. Air incubator or water bath, thermostatically controlled at 20 ±1°C. Exclude all light to prevent possibility of photosynthetic production of DO.
 3. Reagents
 Prepare reagents in advance but discard if there is any sign of precipitation or biological growth in the stock bottles. Commercial equivalents of these reagents are acceptable and different stock concentrations may be used if doses are adjusted proportionally. a. Phosphate buffer solution: Dissolve 8.5 g KH2PO4, 21.75 g K2HPO4, 33.4 g Na2HPO4×7H2O, and 1.7 g NH4Cl in about 500 mL distilled water and dilute to 1 L. The pH should be 7.2 without further adjustment. Alternatively, dissolve 42.5 g KH2PO4 or 54.3 g K2HPO4 in about 700 mL distilled water. Adjust pH to 7.2 with 30% NaOH and dilute to 1 L. b. Magnesium sulfate solution: Dissolve 22.5 g MgSO4.7H2O in distilled water and dilute to 1 L. c. Calcium chloride solution: Dissolve 27.5 g CaCl2 in distilled water and dilute to 1 L. d. Ferric chloride solution: Dissolve 0.25 g FeCl3.6H2O in distilled water and dilute to 1L. e. Acid and alkali solutions, 1N, for neutralization of caustic or acidic waste samples. 1) Acid—Slowly and while stirring, add 28 mL conc sulfuric acid to distilled water. Dilute to 1 L. 2) Alkali—Dissolve 40 g sodium hydroxide in distilled water. Dilute to 1 L. f. Sodium sulfite solution: Dissolve 1.575 g Na2SO3 in 1000 mL distilled water. This solution is not stable; prepare daily. g. Nitrification inhibitor, 2-chloro-6-(trichloromethyl) pyridine.
 h. Glucose-glutamic acid solution: Dry reagent-grade glucose and reagent-grade glutamic
 acid at 103°C for 1 h. Add 150 mg glucose and 150 mg glutamic acid to distilled water and
 dilute to 1 L. Prepare fresh immediately before use.
 i. Ammonium chloride solution: Dissolve 1.15 g NH4Cl in about 500 mL distilled water,
 adjust pH to 7.2 with NaOH solution, and dilute to 1 L. Solution contains 0.3 mg N/mL.
 j. Dilution water: Use demineralized, distilled, tap, or natural water for making sample
 dilutions.
 4. Procedure
 a. Preparation of dilution water: Place desired volume of water (¶ 3 j) in a suitable bottle
 and add 1 mL each of phosphate buffer, MgSO4, CaCl2, and FeCl3 solutions/L of water.
 Seed dilution water, if desired, as described in ¶ 4d. Test dilution water as described in ¶
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 4h so that water of assured quality always is on hand. Before use bring dilution water
 temperature to 20 ± 3°C. Saturate with DO by shaking in a partially filled bottle or by
 aerating with organic-free filtered air. Alternatively, store in cotton-plugged bottles long
 enough for water to become saturated with DO. Protect water quality by using clean
 glassware, tubing, and bottles.
 b. Dilution water storage: Source water (¶ 3 j) may be stored before use as long as the
 prepared dilution water meets quality control criteria in the dilution water blank (¶ 4h).
 Such storage may improve the quality of some source waters but may allow biological
 growth to cause deterioration in others. Preferably do not store prepared dilution water
 for more than 24 h after adding nutrients, minerals, and buffer unless dilution water
 blanks consistently meet quality control limits. Discard stored source water if dilution
 water blank shows more than 0.2 mg/L DO depletion in 5 d.
 c. Glucose-glutamic acid check: Because the BOD test is a bioassay its results can be
 influenced greatly by the presence of toxicants or by use of a poor seeding material.
 Distilled waters frequently are contaminated with copper; some sewage seeds are
 relatively inactive. Low results always are obtained with such seeds and waters.
 Periodically check dilution water quality, seed effectiveness, and analytical technique by
 making BOD measurements on a mixture of 150 mg glucose/L and 150 mg glutamic
 acid/L as a ‘‘standard’’ check solution. Glucose has an exceptionally high and variable
 oxidation rate but when it is used with glutamic acid, the oxidation rate is stabilized and is
 similar to that obtained with many municipal wastes. Alternatively, if a particular
 wastewater contains an identifiable major constituent that contributes to the BOD, use
 this compound in place of the glucose-glutamic acid. Determine the 5-d 20°C BOD of a
 2% dilution of the glucose-glutamic acid standard check solution using the techniques
 outlined in ¶s 4d-j. Adjust concentrations of commercial mixtures to give 3 mg/L glucose
 and 3 mg/L glutamic acid in each GGA test bottle. Evaluate data as described in ¶ 6,
 Precision and Bias.
 d. Seeding:
 1) Seed source—It is necessary to have present a population of microorganisms capable of
 oxidizing the biodegradable organic matter in the sample. Domestic wastewater,
 unchlorinated or otherwise-undisinfected effluents from biological waste treatment
 plants, and surface waters receiving wastewater discharges contain satisfactory microbial
 populations. Some samples do not contain a sufficient microbial population (for example,
 some untreated industrial wastes, disinfected wastes, high-temperature wastes, or wastes
 with extreme pH values). For such wastes seed the dilution water or sample by adding a
 population of microorganisms. The preferred seed is effluent or mixed liquor from a
 biological treatment system processing the waste. Where such seed is not available, use
 supernatant from domestic wastewater after settling at room temperature for at least 1 h
 but no longer than 36 h. When effluent or mixed liquor from a biological treatment
 process is used, inhibition of nitrification is recommended. Some samples may contain
 materials not degraded at normal rates by the microorganisms in settled domestic
 wastewater. Seed such samples with an adapted microbial population obtained from the
 undisinfected effluent or mixed liquor of a biological process treating the waste. In the
 absence of such a facility, obtain seed from the receiving water below (preferably 3 to 8
 km) the point of discharge. When such seed sources also are not available, develop an
 adapted seed in the laboratory by continuously aerating a sample of settled domestic
 wastewater and adding small daily increments of waste. Optionally use a soil suspension
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 or activated sludge, or a commercial seed preparation to obtain the initial microbial
 population. Determine the existence of a satisfactory population by testing the
 performance of the seed in BOD tests on the sample. BOD values that increase with time
 of adaptation to a steady high value indicate successful seed adaptation.
 2) Seed control—Determine BOD of the seeding material as for any other sample. This is
 the seed control. From the value of the seed control and a knowledge of the seeding
 material dilution (in the dilution water) determine seed DO uptake. Ideally, make
 dilutions of seed such that the largest quantity results in at least 50% DO depletion. A
 plot of DO depletion, in milligrams per liter, versus milliters of seed for all bottles having
 a 2-mg/L depletion and a 1.0-mg/L minimum residual DO should present a straight line
 for which the slope indicates DO depletion per milliliter of seed. The DO-axis intercept is
 oxygen depletion caused by the dilution water and should be less than 0.1 mg/L (¶ 4h).
 Alternatively, divide DO depletion by volume of seed in milliliters for each seed control
 bottle having a 2-mg/L depletion and a 1.0-mg/L residual DO. Average the results for all
 bottles meeting minimum depletion and residual DO criteria. The DO uptake attributable
 to the seed added to each bottle should be between 0.6 and 1.0 mg/L, but the amount of
 seed added should be adjusted from this range to that required to provide glucose-
 glutamic acid check results in the range of 198 ± 30.5 mg/L. To determine DO uptake for
 a test bottle, subtract DO uptake attributable to the seed from total DO uptake (see ¶ 5).
 Techniques for adding seeding material to dilution water are described for two sample
 dilution methods (¶ 4 f).
 e. Sample pretreatment: Check pH of all samples before testing unless previous
 experience indicates that pH is within the acceptable range.
 1) Samples containing caustic alkalinity (pH >8.5) or acidity (pH <6.0)—Neutralize
 samples to pH 6.5 to 7.5 with a solution of sulfuric acid (H2SO4) or sodium hydroxide
 (NaOH) of such strength that the quantity of reagent does not dilute the sample by more
 than 0.5%. The pH of dilution water should not be affected by the lowest sample dilution.
 Always seed samples that have been pH-adjusted.
 2) Samples containing residual chlorine compounds—If possible, avoid samples
 containing residual chlorine by sampling ahead of chlorination processes. If the sample
 has been chlorinated but no detectable chlorine residual is present, seed the dilution
 water. If residual chlorine is present, dechlorinate sample and seed the dilution water (¶ 4
 f). Do not test chlorinated/dechlorinated samples without seeding the dilution water. In
 some samples chlorine will dissipate within 1 to 2 h of standing in the light. This often
 occurs during sample transport and handling. For samples in which chlorine residual
 does not dissipate in a reasonably short time, destroy chlorine residual by adding Na2SO3
 solution. Determine required volume of Na2SO3 solution on a 100- to 1000-mL portion of
 neutralized sample by adding 10 mL of 1 + 1 acetic acid or 1 + 50 H2SO4, 10 mL
 potassium iodide (KI) solution (10 g/100 mL) per 1000 mL portion, and titrating with
 Na2SO3 solution to the starch-iodine end point for residual. Add to neutralized sample
 the relative volume of Na2SO3 solution determined by the above test, mix, and after 10 to
 20 min check sample for residual chlorine. (NOTE: Excess Na2SO3 exerts an oxygen
 demand and reacts slowly with certain organic chloramine compounds that may be
 present in chlorinated samples.)
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 3) Samples containing other toxic substances—Certain industrial wastes, for example,
 plating wastes, contain toxic metals. Such samples often require special study and
 treatment.
 4) Samples supersaturated with DO—Samples containing more than 9 mg DO/L at 20°C
 may be encountered in cold waters or in water where photosynthesis occurs. To prevent
 loss of oxygen during incubation of such samples, reduce DO to saturation at 20°C by
 bringing sample to about 20°C in partially filled bottle while agitating by vigorous
 shaking or by aerating with clean, filtered compressed air.
 5) Sample temperature adjustment—Bring samples to 20 ± 1°C before making dilutions.
 6) Nitrification inhibition—If nitrification inhibition is desired add 3 mg 2-chloro-6-
 (trichloro methyl) pyridine (TCMP) to each 300-mL bottle before capping or add
 sufficient amounts to the dilution water to make a final concentration of 10 mg/L.
 (NOTE: Pure TCMP may dissolve slowly and can float on top of the sample. Some
 commercial formulations dissolve more readily but are not 100% TCMP; adjust dosage
 accordingly.) Samples that may require nitrification inhibition include, but are not
 limited to, biologically treated effluents, samples seeded with biologically treated
 effluents, and river waters. Note the use of nitrogen inhibition in reporting results.
 f. Dilution technique: Make several dilutions of sample that will result in a residual DO of
 at least 1 mg/L and a DO uptake of at least 2 mg/L after a 5-d incubation. Five dilutions
 are recommended unless experience with a particular sample shows that use of a smaller
 number of dilutions produces at least two bottles giving acceptable minimum DO
 depletion and residual limits. A more rapid analysis, such as COD, may be correlated
 approximately with BOD and serve as a guide in selecting dilutions. In the absence of
 prior knowledge, use the following dilutions: 0.0 to 1.0% for strong industrial wastes, 1 to
 5% for raw and settled wastewater, 5 to
 25% for biologically treated effluent, and 25 to 100% for polluted river waters.
 Prepare dilutions either in graduated cylinders or volumetric glassware, and then
 transfer to BOD bottles or prepare directly in BOD bottles. Either dilution method can be
 combined with any DO measurement technique. The number of bottles to be prepared for
 each dilution depends on the DO technique and the number of replicates desired.
 When using graduated cylinders or volumetric flasks to prepare dilutions, and when
 seeding is necessary, add seed either directly to dilution water or to individual cylinders
 or flasks before dilution. Seeding of individual cylinders or flasks avoids a declining ratio
 of seed to sample as increasing dilutions are made. When dilutions are prepared directly
 in BOD bottles and when seeding is necessary, add seed directly to dilution water or
 directly to the BOD bottles. When a bottle contains more than 67% of the sample after
 dilution, nutrients may be limited in the diluted sample and subsequently reduce
 biological activity. In such samples, add the nutrient, mineral, and buffer solutions (¶ 3a
 through e) directly to individual BOD bottles at a rate of 1 mL/L (0.33 mL/300-mL bottle)
 or use commercially prepared solutions designed to dose the appropriate bottle size.
 1) Dilutions prepared in graduated cylinders or volumetric flasks—If the azide
 modification of the titrimetric iodometric method (Section 4500-O.C) is used, carefully
 siphon dilution water, seeded if necessary, into a 1- to 2-L-capacity flask or cylinder. Fill
 half full without entraining air. Add desired quantity of carefully mixed sample and dilute
 to appropriate level with dilution water. Mix well with a plunger-type mixing rod; avoid
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 entraining air. Siphon mixed dilution into two BOD bottles. Determine initial DO on one
 of these bottles. Stopper the second bottle tightly, water-seal, and incubate for 5 d at 20°C.
 If the membrane electrode method is used for DO measurement, siphon dilution mixture
 into one BOD bottle. Determine initial DO on this bottle and replace any displaced
 contents with sample dilution to fill the bottle. Stopper tightly, water-seal, and incubate
 for 5 d at 20°C.
 2) Dilutions prepared directly in BOD bottles—Using a wide-tip volumetric pipet, add the
 desired sample volume to individual BOD bottles of known capacity. Add appropriate
 amounts of seed material either to the individual BOD bottles or to the dilution water. Fill
 bottles with enough dilution water, seeded if necessary, so that insertion of stopper will
 displace all air, leaving no bubbles. For dilutions greater than 1:100 make a primary
 dilution in a graduated cylinder before making final dilution in the bottle. When using
 titrimetric iodometric methods for DO measurement, prepare two bottles at each dilution.
 Determine initial DO on one bottle. Stopper second bottle tightly, water-seal, and
 incubate for 5 d at 20°C. If the membrane electrode method is used for DO measurement,
 prepare only one BOD bottle for each dilution. Determine initial DO on this bottle and
 replace any displaced contents with dilution water to fill the bottle. Stopper tightly, water-
 seal, and incubate for 5 d at 20°C. Rinse DO electrode between determinations to prevent
 cross-contamination of samples. Use the azide modification of the iodometric method
 (Section 4500-O.C) or the membrane electrode method (Section 4500-O.G) to determine
 initial DO on all sample dilutions, dilution water blanks, and where appropriate, seed
 controls. If the membrane electrode method is used, the azide modification of the
 iodometric method (Method 4500-O.C) is recommended for calibrating the DO probe.
 g. Determination of initial DO: If the sample contains materials that react rapidly with
 DO, determine initial DO immediately after filling BOD bottle with diluted sample. If
 rapid initial DO uptake is insignificant, the time period between preparing dilution and
 measuring initial DO is not critical but should not exceed 30 min.
 h. Dilution water blank: Use a dilution water blank as a rough check on quality of
 unseeded dilution water and cleanliness of incubation bottles. Together with each batch of
 samples incubate a bottle of unseeded dilution water. Determine initial and final DO as in
 ¶s 4g and j. The DO uptake should not be more than 0.2 mg/L and preferably not more
 than 0.1 mg/L Discard all dilution water having a DO uptake greater than 0.2 mg/L and
 either eliminate source of contamination or select an alternate dilution water source..
 i. Incubation: Incubate at 20°C ± 1°C BOD bottles containing desired dilutions, seed
 controls, dilution water blanks, and glucose-glutamic acid checks. Water-seal bottles as
 described in ¶ 4 f.
 j. Determination of final DO: After 5 d incubation determine DO in sample dilutions,
 blanks, and checks as in ¶ 4g.
 5. Calculation
 For each test bottle meeting the 2.0-mg/L minimum DO depletion and the 1.0-mg/L
 residual DO, calculate BOD5 as follows:When dilution water is not seeded:
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 When dilution water is seeded:
 where:
 D1 = DO of diluted sample immediately after preparation, mg/L,
 D2 = DO of diluted sample after 5 d incubation at 20°C, mg/L,
 P = decimal volumetric fraction of sample used,
 B1 = DO of seed control before incubation, mg/L
 B2 = DO of seed control after incubation mg/L and
 f = ratio of seed in diluted sample to seed in seed control = (% seed in diluted sample)/(%
 seed in seed control). If seed material is added directly to sample or to seed control
 bottles:
 f = (volume of seed in diluted sample)/(volume of seed in seed control)
 report results as CBOD5 if nitrification is inhibited.
 If more than one sample dilution meets the criteria of a residual DO of at least 1 mg/L
 and a DO depletion of at least 2 mg/L and there is no evidence of toxicity at higher sample
 concentrations or the existence of an obvious anomaly, average results in the acceptable
 range. In these calculations, do not make corrections for DO uptake by the dilution water
 blank during incubation. This correction is unnecessary if dilution water meets the blank
 criteria stipulated above. If the dilution water does not meet these criteria, proper
 corrections are difficult ; do not record results or, as a minimum, mark them as not
 meeting quality control criteria.
 6. Precision and Bias
 There is no measurement for establishing bias of the BOD procedure. The glucose-
 glutamic acid check prescribed in ¶ 4c is intended to be a reference point for evaluation of
 dilution water quality, seed effectiveness, and analytical technique. Single-laboratory tests
 using a 300-mg/L mixed glucose-glutamic acid solution provided the following results:
 Number of months: 14
 Number of triplicates: 421
 Average monthly recovery: 204 mg/L
 Average monthly standard deviation: 10.4 mg/L
 In a series of interlaboratory studies,1 each involving 2 to 112 laboratories (and as many
 analysts and seed sources), 5-d BOD measurements were made on synthetic water
 samples containing a 1:1 mixture of glucose and glutamic acid in the total concentration
 range of 3.3 to 231 mg/L. The regression equations for mean value, Ä , and standard
 deviation, S, from these studies were:
 Ä = 0.658 (added level, mg/L) + 0.280 mg/L
 S = 0.100 (added level, mg/L) + 0.547 mg/L
 For the 300-mg/L mixed primary standard, the average 5-d BOD would be 198 mg/L with
 a standard deviation of 30.5 mg/L. When nitrification inhibitors are used, GGA test
 results falling outside the 198 ± 30.5 control limit quite often indicate use of incorrect
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 amounts of seed. Adjust amount of seed added to the GGA test to achieve results falling
 within this range.
 a. Control limits: Because of many factors affecting BOD tests in multilaboratory studies
 and the resulting extreme variability in test results, one standard deviation, as determined
 by inter-laboratory tests, is recommended as a control limit for individual laboratories.
 Alternatively, for each laboratory, establish its control limits by performing a minimum
 of 25 glucose-glutamic acid checks (¶ 4c) over a period of several weeks or months and
 calculating the mean and standard deviation. Use the mean ±3 standard deviations as the
 control limit for future glucose-glutamic acid checks. Compare calculated control limits to
 the single-laboratory tests presented above and to inter-laboratory results. If control
 limits are outside the range of 198 ± 30.5, re-evaluate the control limits and investigate
 source of the problem. If measured BOD for a glucose-glutamic acid check is outside the
 accepted control limit range, reject tests made with that seed and dilution water.
 b. Working range and detection limit: The working range is equal to the difference
 between the maximum initial DO (7 to 9 mg/L) and minimum DO residual of 1 mg/L
 multiplied by the dilution factor. A lower detection limit of 2 mg/L is established by the
 requirement for a minimum DO depletion of 2 mg/L.
 4. Total Suspended Solids (TSS)
 Total suspended solids (TSS) include all particles suspended in water which will not pass
 through a filter. Suspended solids are present in sanitary wastewater and many types of
 industrial wastewater. There are also nonpoint sources of suspended solids, such as soil
 erosion from agricultural and construction sites. As levels of TSS increase, a water body
 begins to lose its ability to support a diversity of aquatic life. Suspended solids absorb heat
 from sunlight, which increases water temperature and subsequently decreases levels of
 dissolved oxygen (warmer water holds less oxygen than cooler water). Some cold water
 species, such as trout and stoneflies, are especially sensitive to changes in dissolved
 oxygen. Photosynthesis also decreases, since less light penetrates the water. As less oxygen
 is produced by plants and algae, there is a further drop in dissolved oxygen levels. TSS
 can also destroy fish habitat because suspended solids settle to the bottom and can
 eventually blanket the river bed. Suspended solids can smother the eggs of fish and
 aquatic insects, and can suffocate newly-hatched insect larvae. Suspended solids can also
 harm fish directly by clogging gills, reducing growth rates, and lowering resistance to
 disease. Changes to the aquatic environment may result in a diminished food sources, and
 increased difficulties in finding food. Natural movements and migrations of aquatic
 populations may be disrupted.
 For point sources, adequate treatment is necessary to insure that suspended solids are not
 present at levels of concern in waters of the state. Treatment typically consists of settling
 prior to discharge of the wastewater. Settling allows solids to sink to the bottom, where
 they can be removed. Some types of wastewaters, such as non-contact cooling water, are
 naturally low in suspended solids and do not require treatment.
 For nonpoint sources, control measures should be implemented to reduce loadings of
 suspended solids to streams, rivers and lakes. Farming practices such as no-till minimize
 soil erosion and help protect water quality. For construction sites, controls such as silt
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 fences and sedimentation basins are designed to prevent eroding soils from reaching
 surface waters. In urban areas, storm water retention ponds or a regular schedule of
 street sweeping may be effective in reducing the quantity of suspended solids in storm
 water run-off.
 Procedure;
 Take a filter paper, dry it in oven at 1050
 C temp. for 1 hr. weigh it (intial weight) now
 take 50ml of well shaked samples, if suspended solids are of low range, take 100 ml of
 sample or so and filter the sample. Dry the filter paper along with resiue in oven at 1050 C
 cool it and weigh it to a constant weight (Final Weight).
 Calculations;
 T.S.S in ppm = W x 106
 V
 Where,
 W = Final weight of filter paper (with solids ) - intial weight of filter paper (without
 solids)
 V = Volume of samples used
 5. Total Dissolved Solids (TDS)
 Solids are found in streams in two forms, suspended and dissolved. Suspended solids
 include silt, stirred-up bottom sediment, decaying plant matter, or sewage-treatment
 effluent. Suspended solids will not pass through a filter, whereas dissolved solids will.
 Dissolved solids in freshwater samples include soluble salts that yield ions such as sodium
 (Na+), calcium (Ca2+), magnesium (Mg2+), bicarbonate (HCO3–), sulfate (SO42– ), or
 chloride (Cl–). Total dissolved solids, or TDS, can be determined by evaporating a pre-
 filtered sample to dryness, and then finding the mass of the dry residue per liter of
 sample. A second method uses a Vernier Conductivity Probe to determine the ability of
 the dissolved salts and their resulting ions in an unfiltered sample to conduct an electrical
 current. The conductivity is then converted to TDS. Either of these methods yields a TDS
 value in units of mg/L.
 Sources of Total Dissolved Solids
 • Hard-Water Ions
 - Ca2+
 - Mg2+
 - HCO3–
 • Fertilizer in agricultural runoff
 - NH4+
 - NO3–
 - PO43–
 - SO42–
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 •Urban runoff
 - Na+
 - Cl–
 •Salinity from tidal mixing, minerals, or returned irrigation water
 - Na+
 - K+
 - Cl–
 •Acidic rainfall
 - H+
 - NO3–
 - SO32–, SO42–
 The TDS concentration in a body of water is affected by many different factors. A high
 concentration of dissolved ions is not, by itself, an indication that a stream is polluted or
 unhealthy. It is normal for streams to dissolve and accumulate fairly high concentrations
 of ions from the minerals in the rocks and soils over which they flow. If these deposits
 contain salts (sodium chloride or potassium chloride) or limestone (calcium carbonate),
 then significant concentrations of Na+, K+, Cl– will result, as well as hard-water ions,
 such as Ca2+ and HCO3– from limestone.
 TDS is sometimes used as a “watchdog” environmental test. Any change in the ionic
 composition between testing sites in a stream can quickly be detected using a
 Conductivity Probe. TDS values will change when ions are introduced to water from salts,
 acids, bases, hard-water minerals, or soluble gases that ionize in solution. However, the
 tests described here will not tell you the specific ion responsible for the increase or
 decrease in TDS. They simply give a general indication of the level of dissolved solids in
 the stream or lake. Further tests described in this book can then help to determine the
 specific ion or ions that contributed to changes in the initial TDS reading.
 There are many possible manmade sources of ions that may contribute to elevated TDS
 readings. Fertilizers from fields and lawns can add a variety of ions to a stream. Increases
 in TDS can also result from runoff from roads that have been salted in the winter.
 Organic matter from wastewater treatment plants may contribute higher levels of nitrate
 or phosphate ions. Treated wastewater may also have higher TDS readings than
 surrounding streams if urban drinking water has been highly chlorinated. Irrigation
 water that is returned to a stream will often have higher concentrations of sodium or
 chloride ions. Acidic rainwater, with dissolved gases like CO2, NO2, or SO2, often yields
 elevated H+ ion concentrations.
 If TDS levels are high, especially due to dissolved salts, many forms of aquatic life are
 affected. The salts act to dehydrate the skin of animals. High concentrations of dissolved
 solids can add a laxative effect to water or cause the water to have an unpleasant mineral
 taste. It is also possible for dissolved ions to affect the pH of a body of water, which in
 turn may influence the health of aquatic species. If high TDS readings are due to hard-
 water ions, then soaps may be less effective, or significant boiler plating may occur in
 heating pipes.
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 Summary of Methods
 Method 1: TDS Using a Conductivity Probe
 A Vernier Conductivity Probe is used on site, or placed into samples collected at sites, to
 measure TDS concentration of the solution. It offers the advantage that it can be
 performed without filtration, providing instantaneous feedback about total dissolved
 solids concentration in a stream.
 Method 2: TDS by Evaporation
 Using this method, samples are first filtered to remove suspended solids. A precise
 amount of sample is added to a carefully cleaned, dried, and weighed beaker. The water is
 then evaporated in a drying oven at 1050 C. The difference in mass between the two
 weighings is the mass of the total dissolved solids. Calculations are then performed to
 convert the change in mass to mg/L of TDS. This procedure does not require a sensor, but
 does require an analytical balance (0.001 or 0.0001-g resolution).
 Calculations:
 T.S.S in ppm = W x 106
 V
 Where,
 W = Final weight of beaker (with solids ) - intial weight of beaker (without solids)
 V = Volume of samples used
 6. Oil & Grease Content
 World water bodies are increasingly polluted with oily water, its effects can be
 irreversible for aquatic living organisms, and the consequences of these effects are
 transferred, indirectly or directly, to humans, as they are also involve in the in the food
 chain of the ecosystem. The presence of oil and grease in water bodies leads to the
 formation of oil layer, which causes significant pollution problem such as reduction of
 light penetration and photosynthesis. It further hinders oxygen transfer from atmosphere
 to water medium and this leads to decreased amount of dissolved oxygen (DO) at the
 bottom of the water and this adversely affects survival of aquatic life in water . Stams and
 Oude reported the effects of oil and grease in wastewater steam to include physical
 blockages in sewers, pump, screens and filter distributor arms, and these consequently
 lead to increase maintenance costs. These effects also include accumulation of lighter oils
 in the wet wells of pumping stations, fouling of electrodes or float systems which leads to
 pump controls failures. Where the nature of oil is highly flammable, it leads to explosion
 hazard in the treatment works. Excessive grease in the wastewater stream causes
 difficulties in sludge pressing because of ‘blinding effect’ on the filter cloths.
 Furthermore, oil and grease interfere with aerobic biological wastewater treatment
 processes by reducing oxygen transfer rates. Equally, oil and grease reduce the efficacy of
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 anaerobic treatment processes by reducing the transport of soluble substrates to the
 bacterial biomass. Similarly, in the municipal water treatment plant, oil and grease cause
 objectionable taste and odors, turbidity and film, and make filtration treatment difficult.
 Reagents required :
 Petroleum ether of boiling range 40-600 C, dilute HCl 50%.
 Procedure:
 Take a known quantity of sample usually 100ml in a beaker. Acidify its ph using dil. HCl.
 Weigh the evaporating dish (intial weight). To the separating funnel add sample. add 5ml
 of the petroleum ether to it.shake well for atleast 2 min. then allow to rest for 2 min. we
 will find two separated layers, one ether layer and another sample layer. collect lower
 layer to same sample beaker. add ether layer to evaporating dish. Repeat above
 procedure to 2 more times. then put collected ether layer in evaporating dish in oven and
 allow it to evaporate to constant weight. Then allow it to cool. weigh it again (final
 weight).
 Calculations:
 T.S.S in ppm = W x 106
 V
 Where,
 W = Final weight of evaporating dish - intial weight of empty evaporating dish
 V = Volume of samples used
 7. Jar Testing
 Jar testing is a pilot-scale test of the treatment chemicals used in a particular water plant.
 It simulates the coagulation/flocculation process in a water treatment plant and helps
 operators determine if they are using the right amount of treatment chemicals, and, thus,
 improves the plant’s performance.
 Jar testing is a method of simulating a full scale water treatment process, providing
 system operators a reasonable idea of the way a treatment chemical will behave and
 operate with a particular type of raw water. Because it mimics full-scale operation,
 system operators can use jar testing to help determine which treatment chemical will
 work best with their system’s raw water. Jar testing entails adjusting the amount of
 treatment chemicals and the sequence in which they are added to samples of raw water
 held in jars or beakers. The sample is then stirred so that the formation, development,
 and settlement of floc can be watched just as it would be in the full scale treatment plant.
 (Floc forms when treatment chemicals react with material in the raw water and clump
 together.) The operator then performs a series of tests to compare the effects of different
 amounts of flocculation agents at different pH values to determine the right size floc for a
 particular plant. (The right size of floc depends upon the system’s filter dimensions and
 other considerations.)
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 The jar testing process can be summarized as follows:
 1. For each water sample (usually raw water) a number of beakers (jars) are filled
 with equal amounts of the water sample;
 2. Each beaker of the water sample is treated with a different dose of the chemical;
 3. Other parameters may be altered besides dosage, including chemical types, mixing
 rate, aeration level/time, filtration type, etc.;
 4. By comparing the final water quality achieved in each beaker, the effect of the
 different treatment parameters can be determined; and
 5. Jar testing is normally carried out on several beakers at a time, with the results
 from the first test guiding the choice of parameter amounts in the later tests.
 Frequency of Jar Testing
 Jar testing should be done seasonally (temperature), monthly, weekly, daily, or whenever
 a chemical is being changed, or new pumps, rapid mix motors, new floc motors, or new
 chemical feeders are installed. There is no set requirement for how often jar testing
 should be conducted, but the more it’s done the better the plant will operate.
 Optimization is the key to running the plant more efficiently
 Why perform jar tests?
 By performing jar tests, you can try alternative treatment doses and strategies without
 altering the performance of the full-scale treatment plant and easily compare the results
 of several different chemical treatments for time of formation, floc size, settleability, and,
 perhaps, filtration characteristics. One cannot make such comparisons with the full
 plant’s treatment.” Another important reason to perform jar testing is to save money.
 One of the common problems in water treatment is overfeeding or overdosing, especially
 with coagulants. This may not hurt the quality of water, but it can cost a lot of money.
 One of the easiest things an operator can do for optimization of the plant is jar testing,
 and jar testing is a must when looking at best available technologies.
 Jar Testing Procedures
 The following jar test procedure uses alum (aluminum sulfate) a chemical for coagulation/
 flocculation in water treatment, and a typical six-gang jar tester. The results of this
 procedure can help optimize the performance of the plant.
 • First, using a 1,000 milliliter (mL) graduated cylinder, add 1,000 mL of raw water to
 each of the jar test beakers. Record the temperature, pH, turbidity, and alkalinity of the
 raw water before beginning.
 • Next, prepare a stock solution by dissolving 10.0 grams of alum into 1,000 mL distilled
 water. Each 1.0 mL of this stock solution will equal 10 mg\L (ppm) when added to 1,000
 mL of water to be tested.
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 • Using the prepared stock solution of alum, dose each beaker with increased amounts of
 the solution. See table below for an example of the increments and dosage:
 • After dosing each beaker, turn on the stirrers. This part of the procedure should reflect
 the actual conditions of the plant as much as possible. Meaning, if the plant has a static
 mixer following chemical addition, followed by 30 minutes in a flocculator, then 1.5 hours
 of settling time before the filters, then the test also should have these steps. The jar test
 would be performed as follows: Operate the stirrers at a high RPM for 1 minute to
 simulate the static mixer. Then reduce the speed of the stirrers to match the conditions in
 the flocculator and allow them to operate for 30 minutes. Observe the floc formation
 periodically during the 30 minutes. At the end of the 30 minutes turn off the stirrers and
 allow settling. Most of the settling will be complete after one hour.
 • Now, look at the beakers and determine which one has the best results (if any). If no
 results were noticeable, then increase the dosage using the table above for the next six
 jars. An underfeeding will cause the sample in the beaker to look cloudy with little or no
 floc and no settling or very little. An overfeeding will cause a dense fluffy floc to form and
 will not settle well, meaning it stays in suspension and floats. The beaker that looks like it
 has the appropriate dosage of alum (coagulant) will have floc that has settled to the
 bottom, and the water above it will be relatively clear (remember this is before the
 filtering process of the water treatment plant). The best way to determine which sample is
 the clearest would be to check the turbidity of each beaker and record this information.
 Use a pipette to draw a portion from the top of each beaker one at a time not stirring or
 disturbing the sample. If none of the beakers appear to have good results, then the
 procedure needs to be run again using different dosages until the correct dosage is found.
 Jar #
 ml alum
 stock added
 mg/l
 alum dosage
 1 1.0 10
 2 1.5 15
 3 2.0 20
 4 2.5 25
 5 3.0 30
 6 3.5 35
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