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2.1  Introduction  
In this chapter, the overview and background of the topics and fields that related to the current study are presented. The dynamic of sewer systems were investigated. The processes conducted in treating sewage water during transportation under anaerobic and aerobic conditions were investigated. The approach of seeding sewer system with activated sludge had been discussed to show the recent development in the biological treatment. Kinetics of organic matters degradation and statistical approaches used in calculating reaction rate constant and dissolved oxygen measurements had also been addressed.

2.2 Wastewater Composition 
Wastewater composition and quality changes as its sourness varies as it can be produced from municipalities, storm water and industrial sources. Wastewater generated domestically depends on the verity of substances discharging amounts and mixing with storm water (Von Sperling, 2007). Three main categories can be classified for wastewater components, chemical, physical and biological components. The chemical category can be ascribed by the organic and inorganic contaminates. Chemical pollutants can be found in settable, floatable, suspended or dissolved solids. The organic pollutants are more biodegradable and they can be categorized according to the rate of biodegradation into three types. Readily biodegradable compounds that 

possess low molecular weight and can be immediately metabolized by bacteria such as: volatile fatty acids, methanol, ethanol, lower amino acids and monosaccharides. The components that can be classified as hydrolysable by extracellular enzymes before interring into the living cell can be categorized as slowly biodegradable compounds. In the other hand, the remaining organics in the effluent after passing through the biological treatment process are considered as biodegradable compounds and can be removed by dissolving or adsorbing to the floss (EPA, 1998). 
For physical contaminates, chemical and biological methods can be used for removal according to its nature. Color, odor and conductivity are categorized as physical components. Pollutants that classified as biological contaminates are cellular in its nature and its composition consists of organic and inorganic matter. Oxygen depletion in the receiving water stream can be caused by organic pollutants discharge. Nutrients (as phosphorous and nitrogen) discharge can cause excess growth for algae leading to toxins generation (Zita and Hermansson, 1994).
Domestic wastewater is a combination of human and animal excreta (feces and urine) and grey water resulting from washing, bathing and cooking. People excrete 100-500 g wet weight of feces and between 1 and 1.3 liters of urine per capita per day. Each person contributes 15-20 g BOD5/day (Feachem, 1987; Bitton, 2005). Other characteristic of human feces and urine were displayed in Table 2.1. 






Table 2.1 Composition of human feces and urine (Polprasert , 1989)
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where, the chemical characteristics of untreated wastewater are displayed in Table 2.2.

Table 2.2 Typical characteristic of domestic waste water (Bitton, 2005)
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2.3 Wastewater Treatment
Wastewater is defined as a multi-step method in which human discharges and wastewater are transferred from the source to the point of use or even the final disposal process. A sewerage system is a series of waste managing techniques and facilities (Von Sperling, 2007). 
The collecting system used to remove wastewater form point of generation to the treating facility is another definition of the sewage system. It consists of pipes and conduits that perform sewers and plumbing that are required to transfer sewage from the point of generation to the treatment system or places of discharge. The collection 
system needs to be designed carefully to let sewage to reach the treatment facility with no delay after it enters the sewer system. Long residence times in sewage system can transfer the wastewater to anaerobic as it reach the treatment facility (Singh and Ramadoss, 2013).
Pollutants are reduced to a confident permissible concentration in the wastewater facility. The basic principle of the wastewater treatment facility is to transfer the dissolved complexes into solids that can be removed from the treated water (Balmer et al., 1998). General stages of the treatment process can be seen in Figure 2.1.
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Figure 2.1 Schematic view of a wastewater treatment plant
 (Metcalf and Eddy, 2003)

 	According to the Figure (2.1), the primary treatment consists of a physical stage used to separate stiff and floating solids, gravels and pastures during the passage of wastewater through a bar screen. This stage generally followed by primary settling in tanks allowing large pollutants to rest down. The settled particles receive extra treatment as
sludge while the remaining wastewater flows into the next stage (Skibinski, 2015).
Secondary treatment stage is based on biological or chemical method that used to remove organic substances and nutrients such as nitrogen and phosphorous. Microorganism's metabolic activities can be used to remove organic matters. Biological method can be used to remove nitrogen while phosphorus can be eliminated biologically and chemically (Blackall et al., 2000). Generally, bioreactors are compartmentalized to provide three environmental regions that are appropriate for certain microorganism's species growth. 

The three regions can be classified as: the anaerobic zone that has no dissolved oxygen, the anoxic zone that has no dissolved oxygen but possess nitrate or nitrite, and the aerobic zone that possess dissolved oxygen. In biological treating process, the bacteria grow either suspended in aggregates which are known as activated sludge flocs or in biofilm form. The most common method is the activated sludge process that is based on suspended growth of bacteria (Manassra, 2006).

2.4 Aerobic and Anaerobic Treatment Sewage System 
2.4.1 Aerobic and Anaerobic Processes
Aerobic means in the presence of air (specifically oxygen); while anaerobic means in the absence of air (specifically oxygen). These terms are directly proportional to the sort of bacteria or microorganisms that are responsible in the degradation of organic substances in a given sewage water and the operating conditions of the process. So, aerobic treatment process take place in the presence of air and utilize those microorganisms (that also called aerobes). These living microorganisms use molecular/free oxygen to digest organic impurities i.e. convert them in to carbon dioxide, water and biomass. In the other hand, the anaerobic treatment process take place in the absence of air by those microorganisms (that also called anaerobes) which do not require air (molecular/free oxygen) to degrade organic contaminates. The final products of anaerobic organic digestion are methane and carbon dioxide gas and biomass (Grady et al., 2011)
Aerobic treatment system such as the conventional activated sludge process (CAS) is commonly invested for treating low strength wastewater like municipal wastewater. CAS process is energy exhaustive

due to the high aeration needing and it also produces enormous sludge amount (about 0.4 g dry weight/g COD removed) that requires extra treatment to be disposed out. Consequently, the cost of operation and maintenance for CAS system is extensively high (Benefield, 1981).
Anaerobic processes for domestic wastewater treatment are an alternate method that is potentially more cost efficient, especially in the subtropical and tropical regions where the climate is almost warm all over the year. Anaerobic wastewater purification processes have been
used increasingly in the last few decades. This process is significant as it have positive effects in the removal of higher organic loading and it produce low sludge amounts and generates methane gas consuming low energy (Benefield, 1981).

2.4.2 Fermentation and Breathing Processes 
Aerobic and anaerobic heterotrophic biomass use fermentation process to digest complex organic contaminates to simple organic molecules. Heterotrophs are microorganisms that use organic carbon for the formation of new biomass. These organisms are consumers and decomposers and depend on the already available source of organic carbon for cellular synthesis and chemical energy. They are the primary responsible of the oxidation of soluble BOD in wastewater treating process. In contrast, autotrophic microorganisms can produce cellular material from modest forms of carbon as carbon dioxide. These microorganisms are at the bottom of the food chain and do not depend on other microorganisms in the creation of complex organic compounds. Autotrophic microorganisms are vital in the removing of nitrogen from 

wastewater. Fermentation process is exothermic and enzymatic breakdown of soluble organic matter and does not depend on the availability of dissolved oxygen (Appels et al., 2011). 
Fermentation process is frequently described in two stages i.e. acid fermentation and methane fermentation. Volatile fatty acids (VFA) and alcohol are the end products of the acid fermentation process. Little decay in BOD occurs due to that most of the carbon content still in organic form.  Part of acid fermentation end products are transformed into methane and carbon dioxide gas during methane fermentation. The
results of this transformation leads to a reduction in BOD. Anaerobic microorganisms are limited to the fermentation process so methane can only be generated with anaerobic conditions as presented in equation bellow (Aiyuk et al., 2006).

[image: ]... (2.1)

Aerobic microorganisms can further transfer VFA and other bioavailable organic compounds into CO2, water and additional energy via the process of respiration. Respiration process requires the presence of oxygen as shown in the equation (2.1, 2.2 and 2.3). In the catabolic degradation of VFA, oxygen acts as an oxidizing agent. Because aerobic microorganisms can transform bioavailable organic carbon into inorganic carbon, so an aerobic system can provide high rate wastewater treatment (Lehninger, 1973).



[image: ]…...  (2.2) 

The most difficult and crucial energy demanding activity of all living microorganisms is biosynthesis. Biosynthesis is the formation of characteristic chemical compounds of cell from simple precursors and assembling these components into structures i.e; contractile elements, membrane systems, ribosomes, nuclei, and mitochondria. There are two types of requirements that are needed for the biosynthesis of cell components, firstly precursors that provide the carbon, hydrogen, nitrogen, and other elements presented in the cellular structures, and secondly adenosine triphosphate (ATP) and other forms of chemical energy required to assemble the precursors into covalently bonded cellular structure.

[image: ]……...  (2.3)

Microorganisms can feed on each other at a high rate than new cells can be produced under substrate restricted conditions. The aerobic degradation of cellular material is endogenous respiration as shown in equation below. Endogenous respiration is not fully effective and thus there is an accumulation of slowly degradable cellular matter and other residuals 
[image: ]... (2.4)


2.5 Aerobic System 
Units of aerobic treatment system functionalize oxygen and bacteria that grown in rich oxygen environment to treat wastewater. The bacteria work is to break down and digest the wastewater inside the unit via aerobic treatment. Wastewater like many onsite systems is treated in multi stages. Some units include a pretreatment stage to decrease the amount of suspended solids i.e.; greases, oil spots, paper and others that can cause clogging in the unit and prevent efficient treatment. The next step is the actual wastewater treatment where two aerobic primary systems have been invested for use: suspended growth of microorganisms and fixed film technique. Methods for final treatment include discharging to a soil absorption media such as a sand filter, an evapotranspiration bed, or disinfection. Aerobic wastewater treatment may be a viable choice when the quality of soil is not suitable for a septic system, high groundwater or shallow bedrock is available; high level of treatment is required; and/or there is no enough land existing for a septic system (Buchanan & Seabloom, 2004). Schematic of Aerobic Treatment Unit (ATU) is presented in Figure 2.2.
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Figure 2.2 Suspended growth aerobic treatment unit
 (Buchanan & Seabloom, 2004)
2.5.1 Aerobic Treatment Processes 
Bacteria and other microorganisms are considered to be undesirable components in wastewater. Only a small part of the microbes that presented in wastewater are really pathogenic. Aerobic wastewater treatment helps the growth of naturally occurring aerobic microorganisms as a means of renewing wastewater. Such microorganisms are the engines of wastewater treatment facilities. Organic compounds are high energy forms of carbon where the oxidation of organic contaminates to low energy form as carbon dioxide is the fuel that runs these micro engines. Understanding how to mix aerobic microorganisms with soluble organic contaminates and dissolved oxygen to achieve high rate oxidation reaction of organic carbon is a fundamental tasks of wastewater engineers (Buchanan and Seabloom, 2004). 
Microorganisms that responsible for complex organic compounds oxidation are termed "decomposers". They yield the simple forms of 

carbon back to the water, soil and atmosphere. When high concentrations of organic pollutants are presented, the decomposers flourish. As these same microbes presented in natural water systems, the wastewater that discharged backward to the surface water bodies must possess very low organic strength. Natural aquatic systems must have sufficient concentrations of dissolved oxygen to support advanced life forms such as fish, macroinvertebrates, and others. Most of decomposing microorganisms favor aerobic conditions rather than anaerobic ones. When dissolved oxygen is existing, the aerobic degradation of organic compounds consumes dissolved oxygen out of the water. If the rate of aeration is not equal to the rate of oxygen consumption, the dissolved oxygen level will decrease underneath the required concentration to sustain viable aquatic system (Suschka, 2005).
 The concentration of soluble and bioavailable organic compounds in water is measured as carbonaceous biological oxygen demand (BOD), which is the oxygen demanded as a result of the aerobic microorganisms consuming dissolved oxygen as they decaying the organic carbon and nitrogen compounds. In the wastewater engineering biochemical oxidation, oxygen is supplied to the aerobic microorganisms to consume
the substrate i.e.; organic carbon to power their metabolism. The result is the transformation of organic contaminates into inorganic substances and new microorganisms cells. The yield production of cells as the creation of new cells versus old cells that vanished will cause an accumulation of biological material (Aiyuk et al., 2006).
Typical organic materials that are found in residential strength wastewater include carbohydrates, fats, proteins, urea, soaps and detergents. All of these compounds contain carbon, hydrogen, and oxygen. Domestic wastewater also includes organically bound nitrogen, 

sulfur and phosphorus. During biochemical degradation, these three elements are biologically transformed from organic forms to mineralized forms (i.e., NH3, NH4, NO3, SO4, and PO4) (Jantrania & Gross, 2006).

2.5.2 Aerobic Treatment Units (ATUs)
Aerobic treatment unit is a high rate oxidizing unit that oxidize soluble organic matter and nitrogen complexes. From a biological point of view, ATUs do not require new processes that are not already functionalized in large scale wastewater treatment facility. The unique technique of ATUs is in its design and packaging of these systems for small flow consecrations. These systems are basically minimized wastewater treatment plants. Besides the reduction in BOD by aerobic assimilation and the transformation of ammonia by nitrification, many commercial and available ATUs designed to have additional chambers that promote the elimination of nutrients and suspended solids from the water stream. Other unique features of ATUs design are the easy installation at remote places and the simplicity of maintenance by partially skilled maintenance workers. (Buchanan & Seabloom, 2004).


2.5.3 Process Description of Aerobic Treatment Units
The aeration unit is supplied with a Pre-treated wastewater mixed with suspended or attached microorganisms and dissolved oxygen. The aerobic microorganisms transform organic contaminates into energy and new living cells and produce residual matter. As the water travels through the clarifier, part of the biological objects are detached out from the effluent stream and are retained inside the ATU. The settled biological  solids  in  the aeration  unit  can  generate  seeds  for  new 

microbial growth. Periodic maintenance should be done for these settled biomass and residuals as it can accumulate in the bottom of the chamber and must be removed (Gavrilescu & Macoveanu, 1999).
As the microorganism requires an oxygen demand, clarification is an important portion of causing high quality effluent. Soluble BOD level of the effluent is generally below 5mg/L, but the biomass solids carried over can generate BOD value in the effluent of about 20 mg/L or higher (Benefield & Randall, 1981). 
Organic nitrogen and ammonia are transformed to nitrate in the aerobic processes. Under anoxic conditions where no oxygen is existed the nitrate is de-nitrified to nitrogen gas. Some ATUs are designed to provide denitrification as a part of its operation. Design alterations contain suppliers of intermittent air and re-circulators for the nitrified wastewater into the anoxic regions (no oxygen) in the treatment unit. 
Most commercial ATUs run as extended aeration units where extended aeration can characterized by long term aeration, long detention periods, low nutrients to microorganism ratio, and low biomass accumulation. As shown in Figure 2.3, by providing sufficient amounts of dissolved oxygen and minimum requirements of soluble organic substances, the microorganisms undergoes endogenous growth phase
and will easily consume bioavailable organic carbon. The goal is to balance the mass of new generated cells over a day with the mass of biochemically endogenous cells that degraded per day (Benefield & Randall, 1981). 





[image: ]
Figure 2.3. Kinetics of aerobic digestion (Buchanan & Seabloom, 2004)

 The curves in the Figure (2.3) represent the batch style application of substrate where biomass concentration variations in response with the substrate concentration changes, (Buchanan and Seabloom, 2004).

2.5.4 In-Sewer Aerobic Treatment
	Urban sewerage systems, which are normally used for transport wastewater from its origin to a wastewater treatment plant (WWTP), could be used as a treatment facility. All the previous processes that occur in WWTP could be happen in sewerage systems because:
i) They contain heterotrophic bacteria capable to oxidize organic matter  both  suspended  within  the  body  of  the   flowing 

wastewater and the attached to the surface of the wetted perimeter.
ii) They provide retention times which are often comparable to those in a conventional activated sludge aeration tank, (Green and Shelef, 1980).
iii) They approach perfect plug flow conditions (Hemmings et al., 1983), and provide mixing for bacterial growth and flocculation.
The used of sewers for treatment purposes has been the subject of several investigations over the last 25 years. Research in this field appears to have progressed, the following brief discretion on the pervious investigations presented below:
In gravity sewers where surface aeration, depending upon the velocity, slope and width of the wastewater stream, is sufficient to maintain aerobic conditions to achieve partial wastewater treatment, (Green and Shelef, 1980).
Laboratory studies were originally undertaken at University of Newcastle Tyne UNUT (1994). Batch tests, undertaken to simulate the aerobic transport of domestic wastewater, showed that the addition of oxygen to  raw  wastewater  could result  in  soluble  COD and BOD5
removal efficiencies of 30 and 43% respectively, over a retention time of 3 hours. The corresponding removal efficiencies over a retention period of 6 hours averaged 46 and 78%, respectively. The influent soluble COD and soluble BOD5 ranged from 152-206 and 58-74 mg/l, respectively, (UNUT, 1994).
	(Manandhar and Schroder, 1995) used an 87.12 m long, 0.2 m deep and 0.08 m wide galvanized steel channel to investigate the possibility of treating a wastewater by circulating it to its point of origin. 

The area of channel varied from 20.1-34.81 m2, while the inflow wastewater to the sewer was maintained at 0.36 m3/hr, they found that
averaged COD removal in the system ranged from 49-63% at temp. 29 OC to 33 OC, when surface aeration was the only source of dissolved oxygen. The authors also developed a design equation for calculating the length of a loop sewerage system to achieve a given degree of in-sewer treatment.
(Malik, 1996), based on batch studies, showed that at a given temperature, the removal of soluble organic matter from domestic wastewater during simulated aerobic gravity transport is strongly influenced by suspended solid and soluble organic matter presented in the wastewater, as well as retention time. Over a retention time period of 8 hours at 20 OC, soluble COD removal efficiency averaged 40% and 61% for wastewater having influent soluble COD and BOD5 concentrations 329 and 306 mg/l respectively. 

2.5.5 In-Sewer Aeration Methods
	In-sewer aeration devices for gravity sewers, were presented by (Pomeroy and Parkhurst, 1972), are summarized as follows:
i) Surface aeration and ventilation:
 The main sources of oxygen supply in gravity sewers include normal surface aeration, and increased surface aeration at points of high turbulence. 
ii) Water falls:
Laboratory experiments designed to study aeration in gravity sewers from a water fall revealed that greater oxygen absorption  could  be  achieved  by  dissipating  a  part  of  the 


available difference between two points along a proposed sewer in a fall or a series of falls.
iii) Aeration at the points of high turbulence:
In smaller sewers, the oxygen supply from junctions, drops, hydraulic jumps or other such points of turbulence may be quite significant and efforts should be made to maximize this effect during the design of a system.
iv) In-sewer aeration devices:
A number of in-sewer aeration devices, including surface aerators, jet aerations, venturi aspirators and diffused aeration.  Diffused aeration seems to have the highest prospects of being used for in-sewer aeration. Small or large bubble diffusers may be appropriate for installation in gravity sewers, (Pomeroy and Lofy, 1977).

2.6 Anaerobic System
Anaerobic reactor is in use since 19th century when Mouras and Cameron developed the automatic scavenger and the septic tank to reduce the amounts of solids in the sewerage system. Although at a very poor rate, the first anaerobic stabilization processes occurred in the tanks that were designed for intercepting the black-water solids. The first anaerobic reactor was developed in 1905 when Kael Imhoff designed the Imhoff tank, in which solids sediments are stabilized in a single tank. The actual controlled digestion of entrapped solids in separate reactor was developed by the Ruhrerband, Essen- Relinghausen in Germany (Suschka, 2005).
Anaerobic reactors have been used mainly for industrial wastewater treatment. Researches have shown than anaerobic systems 

such as the Up flow Anaerobic Sludge Blanket (UASB), the Anaerobic Sequencing Batch Reactor (AnSBR) and the anaerobic filter (AnF) can successfully treat high-strength industrial wastewater as well as low-strength synthetic wastewater.
According to Biomass using anaerobic digestion, the mesophilic anaerobic digestion (MAD) is also a common method for treating sludge produced at sewage treatment plants. The sludge is fed into large tanks and held for a minimum of 12 days to allow the digestion process to perform the four stages necessary to digest the sludge. These are hydrolysis, acidogenesis, acetogenesis and methanogenesis. In this process the complex proteins and sugars are broken down to form more simple compounds such as water, carbon dioxide and methane. One major feature of anaerobic digestion is the production of biogas (with the most useful component being methane), which can be used in generators for electricity production and/or in boilers for heating purposes. Many larger sites utilize the biogas for combined heat and power, using the cooling water from the generators to maintain the temperature of the digestion plant at the required 35 ± 3 OC (Suschka, 2005).
Application of anaerobic systems for municipal sewage treatment is so far very limited. The predominant reason given for is, that municipal sewage are too weak (to low BOD or COD) to maintain high biomass (in the form of granules suspended solids or fixed film) content in reactor. There are however, some successful examples in pilot and full scale. Orozco (1997) investigated a full scale anaerobic baffled reactor (AnBR) to treat municipal sewage of an average BOD of 314 mg O2/L for a hydraulic retention time of 10.3 hours, (organic loading rate 0.85 kg/m3·d) and achieved a 70% removal efficiency. It has to be stressed that the process was run at very low temperature between 13 and 15 OC. 

Treatment of domestic wastewater in Up-flow Aerobic Sludge Blanket (UASB) and two anaerobic hybrid (AnH) reactors was conducted by Elmitwalli et al. (1999) at a temperature of 13 OC. For pre-settled wastewater treatment, the AnH reactors removed 64 % of total COD which was higher than the removal in the UASB reactors. The majority of anaerobic digestion plants are operated under mesophilic conditions (approx. 35 OC). However, most wastewaters are released for treatment at temperatures below 18 OC. Therefore many wastewaters are heated prior to treatment, thus consuming up to 30% of energy produced (Appels et al., 2009).
In the same decades, Bus well started to adopt the same technology for treating liquid wastes and industrial wastewater. All these systems since no special features were included in the design to augment the anaerobic catabolic capacity. The process feasibility of these system was very much dependent on the growth rate of the anaerobic consortia. As a result, reactors were very big fragile in operation. In the final decades of the 19th century also some first trials of  upward flow fixed film reactors were performed, but it was too early to make these systems successful (McCarty, 2001).  Also the anaerobic pond can be regarded as a low loaded anaerobic treatment system. Anaerobic ponds are often constructed in conjunction with facultative and maturation ponds. The applied loading rate to anaerobic ponds ranges between (0.025-0.50Kg COD/m3.d, while using pond depths of 4 m. The big disadvantages of anaerobic ponds are problems relate to odor as these systems easily become overloaded. Also the loss of energy rich CH4 to the atmosphere is a recognized disadvantage (McCarty, 2001). 
 


2.7 Effect of Temperature on Wastewater Treatment
Variations in temperature affect all biological processes. There are three temperature regimes: the mesophilic over a temperature range of 4 to 39 OC, the thermophilic which peaks at a temperature of 55 OC, and the psychrophilic which operates at temperatures below 4 OC. For economic and geographical reasons, most aerobic biological treatment processes operate in the mesophilic range. In the mesophilic range, the rate of the biological reaction will increase with temperature to a maximum value at 31 OC for most aerobic waste systems. A temperature above 39°C will result in a decreased rate for mesophilic organisms. At temperatures above 35.5 OC there is deterioration in the biological floc. Protozoa have been observed to disappear at 40 OC and a dispersed floc with filaments to dominate at 43.3 OC. In the past, hot wastewaters such as those in the pulp and paper industry were pretreated through a cooling tower so that the aeration basin temperature did not exceed 35 OC (Eckenfelder, 1989). The effect of temperature on rate constant can be seen in Figure 2.5.
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Figure 2.4 Effect of temperature on biological oxidation
rate constant k (Eckenfelder, 1989)

Seasonal variations in temperature can markedly influence the makeup of microbial communities. Just as with pH, each species is characterized by a minimum, optimum, and maximum temperature that will support growth. Psychrophiles grow within the range of 0 to 20 OC, with an optimum of 10 to 15 OC. Mesophiles, which comprise most of the species commonly found in wastewater treatment processes, grow within the range of 10 to 45 OC, with an optimum of approximately 30 to 35 OC. Thermophiles, found in compost piles and other high-temperature environments, grow within the range of 40 to 75 OC, with an optimum growth  rate at  55 to  65 OC.  A few  species of heterotrophic  bacteria, 

classified as extreme thermophiles, can grow at temperatures higher than 100 OC. These organisms live in highly specialized environments, such as geothermal vents in the ocean floor, (Alexandria, 1994).
With increasing wastewater temperature, bacterial activity increases. Increased production and accumulation of insoluble biological secretions such as lipids and oils accompany this increase in activity. These secretions are adsorbed or entrapped by the floc particles, resulting in a decreased settling rate of secondary solids. When air bubbles or gases become entrapped in these secretions, the settling rate of the secondary solids decreases more. Figure 2.6 revealed that changes in wastewater temperature have a significant impact upon the activity of all organisms, floc particle structure, and the rate of floc formation (Gerardi, 2003).
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Figure 2.5. Impact of temperature upon the activated sludge process (Gerardi, 2003) 

Because increasing wastewater temperature and increased bacterial activity are critical factors that affect secondary solids settle ability, a reduction in MLVSS concentration during warm wastewater temperature may be useful in preventing settle ability problems and loss of solids. By reducing the MLVSS concentration, the amount of biological secretions that are produced and accumulated in floc particles is reduced. If it is not possible to reduce the MLVSS concentration, alternate corrective measures are available to improve settle ability. Bio augmentation products that have bacteria with the enzymatic ability to degrade the biological lipids and oils that are produced during warm wastewater temperature may be added to the aeration tank. The addition of a metal salt or polymer to the secondary clarifier influent to add weight to floc particles or improve floc density may be used (Gerardi, 2003).

2.8 Treating Wastewater Using Activated Sludge  
Sewage sludge is an important source of inland water pollution when it is released into local rivers or lakes without treatment. Sewage Sludge has negative effect to the environment; it contains organic wastes contain nutrients such as nitrates, sulphates and phosphates (Halim, 1988). Its chemical oxygen demand (COD) and biochemical oxygen demand (BOD) are high. The effluent is non-toxic because no chemicals were added to previous treatment stage (Singh et al., 1994). Most commonly, sewage sludge treatment use anaerobic digestion for the primary treatment.
Over the last century, anaerobic digestion (AD) has emerged as a reliable treatment solution for the stabilization and disintegration of sludge. The process  was  initially  used  for the treatment of domestic 

wastewater and sewage sludge in the municipal treatment plants. But over the past 20 years, the true potential of anaerobic digestion has been explored and major advances in reactor design, configuration and operation and in our understanding of the nature of the microbial biochemistry; physiology and ecology have been reported. The growing interest of the researchers in this process is a testimony to the viability and applicability of the process. High ultra-sonicated membrane anaerobic system treatment (UMAS) would reduce treatment costs by increasing the digestion rate and eliminating the need for cooling facilities prior to biological treatment (Chiemchaisri et al., 1993).

2.8.1 Activated Sludge Process 
The activated sludge process is a biological method for wastewater treatment that is performed by a variable and mixed community of microorganisms. The carbonaceous organic matter in the wastewater provides an energy source for the production of new cells for a mixed population of microorganisms. The microbes convert carbon into cell tissue and oxidize the organic matter into carbon dioxide and water. In addition, microorganisms may exist in activated sludge that obtains energy by oxidizing ammonia nitrogen to nitrate nitrogen in the process known as nitrification. This process takes place if the solids retention time (SRT) of the sludge is long enough for these slow growing microorganisms to exist. The presence of anoxic zones are necessary for denitrifying bacteria to exist, i.e. the ones that convert nitrate or nitrite to nitrogen gas which is the last step in the biological nitrogen removal. Flocs are formed spontaneously when wastewater is aerated, and when the aeration is stopped the flocs starts to settle, and the supernatant can be  discharged. The flocs  can  be  reused to  treat  a  new  portion  of 

wastewater as presented in Figure 2.7. The ability of bacteria to form flocs that has a density higher than water enables separation of the sludge from the treated water, (Carrera et al., 2003).  
The success of the activated-sludge process depends on establishing a mixed community of microorganisms that will aggregate and adhere in a process known as bioflocculation. Different types of activated sludge solids separations problems occur, such as bulking sludge due to the excessive proliferation of filamentous bacteria, foaming due to growth of certain microorganisms and poor flocculation properties of the microorganisms. These problems often indicate an imbalance in the biological component of the process. In the ideal and healthy biological treatment system, filamentous organisms grow in low to moderate number within a floc (a large aggregate of floc-forming bacteria) and give it strength (Blackall et al., 2002).
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Figure 2.6. Schematic view of the activated sludge process
 (Pombo et al., 2011)


2.8.2 The Composition of the Activated Sludge Flocs
Activated sludge flocs are complexes of different living microorganisms (mainly bacteria), dead cells, undigested large organic fragments trapped in the flocs, and an inorganic fraction (Eikelboom, 2000) as shown in Figures 2.8 and 2.9. The flocs contain approximately 30-40% inorganic matter and 60- 70% organic matter, of which the extracellular polymeric substances (EPS) compose about 50-60%. The organic fraction of the sludge contains approximately 50% protein, 20-30% humic substances, and 10-30% carbohydrate and the other organic fraction can be uranic acid and nucleic acid (Nielsen et al., 1996). Protein and polysaccharide account for 75-89 % of the EPS composition (Tsuneda et al., 2003).
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Figure 2.7. Activated sludge flocs image (Manassra, 2006)
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Figure 2.8. Schematic drawing of the of the activated sludge flocs (Manassra, 2006)

2.8.3 Enhanced Treatment in Sewer 
	When compared with activated sludge process, which contain high number of active microorganisms, the active biomass is low in raw wastewater. The treatment of wastewater in-sewers, under normal conditions may require significantly higher retention periods. In-sewer treatment could be improved by seeding the sewers with activated sludge to increase its active biomass concentration (Shaw, 1981). This concept has been studied by a number of researchers. The earliest investigations were undertaken by (Toyer, 1970), laboratory and subsequently large scale pilot studies were conducted to investigate the possibility of using activated sludge addition at the head of the main, and air injected at several points along the main. The pilot scale studies on the two mains 

having lengths of 5.1 Km and 4.57 Km and diameter of 61 cm and 10 cm, respectively, showed that an average BOD5 removal of 90% or more was possible, within a retention time about 6 hours at 27.5 OC.     
Laboratory studies to investigate the possibility of using a U-shapes sewerage system for the treatment of wastewater have been presented by (Green and Shelef, 1980).
A batch reactor was used to simulate the 39 Km long step-fed sewer with retention time of 10 hours. The study considered the sewer from the downstream treatment plant and air injected at several points along the sewer. The removal efficiencies were investigated at two initial VSS concentrations (after the first wastewater injection) i.e. 4760 mg/l and 1430 mg/l. The corresponding final VSS concentration were found to be 1000 and 500 mg/l. The averaged influent soluble COD of the wastewater was 590 mg/l. The dissolved COD and BOD5 removals averaged 79 and 93% respectively at an initial biomass concentration of 4760 mg VSS/l at temp. of 20-23 OC. 
The corresponding COD removal for biomass concentration of 1430 mg VSS/l averaged 73%. 
The laboratory studies undertaken in University of Newcastle Upon Tyne (UNUT, 1994) also showed that addition of activated sludge to raw wastewater at a concentration of 500 mg VSS/l could result in soluble COD and BOD5 removal efficiencies of 52 and 78% respectively over a retention period of 3 hours.
The corresponding removal efficiencies over a retention period of 6 hours averaged 64 and 93% respectively.




2.9 Models For Gravity In-Sewer Treatment
A number of models have been developed to describe various presses occurring in-sewer e.g. degradation of organic matter in suspension and biofilm, hydrolysis of organic matter and biomass growth.     
Reactive sewer model was simulated the flow routing through the sewer, oxygen transfer through the air-water interface, and the biological reactions occurring under aerobic, anoxic and anaerobic conditions. The model considers the sewer as a series of completely mixed tank, (Gall et. al., 1995).
Heterogen system, which takes into account the substrate flux rate through the biofilm surface as well as diffusions and biochemical reactions to develop a model to predict the substrate removal in gravity sewers, the model didn’t consider the liquid phase and was based on the assumption that substrates transfer in sewer is characterized by molecular diffusion, (Ozer and Kasigra, 1995).   

2.10 Degradation Process Kinetics
The consideration of reaction kinetics is crucial as most reactions that take place in sewage water treatment are slow. The disappearance or formation of the chemical species in a chemical reaction can be expressed in terms of reaction rate r. the relation between the chemical substances concentration and the rate of reaction can be expressed as follows:…….... (2.6)

      
where:
r: is the reaction rate (mass volume-1time-1).
k: is the reaction constant (time-1).

C: is the chemical matter concentration (mass volule-1).
n: is the reaction order.
Reaction order specifies the order of the reaction to be n=0 for zero order, n=1 for first order and n=2 for second order reactions as seen in Figure 2.9.

[image: C:\Users\Ali Sabri\Desktop\Untitled.png]
[bookmark: _GoBack]Figure 2.9. Determination of reaction order in logarithmic scale 
(Von Sperling, 2007)

The most common reaction orders found in sewage water treatment are zero and first order. Second order reactions can occur only with some specific industrial wastewater processes (Von Sperling, 2007).
Various reactions in sewage water treatment follow first order reaction kinetics. The supply oxygen by artificial aeration procedure is 

an example. Other examples are the removal of organic materials is the system and the decay in pathogenic organisms. The biological stability of the organic materials can be also represented in terms of pseudo-first order reaction. However if organic matter presented in the system with low concentration, first order reaction kinetics can be adopted, (Von Spering, 2007).
The overall reaction kinetics follows first order in many complex processes. Many substrates can individually follow zero-order kinetics, but complex substrates that many of it can aggregated, as domestic and industrial wastewater, can suffer a decay rate that follows a first order reaction (Areceivala, 1981).
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