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ABSTRACT  

       Most of the major wastewater treatment plants (WWTP) in Jordan use activated sludge 

(AS) process.  AS has become the core technology in wastewater treatment plants, the vision 

in Jordan is to shift most of the wastewater treatment plants into an activated sludge process. 

The AS process produces high quantities of sludge. Produced sludge represents a high 

challenge for the WWTP. The cost of sludge treatment and disposal accounts for up to 60% 

of the total operating cost of the WWTP. Therefore, it is important to develop an efficient 

technique to reduce excess sludge production. Oxic-Settling-Anoxic (OSA) process is 

considered a promising technique in reducing excess sludge production. This study evaluates 

the excess sludge reduction by inserting an anoxic sludge holding tank in the sludge return 

line between settling tank and aeration tank. 

       Two lab scale activated sludge processes were employed in this study. First system was 

modified from the conventional activated sludge (AS) process to OSA system by inserting an 

8 L anoxic tank in the sludge return line. The second system remained unmodified to serve as 

a reference. Both systems were operated for 6 months with 20 L/ day influent synthetic 

wastewater was fed for each system. A 9 h hydraulic retention time (HRT) was used in the 

anoxic tank. The oxidation reduction potential (ORP) in the anoxic tank was kept around – 

150 mV. The temperature was controlled at 24±1 °C. Results showed that the OSA system 

reduced excess sludge production by 42% compared with reference system.  Also the OSA 

system performed significantly better at Chemical oxygen demand (COD) removal 

efficiencies. The average COD removal efficiencies for AS system and OSA system were 89 

and 91%, respectively. Both systems had good sludge settleability, however sludge volume 

index was, most of the time, lower in the OSA system. The average SVI for the AS system 

and the OSA system were 100 and 95 mL/g, respectively. The average TN removal rate in the 

reference system and OSA system were 28 and 43 %, respectively. The OSA system can 

provide a potential low cost solution to reduce excess sludge production, because it doesn’t 

require addition of chemical, energy supply or sludge pretreatment. 
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Chapter One 

Introduction 

1.1 Background 

Jordan is considered to be one of the poorest countries when it comes to water resources. 

The current renewable water resources per capita share is 145𝑚3/year (Jordan Water Sector 

Facts and Figures, 2013).A country is classified as an absolute water scarce country if the 

annual renewable freshwater is less than 500 𝑚3/year (Falkenmark and Widstrand, 

1992).Jordan has a gap between the water supply and the demand, water demand for 

agricultural, industrial, municipal and tourist is 1200 MCM/year, where the supply is 900 

MCM/year (Jordan Water Sector Facts and Figures, 2013). One of the solutions to solve this 

problem is to rely on a non-conventional water resource. Reuse of wastewater is a promising 

water resource that can help meet the increasing water demand of the growing population and 

can add to the water budget for agricultural use. The amount of treated wastewater is 120 

MCM (Jordan Water Sector Facts and Figures, 2013). To serve this purpose, Jordan has 

built 31 wastewater treatment plants (WAJ, 2012). Twenty one of these plants rely on 

activated sludge technique (WAJ, 2012). The AS process is considered as a biological 

treatment process. It has become the major technology adopted for treating and managing 

municipal wastewaters worldwide. AS is the main system adopted in Jordan and will 

continue to be so, according to Jordanian wastewater management decision makers’ 

preference. Activated sludge process involves the transformation of dissolved and suspended 

organic pollutants to settleable biomass and evolved gases. Activated sludge process offers 

high nutrients removal efficiency “nitrogen and phosphorus removal ability”, reliability, good 

effluent quality. It also offers several key design and operational parameters which enable 

good control of the system.  However, one of the drawbacks of this process is the high 
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production of excess sludge. According to (WAJ, 2012) the projected generated excess 

sludge from all the WWTP in Jordan in 2015 is 121,906 kg dry solids/day, while the average 

projected excess sludge from all the WWTP in 2035 are expected to reach 198,405 kg dry 

solids/ day. The excess wasted sludge generated from As-Samra WWTP contributes in more 

than 60% of the total biosolids generated in Jordan (WAJ, 2012),the produced sludge 

thickened and then stabilized using anaerobic digester, then the stabilize sludge dewatered 

using belt filter press system. Finally the stabilized dewatered sludge disposed in a mono-

landfill situated within the premises of the treatment plant. The excess wasted sludge 

generated from the rest of the wastewater treatment plants in Jordan is not stabilized. Also 

dewatering facilities are not available in most plants in Jordan. The use of drying beds are 

available at some plants, however, such technique to dry sludge can only be used during 

warm weather, summer. Otherwise the generated sludge transports using tankers at 

considerable expense to Ain Gazal pretreatment plant or to landfills (WAJ, 2012).  

 

1.2 Importance of the Study 

The excess wasted sludge generated from WWTP has caused a serious challenge for 

these plants due to economic and environmental issues. The cost of sludge treatment and 

disposal accounts for up to 60% of the total operational cost of the WWTP (Bengoa 

Christophe, 2011). Because  

Moreover, the generated dry biosolids need advanced treatment techniques in order to 

be certified as acceptable to be used in Jordan. Unfortunately, this kind of treatment exists 

only in few WWTP in Jordan, which led to a huge amount of biosolids that are either 

transported to dumping sites or stored on site. It isn’t feasible to treat sludge in small plants, 

and most of the plants in Jordan use drying beds technology to treat the wasted excess sludge 

http://www.worldcat.org/search?q=au%3ABengoa%2C+Christophe.&qt=hot_author
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(Tamimi et al., 2010). Also landfills in Jordan are heading toward banning the acceptance of 

wet sludge which force the plants, even the small to medium scale ones, to adopt mechanical 

dewatering system. Reducing the excess sludge production is an attractive option for these 

plants since the capital and the operational costs associated with wasted activated sludge 

management will be reduced.  

 Wastewater that has 800 mg/l COD is considered high strength wastewater, in Jordan 

the COD in some plants can reach up to 2205 mg/l (Al-Zboon and Al-Ananzeh, 2008).The 

typical dry solids generation from activated sludge process is 80 kg/1000𝑚3(Metcalf and 

Eddy, 2004). However, the dry solids generation from activated sludge process in Jordan 

is578.4 kg/1000𝑚3 (WAJ, 2012). The WWTP in Jordan are forced to deal with huge amount 

of highly concentrated sludge.  

 The population in Jordan is increasing each year, and the future biosolids generation 

will increase accordingly. By reducing the generated sludge quantities, the cost of handling 

and transporting the excess wasted sludge will be reduced.  

A promising approach for sludge reduction is Oxic-Settling-Anoxic (OSA) activated 

sludge process. In which, an anoxic sludge holding tank is introduced at the sludge return 

line. It was found that OSA process can result in sludge reduction efficiency in the range of 

23-58% (Saby, et al., 2003).  By reducing the excess sludge production, the expenses of 

sludge transportation, stabilization, and disposal will be reduced. Moreover and compared to 

other post sludge reduction techniques such as, disintegration of the sludge using thermal 

treatment or thermochemical treatment, OSA process has less adverse impacts on process 

performance and sludge characteristics. OSA system doesn’t require sludge pre-treatment 

such as, oxidation using ozone or chlorine, nor addition of chemicals. Moreover, it can easily 

be retrofitted to existing plants as well as implemented in new plants design. However the 
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OSA system might not be suitable for big WWTP such as As-Samra, because it uses an 

anaerobic digester to stabilize sludge. The anaerobic digestion process produces biogas that is 

used to produce electricity, which is used to operate the plant. 

 

1.3 Objectives of the Study 

The main objective of this study is to assess the performance of an oxic-settling-anoxic 

process with respect to treatment efficiencies, quantities and qualitative characteristics of 

produced sludge. More specifically this study aims at:       

• Appraisal of excess sludge reduction efficiency. 

• Evaluation of the OSA system with respect to COD removal efficiencies and total 

nitrogen removal efficiencies. 

• Assessing the settleability characteristics of excess sludge produced by the OSA 

system. 

 

1.4 Thesis outlines 

This study is divided into five chapters. The first chapter includes the introduction, which 

represents background, importance of the study and the objectives of the study. 

Chapter two gives a literature review on most of the sludge reduction available 

techniques, the advantages and the disadvantages of each method. Also, it provides an 

overview of the Oxic-Settling Anoxic/Anaerobic process and the performance of these 

systems. 
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Chapter three provides preliminary designs for the activated sludge processes. It also 

has a description of the material and methods used in the study.  Moreover, it describes the 

sampling and the analytical methods used to obtain the results. 

Chapter four describes the effect of inserting an anoxic tank to the activated sludge 

process on the process performance. It also assesses the amount of excess sludge reduction 

achieved by using the OSA system. 

Chapter Five provides the overall conclusions and recommendations obtained from this 

study. 
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Chapter Two 

Literature Review 

 

2.1 Overview of Various Sludge Reduction Techniques 

Significant research efforts have been dedicated to reduce excess sludge production 

during the biological wastewater treatment process. There are two types of sludge that 

produced during the biological treatment of the wastewater. The first one is the primary 

sludge which is generated during primary settling process, this sludge can be easily digested 

in the sludge treatment units. The second type of sludge is the secondary sludge, which is 

generated during the biological treatment process. This sludge can also be digested, the 

problem is that this sludge produced in excessive quantities. Hence, researchers have 

developed several techniques in order to reduce excess sludge production. Optimization of 

operation parameters such as long sludge retention time (SRT) and high dissolved oxygen 

(DO) have been used in order to reduce excess sludge production. The advantages of this 

technique are the ease of implementation and the settleability improvement of the produced 

sludge. However this technique requires high aeration demand which increase the cost of this 

treatment method, also it provides minor sludge reduction (Foladori, et al., 2010). 

 Another technique for sludge reduction is the disintegration of the produced sludge 

before it is returned to the main bioreactor tank. The disintegration of the sludge can be done 

by several methods such as thermal treatment or thermochemical treatment, these methods 

improve the sludge dewaterability, inactivate pathogens and reduce sludge viscosity. 

However they cause odor formation and consume high energy (Foladori, et al., 2010). Ozone 

is also used as an oxidizing agent, a method usually called Ozonation, in order to reduce 

excess sludge production. This method provides high sludge reduction performance and also 

improves sludge settleability. However it requires expensive equipment, consumes a lot of 
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energy, and may produce toxic byproducts (Foladori, et al., 2010). Chlorine may also be used 

as oxidizing agent using a method called chlorination to reduce excess sludge production. 

This method is less expensive than ozonation however it worsen both the sludge settleability 

and the chemical oxygen demand (COD) and it also forms toxic byproducts (Saby, et al., 

2002). The application of low frequency ultrasonic waves using a method called 

ultrasonication, is also used as a technique to reduce excess sludge production. This method 

reduces foaming formation and improves sludge setteability, however it is considered as a 

high energy consumption method, it also requires expensive equipment and produces sludge 

with poor dewaterability characteristics (Zhang, et al,. 2007). The disintegration of sludge 

methods mentioned above using either physical or chemical methods increase cell lysis, these 

lysates returns back to the main bioreactor tank which results in a net loss of biomass, this 

process is called cryptic growth.  

Another method to achieve sludge reduction is the addition of metabolic uncouplers. 

Energy uncoupler occur under some abnormal circumstances such as addition of chemicals, 

changing of the process temperature, low oxidation reduction potential (ORP), oxic and 

anaerobic cycling and limitation of nutrient. Under uncoupling condition the energy produced 

by catabolism is dissipated or directed away from anabolism, which results in cut off the 

energy for cellular propagation. Ye and Li (2005) studied the effect of 3,3’,4’,5-

tetrachlorosalicylanilide (TCS)on excess sludge reduction. Their results confirmed that the 

addition of TCS reduces the excess sludge production, however this method has a negative 

impact on the effluent quality, the sludge settleability and its dewaterability. The use of 

chemical uncoupler to reduce excess sludge production is easy to implement but it is 

expensive and can produce contaminates to both the sludge and the effluent. 

Most of the sludge minimization techniques mentioned above are considered as post-

treatment for the sludge. These techniques have found minimal practical applications due to 
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high extra operational cost generated from the use of physical/or chemical treatment and 

ongoing maintenance. Also the toxicity of the chemicals added as uncouplers and the 

purchasing cost have played a major role in limiting such methods applicability. In view of 

the feasibility and the applicability of the above options, an ideal technique to solve sludge 

associated problem is to adopt a technology that minimize or reduce excess sludge production 

in the wastewater treatment process instead of the post treatment of the produced sludge. 

 

2.2 Oxic-Settling-Anaerobic /Anoxic Processes 

It is worth mentioning that the OSA process is different from conventional biological 

nitrogen removal process in which the preanoxic tank contains sufficient amount of substrate 

to complete denitrification or phosphorous release. In order to complete total nitrogen 

removal, denitrification process is the last step to do so. In this process the nitrate will be 

reduced to nitrogen gas. The influent wastewater, which has organic substrate, provides the 

electron donor to complete the reduction reaction and convert nitrate to nitrogen gas.  

Tanks that are used to biologically remove nitrogen and phosphorus are also called 

selectors. Selectors are small contact tanks that are incorporated in the design to improve 

process performance and to limit the growth of organisms that disturb the settling process. 

Filamentous bacteria are nuisance microorganisms, their presence can cause sludge bulking.  

Filamentous bacteria cannot use nitrate or nitrite as an electron acceptor, which yield to a 

significant advantage to denitrifying floc forming bacteria (Metcalf and Eddy, 2004). The 

main concept of selectors are the employment of a particular bioreactor design that support 

the growth of floc forming bacteria over the filamentous bacteria to provide an activated 

sludge process with better thickening and settling conditions. Selectors have high substrate 

concentration which favors the growth of nonfilamentous bacteria. Selectors are small tanks 
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that have small contact time (20-60 minutes) or series of tanks where the influent wastewater 

is mixed with return sludge under aerobic, anaerobic and anoxic conditions. The selectors’ 

tanks insert before the activated sludge aeration tank, also it may be designed as a separate 

reaction step for a complete mix activated sludge process. The objective of selector is to 

consume most of readily biodegradable chemical oxygen demand by floc forming organism.  

OSA is probably the most practical and cost effective approach to minimize excess 

sludge yield. It is a modification of the conventional activated sludge process by inserting a 

sludge holding tank in the recycling line of sludge between the main bioreactor and the 

settling tank.  In the OSA system the sludge cycled between different oxidation reductions 

potential conditions. Aeration is not provided in the sludge holding tank neither food, this 

provides the internal conditions in the holding tank to range from anoxic to anaerobic 

conditions depending on the sludge retention time and the oxidation reduction potential in the 

sludge holding tank. OSA technique stands out among other sludge minimization techniques 

because it is considered to be economical and may improve the organic removal efficiency, it 

also produces sludge with good settleability and dewateability conditions. This technique is 

not new and was first used in 1964 by Westgarth and others (Semblante, et al., 2014). In their 

study they achieved 50% less sludge production compared with the conventional process by 

inserting an anaerobic tank in the sludge return line.  

The term oxic-settling-anaerobic (OSA) was first introduced by Chudoba et al. 

(1992). In their study two activated sludge system were run. One was conventional activated 

sludge (CAS) system to serve as a control. The other system was modified by inserting a 4.75 

L anaerobic tank in the sludge return line to serve as an OSA system. The two systems were 

fed synthetic wastewater. The volume of the oxic tank and the settling tanks in both systems 

were 5 L and 4 L respectively. The hydraulic retention time (HRT) in the oxic tank of the 

CAS system was 4 h and in the OSA system was 2 h. The HRT in the anaerobic reactor of the 
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OSA system was 3 h. These systems were operated for 2 periods, named period I and period 

II. Sludge age for period I in both systems was 5 d, while sludge age for period II in both 

systems was 12 d. Sludge loading rate for period I in the OSA system was 0.92 kg/kg.d while 

in the CAS system was 0.66 kg/kg.d. Sludge loading rate was reduced in period II to 0.33 

kg/kg.d in the OSA system and to 0.34 kg/kg.d in the CAS system. The ORP in the anaerobic 

tank was kept at -250mV. Results showed that under starvation condition, anaerobic tank, 

adenosine triphosphate (ATP), which represents the energy stored in the microorganisms, 

was reduced by 40%.  Under stressful condition degradation of cellular components may 

occur to achieve endogenous energy requirement of the microorganisms. The generated 

energy from the endogenous respiration used for cell maintenance reactions. When the sludge 

is returned to the oxic reactor where food and oxygen are sufficient, the microorganisms 

work in building their intercellular ATP instead of producing new cells. This will cause 

reduction in the cell yield and as a result reduce the sludge production. The results from this 

study showed that the organic loading rate plays a major role on sludge reduction. It was 

found that when the OSA system was operated at higher organic loading (period I) excess 

sludge production was reduced compared with the CAS system while sludge production 

remained the same in both systems when they operated at lower sludge loading rate. This 

study claimed that a shift in the microorganism occurred in the OSA system. A presence of 

50 to 60% of poly-P bacteria was observed. The results concluded that the insertion of the 

anaerobic tank doesn’t influence neither process efficiency nor effluent quality.  

Saby, et al. (2002) studied the effect of low ORP in anoxic sludge zone on excess 

sludge production in OSA activated sludge process. The systems were operated for 9 months. 

In their study they operated two conventional activated sludge systems for two months until 

the two systems became stable. One system was modified to serve as OSA system by 

inserting a 4.75 L sludge holding tank. The other system remained unmodified to serve as a 
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control.   Each system consisted of 10 L immersed membrane bioreactor (MBR). The use of 

membrane helped in separating the SRT from the HRT. It also helped in determine the sludge 

yield precisely. Both systems were fed synthetic wastewater. A 4 L settling tank was used 

only in the OSA system.  The HRT and the DO in the MBR for both systems were kept at 6 h 

and 7 mg/L, respectively. While mixed liquor suspended solids (MLSS) and sludge age were 

maintained at 2000 mg/L and 4 d, respectively. The COD loading rate in the anoxic tank was 

13g/d. The experiment was conducted in a control room temperature at20°C. The HRT in the 

anoxic tank in this study was 10.4 h, to facilitate the effective maintenance of the ORP at -

250 mV. Also pure nitrogen gas was occasionally injected in order to maintain the -250 mV 

ORP. Saby, et al. (2002) used this particular value for ORP in order to be able to compare his 

results with Chudoba et al. (1992) and also to prevent the prevalence of anaerobic conditions. 

In their experiment the anoxic tank in the OSA system was operated at different ORP levels 

ranging from +100 to -250 mV. Two weeks were allocated for Phase I “the initial phase”, 

where no sludge was wasted in the anoxic tank to reduce the ORP from +350 to +100 mV. 

Thereafter, the anoxic tank in the OSA system operated under three phases, named Phase II, 

Phase III and phase IV with ORP +100, -100 and -250 mV, respectively. The length of each 

phase was determined based on the stability of both effluent quality and sludge production. 

During Phase III an accidental disturbance happened in the OSA system, in which the ORP 

sharply increased. This disturbance led to an increase in the sludge production rate. It was 

found that the COD concentration in both the aeration and the settler tank in the OSA system 

were lower that the reference system. The COD in the reference system, Phase II, Phase III 

and Phase IV were 30, 18, 22 and 7 mg/L, respectively. The yield in the reference system, 

Phase II, Phase III and Phase IV were 0.4, 0.32, 0.22 and 0.18 mg suspended solids/mg COD.  

Nitrate in the treated water in the reference system, Phase II, Phase III and Phase IV were 34, 

25, 20 and 11 mg N/L, respectively. The phosphate in the treated water in the reference 



12 
 

system, Phase II, Phase III and Phase IV were 3.6, 3.7, 4.5 and 7.2 mgP/L, respectively. 

These results proved that the insertion of the anoxic tank improved the COD removal 

efficiencies under the same COD loading rate. From the above results they conclude that the 

insertion of the anoxic tank enhanced denitrification and phosphorous release. Furthermore, 

the sludge generated from the OSA system had a good settleability and Sludge volume index 

(SVI) stayed around 100over the whole operation period of the OSA system except for the 

disturbance period that occurred during Phase III. The excess sludge production in the OSA 

system was reduced at each controlled low ORP level compared with reference system. The 

excess sludge production rate in the reference system was 4.7g/d, while in the OSA system at 

ORP of -250mV was only 2.3g/d. It was also found that the excess sludge production rate at 

ORP of -250mV “Phase IV” in the anoxic tank was 36% less than phase II, where ORP was 

+100mV. The sludge reduction efficiency in the OSA process compared with the reference 

system was found to be 58%. The sludge production in the aeration tank from this study was 

similar to that reported by Chudoba et al. (1992). However the sludge production rate in this 

study under the same anoxic condition “-250 mV” was 30% more than that of Chudoba et al. 

(1992). They explained the difference in the results to difference in the HRT in both the 

aeration and the anoxic tank. Their results disagree with Chudoba et al, (1992) who claimed 

that the organic loading rate plays a major role in sludge reduction. Moreover, this study 

proved that the insertion of the anoxic tank improved the effluent quality and the sludge 

settleability. In this study the ORP and the HRT in the anoxic tank were found to play an 

important role in sludge reduction.  

Ye and Li (2005) studied the uncoupled metabolism stimulated by chemical 

uncoupler and oxic-settling-anaerobic combined process to reduce excess sludge production. 

In their study four pilots scale of conventional activated sludge were run for two months, 

until the systems became stable. Thereafter, one system was modified by inserting an 8.5-L 
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sludge holding tank between the aeration tank and the settling tank. One system was used as 

3,3', 4',5-tetrachlorosalicylanilide (TCS) process by adding 50 mg/d to the main bioreactor 

during the first three months, and 100 mg/d during the last three months. One system was 

modified to serve as a combined process, where an 8.5-L sludge holding tank was inserted 

between the main bioreactor and the settling tank also a 50 mg/d TCS was added to the 

aeration tank during aeration period. One system was remained unmodified to serve as a 

reference. Their systems were operated for 6 months. The experiments were conducted at a 

controlled room temperature of 25°C. The MLSS was maintained at 4500mg/L. The volume 

of the aeration and the settling tanks were 12.6L and 1.2L, respectively. It was found that the 

excess sludge production rate in the reference system, the TCS process, the OSA system and 

the combined process were 2.386, 1.575, 1.767 and 1.267g suspended solids/d, respectively. 

They confirmed that the combined process achieved the highest sludge reduction rate. In their 

study they found that the addition of TCS has a small negatively effect on the COD removal 

rates. However, their results showed that the insertion of the anaerobic tank had no effect on 

the COD removal rates. The COD removal rates in the reference system, TCS process, OSA 

process and combined process were 89.52, 87.32, 89.72 and 87.29%, respectively. These 

results were not consistent with the previous study (Saby, et al, 2002) who confirmed that the 

anoxic tank was able to improve COD removal rates, they owed that to the SRT in the anoxic 

tank in their study which was less than the other studies. They did not report the SRT in the 

anaerobic tank. The total nitrogen removal rates in the reference system, TCS process, OSA 

process and combined process were found to be 42.42, 36.21, 41.33 and 34.39%, 

respectively. The addition of TCS negatively affected the total nitrogen removal rates, they 

concluded. However, the OSA system didn’t affect the total nitrogen removal rate, they owed 

that to the ability of the OSA system to cause a nitrification-denitrification effect. These 

findings were consistent with Saby, et al, (2002) who concluded that the OSA system 
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improves total nitrogen removal rate. The effluent total phosphorous concentrations in their 

study in the reference system, TCS process, OSA process and combined process were 1.63, 

1.45, 1.5 and 1.37mg/l, respectively. From these results they concluded that the addition of 

TCS and the insertion of an anaerobic tank decrease the effluent total phosphorus 

concentration. They explained this reduction to the higher substrate in the sludge of the TCS 

process, combined process and the OSA process which resulted in more phosphorous 

absorption. The sludge reduction in the OSA process, TCS process and the combined process 

compared with the reference were 25.94, 33.99 and 46.9% respectively. They concluded that 

the combined process achieved the maximum sludge reduction.  Their results confirmed that 

The SVI was negatively affected by the addition of TCS, however the OSA process improved 

the sludge characteristics and settleability. The SVI of the OSA process remained around 100 

over the entire operation period. This result is consistent with Saby, et al. (2002) who 

concluded that the OSA system improved sludge settleability.  

Ye, et al. (2008) studied the effect of sludge retention time in sludge holding tank on 

excess sludge production in the oxic-settling-anoxic (OSA) activated sludge process. In their 

study they operated four systems. These systems were operated for seven months. The 

volume of the aeration tank was 12.6 L, while the volume of the settling tank was 1.2 L. After 

the systems became stable, three of the systems were modified to serve as OSA processes by 

inserting a 2.2 L sludge holding tank in the sludge return line between the aeration tank and 

the settling tank. One system was remained unmodified to serve as a reference. The three 

OSA systems were operated with different sludge retention times in the sludge holding tank. 

The SRT in the three OSA systems were 5.5, 7.6 and 11.5 h, respectively. The experiment 

was conducted at a 25℃ controlled room temperature. The MLSS was maintained at 

4500mg/l. The results showed that excess sludge production rate in the reference system was 

2.392 g suspended solids (SS) /d. While the excess sludge production rate in the OSA 
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processes with SRT 5.5, 7.6 and 11.5 h were 1.842, 1.597 and 2.062 g SS/d, respectively. The 

sludge reduced in the OSA systems with SRT 5.5, 7.6 and 11.5h by 23, 33 and 14%, 

respectively. From the previous result they confirmed that the SRT plays an important role in 

reducing the excess sludge production, and the 7.6 h was found to be the optimum value for 

SRT. This value of the SRT is longer than what Chudoba et al, (1992) reported, who found 

that the excess sludge production may be reduced by 40-50% when sludge is retained in the 

anaerobic tank for three hours.  Also the SRT in this study was shorter than what Saby, et al, 

(2002) reported, the latter concluded that when the ORP was lowered from +100 to -250mV, 

the excess sludge production would be reduced from 23% to 58%. Saby et al, (2002) used 

10.4h as a SRT to maintain -250mV ORP. The COD removal efficiency in Ye et al, (2008) 

experiment in the reference system was 93%. However this efficiency slightly reduced in the 

OSA systems. The COD removal efficiencies in the OSA systems with SRT 5.5, 7.6 and 

11.5h were 91, 91 and 90%, respectively. These findings were not consistent with Saby et al, 

(2002), who concluded that the OSA systems were able to improve the COD removal rate. 

The total nitrogen removal efficiency in the reference system, the OSA system with SRT 5.5, 

7.6 and 11.5 h were 30, 28, 30 and 30%, respectively. From these results they concluded that 

the OSA systems didn’t affect the total nitrogen removal rates. The mean total phosphorus 

removal rate efficiency in the reference system, the OSA system with SRT 5.5, 7.6 and 1.5 

were 48.9, 48, 59 and 58%, respectively. They concluded that the introduction of anoxic tank 

reduce the total phosphorus concentration in the effluent. These finding are consistent with 

Chudoba et al, (1992). The SVI remained below 100 over the entire operation period, which 

is consistent with Saby et al, (2002) who confirmed that OSA system improves sludge 

settleability. However the OSA system with SRT 11.5h had a higher SVI compared with the 

reference and the other two OSA systems, which was due to the failure of temperature 

controller.  
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Ye and Li (2010) studied the effect of OSA process combined with TCS to reduce 

excess sludge production. Four pilot-scale activated sludge systems were run in parallel. 

Systems were fed synthetic wastewater. The volume of the aeration and the settling tanks 

were 12.6 and 1.2 L, respectively.  The first system was kept as a CAS to serve as a control. 

To form three TCS and OSA combined processes, a 2.2 L sludge holding tank was inserted in 

the sludge return line and TCS was dosed into the aeration tank with 0.05 g, 0.1 g and 0.15 g 

every other day, respectively. The systems were operated for 60 days. The MLSS was 

maintained at 4500 mg/l in the aeration tank. The experiment was conducted at a 25℃ 

controlled room temperature. The SRT in the anoxic tank was 6.75 h. Excess sludge 

reduction, compared with the reference system, in the three combined system with the 

addition of 0.05, 0.1 and 0.15 g TCS were 21%, 37% and 56%, respectively. Even though a 

high dose of TCS increase excess sludge reduction rate, the dosage need to be as little as 

possible. Higher dosage of TCS has a negative impact on total nitrogen removal rate, total 

organic removal rate and sludge volume index. The total organic carbon (TOC) removal rate 

efficiency in the control system, the TCS systems with the addition of 0.05, 0.1 and 0.15 g 

TCS were 89, 85, 86 and 82%, respectively. The addition of 0.15 g of TCS reduced the TOC 

removal efficiency by 8%. In their study they found that the total nitrogen removal rate in the 

control system, the TCS systems with the addition of 0.05, 0.1 and 0.15 g were 47, 43, 40 and 

32%, respectively. The total phosphorus concentration in the control system, the TCS 

systems with the addition of 0.05, 0.1 and 0.15 g were 3.5, 3.1, 2.9 and 3.1mg/l, respectively. 

As a result they concluded that the addition of TCS didn’t affect the total phosphorus removal 

rate. The SVI in the control system, the TCS systems with the addition of 0.05, 0.1 and 0.15g 

were 76, 84, 96 and 101, respectively. They concluded that the addition of TCS and OSA 

combined process could reduce the excess sludge production by 21-56% compared with the 

reference process, with higher dose applied of TCS more sludge reduction would be 



17 
 

achieved. The sludge reduction rate in this study was compatible with Chudoba et al, (1992) 

and Saby et al, (2002). 

Meng and Yu (2011) studied the conditions of oxic-settling-anoxic process on sludge 

reduction in the active sludge system. Systems were fed synthetic wastewater. Two systems 

were operated for four months. Each system consisted of a 10 L aeration tank and a 2 L 

settling tank. After two months the two systems became stable. One system was modified by 

inserting a 2.5L anoxic tank in the sludge return line between the aeration tank and the 

settling tank to serve as an OSA process. The sludge was held in the anoxic tank for five 

hours before it returned back into the aeration tank. The other system stayed unmodified to 

serve as a reference. Their experiment was conducted at a 25°C controlled room temperature. 

The MLSS in the aeration tank was maintained around 5000mg/l throughout the experiment 

period. The results showed that the COD in treated water in the reference system and the 

OSA system were 40 and 17 mg/l, respectively. The sludge yield in the reference system and 

the OSA system were 0.6 and 0.38mgSS/mg COD, respectively. These results were 

compatible with Saby et al, (2002), which confirms that the OSA system improves the COD 

removal efficiencies and also reduce excess sludge production. The nitrate in the treated 

water in the reference system and the OSA system were 38 and 27 mg Nitrogen/l, 

respectively. The phosphate in the treated water in the reference system and the OSA system 

were 4.2 and 3.8 mg phosphate/l, respectively. Their results confirmed the OSA system 

improves the total nitrogen removal efficiencies and phosphate removal efficiencies these 

results were compatible with Saby et al, (2002). The sulfate in the treated water in the 

reference system and the OSA system were 8.4 and 6.8 mg sulfate/l. The excess sludge 

production rate in their experiment was almost half of the reference system. They concluded 

that OSA system was able to improve the treated water quality also reduce the excess sludge 

production in the anoxic tank by 36% compared with the reference system. 
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Yang, et al. (2011) worked on optimization of operating parameters for sludge process 

reduction under alternating aerobic/oxygen-limited conditions by response surface 

methodology. In their experiments, batch reactors were conducted to find the optimal 

conditions for excess sludge reduction under an alternating aerobic/oxygen limited 

environment using response surface technology. Three key operating parameters were 

investigated. These parameters were initial MLSS, HRT and temperature. The optimum 

conditions were chosen based on the maximum ΔMLSS achieved. It was found that the 

maximum ΔMLSS was 226mg/l at an initial MLSS of 10,021± 50mg/l, a HRT of 9.1h and a 

reaction temperature of 29°C. To double check the validity of their model, triplicate tests 

were conducted under optimum conditions and the resulted maximum ΔMLSS achieved was 

233mg/l. They concluded that these optimum conditions were practical and comparable with 

the previous studies. Table (2.1)below summarizes the studies mentioned above. 
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Table 2.1: Summarization of the Studies on OSA Process 

System 

Configuration 

Monitored 

operational 

parameters  

Holding 

tank 

condition 

SRT(d) 

ORP(m

V) 

Sludge 

reduction 

(%) 

𝒀𝒐𝒃𝒔 

Reference

s 

CAS-OSA 

Sludge 

loading rate 

Anaerobic

, HRT 

(3h) 

5-12 -250 40-50 

0.2-

0.29(TSS/CO

D) 

Chudoba 

et al. 

(1992) 

MBR-OSA 

ORP values 

in Anoxic 

tank 

Anoxic, 

HRT 

(10.4h) 

19.5-30.4 

+100 to 

-250 

23-58 

0.18-

0.32(MLSS/C

OD) 

Saby et al. 

(2003) 

CAS-OSA 

TCS, OSA, 

combined 

process 

Anaerobic 

Not 

reported 

Not 

reported 

25.94-

46.9 

Not reported 

Ye and Li 

(2005) 

CAS-OSA 

HRT in the 

anoxic tank 

Anoxic 

HRT 

(5.5h, 

7.6h, 

11.5h) 

Not 

reported 

Not 

reported 

14-33 Not reported 

Ye et al. 

(2008) 

CAS-OSA 

Different 

TCS dosage 

Anoxic, 

HRT 

(6.75h) 

Not 

reported 

Not 

reported 

21-56 Not reported 

Ye and Li 

(2010) 

CAS-OSA 

Just 

inserting 

anoxic tank  

Anoxic, 

HRT (5 h)  

Not 

reported 

Not 

reported 

36 

0.6-0.38 

(mgSS/mgCO

D) 

Meng and 

Yu (2011) 

 

All the studies mentioned above have worked on different parameters and achieved 

different efficiencies of sludge reductions. Our study will investigate the effect of inserting an 

anoxic tank using some of the optimal parameters reported in the previous studies. Saby et al. 

(2003) used 10.4h HRT in the anoxic tank in his experiment while Ye et al. (2008) used  (5.5 
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h, 7.6 h, 11.5 h) HRT in the anoxic tank. Yang, et al. (2011) reported some optimal 

parameters that achieved the maximum sludge reduction using 9.1 h HRT, 10,021 mg/l 

MLSS and 29°C temperature in the anoxic tank. In our study a 9 h HRT will be used in the 

anoxic tank. None of the above studies worked on the 9 h HRT in the anoxic tank. However 

the temperature in this study will be controlled at 25℃ since high temperature consumes a lot 

of energy. This study will evaluate excess sludge reduction by using a 9 h HRT in the anoxic 

tank and by controlling the temperature at 24℃. Also the ORP will be kept at -150 mV in the 

anoxic tank to prevent the prevalence of the anaerobic conditions. Two systems were 

operated in parallel. For two months until they become stable. The systems were operated at 

24±1℃. Synthetic wastewater will be fed to the systems, which have the same characteristics 

of the domestic wastewater generated in Jordan. This study will evaluate the sludge reduction 

achieved by inserting a sludge holding tank in the sludge return line between the aeration 

tank and the settling tank.  Also the systems performance will be evaluated. The Oxic-

settling-Anoxic system is relatively a new technique in reducing excess sludge production. 

There are relatively few publications on this topic. It is hoped that the results obtained from 

this study may provide useful data for future research on the applicability of the OSA system 

for the excess sludge reduction in Jordan. 
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Chapter Three 

“Materials and Methods” 

 

3.1 Experimental setup 

To perform this study, two lab scale experimental setups were employed. Throughout 

startup phase both setups were operated as a conventional activated sludge (CAS) system, 

consisting of an aeration tank followed by a settling tank. After two months operation, the 

two CAS systems reached steady state conditions, evidenced by stable MLSS concentration, 

stable sludge production and consistent removal efficiencies. Henceforth one setup was 

modified to an OSA system by introducing an anoxic sludge holding tank in the return sludge 

line.  

        The CAS system served as a reference for assessment of OSA system with respect to (i) 

COD and total nitrogen removal efficiencies, (ii) sludge reduction efficacy and (iii) system 

stability. 

 

3.2Preliminary Biological BOD and Nitrification Design 

The design procedure followed the design of the activated sludge process for BOD 

removal and nitrification presented in (Metcalf and Eddy, 2004). 

Design conditions and assumptions: 

Temperature = 25 ℃ 

Characteristics of kherbit As-Samra wastewater 

COD= 1450 g/𝑚3 

BOD= 652 g/𝑚3 

TKN= 140 g/𝑚3 
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N𝐻4
+ = N𝑂𝑋 ≈ 80% of TKN 

Bases of Design: 

Design for COD= 1500 g/𝑚3 

30% of the above parameter concentration will be removed in primary settling tank 

⇒BOD= 455 g/𝑚3 

TKN= 112 g/𝑚3 

N𝐻4
+= 90 g/𝑚3 

Parameters value for both BOD removal and nitrificationat 20℃, activated sludge 

nitrification kinetic coefficients are as follows;  

Nitrifying organisms are slow growers, therefore the nitrification growth rate will control the 

design. 𝜇𝑛=(
𝜇𝑛,𝑚 𝑁

𝐾𝑛+𝑁
) (

𝐷𝑂

𝐾𝑜+𝐷𝑂
) − 𝑘𝑑𝑛 

Where; 

𝜇𝑛 = Specific growth rate of nitrifying bacteria, g new cells/g cells.d 

𝜇𝑛𝑚= maximum specific growth rate of nitrifying bacteria, g new cells/g cells.d 

N= Nitrogen concentration, g/𝑚3 

𝐾𝑑𝑛= Endogenous decay coefficient for nitrifying organisms, g VSS/g VSS.d 

𝐾𝑛= Half velocity constant, substrate concentration at one-half the maximum specific 

substrate utilization rate g/𝑚3 

𝐾0= Half-saturation coefficient for DO, g/𝑚3 =0.5 g/𝑚3 

DO= Dissolved oxygen concentration, g/𝑚3 

Design for both BOD removal and nitrification at 25℃ , activated sludge nitrification kinetic 

coefficients 
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Effect of temperature: 

Temperature influences both the metabolic biomass activities and settling 

characteristics of the solids. The effect of temperature on the reaction rate is expressed using 

the below formula 

𝑘𝑇 = 𝑘20𝜃(𝑇−20) 

Where; 

𝑘𝑇 = Reaction-rate coefficient at temperature T, ℃ 

𝑘20 = Reaction- rate coefficient at 20 ℃ 

𝜃 = Temperature-activity coefficient 

T= Temperature, ℃ 

Step (1): 

𝜇𝑚20= 0.75 g/g.d 

𝜇𝑛,𝑚= 0.75* (1.07)25−20=1.05 g/g.d 

𝐾𝑑𝑛= 0.08 (1.04)25−20 = 0.1g/g.d 

𝐾𝑛 = 0.74 (1.053)25−20= 0.96 g/𝑚3 

DO= 2 mg/l 

N=0.5 g/𝑚3 

Solve for 𝜇𝑛=(
𝜇𝑛,𝑚 𝑁

𝐾𝑛+𝑁
) (

𝐷𝑂

𝐾𝑜+𝐷𝑂
) − 𝑘𝑑𝑛= 1.05(

0.5

0.96+0.5
) (

2

2+0.5
)- 0.1 

𝜇𝑛 = 0.19 𝑔/𝑔. 𝑑 

Calculate Theoretical SRT: 

𝑆𝑅𝑇𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙=
1

𝜇𝑛
 = 

1

0.19 
𝑔

𝑔
.𝑑

= 5.26 days, choose 𝑆𝑅𝑇𝑑𝑒𝑠𝑖𝑔𝑛=𝑆𝑅𝑇𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 (FS) 

Choose two as a factor of safety   

𝑆𝑅𝑇𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙= 6*2= 12 days 
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Step (2): 

Determine𝑃𝑥,𝑏𝑖𝑜=
𝑄 𝑌 (𝑆0−𝑆)

1+(𝑘𝑑)𝑆𝑅𝑇
+

(𝑓𝑑)(𝑘𝑑)𝑄(𝑌)(𝑆0−𝑆)𝑆𝑅𝑇

1+(𝑘𝑑)𝑆𝑅𝑇
+ 

𝑄 𝑌𝑛(𝑁𝑂𝑥)

1+(𝑘𝑑𝑛)𝑆𝑅𝑇
 

                                Term A                   Term B                    Term C 

Where: 

𝑃𝑥,𝑏𝑖𝑜= Biomass produced, g VSS/d 

Q= Wastewater flow rate, 𝑚3/d 

Y=Biomass yield coefficient, g VSS ”biomass produced”/g substrate utilized 

𝑆0 =Influent soluble substrate concentration, g BOD or bs COD/𝑚3 

S= effluent soluble substrate concentration, g BOD or COD/𝑚3 

𝑓𝑑 = Fraction of biomass that remains as cell debris, 0.10- 0.15 g VSS/g VSS 

𝑘𝑑= Endogenous decay coefficient, g VSS/ g VSS.d 

𝑌𝑛 =Net biomass yield, g VSS/ g bs COD utilized  

𝑁𝑂𝑥= Concentration of 𝑁𝐻4-N in the influent flow that is nitrified, mg/l 

SRT= Solids retention time, days  

Design input data: 

 

3.2.1 Aeration Tank Design 

Q= 20L/d= 0.02 𝑚3/𝑑 

Y= 0.4 g VSS/g substrate oxidized 

𝑆0 = 1.6 (𝐵𝑂𝐷) = 1.6 (455)= 728 g/𝑚3 

𝑘𝑑,25 = 𝑘20 𝜃
𝑇−20 = 0.12 (1.04)25−20 = 0.15 

𝑔

𝑔
. 𝑑 

𝜇𝑚,25 =  𝜇𝑚 𝜃
𝑇−20 = 6.0 (1.07)25−20= 8.42 g/g.d 
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Determine S: 

S= 
𝐾𝑠[1+(𝑘𝑑)𝑆𝑅𝑇]

𝑆𝑅𝑇 (𝜇𝑚−𝑘𝑑)−1
 

𝐾𝑠 =Half velocity constant, substrate concentration at one-half the maximum specific 

substrate utilization rate, g/ 𝑚3 Use 𝐾𝑠  =25g/ 𝑚3 

S= 
25 (1+0.15∗12)

12 ( 8.42−0.15)−1
 = 

70

98.24
 = 0.71gbs COD/ 𝑚3 

Use 𝑌𝑛 = 0.12gVSS/g 𝑁𝑂𝑥 

𝑘𝑑,25= 0.1g/g.d 

Estimate 𝑁𝑂𝑥  ≈ 0.8 (TKN) = 112 g/𝑚3, 20% of TKN removed at primary settling tank 

→𝑁𝑂𝑥 =89.6 g/𝑚3 

Calculate 𝑃𝑥,𝑏𝑖𝑜 

Term A= 
𝑄 𝑌 (𝑆0−𝑆)

1+(𝑘𝑑)𝑆𝑅𝑇
 = 

(0.02
𝑚3

𝑑
)(0.4

𝑔

𝑔.𝑑
)(728−0.71)

1+0.15 (12 𝑑𝑎𝑦𝑠)
 = 2.08 

Term B = 
(𝑓𝑑)(𝑘𝑑)𝑄(𝑌)(𝑆0−𝑆)𝑆𝑅𝑇

1+(𝑘𝑑)𝑆𝑅𝑇
= 

0.15 (0.15)(0.02
𝑚3

𝑑
)(0.4)(728−0.71)(12)

1+0.15 (12 𝑑𝑎𝑦𝑠)
 = 0.56 

Term C= 
𝑄 𝑌𝑛(𝑁𝑂𝑥)

1+(𝑘𝑑𝑛)𝑆𝑅𝑇
= 

(0.02
𝑚3

𝑑
)(0.12) (89.6

𝑔

𝑚3)

1+0.1 (12 𝑑𝑎𝑦𝑠)
 = 

0.81

3.205
= 0.098 

 

𝑃𝑥,𝑏𝑖𝑜 = 2.08 + 0.56 + 0.098 = 2.74 g/d 

Calculate 𝑁𝑂𝑥 

𝑁𝑂𝑥= TKN- 𝑁𝑒- 0.12 𝑃𝑥,𝑏𝑖𝑜/ Q 

Where: 

𝑁𝑂𝑥= Nitrogen oxidized,  mg/L 

𝑇𝐾𝑁𝑜= Influent TKN concentration, mg/L 

𝑁𝑒= Effluent 𝑁𝐻4-N concentration, mg/L (assumed to be equal 0.5 mg/l in the design) 
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𝑁𝑂𝑥= 112 g/𝑚3- 0.5 g/𝑚3- 0.12 (2.74/ 0.02) 

𝑁𝑂𝑥 = 95.06 g/𝑚3 𝑛𝑜𝑡 acceptable compared to 89.6 g/𝑚3( 80% of TKN) 

Term C =
(0.02)(0.12)(95.06)

1+(0.1)(12)
= 0.1 

𝑃𝑥,𝑏𝑖𝑜= 2.74 g VSS/d 

𝑃𝑥,𝑏𝑖𝑜 ≈  𝑃𝑥,𝑃𝑥,𝑉𝑆𝑆
→ Synthetic wastewater was used “soluble no non-biodegradable matter” 

𝑃𝑥,𝑉𝑆𝑆 = 2.74 g/d 

Calculate the volume of the aeration tank; 

(𝑋𝑉𝑆𝑆) (V) = (𝑃𝑋,𝑉𝑆𝑆) (SRT) 

Where; 

V= Aeration tank volume, 𝑚3 

𝑋𝑉𝑆𝑆 =Mixed liquor volatile suspended solids g/𝑚3 

𝑃𝑋,𝑉𝑆𝑆= Volatile wasted activated sludge produced each day, g VSS/d 

𝑃𝑋,𝑇𝑆𝑆 = A/0.85 + B/0.85 + C/0.85 + Q (nbVSS) + Q (𝑇𝑆𝑆𝑜 - 𝑉𝑆𝑆𝑜) 

Where: 

nbVSS=  non-biodegradable volatile suspended solids in the influent 

𝑇𝑆𝑆𝑜= Influent wastewater total suspended solids concentration, mg/L  

𝑉𝑆𝑆𝑜= Influent wastewater volatile suspended solids concentration, mg/L  

nbVSS, 𝑇𝑆𝑆𝑜 and 𝑉𝑆𝑆𝑜are equal zero because the influent was synthetic soluble wastewater. 

nbVSS, TSSo and VSSoare zeros because we work on soluble synthetic wastewater  

Assume 𝑋𝑇𝑆𝑆= 2200 g/𝑚3 

So 𝑃𝑋,𝑇𝑆𝑆 =2.74/0.85= 3.22 g/d 

Volume, V= (3.22 g/d) (12days)/ 2200 g/ 𝑚3 

V = 17.6 L “work on 18 L” 

Calculate 𝜏 = V/Q 
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Where; 

𝜏 = Aeration tank retention time 

𝜏= 0.0 18/0.02= 0.9 day= 21.6 hours 

Calculate Food to microorganism (F/M) ratio; 

F/M= 
𝑄 𝑆𝑜

𝑉 𝑋
  

Where; 

F/M= Food to biomass ratio, g BOD or bsCOD/ g VSS.d 

X= Mixed liquor biomass concentration in the aeration tank, g/𝑚3 

V= Aeration tank volume, 𝑚3 

Assume X= 2200 g/𝑚3 

F/M= 
(0.02 𝑚3/d) (455 g/𝑚3)

(2200 𝑔/𝑚3)(0.018 𝑚3)
 = 0.23 g/g.d “within range 0.2-0.6 g BOD/g MLVSS. d” 

𝐿𝑜𝑟𝑔 =  
(𝑄)(𝑆𝑜)

𝑉 (103 𝑔/𝑘𝑔)
 

Where: 

𝐿𝑜𝑟𝑔= Volumetric organic loading rate, kgBOD/ 𝑚3.d 

𝑆𝑜 = Influent BOD concentration, g/𝑚3, other terms were defined previously  

𝐿𝑜𝑟𝑔 =  
(0.02

𝑚3

𝑑
)(455 𝑔/𝑚3)

0.018 𝑚3
 = 0.506 kg/𝑚3. 𝑑 “within range 0.3-1.6 kgBOD/𝑚3.d 

If waste sludge mass is assumed insignificant then, 

𝑄𝑅 𝑋𝑅= (Q+𝑄𝑅) 𝑋 

Where; 

𝑄𝑅 = Return sludge flowrate, 
𝑚3

𝑠
 

X = Mixed-liquor suspended solids, mg/L, assume X= 2200 mg/l 

Q= Secondary influent flow rate, 𝑚3/s 
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𝑋𝑅 =  Return activated sludge suspended solids, mg/L, assume 𝑋𝑅= 6000 mg/l 

If R is the recycle ratio= 𝑄𝑅/Q then 

R= 
𝑋

𝑋𝑅−𝑋
 

R= 
2200 𝑔/𝑚3

(6000
𝑔

𝑚3−2200
𝑔

𝑚3)
 = 0.58 

 

3.2.2 Anoxic Tank Design 

For sludge holding tank HRT= 9 hours= 0.375 day  

𝜏 =
𝑉

𝑄
→  𝐴𝑛𝑜𝑥𝑖𝑐 𝑡𝑎𝑛𝑘 𝑣𝑜𝑙𝑢𝑚𝑒 = V= (0.375 day) (0.02 𝑚3/𝑑) = 7.5 L “work on 8 L” 

 

3.2.3 Secondary Sedimentation Tank Design 

Assume Hydraulic application rate = 24 𝑚3/𝑚2.d 

To find the area = (Q) / (Hydraulic application time) 

Settling tank area= (0.02 𝑚3/d) / (24 𝑚3/𝑚2.d) = 8.3 𝑐𝑚2 

Area= 
𝜋

4
𝐷2 → D= 3.3 cm “not applicable” 

The HRT = 5 hours →  𝜏 =
𝑉

𝑄
 

Volume= 4.5 L “work on 5 L” 

 

3.3Set-up Configuration 

Two identical 18L polyvinyl chloride (PVC) cylindrical were used to cultivate 

activated sludge (aeration tank) and two identical 5L PVC conical vessels (settling tank), 33.6 

cm height, were used to form parallel set ups bench scale completely mixed activated sludge 

processes. 
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After the sludge production and the effluent water quality in these two systems 

became stable, one system was modified to work as an OSA system by inserting an 8L PVC 

cylindrical sludge holding tank between the aeration tank and the settling tank. The other 

system remained unmodified to serve as a control or a reference system. Figure (3.1.a) shows 

the schematic diagram of the reference system and Figure (3.1.b) shows the schematic 

diagram of the OSA system. 

 

 

Figure 3.1.a: Schematic Diagram of the Reference System 
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Figure 3.1.b: Schematic Diagram of the OSA System 

 

 

3.4Inoculums and Influent:  

To start sludge cultivation, sludge was taken from the return activated sludge line of 

Al Fuhais wastewater treatment plant and seeded to both systems.  Figure (3.2) shows an 

image of Al Fuhais wastewater treatment plant “aeration tanks and sludge return line”. 
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Figure 3.2: Al Fuhais Wastewater Treatment Plant 

 

Synthetic wastewater was used to feed both systems. Table (3.1) and Table (3.2) show 

the compositions and the characteristics of the synthetic wastewater used as influent feed, 

respectively. 

 

 

Table 3.1: Composition of the Synthetic Wastewater 

Composition Concentration (mg/l) 

Peptone 800 

Glucose  400 

Yeast extract 100 
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Table 3.2: Characteristics of the Influent Feed 

Analysis Value 

COD 1331.81 mg𝑂2/L 

MLSS 0.0mg/L 

Temperature 6 ℃ 

PH 7.00 

Total nitrogen 148.34 mg/L 

Ammonium nitrogen  43.2 mg/L 

Nitrate                       4.2 mg/L 

BOD 825 mg/L 

 

 

Al Fuhais wastewater treatment plant (WWTP) has sludge characteristics, influent and 

effluent water quality as shown in Table (3.3). 
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Table 3.3: Characteristics of Al Fuhais WWTP, July/15th/2015 

Analysis Value 

Influent TSS 362 mg/l 

Effluent TSS  23 mg/l 

Aeration# 1, MLSS 3228 mg/l 

Aeration# 2, MLSS 3666 mg/l 

Return sludge concentration , 𝑋𝑟 6940 mg/l 

Influent PH 7.335 

Effluent PH 7.451 

Influent total dissolved solids (TDS) 1311 mg/l 

Effluent TDS 11.9 mg/l 

Influent COD 896 mg/l 

Effluent COD 60 mg/l 

Influent BOD 300 mg/l 

Effluent BOD 12 mg/l 

Return sludge MLVSS 1890 mg/l 

 

 

Micro and macro nutrient were also added to the feed to prevent nutrient limitations. 

The micro and macro nutrient were prepared as stock solutions and kept in a refrigerator, for 

each 0.5 L feed a 1.00 mL micro and macro stock solutions were added to the feed(Julius 

Bernardus Van Lier, 1995).  The compositions of the micro and macro nutrients solutions are 

included in Appendix A. Stock buffer solution was also added to the feed to obtain a 7.00 PH 

value. For each 0.5 L feed a 10.0 ml buffer solution was added (Julius Bernardus Van Lier, 

1995)”.  The composition of the buffer solution is included in Appendix A. 
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3.5 Operational Conditions: 

The sludge holding tank was sealed to maintain anoxic condition, also it was 

continuously mixed using IKA RW20 digital mixer. Figure (3.3) shows an image of the 

anoxic tank. 

 

 

Figure 3.3: The Anoxic Tank 

 

 The hydraulic retention time in the anoxic tank was 9 hours. The ORP was controlled 

at -150 mV by occasional injection of pure nitrogen gas under ORP meter. The DO inside the 

anoxic tank was 0.00 mg/l. However, after three weeks of operation, the ORP level was self-

maintained at around -150 mV, even without the nitrogen gas purging.  

Two air diffusers were inserted in each aeration tank to supply 3.6±0.4 mg/l dissolve oxygen 

(DO) as seen in Fig (3.4). DO was measured two times each day. 
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Figure 3.4: Air Diffusers in the Aeration tank 

 

The influent synthetic wastewater feed was prepared every day and stored at 6±1℃ 

using Julabo F32 thermostat, as seen in Figure (3.5). 

 

 

Figure 3.5: Influent Feed “Synthetic Wastewater” 
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A master flex L/S Cole-Parmer cartridge pump was used to supply 20 L/d influent 

feed flow for each aeration tank. The systems were kept at a controlled temperature of 

24±1℃ using Julabo F25 thermostats. The thermostat has a water bath where the water can be 

cooled or heated. The thermostat has an inlet and an outlet, tube or hose connects to the inlet, 

and then wrapped up around the system. Thereafter, the hose is connected to outlet. Water 

circulates in the hose to keep the temperature at the desired level. The aeration tanks were 

mixed continuously using IKA RW20 digital mixer. The MLSS was overflowed from the 

aeration tanks to the settling tanks. In the reference system sludge was pumped from settling 

tank back to the aeration tank using master flex L/S Cole-Parmer cartridge pump. In the OSA 

system, sludge was pumped using master flex L/S Cole-Parmer cartridge pump from settling 

tank to the anoxic tank then it overflowed back to the aeration tank. Figure (3.6) shows both 

systems running in parallel.  
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Figure 3.6: The Reference System on the Right, OSA System on the Left 

 

 

 MLSS level was maintained at around 4500 mg/l in both aeration tanks for the two 

systems. Excess sludge withdrawal didn’t start until MLSS concentration exceeded this value 

in the aeration tanks. The hydraulic retention time in the settling tanks were 5 hours. The 

HRT in the anoxic tank was 9h.The systems were fed synthetic wastewater. SRT in the AS 

system and the OSA system were 18 and 50 days, respectively. The SRT in the OSA system 

was higher than the average SRT of the completely mixed AS system which range from 3-15 

days (Metcalf & Eddy, 2004). The high value of SRT achieved because, the daily produced 

sludge was reduced in the OSA system. The theoretical produced sludge from the AS and the 

OSA system were 4.48 and 2.96 g/d. 
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3.6 Sampling and Analysis: 

The MLSS and SVI were monitored and analyzed daily according to stranded methods. 

Figure (3.7) shows SVI test. 

 

 

Figure 3.7: SVI Test “OSA System on the Right, Reference System on the Left” 

 

 MLSS was measured for samples taken from Aeration tanks, setting tanks and anoxic 

tank of the OSA system. Figure (3.8) shows MLSS test. 
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Figure 3.8: MLSS Test 

 

COD and total nitrogen (TN) were analyzed one to two times a week. The COD test was 

measured for samples taken from the influent feed, the effluent from settling tanks of both 

systems using HACH COD kit and meter at Water, Energy and Environmental Center in the 

University of Jordan. 

 

TN test was measured for samples taken from influent feed, aeration tanks and 

effluent from settling tanks of both systems at water authority labs according to standard 

methods. Biochemical oxygen demand test (BOD) was measured for samples taken from the 

influent feed, the effluent from settling tanks of both systems at Water, Energy and 

Environmental Center in the University of Jordan according to standard methods. 
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All samples were collected in a 300 ml closed containers according to standard 

methods (AWWA/APHA/WEF, 2005), and were put in an ice box before being transported 

to the laboratories.    

Cumulative excess sludge from both systems was wasted daily and dried at 105 °C 

oven over the entire experiment period to calculate the cumulative excess sludge production 

rate. Figure (3.9) shows sludge wasted and dried daily. 

 

 

 

Figure 3.9: Drying the Excess Sludge Wasted Daily 
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Chapter Four 

Results and Discussion  

 

4.1 System Performance in terms of COD and Nitrogen Removal 

Figure (4.1) shows the COD removal efficiencies for the two studied systems. The AS 

system achieved an average COD removal efficiency of 89%, while the OSA system 

achieved 91% removal efficiency. The full results data are available in Appendix B. A paired 

t-test was performed to determine if the improvement in the COD removal efficiencies, that 

was achieved by OSA system is significant. The mean COD improvement (M= 1.87, SD= 

1.11, N= 21) was significantly greater than zero, (t) = 7.31, two-trail p= 6.23 *10−7, 

providing evidence that the improvement in COD removal rate can be achieved by OSA 

system. A 95% “confidence interval” C.I. about mean COD removal rate improvement is 

(1.37, 2.38).  This proves that the introduction of an anoxic tank in the return activated sludge 

line does improve the performance of the AS system with respect to organic matter removal. 

In other words improvement on effluent quality was reported. These results are not consistent 

with Chudoba et al. (1992) and Ye and Li (2005) who reported that the insertion of the sludge 

holding tank had no effect on treatment efficiency or effluent quality. Also these findings are 

not consistent with Ye et al. (2008) who found that the insertion of the anoxic tank had no 

significant influence on COD removal efficiencies. In their systems the control system had a 

COD removal efficiency of 93% while OSA system where sludge retained for (5.5- 11.5 h) 

the COD removal efficiencies were (90- 91%). However, they concluded that COD removal 

rate was inversely proportional to the SRT in the sludge holding tank. They interpreted that to 

the higher sludge retention time in the anoxic tank increased the decomposition of 

microorganism, which caused higher amount of COD to be released. However these results 
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were consistent with Saby et al. (2003) who concluded that the insertion of the anoxic tank 

improved the COD removal rate by 4-7 %, however they didn’t state that it was significantly 

improved. 

 

 

Figure 4.1: Variation of the COD Removal Rate in the CAS and the OSA System during 

the Operation 

 

With respect to total nitrogen removal, conventional AS and OSA systems achieved 

average TN removal efficiencies of 28 and 43 %, respectively. Figure (4.2) shows the total 

nitrogen removal rates in both systems. The full data is available in Appendix C. It is obvious 

that the OSA system increased the TN removal rates. Although AS system doesn’t 

incorporate anoxic zone, nitrate produced at the aeration tank is expected to be reduced to 

nitrogen gas at the bottom zone of the secondary sedimentation tank. Evidenced by small gas 

bubbles observed at the top surface of the sedimentation tank. With respect to the OSA 

system, nitrate reduction took place partly in the sedimentation tank and mainly in the sludge 
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holding tank. TN removal happens because of a nitrification-denitrification effect due to the 

oxic-anoxic recycling of sludge. The previous studies used different measurement, such as 

TN and 𝑁𝑂3
− − 𝑁, to determine nitrogen removal efficiencies. Our results were not consistent 

with most of the previous studies. There is unanimity that nitrogen removal in not negatively 

affected by inserting a sludge holding tank. Chudoba et al. (1992) concluded that the insertion 

of the anaerobic tank doesn’t affect processes performance. Also Ye et al. (2008) reported 

that the insertion of the anoxic sludge holding tank didn’t affect TN removal rates. The TN 

removal rate in their control system was 30% which is similar to the OSA systems (28-30%). 

YE and Li (2005) concluded that the insertion of an anaerobic tank didn’t affect TN removal 

rate, which was 42.42% in the control and 41.33% in the OSA system. Our results were 

consistent with Saby et al. (2003) who used 𝑁𝑂3
− − 𝑁 to assess nitrogen removal rate. They 

confirmed that the OSA system enhanced nitrate reduction ability. In their study the effluent 

𝑁𝑂3
− − 𝑁 of the reference system was 34 mg/l. while in the OSA system with ORP deceased 

+100 to -250 mV the 𝑁𝑂3
− − 𝑁 were (25-11 mg/l). This confirms that denitrification was 

enabled by OSA system and the efficiency was increased at more anaerobic conditions. 
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Figure 4.2: Changes of Effluent TN Removal Rates in the AS System and the OSA 

System  

 

4.2Systems Performance in Terms of Solids Yield  

During the 64 continuous operation days the excess sludge was withdrawn daily to 

maintain the MLSS around 4500 mg/l. Figure (4.3) shows MLSS in the aeration tank of the 

AS and OSA systems during the 64 days operation, the average MLSS of the AS system and 

the OSA system was 4502 and 4450 mg/l, respectively. Figure (4.4) shows The MLSS for the 

return activated sludge concentration of the AS and OSA systems, the average MLSS of the 

return activated sludge of the AS system and the OSA system were 10129 and 10101 mg/l, 

respectively. Figure (4.5) shows the MLSS of the anoxic tank of the OSA system, the average 

MLSS in the anoxic tank of the OSA system was 5107 mg/l. The full data are included in 

appendix D.  
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Figure 4.3 MLSS in the Aeration Tanks of AS System and OSA System 

 

 

 

 

Figure 4.4 MLSS of the Return Activated Sludge for both AS and OSA Systems 
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Figure 4.5 MLSS in the Anoxic Tank of the OSA System 

 

With respect to sludge yield, figure (4.6) shows the accumulation of excess sludge 

wasted daily over the continuous operation period of 64 days compared with the conventional 

AS system. The full data points are included in a table in Appendix E. The slope of the best 

fit line represents the average excess sludge production rate. In the AS system, the average 

excess sludge production rate was 5.3 g/day, compared to 3.0 g/day in the OSA system. 

Hence, the OSA system achieved 42% reduction on excess sludge production rate.  
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Figure 4.6: Cumulative Excess Sludge Production in the AS System and the OSA 

System 

Figure (4.6) confirmed that the OSA system with sludge retained in the anoxic tank 

for 9h can effectively reduce excess sludge production. Figure (4.7) and figure (4.8) show the 

daily wasted excess sludge from the AS system and the OSA system, respectively. The 

average daily wasted sludge from the AS system was 5.00 g, while the average daily wasted 

sludge from OSA system was 2.85 g.  
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Figure 4.7: Daily Excess Sludge Wasted from AS System 

 

 

Figure 4.8: Daily Excess Sludge Wasted from OSA System 

 

The 9 h HRT in the anoxic tank in this study is longer than those reported by Chudoba 

et al. (1992) who found that in the OSA system where sludge was retained for 3 h under -250 

mV ORP, the excess sludge production reduced by 40-50%. The difference can be attributed 

to the difference in hydraulic retention times in the aeration and the anoxic tanks, in our study 
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the hydraulic retention times in the aeration tank and the anoxic tank were 21.6 and 9 h, 

respectively. While in Chudoba et al. (1992) the retention times were 3 h in the anoxic tank 

and 2 h in the aeration tank. Also the ORP level was different in the anoxic tanks in this study 

and Chudoba et al. (1992). In this study the ORP level in the anoxic tank was -150 mV, while 

in Chudoba et al. (1992) was -250 mV. This indicates that both the ORP level and the 

hydraulic retention time in the aeration and the anoxic tank play an important role in reducing 

excess sludge production in an OSA system. Saby et al. (2003) who worked on a modified 

OSA system, by submerging a membrane module into the aeration tank, found that when the 

ORP level in the anoxic tank decreased form + 100 to -250 mV, the excess sludge  reduction 

efficiency ranged from 23 to 58%. A 10.4 h hydraulic retention time in the anoxic tank was 

used in their study. When the ORP level was -100 mV the excess sludge reduction rate was 

42%, which is compatible with the result obtained in this study. Ye et al. (2008) reported that 

7.6 h hydraulic retention time in the anoxic tank is an optimum value and it reduced the 

excess sludge production rate by 33%. However, it is hard to compare the result obtained 

from this study with Ye et al. (2008) because they didn’t report a value for the ORP level in 

the anoxic tank. Also they tested three different HRT (5.5, 7.6, and 11.5 h), when the HRT 

was 11.5 h the excess sludge reduction efficiency was 14%. So the reduction efficiency 

reduced when the HRT was 11.5 h, however there is a big gap between 7.6 h and 11.5 h and 

concluding that the 7.6 h is the optimum value needs further investigation.  

        Meng and Yu (2011) reported that 5 h hydraulic retention time in the anoxic tank 

reduced excess sludge production by 36% compared with the reference system. It is hard to 

compare the result obtained from this study, because they didn’t report the ORP level in the 

anoxic tank. Due to limited literature on OSA systems it is hard to compare the results 

obtained from this study with the previous relevant studies.   
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4.3 Sludge Settling Properties  

Figure (4.9) shows that the SVI for both systems. Both systems had good sludge settle 

ability conditions. The full data results are included in Appendix F. The average SVI for AS 

system and OSA system was 100 and 95 mL/g, respectively. The SVI for the OSA system 

was generally lower than the reference system for most of the operation period. Moreover, it 

was observed that the sludge produced from the OSA system was thicker, cohesive and had 

more cells than the sludge produced from the AS system. An explanation to this is that when 

sludge is exposed to very stressful conditions, low ORP level and no food, the intracellular 

polymers released and act as floc bridging agents. These results were consistent with Saby et 

al. (2003), who observed that the control MBR had a SVI of (175-300 mL). While MBR-

OSA had lower SVI (50-290 mL). Ye et al. (2008) observed that the SVI was affected by 

variations in SRT. They found that the most consistent settleability and the lowest SVI was 

achieved at 7.6 h hydraulic retention time in the sludge holding tank. In their study, SVI in 

the OSA ranged (65-90 mL) while in the control was 60 mL. Chudoba et al. (1992) reported 

that the OSA system consistently had lower SVI (250-1000) while control system had SVI 

(740-1900). They all reported that the OSA system had a better sludge settle ability compared 

with the reference system.   
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Figure 4.9: Variation of the SVI in the AS and the OSA Systems during the Operation 

 

4.4 Economical Aspect of OSA System 

Certainly, the cost of managing wasted activated sludge is directly related to produced 

sludge quantities. In other words, reduction on sludge quantities results in saving of sludge 

thickening, stabilization, dewatering and final disposal.  

In Jordan, sludge management approach adopted in small to medium scale wastewater 

treatment plants, incorporates sludge thickening followed by natural dewatering using drying 

beds.  Accordingly, for 100,000 population equivalent (P.E) taken as economical evaluation 

base, the generated wastewater for every capita is 100 L /d (WAJ, 2012). Saving in 

transportation cost landfill space should offset the added operation costs of the anoxic tank. 

Return sludge ratio is 0.8. For each 1000 𝑚3 wastewater received to the plant, 578.4 kg dry 

solids generated (Water Reuse and Environmental Conservation Project, 2014). Calculations 

presented in BOX 1, shows that savings in sludge transportation after using OSA system 

reached 64802 JOD/ year 

 

0

20

40

60

80

100

120

140

160

180

0 10 20 30 40 50 60 70

S
V

I 
(m

L
/g

)

Time (days) 

AS System

OSA System



52 
 

BOX 1: Cost Savings on Sludge Transportation 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Table 4.1: Summarization of Total Savings on Transportation Cost 

 
Winter 

Transportation Cost 
Summer 

Transportation Cost 

AS system 90,153 JOD 64,152 JOD 

OSA System 52,279 JOD 37,224 JOD 

Savings 37,874 JOD 26,928 JOD 
64,802 JOD/ 

Year 

 

Volume of sludge= 
𝑀𝑠

𝜌𝑤𝑆𝑠𝑙𝑃𝑠
         , (Metcalf and Eddy, 2004). 

Where: 

V= Sludge volume, 𝑚3 

𝑀𝑠 = Mass of dry sludge, kg 

𝜌𝑤 =  Specific weight of water, 1000 kg/𝑚3 

𝑆𝑠𝑙 = Specific gravity of the sludge = 1.02 

𝑃𝑠= percent solids expressed as decimal   

Q= 100L/C/d * 100,000C= 10,000,000 L/d = 10,000 
𝑚3

𝑑
 

Weight of dry solids= (10,000 𝑚3/d) (578.4 kg)/ (1000𝑚3) = 5,784 kg/d 

In winter, most of the WWTP, excess wasted sludge thickened and then transformed using tankers to 

dumping site, solids percent for the thickened sludge is 3%. 

V= 
5784  𝑘𝑔

(
1000𝑘𝑔

𝑚3 )(1.02)(0.03)
 = 189 𝑚3/d 

The price to transform 1 𝑚3liquid sludge, 3% solids, is 2.65 JOD (according to the water ministry) → the 

price to transform the generated excess wasted sludge in winter is 500 JOD JOD/day. The total cost to 

transform the excess sludge in winter, six months, is 90,153 JOD in winter.  

According to our results, if a sludge holding tank is to be introduced to the activated sludge process, 42% 

excess sludge reduction will be achieved. 

0.42 = 
5784−𝑋

5784
 → X= 3354.7 kg/d,  where X= Sludge produced after inserting an anoxic tank 

V= 
3354.7 𝑘𝑔

(
1000𝑘𝑔

𝑚3 )(1.02)(0.03)
 = 109.6  𝑚3/d 

Cost for transporting 109.6  𝑚3 liquid excess wasted sludge will be 290.4 JOD/day. The total transporting 

cost in winter will be 52,279.2 JOD. Total saving in winter will be 37,874 JOD. 

In summer, most of WWTP, use drying beds to dry excess sludge generated. After drying beds percent of 

solids will be 0.35%. 

V=  
5784 𝑘𝑔

(
1000𝑘𝑔

𝑚3 )(1.02)(0.35)
 = 16.2  𝑚3 

Cost for transporting 1  𝑚3 dry sludge, 35% solids percent, is 22 JOD (according to the water ministry). The 

daily transporting cost in summer is 356.4 JOD. Total transporting cost in summer, six months, is 64,152 

JOD. 

 According to our results, if a sludge holding tank is to be introduced to the activated sludge process, 42% 

excess sludge reduction will be achieved. 

0.42 = 
5784−𝑋

5784
 → X= 3,354.7 kg/d,  where X= Sludge produced after inserting an anoxic tank 

V= 
3354.7 𝑘𝑔

(
1000𝑘𝑔

𝑚3 )(1.02)(0.35)
 = 9.4  𝑚3/d  

The Cost for transporting 9.4  𝑚3 dry sludge will be 206.8 JOD. Total transporting cost in summer for excess 

sludge produced will be will be 37,224 JOD. The total savings in summer will be 26,928 JOD. Saving every 

year will be 64,802 JOD. 
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Table (4.1) shows that in the conventional activated sludge system, the winter sludge 

transportation cost was 90,153 JOD while in the OSA system the transportation cost was 

52,279 JOD.  The total savings on sludge transportation in winter is 37,874 JOD. In the 

summer the sludge transportation cost for conventional activated sludge was 2,916 JOD, 

while in the OSA system the transportation cost was 1,692 JOD, the total saving on sludge 

transportation in summer is 26,928 JOD. Total saving on sludge transportation every year 

will be 64,802 JOD, this is 42% of total cost will be saved each year on sludge transportation 

cost.  

 

           Table 4.1: Summarization of Total Savings on Transportation Cost 

 
Winter 

Transportation Cost 
Summer 

Transportation Cost 

AS system 90,153 JOD 64,152 JOD 

OSA System 52,279 JOD 37,224 JOD 

Savings 37,874 JOD 26,928 JOD 
64,802 JOD/ 

Year 

 

The total saving on area of dry beds is presented in BOX 2. The area required for 

drying bed was 23,457𝑚2, while the required area after inserting the anoxic tank is 9,852 𝑚2. 

Reduction on area for drying beds is 13,605 𝑚2 
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BOX 2: Reduction on Required Drying Beds Area 

 

  

Calculate total wastewater generated from 100,000 capita: 

100 L/C.d * 100,000 * 1 𝑚3 / 1000L * 365 d/ year = 3,650,000 𝑚3/ year 

Generated dry solids from 3650000 𝑚3/year wastewater = 3650000 𝑚3/year wastewater * 578.4 Kg 

dry solids / 1000 𝑚3= 2,111,160 Kg dry solids/ year 

Typical area required for open sludge drying beds is 90 Kg/𝑚2.year (Metcalf and Eddy, 2004) 

Area required for the generated bio solids = 2,111,160 (Kg dry solids / year) / (90 Kg dry 

solids/𝑚2. Year = 23,457 𝑚2 

After the insertion of anoxic tank total solids will reduced by 42%  

Sludge produced using OSA system= (2,111,160 Kg dry solids / year) * 0.42= 8,866,787 Kg dry 

solids/ year 

Area required = 886,687 (Kg dry solids / year) / (90 Kg dry solids/𝑚2. Year = 9,852  

Reduction on area for drying beds is 13,605 𝑚2 
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Chapter Five 

Conclusions and Recommendations  

 

In this study we investigated the sludge reduction effects of using an OSA system. In 

particular, we deployed two lab scale activated sludge processes. The first system was 

modified from the conventional activated sludge (AS) process to OSA system by inserting an 

8 L anoxic tank in the sludge return line. The second system remained unmodified to serve as 

a reference. Both systems were operated for 6 months with 20 L/ day influent synthetic 

wastewater was fed for each system.  

The effect of inserting an anoxic tank to the activated sludge treatment process was 

studied using 9 h hydraulic retention time and – 150 mV ORP level in the anoxic tank. The 

results from this study are as follows: 

• The introduction of the anoxic tank into the return sludge line to form an OSA 

system can result in significant reduction in excess sludge production, the 

OSA system reduced excess sludge production by 42 % compared with the AS 

system. 

• Compared with the AS system, the COD removal rate was significantly 

improved using oxic/anoxic cycling of the sludge in the OSA system. The 

average COD removal rate in the AS system and the OSA system were 89 and 

91%, respectively.  

•  Sludge settleability for the OSA system was comparable with that of the AS 

system, however the OSA system had a lower SVI level towards the end of the 

operational period. The average SVI for the AS system and the OSA system 

were 100 and 95 mL/g  
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• OSA system improved TN removal efficiencies.  The TN removal efficiencies 

in the AS system and the OSA system were 28 and 43 mg/l, respectively.  

In conclusion, our results suggest that the OSA system is a novel solution for excess 

sludge reduction that can, with a slight modification to the existing biological wastewater 

treatment plants in Jordan, reduce the capital and the operational costs of these plants. The 

modification to the existing process is not complicated, easy to implement, does not introduce 

a significant increase in the cost, does not release harmful chemical species, and significantly 

improve the overall process performance.  

    Our results also point us to future directions that require further investigation. 

Recommendations for further understanding of the OSA system are as follow: 

• Testing different operational conditions such as temperature, ORP and HRT in the 

anoxic tank. 

• Studies on microbiological consortium. 

• Study the OSA system using domestic wastewater. 

• Study the dewater-ability and odor formation of the sludge produced from the OSA 

system 
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Appendix A  

“Micro Nutrient Solution Compositions (Julius Bernardus Van Lier, 1995)” 

 

Micro nutrient  Value (mg/l) 

Fel𝐶𝑙3.6𝐻2O 1134 

Co𝐶𝑙2.6𝐻2𝑂 1000 

Mn𝐶𝑙2.4 𝐻2𝑂 250 

Cu𝐶𝑙2. 2𝐻2𝑂 15 

Zn𝐶𝑙2 25 

𝐻3𝐵𝑂3 25 

Al𝐶𝑙3 25 

(N𝐻4)6M𝑜7𝑂24. 4𝐻2𝑂 45 

𝑁𝑎2𝑆𝑒𝑂3 33 

Ni𝐶𝑙2. 6 𝐻2𝑂 5 

EDTA 500 

HCl 36% 1 (ml/l) 

 

“Macro Nutrients Solution Compositions (Julius Bernardus Van Lier, 1995)” 

Macro nutrients Value (g/l) 

𝑁𝐻4𝐶𝑙 85 

𝐾𝐻2𝑃𝑂4 19 

Ca𝐶𝑙2 3 

MgS𝑂4.7 𝐻2𝑂 6 

 

“Buffer Solution Composition (Julius Bernardus van Lier, 1995)” 

Composition g/l 

𝐾2𝐻𝑃𝑂4 139.29 

Na𝐻2𝑃𝑂4 60 
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Appendix B  

                      “COD Tests for Reference and OSA Systems” 

 

Day

Influent 

COD 

"mg/l"

Effluent 

reference 

System 

COD 

"mg/l"

Effluent 

Anoxic 

System 

COD 

"mg/l"

Reference 

system 

COD 

removal 

effecincies 

"% "

Anoxic 

system 

COD 

removal 

effecincies 

"% "

1 1274 166 137 86.97 89.246

4 1314 157 142 88.052 89.193

7 1267 137 125 89.187 90.134

10 1216 130 116 89.309 90.461

13 1304 137 125 89.494 90.414

16 1387 148 129 89.329 90.699

19 1372 136 123 90.087 91.035

22 1333 157 110 88.222 91.748

25 1333 131 126 90.173 90.548

28 1366 128 128 90.63 90.63

31 1292 150 123 88.39 90.48

34 1348 154 126 88.576 90.653

37 1309 145 111 88.923 91.52

40 1381 140 113 89.862 91.818

43 1376 133 109 90.334 92.078

46 1298 145 106 88.829 91.834

49 1345 144 106 89.294 92.119

52 1372 169 105 87.682 92.347

55 1356 135 119 90.044 91.224

58 1389 153 114 88.985 91.793

61 1336 139 116 89.596 91.317

Average 1332 89.14 91.01
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Appendix C 

Total Nitrogen Removal Rates in AS System and OSA System 

 

 

 

 

 

 

 

 

 

 

Date
Feed 

(mg/l)

Refrence 

System 

Effluent 

(mg/l)

TN 

removal 

%

Anoxic 

System 

Effluent 

(mg/l)

TN 

removal 

%

1 149.5 105.7 29.298 88.82 40.589

7 140.7 100.7 28.429 79.96 43.17

16 143.2 91.7 35.964 76.08 46.872

25 155.8 109 30.039 81.15 47.914

37 144.4 107.4 25.623 86.28 40.249

45 162.1 119.2 26.465 90.69 44.053

52 148.7 113.7 23.537 89.07 40.101

63 142.3 110.7 22.207 84.3 40.759

Average 148 107.263 27.7 84.544 42.96
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Appendix D 

“AS System Parameters” 

 

  

Day

Crossable 

Wieght  

(g)

Sample 

Volume 

"Aeration 

tank" (ml)

Crossable 

and Sample  

Wieght at 

105 ℃

(g)

MLSS 

"Aeration 

Tank" (mg/l)

Crossable 

Wieght  (g)

Sample 

Volume 

"Settling 

tank" (ml)

Crossable and 

Sample Wieght 

at 105 ℃

(g)

MLSS 

"Settling 

Tank" 

(mg/l)

1 34.1034 36 34.2676 4561.111 41.0152 25 41.2702 10200

2 34.7235 35 34.8834 4568.571 19.9515 26 20.2316 10773.08

3 36.1245 34.5 36.2794 4489.855 22.762 23 23.02 11217.39

4 46.4113 33.5 46.5638 4552.239 44.2592 28 44.4963 8467.857

5 34.2107 38.5 34.4117 5220.779 24.7552 26 24.9032 5692.308

6 35.1898 34 35.3647 5144.118 33.1284 27 33.4106 10451.85

7 42.3943 34 42.5506 4597.059 30.8485 28 31.129 10017.86

8 34.2846 35 34.4484 4680 24.9273 27 25.1892 9700

9 34.1301 37 34.3029 4670.27 24.1498 26.5 24.3722 8392.453

10 34.1146 35 34.2852 4874.286 23.3202 27 23.5079 6951.852

11 32.7836 38 32.9723 4965.789 41.0212 26 41.1906 6515.385

12 50.7798 35 50.9446 4708.571 29.6118 28.5 29.7792 5873.684

13 56.3882 35.5 56.5455 4430.986 31.0146 30 31.1798 5506.667

14 28.8732 32 29.0154 4443.75 24.9328 23 25.0619 5613.043

15 36.9361 35 37.0916 4442.857 34.8405 19 35.1328 15384.21

16 34.6157 31.5 34.7551 4425.397 29.4002 29 29.5238 4262.069

17 34.2937 33.5 34.433 4158.209 36.7395 25 37.0485 12360

18 46.4228 35.5 46.5819 4481.69 36.7354 22 37.071 15254.55

19 35.7928 35 35.9616 4822.857 28.5173 26 28.81 11257.69

20 36.3047 37.5 36.4846 4797.333 18.4095 20 18.7219 15620

21 33.1304 33 33.2729 4318.182 24.9447 22 25.1421 8972.727

22 32.51 33 32.6471 4154.545 20.0616 23 20.2665 8908.696

23 34.6222 31 34.7541 4254.839 34.8458 26 35.0355 7296.154

24 34.7349 35 34.9055 4874.286 24.7779 25 25.1241 13848

25 30.1918 32 30.3345 4459.375 32.3526 18 32.5471 10805.56

26 56.3877 36 56.5437 4333.333 34.2408 28 34.4738 8321.429

27 57.1303 35 57.2854 4431.429 54.0489 31.5 54.2521 6450.794

28 35.793 34 35.9444 4452.941 23.3385 27 23.4915 5666.667

29 30.8489 33 31.0001 4581.818 24.1699 25 24.4219 10080

30 34.1436 34 34.3064 4788.235 23.5312 26 23.6993 6465.385

31 32.7535 35 32.9199 4754.286 18.4098 22 18.5876 8081.818

32 57.1204 33 57.2653 4390.909 34.8485 23 35.0476 8656.522
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Appendix D 

“AS System Parameters, Continued” 

  

 

 

 

Day

Crossable 

Wieght  

(g)

Sample 

Volume 

"Aeration 

tank" (ml)

Crossable 

and Sample  

Wieght at 

105 ℃

(g)

MLSS 

"Aeration 

Tank" (mg/l)

Crossable 

Wieght  (g)

Sample 

Volume 

"Settling 

tank" (ml)

Crossable and 

Sample Wieght 

at 105 ℃

(g)

MLSS 

"Settling 

Tank" 

(mg/l)

33 34.2991 37 34.477 4808.108 29.6193 22 29.8062 8495.455

34 36.1354 34 36.3059 5014.706 24.7696 24 25.0731 12645.83

35 30.1946 37 30.3739 4845.946 28.8572 28 29.1705 11189.29

36 34.7288 36 34.8887 4441.667 36.7451 26 37.0266 10826.92

37 56.4465 37 56.6009 4172.973 18.4139 21 18.7543 16209.52

38 36.7434 36 36.8991 4325 32.5201 24 32.8607 14191.67

39 42.3596 36 42.5372 4933.333 23.3412 19 23.8834 28536.84

40 36.3093 35 36.4733 4685.714 24.7757 24 25.4097 26416.67

41 43.9014 33 44.066 4987.879 24.954 22 25.2205 12113.64

42 36.003 33.5 36.146 4268.657 41.0318 22 41.4334 18254.55

43 48.4609 36 48.5985 3822.222 23.5378 23 23.9322 17147.83

44 36.1414 34 36.2833 4173.529 33.1367 25.5 33.5819 17458.82

45 56.4175 35 56.5755 4514.286 18.4165 29 18.6516 8106.897

46 44.2728 38 44.4367 4313.158 23.3399 24.5 23.6642 13236.73

47 55.8085 37 55.9591 4070.27 30.8567 23 31.0686 9213.043

48 34.5814 37 34.7483 4510.811 32.3533 28 32.5691 7707.143

49 56.4535 38 56.627 4565.789 31.9839 28.5 32.1667 6414.035

50 36.0093 39 36.1944 4746.154 41.0349 35 41.2321 5634.286

51 52.2438 34 52.3989 4561.765 20.0733 27 20.24787 6465.556

52 34.2799 33 34.425 4396.97 34.203 30 34.4272 7473.333

53 30.1858 37 30.3443 4283.784 35.9754 34 36.2788 8923.529

54 36.9151 35 37.0631 4228.571 34.824 27.5 35.08 9309.091

55 19.9455 31 20.0725 4096.774 22.7527 27.5 23.0238 9858.182

56 50.7697 31 50.8984 4151.613 41.0134 26 41.2371 8603.846

57 34.724 37 34.8818 4264.865 18.3926 29 18.6626 9310.345

58 30.9921 32 31.1271 4218.75 23.3028 27 23.5355 8618.519

59 35.7889 37.5 35.9514 4333.333 36.7349 34.5 36.9661 6701.449

60 33.1227 28 33.2429 4292.857 35.1837 31 35.3904 6667.742

61 30.8427 29 30.9687 4344.828 30.1807 25 30.4037 8920

62 42.3829 34.5 42.5278 4200 34.836 28 35.018 6500

63 28.6589 32 28.7934 4203.125 24.9165 27 25.0537 5081.481

64 36.3052 35 36.4628 4502.857 20.0498 26 20.2823 8942.308

Average 4501.72186 10128.7539
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Appendix D 

“OSA System Parameters” 

 

 

  

Day

Crossabl

e Wieght  

(g)

Sample 

Volume 

"Aeratio

n tank" 

(ml)

Crossable 

and 

Sample  

Wieght at 

105℃

 (g)

MLSS 

"Aeration 

Tank" 

(mg/l)

Crossable 

Wieght  (g)

Sample 

Volume 

"Settling 

tank" (ml)

Crossable 

and 

Sample 

Wieght at 

105 ℃

(g)

MLSS 

"Settling 

Tank" 

(mg/l)

Crossable 

Wieght  

(g)

Sample 

Volume 

"Anoxic 

Tank" 

(ml)

Crossable 

and 

Sample  

Wieght at 

105℃

 (g)

MLSS 

"Anoxic 

Tank" 

(mg/l)

1 35.9815 37 36.1546 4678.378 24.1469 24.5 24.374 9269.388 41.0147 43 41.2737 6023.256

2 32.7728 34 32.9309 4650 18.3984 25 18.6431 9788 52.2128 40.5 52.4373 5543.21

3 34.7028 35 34.8597 4482.857 50.7777 24 51.0257 10333.33 55.7896 36 55.9965 5747.222

4 43.8794 37 44.0462 4508.108 45.0559 27 45.3448 10700 57.0953 34.5 57.2725 5136.232

5 28.8547 35 29.0184 4677.143 34.8397 26 35.0659 8700 31.98 37 32.1909 5700

6 33.5711 37 33.7368 4478.378 36.7273 27 37.0045 10266.67 30.1798 33 30.3578 5393.939

7 34.6028 34 34.7592 4600 36.7345 23.5 36.9634 9740.426 32.3349 39 32.5506 5530.769

8 36.9229 37 37.1052 4927.027 22.7703 25.5 22.9769 8101.961 29.3967 38 29.608 5560.526

9 32.5093 37.5 32.6851 4688 18.4017 26 18.6161 8246.154 35.7937 41 36.0328 5831.707

10 34.7133 36 34.8865 4811.111 20.053 28 20.2402 6685.714 41.0271 40 41.2391 5300

11 28.6502 37 28.8185 4548.649 23.5078 26.5 23.6758 6339.623 28.5 36 28.682 5055.556

12 35.9947 33 36.1488 4669.697 19.9566 24.5 20.1072 6146.939 36.1369 34 36.3122 5155.882

13 48.4464 39.5 48.6208 4415.19 34.7177 30 34.8925 5826.667 36.2927 38 36.4841 5036.842

14 33.1249 30 33.2556 4356.667 22.7784 26 22.9196 5430.769 45.0594 33 45.2091 4536.364

15 57.1083 38 57.2743 4368.421 24.7733 17 24.9354 9535.294 33.5882 33.5 33.7491 4802.985

16 42.3964 32 42.5346 4318.75 31.9915 23 32.2535 11391.3 34.2322 32 34.3686 4262.5

17 30.8426 31.5 30.9723 4117.46 30.1907 26 30.5923 15446.15 32.3435 30.5 32.4911 4839.344

18 43.8911 36 44.0436 4236.111 52.2201 25 52.5338 12548 44.2645 33 44.4327 5096.97

19 31.0266 32 31.177 4700 23.3357 26 23.676 13088.46 32.7985 33 32.9889 5769.697

20 36.0068 38 36.1886 4784.211 24.1616 24 24.411 10391.67 34.1334 35 34.3332 5708.571

21 30.8663 34.5 31.0171 4371.014 19.9726 25 20.2719 11972 29.4111 38 29.6009 4994.737

22 34.7355 33 34.8795 4363.636 23.5238 23.5 23.7162 8187.234 34.1289 36 34.3097 5022.222

23 31.9883 32.5 32.1305 4375.385 22.7886 20 22.9939 10265 34.3045 36 34.4689 4566.667

24 36.9453 37 37.1073 4378.378 41.0281 23 41.3633 14573.91 33.6001 31 33.7613 5200

25 29.6227 29 29.7493 4365.517 36.7465 25 37.0764 13196 28.8787 37 29.0693 5151.351

26 41.0268 31 41.1581 4235.484 28.6507 22 28.9814 15031.82 36.1335 35 36.3059 4925.714

27 55.7972 38 55.9624 4347.368 48.4477 33.5 48.6595 6322.388 56.4418 37 56.6382 5308.108

28 31.0199 38 31.1888 4444.737 20.0664 18 20.2844 12111.11 28.5136 35 28.6951 5185.714

29 32.5085 37 32.6774 4564.865 19.9766 23 20.2163 10421.74 34.1201 32 34.2979 5556.25

30 33.1363 32 33.291 4834.375 36.7415 24 36.9336 8004.167 34.7164 37 34.9171 5424.324

31 29.4167 33 29.577 4857.273 24.9478 23 25.1426 8469.565 46.429 33 46.599 5151.515

32 48.4505 31.5 48.6031 4844.444 41.0286 24 41.3245 12329.17 42.3508 36 42.5482 5483.333
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Appendix D 

“OSA System Parameters, Continued” 

 

Day

Crossabl

e Wieght  

(g)

Sample 

Volume 

"Aeratio

n tank" 

(ml)

Crossabl

e and 

Sample  

Wieght 

at 105℃

 (g)

MLSS 

"Aeration 

Tank" 

(mg/l)

Crossable 

Wieght  

(g)

Sample 

Volume 

"Settling 

tank" (ml)

Crossable 

and Sample 

Wieght at 

105 ℃

(g)

MLSS 

"Settling 

Tank" 

(mg/l)

Crossable 

Wieght  (g)

Sample 

Volume 

"Anoxic 

Tank" 

(ml)

Crossabl

e and 

Sample  

Wieght 

at 105℃

 (g)

MLSS 

"Anoxic 

Tank" 

(mg/l)

33 36.0008 34.5 36.1661 4791.304 31.9849 23 32.2535 11678.26 36.3068 32 36.5054 6206.25

34 36.9356 37.5 37.1089 4621.333 22.787 20 23.1278 17040 43.8916 35 44.0762 5274.286

35 34.2166 34 34.3706 4529.412 32.3441 24 32.6018 10737.5 56.3943 35 56.5694 5002.857

36 41.013 35 41.1666 4388.571 28.6529 27.5 28.851 7203.636 30.8438 37 31.002 4275.676

37 55.7957 37 55.9647 4567.568 24.1687 25 24.4451 11056 35.7996 32.5 35.9515 4673.846

38 34.7149 35 34.877 4631.429 34.1491 24 34.3901 10041.67 46.4311 37 46.6143 4951.351

39 32.3415 36.5 32.5097 4608.219 22.7869 27 23.1759 14407.41 56.4007 33 56.563 4918.182

40 36.953 37 37.126 4675.676 20.0654 25 20.3377 10892 29.6217 36 29.8049 5088.889

41 52.2256 35 52.3821 4471.429 19.9766 24.5 20.2109 9563.265 34.218 37 34.4393 5981.081

42 34.1218 36 34.2848 4527.778 34.8533 23 35.1048 10934.78 30.2029 33 30.3764 5257.576

43 54.0495 36 54.2009 4205.556 29.4195 29 29.7542 11541.38 31.0138 35.5 31.1885 4921.127

44 34.3055 34 34.4478 4185.294 28.848 25 29.4589 24436 28.5165 34 28.6671 4429.412

45 46.439 38 46.6017 4281.579 22.7918 21 23.07 13247.62 36.7491 37 36.9275 4821.622

46 45.0658 39 45.2291 4187.179 24.1747 23 24.4471 11843.48 32.5208 35 32.7022 5182.857

47 41.0315 36 41.1863 4300 34.7132 28 34.9814 9578.571 35.809 36 35.9908 5050

48 42.3794 35 42.5343 4425.714 36.7518 23 36.9692 9452.174 32.7646 34.5 32.9419 5139.13

49 34.1475 37.5 34.3158 4488 28.6588 30 28.8787 7330 34.7405 39 34.9368 5033.333

50 34.127 41 34.3103 4470.732 19.9861 23 20.2465 11321.74 30.2082 38 30.4027 5118.421

51 43.9246 35 44.0678 4091.429 24.9601 27 25.1754 7974.074 31.0168 38 31.1887 4523.684

52 33.5609 33 33.7172 4736.364 23.4901 30 23.6904 6676.667 28.654 45 28.9256 6035.556

53 30.9816 38 31.1512 4463.158 36.72 35 37.0488 9394.286 36.2966 43 36.5478 5841.86

54 36.1237 39 36.2961 4420.513 28.6454 31 28.8343 6093.548 34.7012 37 34.9164 5816.216

55 33.1117 34 33.2627 4441.176 35.1793 29 35.3743 6724.138 56.3876 44 56.6323 5561.364

56 32.3592 35.5 32.5033 4059.155 32.9708 30.5 33.2071 7747.541 30.8465 35 30.9942 4220

57 34.6991 37 34.8559 4237.838 35.7841 30 36.0543 9006.667 34.5925 40 34.7651 4315

58 34.1139 39 34.2674 3935.897 24.7396 30 25.0977 11936.67 32.4999 34 32.6598 4702.941

59 29.6034 34 29.7377 3950 24.9068 27 25.0871 6677.778 32.7629 29 32.8903 4393.103

60 34.0978 35 34.2411 4094.286 20.0374 27 20.2495 7855.556 55.7861 34 55.925 4085.294

61 28.6478 34 28.7925 4255.882 23.4945 24 23.6939 8308.333 36.296 31 36.4165 3887.097

62 31.9733 34 32.1177 4247.059 36.7215 29 37.0252 10472.41 32.3538 39 32.5425 4838.462

63 34.206 32 34.3398 4181.25 29.3926 28 29.6311 8517.857 33.5698 30 33.7146 4826.667

64 36.9192 33.5 37.0636 4310.448 34.5986 26 34.8049 7934.615 32.5047 31 32.6439 4490.323

Average 4449.6853 10101.348 5107.265
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Appendix E 

“Cumulative Excess Sludge Production” 

  

Day

Crossable 

Wieght  

(g)

Crusable 

and sludge 

at 105 ℃

 Excess 

sludge 

wieght 

from 

refrence  

reference 

(g)

Cumulativ

e Excess 

sludge 

from 

Refrence 

(g)

Crossable 

Wieght  

(g)

Crusable 

and sludge 

at 105 ℃

 Excess 

sludge 

wieght 

from 

Anoxic 

system  (g)

Cumulativ

e Excess 

sludge 

from 

Anoxic 

system (g)

1 64.58 67.525 2.9445 2.9445 0 0 0 0

2 50.412 52.474 2.0617 5.0062 56.831 57.959 1.128 1.128

3 96.703 101.15 4.45 9.4562 242.55 243.67 1.1238 2.2518

4 60.048 63.188 3.14 12.596 221.79 225.27 3.48 5.7318

5 237.78 246.85 9.07 21.666 221.33 224.82 3.49 9.2218

6 221.33 225.92 4.59 26.256 242.59 244.56 1.97 11.192

7 241.88 246.44 4.56 30.816 237.77 240.77 2.9956 14.187

8 231.78 239.51 7.73 38.546 232.08 236.9 4.82 19.007

9 225.71 229.72 4.01 42.556 238 245.13 7.13 26.137

10 231.78 236.97 5.19 47.746 221.32 223.41 2.0939 28.231

11 225.7 230.11 4.41 52.156 230.88 238.01 7.13 35.361

12 234.32 238.52 4.2 56.356 225.68 227.27 1.587 36.948

13 221.81 230.61 8.8 65.156 234.31 236.45 2.1371 39.085

14 227.79 234.12 6.33 71.486 233.69 235.95 2.2606 41.346

15 237.74 241.33 3.59 75.076 221.78 223.35 1.5734 42.919

16 231.76 238.56 6.8 81.876 238 240.51 2.5055 45.425

17 241.87 245.26 3.39 85.266 232.05 233.96 1.9072 47.332

18 230.89 236.46 5.57 90.836 241.86 243.72 1.8642 49.196

19 238.65 244.07 5.42 96.256 234.32 236.56 2.2397 51.436

20 233.72 242.38 8.66 104.92 221.78 227.04 5.26 56.696

21 227.79 236.01 8.22 113.14 227.77 232.97 5.2 61.896

22 242.57 248.79 6.22 119.36 242.57 244.16 1.5911 63.487

23 241.88 247.23 5.35 124.71 241.88 243.51 1.6335 65.121

24 237.78 243.95 6.17 130.88 237.21 239.77 2.5647 67.685

25 234.33 240.38 6.05 136.93 238.64 241.2 2.5646 70.25

26 231.77 235.3 3.53 140.46 232.13 233.49 1.3591 71.609

27 233.7 238.23 4.53 144.99 225.71 226.9 1.1853 72.794

28 221.8 226.7 4.9 149.89 231.78 232.67 0.8873 73.682

29 227.79 232.98 5.19 155.08 241.95 243.69 1.7383 75.42

30 237.2 243.16 5.96 161.04 227.86 230.67 2.81 78.23

31 238.65 246.09 7.44 168.48 237.94 242.92 4.98 83.21

32 221.31 230.12 8.81 177.29 233.88 238.53 4.65 87.86

33 237.76 245.58 7.82 185.11 232.2 237.59 5.39 93.25

34 227.78 235.69 7.91 193.02 238 241.85 3.85 97.1

35 225.68 233.18 7.5 200.52 225.68 229.47 3.79 100.89

36 238.63 242.63 4 204.52 237.19 239.06 1.87 102.76
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Appendix E 

“Cumulative Excess Sludge Production, Continued” 

 

 

 

Day

Crossable 

Wieght  

(g)

Crusable 

and sludge 

at 105 ℃

 Excess 

sludge 

wieght from 

refrence  

reference (g)

Cumulative 

Excess 

sludge from 

Refrence (g)

Crossable 

Wieght  

(g)

Crusable and 

sludge at 105 

℃

 Excess sludge 

wieght from 

Anoxic system  

(g)

Cumulative 

Excess sludge 

from Anoxic 

system (g)

37 237.19 241.8 4.61 209.1262 241.88 242.51 0.63 103.3899

38 231.77 236 4.23 213.3562 237.76 242.08 4.32 107.7099

39 242.53 248.86 6.33 219.6862 238.65 240.87 2.22 109.9299

40 230.88 236.93 6.05 225.7362 232.08 237.84 5.76 115.6899

41 221.32 227.08 5.76 231.4962 234.36 237.82 3.46 119.1499

42 233.7 239.62 5.92 237.4162 242.6 247.21 4.61 123.7599

43 237.77 241.07 3.3 240.7162 231.99 234.67 2.68 126.4399

44 232.06 235.958 3.898 244.6142 237.78 240.5 2.72 129.1599

45 225.69 230.28 4.59 249.2042 221.36 224.71 3.35 132.5099

46 238 243.33 5.33 254.5342 238.64 242.78 4.14 136.6499

47 238.66 241.38 2.72 257.2542 231.77 234.78 3.01 139.6599

48 230.89 233.66 2.77 260.0242 232.07 236.65 4.58 144.2399

49 231.77 235.33 3.56 263.5842 234.32 235.97 1.65 145.8899

50 233.7 235.43 1.73 265.3142 221.31 224.61 3.3 149.1899

51 234.36 237.37 3.01 268.3242 237.18 239.89 2.71 151.8999

52 227.79 229.68 1.89 270.2142 233.71 237.05 3.34 155.2399

53 238.02 242.14 4.12 274.3342 238.01 243.66 5.65 160.8899

54 221.89 226.62 4.73 279.0642 234.32 238.33 4.01 164.8999

55 221.3 225.23 3.93 282.9942 232.06 236.53 4.47 169.3699

56 237.77 240.89 3.12 286.1142 225.71 228.88 3.17 172.5399

57 242.56 247.15 4.59 290.7042 237.2 238.66 1.46 173.9999

58 233.7 236.85 3.15 293.8542 221.79 223.52 1.73 175.7299

59 237.33 242.22 4.89 298.7442 221.33 223.299 1.969 177.6989

60 230.94 234.71 3.77 302.5142 238.64 239.52 0.88 178.5789

61 234.38 238.98 4.6 307.1142 233.78 234.56 0.78 179.3589

62 221.76 227.27 5.51 312.6242 241.35 242.44 1.09 180.4489

63 242.62 246.01 3.39 316.0142 224.24 224.359 0.119 180.5679

64 238.05 242.11 4.06 320.0742 227.76 229.74 1.98 182.5479
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Appendix F 

“SVI Data” 

 

Date

Settled 

Volume of 

Sludge 

"Reference 

System" 

(mL/L)

MLSS 

"Aeration 

Tank" 

(mg/L)

SVI (mL/g)

Settled Volume 

of Sludge 

"Anoxic 

System" 

(mL/L)

MLSS 

"Aeration 

Tank" 

(mg/L)

SVI (mL/g)

1 750 4561.111 164.43362 630 4678.378 134.66206

2 700 4568.571 153.22078 720 4650 154.83871

3 650 4489.855 144.77082 620 4482.857 138.30466

4 650 4552.239 142.78688 610 4508.108 135.31175

5 750 5220.779 143.65672 600 4677.143 128.28344

6 650 5144.118 126.35791 710 4478.378 158.53954

7 500 4597.059 108.76519 550 4600 119.56522

8 430 4680 91.880342 500 4927.027 101.48108

9 600 4670.27 128.47223 500 4688 106.65529

10 700 4874.286 143.61078 650 4811.111 135.10393

11 670 4965.789 134.92317 520 4548.649 114.31966

12 550 4708.571 116.80826 500 4669.697 107.07333

13 450 4430.986 101.55753 550 4415.19 124.56995

14 450 4443.75 101.26582 600 4356.667 137.71996

15 600 4442.857 135.04824 690 4368.421 157.95181

16 490 4425.397 110.72453 550 4318.75 127.35166

17 440 4158.209 105.81479 550 4117.46 133.5775

18 450 4481.69 100.40855 430 4236.111 101.5082

19 590 4822.857 122.33413 510 4700 108.51064

20 600 4797.333 125.06949 450 4784.211 94.059397

21 500 4318.182 115.78947 450 4371.014 102.95094

22 450 4154.545 108.31511 450 4363.636 103.12501

23 500 4254.839 117.51326 400 4375.385 91.420526

24 450 4874.286 92.321214 450 4378.378 102.77779

25 390 4459.375 87.456202 390 4365.517 89.336498

26 370 4333.333 85.384622 300 4235.484 70.830158

27 430 4431.429 97.034162 300 4347.368 69.007271

28 370 4452.941 83.091153 300 4444.737 67.495557

29 340 4581.818 74.206352 350 4564.865 76.672585

30 340 4788.235 71.007375 470 4834.375 97.220427

31 420 4754.286 88.341341 510 4857.273 104.99719

32 290 4390.909 66.04555 460 4844.444 94.954137

33 480 4808.108 99.831368 420 4791.304 87.658809

34 470 5014.706 93.724338 370 4621.333 80.06348

35 270 4845.946 55.716675 350 4529.412 77.272723

36 290 4441.667 65.290802 330 4388.571 75.19532
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Appendix F 

“SVI Data, Continued” 

 

 

Date

Settled vvlume 

of Sludge 

"Reference 

system" (mL/L)

MLSS 

"Aeration 

Tank" 

(mg/L)

SVI (mL/g)

Settled 

Volume of 

Sludge 

"Anoxic 

system" 

(mL/L)

MLSS 

"Aeration 

Tank" 

(mg/L)

SVI (mL/g)

37 410 4172.973 98.2512947 400 4567.568 87.57395621

38 390 4325 90.1734104 370 4631.429 79.88895004

39 430 4933.333 87.1621681 360 4608.219 78.1212872

40 460 4685.714 98.1707377 340 4675.676 72.71675796

41 450 4987.879 90.2187082 340 4471.429 76.03833137

42 280 4268.657 65.5944012 350 4527.778 77.3006097

43 270 3822.222 70.639539 330 4205.556 78.46762711

44 430 4173.529 103.030313 310 4185.294 74.06887067

45 360 4514.286 79.7468304 300 4281.579 70.06760824

46 430 4313.158 99.6949335 360 4187.179 85.97673995

47 410 4070.27 100.730418 380 4300 88.37209302

48 450 4510.811 99.7603313 370 4425.714 83.60232948

49 380 4565.789 83.2276743 340 4488 75.75757576

50 470 4746.154 99.0275495 340 4470.732 76.05018597

51 390 4561.765 85.4932247 330 4091.429 80.65641613

52 400 4396.97 90.9717374 420 4736.364 88.67561699

53 360 4283.784 84.0378506 410 4463.158 91.86320538

54 380 4228.571 89.864874 380 4420.513 85.96287354

55 380 4096.774 92.7559099 350 4441.176 78.80795537

56 310 4151.613 74.6697729 300 4059.155 73.90700774

57 300 4264.865 70.3422031 310 4237.838 73.1505074

58 300 4218.75 71.1111111 270 3935.897 68.59935613

59 340 4333.333 78.4615445 290 3950 73.41772152

60 410 4292.857 95.5074907 270 4094.286 65.94556413

61 400 4344.828 92.0634833 320 4255.882 75.19005461

62 430 4200 102.380952 350 4247.059 82.40996887

63 430 4203.125 102.304833 300 4181.25 71.74887892

64 500 4502.857 111.040613 360 4310.448 83.51800091

Average 100.1471 95.44097243
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-الترسيب-الهوائية  معالجة الحمأة المنشطة م لتقليل إنتاج الحمأة الزائدة في نظام يتقي
 الالهوائية 

 

 عدادإ

  ريم أحمد خليل حموري

 

 المشرف

 الدكتورة غادة كساب

 

  المشرف المشارك

  الدكتورة مها الحاللشه

 

 ملخص

في األردن تستخدم نظام الحمأة  معظم محطات معالجة مياه الصرف الصحي الرئيسية       
أصبح نظام الحمأة المنشطة التكنولوجيا األساسية في محطات معالجة مياه الصرف الصحي،  المنشطة.

 في األردن لتحويل معظم محطات معالجة مياه الصرف الصحي لنظام الحمأة كما أن هناك توجه 
تمثل الحمأة المنتجة تحديا عالية  تاج كميات عالية من الحمأة.مشكلة الحمأة المنشطة هي إن المنشطة.

من إجمالي  ٦٠٪تصل إلى تكلفة معالجة الحمأة والتخلص منها قد  لمحطات معالجة مياه الصرف.
لحد أو التقليل من وبالتالي، فمن المهم تطوير تقنية فعالة ل تكاليف تشغيل محطات معالجة مياه الصرف.

 إنتاج الحمأة الزائدة.
تقنية واعدة في خفض إنتاج الحمأة  ،الالهوائية-الترسيب-الهوائية (،OSAتعتبرعملية )       

الحمأة الزائدة من خالل إدخال الحمأة في خزان معزول  بتقييم تخفيض إنتاج  هذه الدراسة تقوم  الزائدة.
تم تشغيل نظامين لعملية        ين خزان الترسيب وخزان التهوية.خط العودة للحمأة ب عن الهواء بين 

تم تعديل النظام األول من عملية المعالجة التقليدية إلى  المختبر لتقيمهم.  المعالجة المنشطة في
لتر في خط  ٨عن طريق إدخال خزان معزول عن األكسجين بسعه  الالهوائية-الترسيب-الهوائية نظام

 ٦ تم تشغيل كال النظامين لمدة  ي النظام الثاني بدون تعديل ليكون مرجعا للمقارنة.بق الحمأة الراجع.
 ٩ تم تخزين الحمأة لمدة  . لتر يومياً لكل نظام ٢٠بمعدل  أشهر باستخدام مياه الصرف مصنعة بالمختبر

 - تم المحافظة عل درجة األكسدة و األختزال بمقدار  في خزان مغطى و بدون أكسيجين. ساعات 
 درجة مئوية.  ١±  ٢٤للتجربة تتراوح عند  الحرارةوكانت درجة  مل فولت.١٥٠

٪ مقارنة   ٤٢ئدة بنسبة خفض إنتاج الحمأة الزا ,الالهوائية-الترسيب-الهوائية ,وأظهرت النتائج أن نظام 
في إزالة بشكل ملحوظأفضل  ,الالهوائية-الترسيب-الهوائية, كما كان أداء النظام مع النظام المرجعي.

على   ٪٩١و٨٩   OSAونظام  المرجعي للنظام  CODالكفاءة إزالةكان متوسط  المواد العضوية.
كان مؤشر حجم الحمأة للنظام المعدل  ولكن وكانت الخصائص الترسيبه لكال النظامين جيدة،.التوالي

 ٩٥و  ١٠٠   OSAونظام  المرجعي للنظامحجم الحمأة  كان متوسط م األحيان.أفضل في معظ
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وكان متوسط معدل إزالة النيتروجين الكلي في النظام األصلي ، على التوالي. و  مل/غرام
 ٪ على التوالي.  ٤٣و   ٢٨ المعدل  والنظام 

للتقليل من إنتاج الحمأة الزائدة،  أن النظام المعدل يوفر حال محتمال بتكاليف منخفضة يمكن اإلستنتاج  
 للحمأة. ألنها ال تحتاج إلى إضافة المواد الكيميائية، أو إمدادات الطاقة أو المعالجة المسبقة 

 

 

 

 


