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Conventional aerobic sludge stabilization is a power-intensive process. Another 

major upset is the resulting drop in mixed liquor pH (MLpH). Furthermore, the 

high concentration of ammonical nitrogen CN"H4-N) , nitrate nitrogen (N03-N), 

nitrite nitrogen (N02-N) and ortho-phosphate (P04-P) in the filtrate, could be a 

strong water-polluting agent. In this study, the anoxic-aerobic stabilization system 

incorporates, at regular intervals, non-aerated periods during aerobic stabilization. 

Four different stabilization modes (anoxic-aerobic, anoxic-aerobic with methanol, 

aerobic with lime control �nd aerobic) were applied to remove both the mixed 

liquor volatile suspended solids (ML VSS) and soluble nutrients simultaneously. 

Both the anoxic-aerobic systems were found to have higher solids decay rate, i.e., 

0.064 dai1 and 0.057 dai1, respectively, as compared with lime-controlled (0.049 

day-I) and aerobic systems (0.033 day-I). Anoxic-aerobic stabilization also 

maintained neutral MLpH levels at 'no cost', which is superior to daily lime dosing. 

The unfavorable environment within the aerobic digester (pH 5.51 - pH 6.59) is 

believed to retard the endogenous metabolisms of the sludge. The aerobic digester 

showed a significantly high build-up of �-N (95% higher) but lower 
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concentrations in both anoxic-aerobic and lime-controlled systems. Since both the 

anoxic-aerobic digesters experienced anoxic conditions on a regular basis, the peak 

nitrate were much lower (2.6 mglL in anoxic-aerobic digester and 1 .4 mg/L in 

anoxic-aerobic digester with methanol). The addition of methanol did accelerate 

the denitrification process. In contrast, nitrate levels in the lime-controlled digester 

and aerobic digester were greater than 30.0 mg/L, which do not comply with the 

World Health Organization standards. Since P04-P is not lost from the digester as 

gas, the concentration in the four digesters increased with digestion time. The 

lowest P04-P levels in the lime-controlled digester could be a function of calcium 

phosphate fonnation. In contrast, the highest level of P04-P in the fully aerobic 

digester was due to the low w.,pH. Alkalinity was consumed and produced during 

the anoxic-aerobic stabilization process, thus, there was no net change in the 

alkalinity level. 

The experimental results indicate that the anoxic-aerobic digestion system is 

definitely a suitable method for the stabilization of sludge, in tenns of solids 

reduction and soluble nutrients removaL 
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Ogos 2001 

Pengerusi: Fakhru'I-Razi Ahmadun, Ph.D. 

Fakulti: Kejuruteraan 

Penstabilan enapcemar dengan cara aerobik lama berbekalkan tenaga yang banyak. 

Selain itu, ia juga menyebabkan kejatuhan pH cecair. Tambahan lagi, kepekatan 

ammonia (N14-N), nitrat (N03-N), nitrik (NOrN) dan orto-fosfat (P04-P) yang 

tinggi dalam cecair tersaring adalah agen pencemaran yang bahaya. Dalam 

penyelidikan ini, penstabilan enapcemar secara anoxik-aerobik melibatkan, pada 

sesetengah masa, tiada bekalan udara semasa penstabilan dijalankan. Empat cara 

penstabila (anoxik-aerobik, anoxik-aerobik dengan tambahan metanol, aerobik 

dengan kawalan pH dan aerobik) telah direkabentukkan untuk menyingkirkan 

pepejal terampai mudah mengewap (ML VSS) dan nutrien mudah lamt secara 

serentak. Kedua-dua sistem anoxik-aerobik menunjukkan kadar pereputan pepejal 

enapcemar yang lebih tinggi, iaitu, masing-masing 0.064 hari-I dan 0.051 hari-\ 
berbanding dengan sistem aerobik dengan kawalan pH (0.049 har(l) dan sistem 

aerobik (0.033 hari-I). Penstabilan anoxik-aerobik juga didapati berupaya 

mengekalkan pH cecair pada tahap neutral, iaitu jauh lebih baik daripada 

pengawalan melalui tambahan kalsium hidroksida. Keadaan berasid dalam reaktor 
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aerobik (pH 5.51 - pH 6.59) dipercayai menghalang metabolisma endogenos 

enapcemar tersebut. Reaktor aerobik menunjukkan pengumpulan �-N yang 

banyak (95% lebih) tetapi kepekatan yang rendah didapati di dalam kedua-dua 

reaktor anoxik-aerobik dan reaktor dengan kawalan pH. Memandangkan keadaan 

anoxik dialami oleh kedua-dua reaktor anoxik-aerobik semasa penstabilan 

dijalankan, kepekatan maksimum nitnrt adalah jauh Iebih rendah (2.6 mg.L dalam 

reaktor anoxik-aerobik dan 1.4 mgIL dalam reaktor anoxik-aerobik dengan 

tambahan metanol). Penambahan metanol memang dapat mempercepatkan proses 

denitrifikasi. Sebaliknya, kepekatan nitrat dalam reaktor aerobik kawalan pH dan 

reaktor aerobik adalah lebih daripada 30.0 mgIL. Memandangkan P04-P tidak 

disingkirkan dari reaktor sebagai gas, kepekatannya dalam keempat-empat reaktor 

meningkat dengan masa. Kepekatan terendah P04-P dalam reaktor aerobik 

kawalan pH adalah satu fungsi pembentukan kalsium fosfat. Sebaliknya, kepekatan 

tertinggi P04-P dalam reaktor aerobik adalah disebabkan pH yang rendah. 

Kealkalian diguna dan dihasilkan semula semasa proses penstabilan anoxik

aerobik, maka, tiada perubahan bersih dalam kandungan kealkalian. 

Keputusan esperimen menunjukkan penstabilan anoxik-aerobik memang adalah 

satu cara yang sesuai untuk menstabilkan enapcemar, samaada dari segi 

pengurangan pepejal enapcemar ataupun penyingkiran nutrien terlarut. 
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CHAPTER! 

INTRODUCTION 

Sewage sludge is an unavoidable waste product from the wastewater 

treatment processes. The increasing number of wastewater emitters who are 

connected to the municipal wastewater treatment plants as well as the ongoing 

extension of sewage plants for improvement of clarification leads to an increasing 

amount of sewage sludge. 

Sewage sludge, in its raw state, is putrescible and rapidly develops strong 

and offensive odours. It is not surprising, therefore, that the most common 

environmental problem it causes is smell nuisance (Tchobanoglous and Burton, 

1991) .  Due to this problem and avoid public complaints that, over the past 80 years 

or so, various methods for controlling the putrescibility and malodorous of sludges 

have been brought into operation at sewage works. These methods essentially 

comprise various forms of anaerobic and aerobic digestion, lime addition, certain 

other chemical treatments or, for dewatered sludge, a range of composting 

techniques. Up to 65% of the wastewater treatment operating costs are in the 

preparation for stabilization of and disposal of sewage sludge (Gray, 1989). It is 

thus becoming urgent and necessary to establish a suitable protocol to deal with the 

fate of such products. 



Sludge are stabilized to (1) reduce pathogens, (2) eliminate offensive odors, 

and (3) inhibit, reduce, or eliminate the potential for putrefaction. Survival of 

pathogens, release of odors, and putrefaction occur when microorganisms are 

allowed to flourish in the organic fraction of the sludge. The means to eliminate 

these nuisance conditions through stabilization are (I) the biological reduction of 

volatile content, (2) the chemical oxidation of volatile matter, (3) the addition of 

chemicals to the sludge to render it unsuitable for survival microorganism, and (4) 

the application of heat to disinfect or sterilize the sfudge (Tchobanoglous and 

Burton, 1991; Michael et ai. , 1 997). 

Traditionally, sewage sludge is biologically stabilized by either aerobic or 

anaerobic digestion. Aerobic stabilization is widely used to treat waste activated 

sludge. Although the retention time of aerobic digestion is shorter than that of 

anaerobic digestion, it can achieve the same efficiency in the reduction of sludge 

volume as that of the anaerobic digestion. Furthermore, it produces an odorless and 

stable sludge. 

Aerobic stabilization generally less expensIve. It is also simpler 

operationally and is sometimes not even a separate process. The aerobically 

digested sludge can be used for land reclamation and as fertilizer for agricultural 

purposes. 

However, typical well-documented problems associated with the fully 

aerobic digestion process include high energy costs, i.e., it is a power-intensive 
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process (because of power requirements for oxygen transfer) compared to anaerobic 

digestion (Akira et al.. 1988; Jenkins and Mavinic, 1989a; Hao and Kim, 1990; 

Tchobanoglous and Burton, 1991; Albertson et aI., 1995, Michael et at., 1997). 

One of the major drawbacks to fully aerobic digestion is the resulting drop 

in mixed liquor pH (MLpH). The pH levels as low as 3.8 have been reported in the 

literature (Jenkins and Mavinic, 1989b). The low pH conditions will decrease the 

solids reduction process (Anderson and Mavinic, 1984, Jenkins and Mavinic, 

1989a). Furthermore, the supernatant and filtrate from the digestion system could 

be a strong water-polluting agent because they still contain high concentration of 

nutrient salts. Consequently, the need is apparent for other biological alternatives to 

stabilize sewage sludge. 

The concept of anoxic-aerobic sludge digestion incorporates, at regular 

intervals, non-aerated periods during aerobic digestion, appears to be one such 

promising alternatives. This produces a digester, which cycles between anoxic and 

aerobic conditions. Theoretically, under aerobic digestion conditions, the 

microorganisms consume their own protoplasm to obtain energy for cell 

maintenance. As a result, the carbonaceous portion of sludge IS oxidized 

aerobically to carbon dioxide (C02) and water (H20), and the nitrogenous 

compounds are oxidized to ammonia and nitrate. The removal of nitrogen in the 

form of nitrate by conversion to nitrogen gas can be accomplished biologically 

under anoxic (without oxygen) conditions. Anoxic sludge digestion through 
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endogenous nitrate respiration (ENR) is similar to aerobic digestion, except that 

nitrate is used to support endogenous respiration. 

Anoxic-aerobic sludge digestion would significantly reduce power costs 
over aerobic digestion, because only mixing would be required in the anoxic mode. 

Stabilization through anoxic sludge digestion also reduces nutrient loads, because 

the total nitrogen load from the digestion supernatant, which must be returned to the 

main wastewater treatment process, would be reduced because of nitrogen gas (N2) 

lose. Due to nitrification-denitrification cycling, a neutral pH was maintained 

inside the tank, thus negating the need for chemical (e.g., lime) addition. Hence, 

the higher decay rate of biomass under optimum pH may achieve. Consequently, 

this could result in better-digested sludge characteristics and supernatant quality. 
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Objectives of the Study 

In this study, there are two main objectives to achieve, which are stated as below: 

l .  To observe the solids destruction and soluble nutrients removal through the 

anoxic-aerobic system. 

2. To assess the acceptability of anoxic-aerobic digestion, in comparison to fully 

aerobic digestion with or without pH control. 

Significant of the Study 

The results and findings of this study can be used as a base line data for the further 

research. At the same time, the data can be applied to the design and development 

of an efficient anoxic-aerobic sewage sludge stabilization system for the facility 

being studied. 

Scope of the Study 

The scope of this study was limited to the following items: 

1 .  Destruction of solids was assumed to take place only within the 

biodegradable or volatile content of the sludge. 

2 .  Nutrients removal only included soluble and inorganic component of 

nutrient. Organic nutrients removal was excluded. Hence, total nutrient 

removal could not be detected. 
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3. Detail costing for the power and energy consumptions were not be a part of 

the study. 

4. Only bench-scale digesters were used. 
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