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Abstract 

Biological aerated filters (BAFs) are an emerging wastewater treatment 

technology designed for a wide range of municipal and industrial applications. 

This review paper presents and discusses of the influence C/N ratio, 

nitrification and denitrification principle, effect of pH, DO and alkalinity on the 

nitrification and denitrification systems, organic and hydraulic loading of BAF 

reactor, etc. Results from upflow and downflow biofilter pilot at different 

condition, with nitrification and denitrification are reviewed. Under the optimal 

conditions, significant amount of COD, ammonia-nitrogen and total nitrogen 

were removed. Removal rates based on reactor volume for different carbon-

aceous COD and ammonia loading rate are reported. The BAF system for the 

nitrification and denitrification processes for carbon and nitrogen removal from 

the wastewater need to be evaluated and applied properly to protect of our 

environment and resources. 

Keywords: Biological aerated filters (BAFs), pH, DO, Alkalinity, Nitrification, 

                  Denitrification, C/N ratio. 

 

 

1.  Introduction 

In our increasingly urbanized and industrialized society with a rapidly expanding 

world population, the need for cost-effective and environmentally sound 

technologies for wastewater treatment is required. Therefore, all of the pollution 

sources; i.e., municipal, industrial, and agricultural, must be managed in order to 

reduce the carbon and nitrogen concentrations to improve the quality of the 

environment. Because nitrogen and carbon are one of the major pollution sources 

that contribute to environmental quality problems all over the world,  especially  those 
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Nomenclatures 
 

COD Organic matter, kgCOD/m
3
/day 

DO Dissolved Oxygen, mg/L 

N Nitrogen, kgN/m
3
/day 

NH4 Ammonium , mg/L 

NO2 Nitrite, mg/L 

NO3 Nitrate, mg/L 

P Phosphorus, mg/L 

TAN Total ammoniacal nitrogen, kgTN/m
3
/day 

 

Abbreviations 
AOB Ammonia Oxidizing Bacteria  

BAF Biological Aerated Filter 

HASFF Hybrid aerated submerged fixed film 

HBR hybrid biological reactor 

HFBR Hybrid fluidized bed reactor 

HMBR Hybrid membrane bioreactor  

HRT Hydraulic Retention Time, day 

NOB Nitrite oxidizer Bacteria  

SND simultaneously nitrification and denitrification  

WWTP Wastewater Treatment Plant 

that mainly cater for treatment of wastewater. The most adverse environmental 

impacts associated with improper discharge of municipal wastewater 

havingsignificant amounts of organic matter (COD), nitrogen (N) and phosphorus 

(P) include promotion of eutrophication, toxicity to aquatic organisms and 

depletion of dissolved oxygen to receiving streams [1-3] which kills fish. So, 

biological nitrogen and phosphorus removal from wastewater is an effective 

approach for prevention of eutrophication in water bodies [4-6]. High nitrate 

concentration in drinking water may cause serious problems in humans and 

animals. Nitrate and nitrite contaminated water supplies are also related with 

several diseases such as methmoglobinemia infants, also called “bluebaby 

disease” [7, 8]. These two compounds are capable of inducing mutations of DNA, 

causing gastric cancer [8, 9]. Due to the adverse impacts, complete treatment of 

municipal wastewater before discharge has been increasingly needed.  

Although conventional biological treatment processes are mostly reliable, well 

designed and tested, they present a number of drawbacks in terms of treatment 

capacity, efficiencies, and stability and space requirements. For the development of 

advance biological treatment process, WWTPs need to be more compact, low in 

operational costs and stable in operation, while at the same time minimize the noise 

and odour, and space requirements as well as generate high performance. However, 

with the continuing need to increase wastewater effluent quality with respect to the 

removals of nitrogen and carbon, one of the advanced biological treatment systems, 

the biological aerated filters (BAFs), proves to be more reliable. 

The Biological aerated filters (BAFs) process is a biological treatment 

technology that can provide secondary treatment of municipal and industrial 

wastewaters. BAFs are becoming increasingly popular in Europe due to their 

compactness.  Several wastewater treatment plants are using BAFs as secondary 
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treatment [10, 11]. BAFs are relatively compact, easy to operate and may be more 

efficient in carbonaceous and ammonia removal than activated sludge system [12-

14]. BAFs offer an alternative to typical biological treatment processes; however, 

knowledge of the process is often limited.  

Several researchers have tested the BAFs for ammonia and nitrogen removal 

[12, 14, 15-18]. Several full scale systems have reported the operating conditions 

and effectiveness of BAFs. However, information on the performance of the 

BAFs under various operating and environmental conditions is still lacking. So, 

the impact of different organic and hydraulic loading rates and recircular rates on 

nitrification and denitrification needs further investigation.  

This review study provides a brief summary of BAF, a current literature 

review of carbon and nitrogen removals, the biological nitrogen removal 

processes (nitrification and denitrification), impact of C/N ratio, pH, DO and 

alkalinity on nitrification and denitrification systems, hydraulic and ammonia 

loading, etc.  

 

2.  Biological Aerated Filters (BAFs) Reactor  

2.1.  Definition of BAFs 

The term BAF came from the combination of air and the filtering action of the 

bacteria. A BAF typically consists of medium that treats carbonaceous and 

nitrogenous matter using biomass fixed to the media and capturing the suspended 

solids in the media [19]. BAF is a flexible reactor, which provides a small 

footprint process option at various stages of wastewater treatment. Basic 

operating principle of BAF is based on a conventional biofilter operating in a 

submerged mode. Conventionally, BAF is a submerged media wastewater 

treatment reactor that combines oxic biological treatment and biomass separation 

by depth filtration [20, 21]. The medium allows the reactor to act as a deep 

submerged biofilter and incorporates suspended solids removal [22].  The BAF 

has undergone rapid development in the last decade and is becoming a promising 

alternative to conventional biochemical wastewater treatment process. 

 

2.2.  Short history of BAF developments 

BAF have been successfully used to treat a variety of wastewater streams at both 

the municipal and industrial level for over thirty years. The BAF system was 

developed in Europe and then widely applied all over the world as a novel 

wastewater treatment system due to its advantage relative to other systems. 

Today, the BAF is increasingly being considered the preferred wastewater 

treatment reactor system for improving nutrient removal. The first development of 

a packed bed reactor for nitrification that met with widespread commercial 

success was the BAF [23]. 

 

2.3.  Types of BAF 

There are several different types of BAF units in the market today. BAF is 

operated either in upflow or downflow configuration depending on the design 

specified by the manufacturer. A list of some of the larger upflow and downflow 
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filters commercially available are as follows: (i) Denite (ii) Biocarbone (iii) 

Biofor (iv) Biostyr (v) Biobead (vi) Biolest (vii) Biopur. 

BAFs can be operated either in an upflow or downflow mode (Figure 1). The 

downflow filters were the first available commercially. Downflow systems with 

countercurrent air flow have the advantage of efficient mass transfer of oxygen to 

biofilm in the reactor. This configuration introduces wastewater at the top of the 

media and applies air at the bottom. Downflow BAFs are effective when 

carbonaceous matters and ammonia removal are required in the reactor without 

oxygen limitation. In downflow BAF, nitrifying microorganisms are typically 

found at the bottom of the reactor and therefore will not suffer oxygen limitation.  

Upflow systems with co-current air and wastewater flow can handle higher 

influent flowrates than downflow systems. Moreover, it has longer operational 

cycle system, and can decrease odour problem occurring since the atmospheric air 

only contacts with treated effluent at the top of the BAF [24]. The upflow filters 

introduce wastewater at the bottom of the filter. The wastewater proceeds 

upwards in the same direction as the air. This upward flow ensures an even 

distribution of water and air and acts to reduce short-circuiting and gas 

entrapment. The BAF is a flexible system whereby different zones can be 

achieved. For example, an upflow BAF can have oxic and anoxic zones to allow 

for nitrification and denitrification. The anoxic zone removes soluble organic 

matter and nitrate, while the aerated zone oxidizes the remaining organic matter 

and ammonia. 

 

Co-current Counter-current 

BackwTreat

 
Fig. 1. Examples of Upflow and Downflow Biological Aerated filter Designs [25]. 

 

2.4. Media types of BAF 

The selection of a suitable BAF medium is critical in the design and operation of 

the process [22, 26]. The filter media acts as a nitrifying and denitrifying biofilms 

attachment, provide a large surface area per unit volume to maintain a high 

amount of active biofilms and variety microbial populations [24]. The ideal media 

should be resistant to attrition, have appropriate specific weight, high specific 

surface area, and chemically stable [27], more durable, easy to install and should 

not clog the reactor. Actually, the specific surface area of the medium is important 

to promote biological growth, allow maximum oxygen transfer and trap 
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suspended solids. The surface area of the media ranges from 140 to 1500 m
2
/m

3
 

[13]. An advantage of small granular media is the large surface area available for 

the growth of the bacteria and microorganisms responsible for treatment. This 

leads to high concentrations of attached biomass and hence much smaller reactor 

volumes can be used.  

BAFs can be differentiated further by media type and size. The size of BAF 

media also affects the process performance and should be carefully selected for 

different applications [26]. The smaller size media offers a greater surface area per 

unit volume for biofilm development and minimises the required BAF volume [24]. 

A larger media effectuates reduction in nutrient removal due to the less surface area 

for biofilm growth and attachment because of the high voidage in the BAF. 

Farabegoli et al., evaluated the performance of four media types: glass (5 mm), 

plastic (6 mm), pozzolan (2-6 mm) and arlita (5-8 mm) in a pilot scale BAF in 

terms of organic matter and suspended solids removal [28]. The COD removal 

efficiency with the plastic media varied between 30% and 70% whereas 67% 

removal efficiency was obtained for the arlita media for the large surface area. But 

plastic has the lowest weight loss and it can also be considered as the most suitable 

media for application in the pilot scale BAF [28].Media roughness also affects the 

performance of the reactor. Rough surface media provides more sites for biofilm 

attachment than smooth media and has been found to improve solids retention.  

In a pilot study by Moore et al., the BAF with 3.5 mm media had a mean 

depth of 1.7 m, whereas the larger media 4.5 mm had a mean depth of 2.1 m [22]. 

Result shows that, the smaller media gave better COD removal efficiency (83% as 

compared to 77%) than the larger media due to the larger surface area per unit 

volume. Therefore, media selection is an important factor to make strong biofilm 

and for good removal efficiency because no media replacement is required during 

the lifetime of the plant. 

 

3.  Biological Nitrogen Removal 

Biological nitrogen and carbon removal wastewater treatment systems utilize a 

diverse microbial population to remove nitrogenous and carbonaceous 

compounds from wastewater. Thus, from an economical and operational point of 

view, biological treatment has proved to be robust and more efficient in energy 

use for treating biodegradable wastewaters [29].  

Biological nitrogen removal can be accomplished in a two stage treatment: 

aerobic nitrification and anoxic denitrification. The traditional view considered 

the two processes to be mutually exclusive, as nitrification requires oxygen and 

denitrification requires the absence of oxygen. Based on this assumption, 

conventional wastewater treatment plants are continuous flow systems that 

separate nitrification and denitrification by space. 

 

3.1.  Nitrification principle 

Nitrification is the term used to describe the two-step biological processing where 

ammonia (N-NH4
+
) is oxidized to nitrite (N-NO2

-
) and nitrite is oxidized to nitrate 

(N-NO3
-
), under aerobic conditions and using oxygen as the electron acceptor. 

The total ammoniacal nitrogen (TAN) in the wastewater originates from the 
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breakdown of urea by the enzyme urease, which is present in fecal matter, and the 

breakdown of proteins in organic matter, which contain amine groups. The 

combination of the urine and faces releases a large amount of ammonia.  

Aerobic autotrophic bacteria are responsible for nitrification in activated 

sludge and biofilm processes. Nitrification, as noted below, is a two-step process 

involving two groups of bacteria. In the first stage, ammonia is oxidized to nitrite, 

Eq. (1) by one group of autotrophic bacteria called Nitroso-bacteria or Ammonia 

Oxidizing Bacteria (AOB). In the second stage, nitrite is oxidized to nitrate, Eq. 

(2) by another group of autotrophic bacteria called Nitro-bacteria or Nitrite 

oxidizer Bacteria (NOB). Nitrification is aerobic oxidation of ammonia by 

nitrifying bacteria. 

Ammonium (NH4) is oxidised by oxygen (O2) via the intermediate nitrite 

(NO2) to nitrate (NO3): 

2H + OH+NO  1.5O +NH 2224 →                                                                              (1) 

322 NO  0.5O +NO →                                                                                                (2) 

Nitrogen removal involves the conversion of reduced nitrogen compounds 

(ammonia) to more oxidized species (nitrate), termed nitrification, followed by 

the conversion of the oxidized species to reduced gaseous products. The oxidation 

of ammonium to nitrate creates two acid equivalents (H
+
) per mole of nitrogen 

oxidized. Oxygen is required for the oxidation of ammonium and is used as the 

terminal electron acceptor by the nitrifying bacteria. When sufficient oxygen was 

present, a drop in nitrification rate was observed due to competition from the 

heterotrophic organisms due to their assimilation of the ammonia. With the 

addition of limited oxygen as a variable, ammonia oxidation was strongly 

inhibited but not ceased. 

 

3.1.1. Nitrifiers 

Autotrophic nitrifying microorganisms grow relatively slow and are more 

sensitive toward environmental conditions than heterotroph microorganisms. As 

such the amount of degradable organic matter present has an impact on the 

growth of autotrophic nitrifying microorganisms. However, genera of 

microorganisms that scientists believe play roles in nitrification are 

Nitrosomonas, Nitrobacter, Nitrosospira, Nitrosolobus, Nitrosovibrio, and 

Nitrosococcus [30]. These genera of organisms are autotrophic, so their carbon 

source is carbon dioxide (CO2). Ammonia Oxidizing Bacteria, such as 

Nitrosomonas, utilize the reduced nitrogen in ammonia as the electron donor, or 

energy source. They oxidize it to form nitrate (NO2) using oxygen (O2) as the 

terminal electron acceptor. Nitrite-oxidizing bacteria, such as Nitrobacter, then 

use the nitrite as their energy source with oxygen as the terminal electron acceptor 

to nitrate (NO3) [30, 31]. Nitrite-oxidizers have a higher growth rate but are 

dependent on ammonia-oxidizers for a supply of nitrite. Therefore, the amount of 

time microbial biomass must remain in nitrifying reactors must be longer than 

treatment systems designed for COD removal in order to provide enough time for 

the nitrifying bacteria to grow. 
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3.1.2. pH and alkalinity 

A great deal of investigation conducted has demonstrated the pH effects on 

nitrification. The nitrifying bacteria may be more sensitive to temperature and pH 

[32]. It has been reported that the pH of wastewater should be maintained 

between 6 and 9 to protect organisms [33]. This is important since a narrow 

optimal range between pH 6-9 exist for the nitrifying bacteria. The decrease in pH 

was caused by the reduction of alkalinity and the acid production during 

nitrification. After completion of nitrification, the pH started to increase. The 

optimum pH for nitrification was in the range of 7.2-8.6 [17, 34]. For biological 

nutrient removal to be accomplished, the environment must support the growth of 

the micro-organisms. 

However, in a study on the pH effect upon the nitrification efficiency in an 

upflow partially-packed BAF, it is reported that the NH3-N removal linear 

increasing from 81.6%-92.3% when there is a change of pH value from 4.7 to 6.4 

[35]. While it is indicated that pH 6.45 to 8.95 has no effect on nitrification, a pH 

lower than 6.45 and over 8.95 completely inhibited the nitrification process [36].  

Alkalinity concentration is also an important wastewater characteristic that affects 

the performance of biological nitrification process. Adequate alkalinity is needed to 

achieve complete nitrification. In addition, alkalinity provides the buffering capacity 

that is necessary to prevent pH changes due to acid production in the nitrification 

process. Therefore, the impact of alkalinity on the nitrification rate is also related to 

that of the pH. It can be seen that the nitrogen removal rate increases with an increase 

of alkalinity. The complete removal of ammonia indicates the end of alkalinity 

consumption in the wastewater, hence the end of further pH decrease. The decrease in 

pH is caused by the removal of ammonia form the system, as ammonia is strongly 

related to alkalinity of the wastewater. However, too high alkalinity is unnecessary, 

because when alkalinity to ammonia nitrogen ratio is more than 9, the nitrogen 

removal rate hardly increases even with an increase in alkalinity, while chemical 

dosage obviously increases, and thus the operating cost. 

Alkalinity is not only important for nitrification; it can also be used to indicate 

the system stability [3]. During nitrification alkalinity is consumed, but alkalinity 

is produced during denitrification. Alkalinity was found to have a close 

correlation with BAF operating conditions, since different extents of nitrification 

(alkalinity consumption) contribute to the variation of alkalinity in the system. 

 

3.1.3. Dissolved oxygen (DO) 

The amount of oxygen that must be transferred in the aeration tank equals the 

amount of oxygen required by the microorganisms in the activated sludge system 

to oxidize the organic materials. DO concentrations have a direct effect on the 

growth rates of nitrifying bacteria. DO concentrations are typically maintained at 

or above 2 mg/L in the reactor when performing nitrification (since the growth 

rate of nitrifying bacteria slows dramatically when DO concentrations are below 2 

mg/L). Zhu and Chen reported that it was more important to maintain sufficient 

DO in the fixed film process than in the suspended growth processes due to the 

nature of diffusion transport with fixed film [37]. Moreover, the nitrification rate 

is increased with increasing dissolved oxygen and it is found to be almost linearly 

dependent upon the oxygen concentration, up to more than 10 mg/L [38]. But 



Biological Aerated Filters (BAFs) for Carbon and Nitrogen Removal: A review     435 

 

 
 
Journal of Engineering Science and Technology            August  2012, Vol. 7(4) 

 

values above 4 mg/L do not improve operations significantly, because it has been 

proven that over aeration leads to reduce the nitrification efficiency because of 

detachment of biofilm from the plastic media [39]. Moreover, the nitrification rate 

is increased with increasing dissolved oxygen in the range of 1-3 mg/L and 

decreased with the range of 0.3-0.5 mg/L [40]. If the problem is due to limited 

oxygen, simultaneous nitrification and denitrification (SND) may occur instead 

and it can usually be confirmed by operating the aeration equipment at full 

capacity or by decreasing the system SRT, if possible, to reduce the oxygen 

demand. Therefore, the aeration equipment should have adequate capacity to 

maintain at least 2.5 mg/L of dissolved oxygen in the aeration tank under normal 

loading conditions. If 2.5 mg/L of oxygen cannot be maintained, installation of 

improvements to the existing aeration system may be required. 

 

3.1.4. Carbon to nitrogen ratio (C/N ratio) 

Biological processes are often used to remove carbonaceous and nitrogenous 

pollutants from wastewater [41]. Carbon to nitrogen (C/N) ratio of wastewater has 

been found to impact the distribution of both nitrifiers and heterotrophs 

population in biological filters [42-44]. An understanding of the impact of C/N 

ratio on nitrogen removal wastewater is imperative for optimizing biofilm reactor. 

However, it should be noted that the pre-treatment of raw wastewater for SS 

removal may cause loss of organic matter and then decrease the C/N ratio of 

wastewater. Durmaz and Sanin [45] stated that C/N ratio also has a significant 

effect on the ultimate physical and chemical properties of sludge and the increase 

of C/N ratio from 9-21 will yield better sludge quality for an activated sludge 

system. From a study done by Fatihah at C/N ratio of 24:1, it showed that partial 

nitrogen removal occurred most probably because of very low concentration of 

limiting carbon source due to high TOC removal efficiency in the full and partial 

bed BAF [46]. Fdz-Polanco et al., also described the changes in biofilm density 

and specific activities of carbon within a nitrifying upflow BAF as a function of 

the C/N ratio in the wastewater [43]. 

 

3.2.  Denitrification principle 

Many studies have been conducted on nitrification, but only few have been done 

on denitrification. Denitrification is the conversion of nitrate or nitrite into various 

reduced nitrogen compounds. Microorganisms utilize the nitrate as an electron 

acceptor in the absence of oxygen. Denitrification consists of a sequence of 

enzymatic reaction leading to the evolution of nitrogen gas.  

Biological denitrification involves the biological oxidation of many organic 

substrates in wastewater treatment using nitrate or nitrite as the electron acceptor 

instead of oxygen. In the absence of DO or under limited DO concentrations, the 

nitrate reductase enzyme in the electron transport respiratory chain is induced, 

and helps to transfer hydrogen and electron to the nitrate as the terminal electron 

acceptor. The nitrate reduction reactions involve different reduction steps from 

nitrate to nitrite, to nitric oxide, to nitrous oxide, and to nitrogen gas, Eq. (3).  

22

-

2

-

3
N N NO NO  NO →→→→                                                                              (3) 
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3.2.1. Denitrifiers 

Many different species of bacteria have the capability of denitrification, including 

those from Pseudomonas, Achromobacter, Bacillus, Rhizobium, Aquaspirillum, 

Flavobacterium, Aeromonas, Moraxella, and even some yeasts [47, 48]. These 

organisms typically have a quick growth rate so they do not face the same 

competitive problems as the nitrifying bacteria [30]. Bacteria capable of 

denitrification are both heterotrophic and autotrophic. Most of these heterotrophic 

bacteria are facultative aerobic organism with the ability to use oxygen as well as 

nitrate or nitrite, and some can also carry out fermentation in the absence of 

nitrate or oxygen [49]. 

3.2.2. pH and alkalinity  

Alkalinity is produced in denitrification reactions and pH is generally elevated, 

instead of being depressed as in nitrification reactions. In contrast to nitrifying 

organisms, there has been less concern about pH influences on denitrification 

rates. Denitrification is an alkalinity producing process. During nitrification 

alkalinity is consumed, but alkalinity is produced during denitrification. The 

optimal pH lies between 7 and 8 for denitrification with different optimums for 

different bacterial populations. 

According to Metcalf and Eddy, a pH value near neutral is preferred and 

below 6.8 the methanogenic activity is inhibited [49]. Because of the high CO2 

content in the gases developed in anaerobic processes, a high alkalinity is needed 

to assure pH near neutrality. 

3.2.3. Dissolved oxygen (DO)  

Denitrification occurs when oxygen levels are depleted and nitrate becomes the 

primary oxygen source for microorganisms. The process is performed under anoxic 

conditions, when dissolved oxygen concentration is less than 0.5 mg/L, ideally less 

than 0.2. According to USEPA, oxygen levels must drop significantly for full 

denitrification to occur in the reactor environment; the USEPA suggests that levels 

less than 0.3 to 1.5 mg/L for activated sludge systems [50]. Many researchers have 

found that a good habitat for denitrification is one devoid of any oxygen, finding 

that oxygen levels above 0 mg/L will inhibit denitrifying microorganisms [51]. 

Painter also studied denitrification by activated sludge at reduced DO concentration 

and showed that at DO concentration of 2 mg/L, the denitrification rate was only 

10% of the rate under strictly anaerobic conditions [52]. 

However, two factors which have an influence on the rate of denitrification 

are the presence of dissolved oxygen, which will inhibit denitrification and the 

availability of a carbon source [53]. Therefore, biological processes can be 

suitable for denitrification by combination of control systems with on-line sensors 

of nitrate and dissolved oxygen [54]. However, further investigation will be 

required to complete denitification by the automatic control of nitrate and 

dissolved oxygen in biological system. 

3.2.4. Carbon to nitrogen ratio (C/N ratio)  

A few studies discussed BAF system with respect to nitrogen removal by 

denitrification process. Nevertheless, its denitrification efficiency was quite low 
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due to low C/N ratio of influent wastewater [12]. Sufficient carbon must be 

available in order to completely denitrify the nitrite formed during nitrification in 

nitrogen removal processes [21, 55]. It has been suggested that the ratio needs to 

be maintained at or above 5.0 for complete nitrogen removal to occur in 

wastewater activated sludge systems without any additional organic material [56].  

BAF processes use methanol as an external carbon source in order to increase 

the C/N ratio [57, 58].  As a result of low ratio in domestic wastewater, there is a 

deficiency of carbon sources, which are essential for the nitrification-

denitrification process. Actually, incomplete denitrification is not only due to an 

inadequate COD/TKN ratio; a short anoxic period would also result in high 

nitrogen level in the effluent. If there is sufficient organic carbon, increasing the 

anoxic period will allow enough time for denitrification. Therefore, further 

attention needs to be undertaken for the successful utilization of the BAF system 

in treating the low C/N ratio wastewater by additional carbon source. 

  

4.  Biological Process Systems for Nitrogen Removal 

4.1. Suspended growth systems 

Suspended growth processes are biological wastewater treatment systems in 

which the microorganisms responsible for the conversion of the organic matter, or 

other constituents in the wastewater, to gases and cell tissues are maintained in 

suspension within the liquid. Many suspended growth processes used in 

municipal and industrial wastewater treatment are operated with dissolved oxygen 

concentration, but applications exist where suspended growth anaerobic reactors 

are used, such as for high organic industrial wastewaters and organic sludges. The 

most widely used suspended growth process is the activated sludge system [59]. 

The activated sludge process consists of two phases, aeration and biomass 

separation, conventionally by means of sedimentation. The biomass converts 

soluble and colloidal biodegradable organic matter and some inorganic 

compounds into cell mass and metabolic end products.  

 

4.2. Activated sludge system 

Since its beginning in 1914, the activated sludge process developed by Arden and 

Lockett has increasingly gained popularity, and today it is most widely used 

biological treatment process for both domestic and industrial wastewaters because 

it is reliable and has proven to be successful. The activated sludge process is a 

biological process in which microrganisms oxidize and mineralize organic matter. 

Over the years, an activated sludge process has evolved into many kinds of 

wastewater treatment systems such as conventional, complete-mix, step aeration, 

pure oxygen, contact stabilization, extended aeration, oxidation ditch, deep tank 

and deep shaft systems [60]. 

The various types of microorganisms present enable the activated sludge process 

to treat various types of wastes. The typical microbiology of activated sludge consists 

of approximately 955 bacteria and 5% higher organisms such as protozoa, metazoan, 

fungi, rotifers, etc. [61]. The wastewater and the environmental conditions affect the 

types and the abundance of species present in the system. The principal bacteria 

genera found in treating municipal wastewaters are: Achromobacter, Arthrobacter, 
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Cytophaga, Falvobacterium, Alkaligenes, Pseudomonas, Vibrio, Aeromonas, Bacilus, 

Zoogloea, Nitrosomonas and Nitrobacter [62].  

In activated sludge systems different environment conditions (nitrification and 

denitrification) can be applied by regulating key process parameters such as the 

concentration of electron donor and electron acceptors. Different operational 

systems of activated sludge process have been developed to achieve high-quality 

treated effluent, particularly to optimize nitrogen removals. According to Pai et 

al., 87-98% total organic carbon and 63-75% total nitrogen was removed by 

biological nitrogen reactor based on the activated sludge process [63]. Bicudo and 

Svoboda also investigated the use of activated sludge for nutrient removal from 

swine wastewater [64].  

An important property of the activated sludge process is the capability of 

growing in well formed aggregated when the composition of floc-forming and 

filamentous bacteria is balanced. Several researchers have suggested overcoming 

the difficulties about the growth and maintenance of suspended activated sludge 

flocs by the application of biofim BAF reactors. BAF can offer some benefits 

with little risk in field applications considering the results of the existing 

treatment process. However, conventional activated sludge processes cannot 

achieve a satisfactory efficiency in nitrogen removal due to washout of slow-

growing autotrophic nitrifying bacteria from the reactor. 

 

4.3. Hybrid systems  

Wastewater treatment system with an activated sludge system containing both 

suspended and attached growth can be called hybrid biological reactor (HBR) 

[36]. The use of hybrid reactor systems for treating organic matter and nutrients 

in wastewater is an innovation that could be suitable for increasing the capacity 

and the efficiency of wastewater treatment plants (WWTP) [65]. Compared 

with a conventional activated sludge system, the removal rate of COD           

and ammonia-nitrogen and the nitrating rate are higher and more stable in      

the hybrid biological reactor. The hybrid biological reactor is also a        

suitable treatment system for coke plant wastewater because it can efficiently 

degrade COD, ammonia-nitrogen and other refractory compounds of the coke 

plant wastewater.  

Nowadays, several hybrid system such as a hybrid moving bed biofilm reactor 

(HMBBR), a hybrid membrane bioreactor (HMBR), a hybrid fluidized bed 

reactor (HFBR) and a hybrid aerated submerged fixed film (HASFF) are being 

used successfully for new construction and upgrading existing wastewater 

treatment plants. The advantages of hybrid systems are as follows 

• Increased treatment capacity 

• Greater process stability 

• Reduced sludge production 

• High biomass concentrations and high SRT 

• Reduced solids loadings on the secondary clarifier 

• No increase in operation and maintenance costs. 
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5.  Hydraulic, Organic and Ammonia Loading on BAFs Performance 

BAFs also have a long history of successfully removing nitrogen and carbon in 

wastewater treatment plant [66-68]. BAF systems have been shown to operate 

successfully at higher hydraulic and organic loading rates than activated sludge 

systems [10, 11]. In a single unit operation of BAF, carbonaceous BOD removal, 

solids filtration and nitrification can be achieved [21, 69]. Some researchers have 

tested BAF systems with a loading rate as high as 18 kg CODm
-3

day
-1

. In 

addition, BAF systems are effective in nitrogen and COD removals for a small 

footprint [17, 21, 23].  

According to Gilmore et al., overall nitrification efficiency for winter conditions 

was greater than 90% when ammonia loads were 0.6 kg Nm
-3

day
-1 

[70]. At 

relatively low organic and ammonium nitrogen loadings, up to 88% nitrification 

was achieved [71]. The upflow aerated filters, operated under warm weather 

conditions (average temperature of 27º C), were able to remove about 88% of BOD, 

75% of COD, and 82% of SS at an organic loading of 5.7 kg CODm
-3

day
-1

 [72].  

The influences of hydraulic retention time (HRT), air–liquid ratio (A/L) and 

recirculation on the removals of COD, ammonia-nitrogen and total nitrogen were 

investigated in BAF by Han et al. [73]. The optimum operation conditions were 

obtained at HRT of 2.0 h, A/L of 15:1 and 200% recirculation. Under the optimal 

conditions, 90% COD, more than 98% ammonia-nitrogen and approximately 70% 

total nitrogen were removed. It is also known that BAF adapts well to low 

temperature for nitrification and relieves shock load effects resulting in effectively 

removing organics and nitrogen with short HRT [74].  

In one particular laboratory-scale study involving an upflow aerobic biofilter 

using floating media, COD loading resulted in reduced nitrification rates from a 

maximum of 1.0 kgday
-1

m
-3

 for secondary effluent to <0.4 kgday
-1

m
-3

 for primary 

effluent. A marked reduction in nitrification rate was observed when the 

biodegradable COD loading was 2.2 kgday
-1

m
-3

 or greater. Under the high MLSS 

condition, hydraulic retention time (HRT) and sludge production are minimized 

and nitrification is enhanced [75-78].  

A biological aerated filter with oxic and anoxic conditions for complete 

nitrogen removal was used by Rogalla and Burbigot [17]. They showed that the 

minimum BOD/N ratio needed was 3 with maximum removal of nitrogen of 75% 

was obtained. Moreover, denitrification can also be achieved within a short HRT 

(less than 6 hours) [12, 14] by the partially packed BAF system.  Both biological 

nitrification and denitrification, a stable removal rate of 90-95% could be 

maintained in pilot scale fluidized-bed reactors [79]. Ong et al. [80] reported that 

nitrogen and COD removal efficiencies of the anoxic-oxic packed bed system 

were in the range of 97.5%-100% and 98.6%-99.4% respectively. Further 

investigation by Lee et al., showed that the highest achievable total nitrogen and 

COD removal rates were 47.2 g Nm
-2

d
-1

 and 158.0 g CODm
-2

d
-1

 and a dual-stage 

packed bed system was capable of achieving total nitrogen and COD removal 

efficiencies greater than 99% and 98%, respectively [81].  

Nitrification increases with increasing ammonium loading. The nitrification 

may be inhibited by substrate (ammonium) concentration, so increasing the 

ammonium load leads to increasing the nitrification rates. According to Biplob, 

the removal of NH3-N was 87.0±2.9%, 89.2±1.3% and 91.1±0.7% with a C:N of 

10, 4 and 1, respectively. NH3-N removal was relatively high over this time due to 
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the efficient utilization of organic compounds in the aerobic process [3]. 

Moreover, the I-BAF system showed excellent performance in carbon and 

nutrients removal, which provided a cost-effective solution for the treatment of 

low-strength domestic wastewater by the removal rates of 82.54%, 94.83%, 

51.85% and 61.49% for COD, NH4
+
-N, TN and P, respectively, and the 

corresponding averaged effluents could meet the first class standards of China 

[82]. So, BAF reactor is generally reliable and it has a better treatment capacity at 

different C:N ratio with less HRT.  

 

6.  Conclusion 

BAF may be used as a treatment process for nitrogen and COD removal to meet 

discharge requirements. This literature review demonstrates that BAF systems can 

be operated at a low HRT and can be used as a compact system for small 

communities in treatment of their wastewater for carbon and nitrogen removal. 

High hydraulic and pollutant loading rates are possible in the biofilters and      

each stage in the train can be optimized for peak performance. It was also 

anticipated that, having the media volume in the partial-bed reactor could reduce 

the capital and operational costs of a BAF reactor, one of the key factors that 

limits the wide application of BAFs. However, such a deduction is not 

straightforward, since reducing the packing media in BAFs, which in turn 

decreases the surface area available for biofilm attachment, and specifically the 

masses of essential microorganisms present in the reactor, might impair the 

reactor performance characteristics.  

Due to its compactness, the BAF could be a useful technology, not only for 

industrial countries like the United States, Japan and those within the European 

Union,  but also for such developing countries as Malaysia with rapidly 

expanding cities and rising land costs. This is justified not only by the 

competitiveness of the treatment performance but also by economic 

considerations, as the application of the most advanced treatment processes is 

limited by high capital or operational costs.  

In general, the nitrification and denitrification processes can be applied for 

the removal of nitrogen contained in the wastewater. The concentration of 

nitrogen in the wastewater can be from low to high contents, which require an 

appropriate treatment process for the removal. The application of a certain 

biological treatment method or process will vary, depending on the location, 

land availability, social and economic concerns. Thus, both traditional and 

innovative technologies for the nitrification and denitrification processes for 

nitrogen removal from the wastewater need to be evaluated and applied 

properly. Thus, the protection of our environment and conservation of our 

resources can be warranted. 
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