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Abstract-Among all biological processes for treatment of
wastewater, biological filtration method is used as a secondary
treatment technology for improving certain kinds of
wastewaters. The present work was aimed to illustrate several
types of biofilters such as trickling filter (TF), rotating
biological contactor (RBC), fixed bed filters, moving bed
biofilm reactor (MBBR), and fluidized bed filters (FB). An
overview of each technique, operational parameters, typical
standards, advantages and shortcomings of each method were
revealed as well. Moreover, applications suitability of various
attached growth processes for the treatment of different
wastewaters of other investigators were outlined. Published
works reported that applications of biofilm technology are
efficient for treatment of weak wastewaters such as municipal
wastewater with low strength rates. In addition, biological
filtration process particularly TFs are unproductive for
treatment of strong wastewaters which contains high
concentrations of organic matter, nitrogen compounds, heavy
metals, phenols, grease and oil, and low biodegradability ratio.
Suggestions were outlined for enhancing efficiency of biological
filtration process for treatment of high organic loading rate
wastewaters.

substances which are attached onto the filter media [7].
Applications of biological filtration systems have been a
common practice worldwide because of its cost effective and
simpler operation [4]. However many researchers worked on
various biological filtration techniques for various
wastewater treatments [1, 3-4, 6]. In addition, Wastewaters
that are generated from food processing industries have
different characteristics in comparing with the municipal
wastewater, for instance constituents of dairy effluent
contains higher concentration of five day biochemical
oxygen demand (BOD5) , chemical oxygen demand (COD),
suspended solids (SS), and inorganic compounds[6-8]. In
practice, there are a number of biological treatment methods
such as activated sludge system, aeration lagoon systems,
trickling filters, and anaerobic biological processes are
applied for the treatment of municipal and dairy wastewaters;
among these process the anaerobic treatments is interested by
the researchers to be more attractive for treatment of high
organic content wastewaters since its demand for energy is
low and the system has source for energy and minimum
sludge production [9]. On the other hand, in attached growth
system design, the organic loading rate (OLR) and hydraulic
retention time (HRT) of the reactors and characteristics of
the media type are playing an important role in the
performance of biological filtration systems [9]. The present
study was aimed to fill and overcome the gap of knowledge
in the applications of different biological filtration treatment
processes with their advantages and drawbacks of each
technique. In addition, this work discussed the role of
wastewater characteristics in selecting an appropriate
wastewater treatment technique.
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I. INTRODUCTION
Increase of human population and urbanization growth
results in producing huge amount of wastewaters which
creates the most challenging environmental safe and
economic problems in today's world civilization [1].
Adequate treatment of wastewater to provide sufficient level
of treated water becomes the major concern for many
communities [2]. Selection of a suitable treatment
technology for wastewater are related to the characteristics
of wastewater and the purpose for the treatment process [35]. The overall objective of biological wastewater treatment
is that wastewater contains high rate of microorganisms to be
treated biologically especially nutrients and phosphorus [36]. Biofiltration is a very important treatment process in
biological wastewater treatments for degradation of organic
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II.

CHARACTERISTICS OF DIFFERENT KIND OF WASTEWATERS

Wastewater is characterized by its physical, chemical, and
biological compositions. The constituents of wastewaters are
depend on the source of the wastewater, function, and the
activity of particular industries; For example municipal
wastewater which originated from homes, businesses,
schools, and public buildings have less severe wastewaters
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(weak wastewaters) since it contains low ranges of BOD5,
COD and heavy metals. In contrast, industrial wastewaters
such as tannery industry, complex food processing industries
and landfill leachate contain high amount of organic,
inorganic materials, and heavy metals. Moreover, there are
many factors influencing the variation in characteristics of
wastewaters among them the seasonal variation particularly
temperature is the most important parameter because it
effects on the chemical reactions, and suitability of the
wastewater for beneficial uses [3]. In reference [10], author
was studied the main sewage channel in Erbil City and its
matching for irrigation purpose in different seasons, it
illustrated that Erbil municipal wastewater in main sewage
channels is can be used for irrigation purposes only in winter

season due to increasing in the amount of bacteria in other
seasons. Researchers studied changes of the municipal
wastewater characteristics during conveying in sewers. They
investigated that the characteristics of wastewater (such as
COD and nitrogen compounds) changes in the sewage
system, not at the wastewater treatment plant [5].
As mentioned, domestic, municipal and dairy wastewater
regard as weak waster. Table I illustrates most widely used
biological treatment methods for treatment of weak
wastewaters. Table 2 shows removal efficiencies for weak
wastewaters using common attached growth processes.
Information about typical characteristics of municipal and
dairy wastewaters are given in Table III.

TABLE I. APPLICATION OF BIOLOGICAL TREATMENT METHODS FOR DIFFERENT TYPES OF WASTEWATERS
Treatment Technique

Wastewater type
Synthetic Salinity wastewater

References

Membrane Bioreactor MBR

Dairy wastewater

[9]

Trickling filter

Abattoir wastewater

Trickling filter

Dairy wastewater

Sequencing Batch Biofilm reactor SBBR

Automotive Industry wastewater

[11]
[12]
[13]

Sequencing batch biofilm reactor SBBR

[14]

Municipal wastewater

Submerged fixed bed biofilm reactor FBBR

[15]

Domestic wastewater

Constructed wetland system

[16]

Domestic wastewater

Multimedia Trickling filter

[17]

Coffee grain processing ww

Anaerobic fixed bed reactor

[18]

Synthetic milk wastewater

Anaerobic sequencing batch biofilm reactor ASBBR

[19]

Sewage ww

Combined Fixed film bioreactor and sand filter

[20]

Municipal & Landfill ww

Air suction flow-biofilm reactor ASF-BR

[21]

TABLE II.
Wastewater Type

REMOVAL EFFICENCIES FOR ATTACHED GROWTH PROCESSES
Treatment Technique

Removal Efficiencies %

References
HRT

Domestic ww

Bio-cache attached growth
system

BOD5 88 , COD 78, TSS 72,
NH3-N 75, chloride 9, phosphate
40

2 hr

[1]

Dairy ww

Bio-trickling filter

COD removal > 85

10 days

[11]

Municipal ww

Biological filter with bio filling

BOD5 76

18-24 hr

[22]

Synthetic dairy ww

Sequencing batch biofilm
reactor SBBR

COD 99.5

18 hr

[13]

Municipal ww

Fixed bed biofilm reactor

COD 91, turbidity 92, TSS 94,
NH3-N 97

2.48-3.73
hr

[15]

Municipal sewage ww

Upflow anaerobic filter

COD 46-72

48 hr

[23]
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TABLE III. THE TYPICAL QUALITY OF MUNICIPAL AND DAIRY WASTEWATERS [3, 24]
Typical Values
Contaminants

III.BIOLOGICAL

Municipal ww

Dairy ww

BOD5 (mg/l)

110-400

1,748-3000

COD ( mg/l)

250-1000

2660-4550

TKN (mg/l)

20-85

370-640

T.S.S (mg/l)

100-350

3,800-6,500

FOG (mg/l)

50-150

560-960

Total Phosphorus
(mg/l)

4-15

0-80

Total Sodium (mg/l)

N/A

200-600

TREATMENT TECHNIQUES

Biological
wastewater
treatment
processes
use
microorganisms to remove (degrade) wide range of
contaminants from wastewater, Table II. Basically in
biological wastewater treatment, there are two main
treatment processes including suspended growth processes,
and attached growth (or biofilm) processes [4]. In suspended
growth process, the microorganisms which are responsible
for the degradation of organic substances in the presence of
oxygen into gases and cell tissues
are maintained in
suspension within the wastewater by adequate mixing
methods. Many applications on suspended growth are
operated under aerobic condition in the presence of oxygen
[3]. The biological activated sludge is the most common
technology treatment of suspended growth used for
removing organic substances, the mechanism of this process
is to provide mixing and transfer oxygen into the process by
achieving aeration in the process [3]. The success
performance of the activated-sludge process depends on the
microorganism separation in the final clarifier, when
microorganisms do not settle out as expected so the sludge is
called to be bulking sludge [5]. An alternative of activated
sludge process is attached growth process with its more
reliable removal efficiency for contaminants [25]. Biological
filtration is a secondary treatment technology in attached
growth system to produce effluent of domestic and industrial
wastewaters with the high quality which later can be used for
various purposes such as for irrigation [1]. In the attached
growth systems the selection of supporting media to provide
large surface area and high void ratio are the most important
and critical steps for the design operation parameters so as to
facilitate the microbial growth (biofilm layer) [8]. However,
optimization for the performance of each wastewater
treatment system is more effective and important in
environmental engineering design, hence many researchers
now make optimization for the design parameters of various
wastewater treatments. Various wastewater treatment

techniques for a number of reserchers that they used response
surface methodology (RSM) for wastewater operation
variables are reported in [26]. They explained different
treamnet methods, and attached growth is a sample, for
removal of pollutants from wastewaters.
IV. BIOFILM SYSTEMS IN BIOLOGICAL WASTEWATER
TREATMENT

Wastewater treatment with biofilm has several benefits
compared to suspended growth system because of its
operational flexibility, low space requirement, as well as
enhancing reaction rates and population dynamics in
wastewater influent [27]. Removal efficiencies of
constituents from wastewaters using different biofilm
processes are given in Table III. The ability to form biofilm
to the surface of the filter media and its growth is very
complex process in biological filtration in which its strength
of the attachment depends on environmental conditions,
surface media properties, type of microorganisms, and fluid
characteristics [28-29]. The attachment of microorganisms
onto the surface of the media is divided into five stages
shown in Fig. 1, including bacterial development on a
surface, transportation cells to a surface, adhesion, surface
colonization and detachment [23-28]. There are numerous
types of biofilm configuration is applied in wastewater
treatment system such as trickling filter (TF), rotating
biological contactor (RBC), fluidized bed reactor (FB), and
membrane bioreactor (MBBR), in which they are all have the
same concept in the result of treatment wastewater by
utilization of microorganisms that are attached to the filter
media to form a biofilm layer [2]. Authors studied the
performance of biofilm in fluidized bed reactor using 400500 basalt support particles, results indicated the density and
thickness of biofilm associated with the shear stresses in the
reactor while the composition of the biofilm related to the
properties of supporting media and the activity of
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microorganisms in wastewater [29]. Details for the biofilm
processes are illustrated in the following sections.
A. Trickling Filter
Trickling filter is one of the treatment technologies for
wastewater treatment in which the filter is unsubmerged and
the influent wastewater is normally applied at the top of the
filter media. Many conventional trickling filters using rock as
a fixed-film packing material but now the trickling filter
media is constructed with synthetic plastic media packing
[3]. In TF system, the microorganisms which exist in
wastewater consume the organic materials to form a
biological layer called slime (biofilm) layer around the
surface of the media along time [30]. Each trickling filter has
several components include a dosing rate system, a structure
contains filter media, an underdrain system to collect the
treated wastewater, and a settling system to settle the sludge
and separate from the effluent [6], Figs. 1 to 3.
Moreover, the TF is a common technology used for
municipal and industrial wastewaters and hence it reduces
the BOD5, nutrients, removing dissolved solids in
wastewater, and bacteria [31]. Many TFs can be operated
with different filter packing material depending on the

characteristics of the filter media such as high surface area
per unit volume, high durability (types of the media), higher
porosity, and roughness of the filter media, Figs. 2 to 3 show
typical filter packing types for TF [3]. Many studies were
carried out on the performance of TF under different filter
packing media hence it is the main component of the TF to
obtain the higher removal efficiency. A research carried out
on multimedia filters (Aerocon stone, brick bats, and plastic
srubber) using up and down flows filtration for treatment of
domestic wastewater. Removal efficiency for BOD5, COD,
and total solids were 58.54 %, 52.15 %, and 82.31 %,
respectively [17]. Anaerobic TF for the treatment of high
organic municipal sewage was used [32]. Plastic material
was examined as filter media. Removal of COD in the
sewage at hydraulic retention time (RRT) of 48 h and at
temperature of 15-20 C° was varied from 46 to 72 %; while
concentrations of NH4, PO4, SO4= in the effluent were high
[32]. Authors reported that some operational drawbacks of
the TF (such as performance fluctuations, and biofilm
maintenance) and high strength wastewater loading rates
affected on effluent quality. But it can be noticed from
literature that TFs had ability to remove more than 85 % of
COD from dairy wastewater, as explained in Table III.

Figure1 The stages involved in biofilm formation [6]

Figure 2 Typical trickling filter [6]
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Figure 3 Typical packing material for trickling filters: (a) rock, (b) and (c) plastic vertical-flow, (d) plastic cross-flow, (e) redwood horizontal, and (f) random
pack. [3]

B. Rotating Biological Contactor (RBC)
Now the application of RBC for biological wastewater
treatment has been developed widely. An RBC is consist of a
series of closely spaced circular disks of polystyrene or PVC
that partially submerged in wastewater and rotated through it.
The aeration in RBC is accomplished by exposure discs to
the atmosphere and bacteria grow on the medium surface
(discs) to remove substrates in wastewater [3]. Fig. 4 shows
the operation process of the RBC.
The RBC consist of a number of parallel discs mounted
perpendicularly on a shaft rotate slowly (about 1 to 1.6
revolutions per minute) in a tank contains the wastewater to
be treated, and the RBC units are partially submerged in the
tank (typically 40%) [33]. Main design parameters for the
RBC design are hydraulic loading rate, and organic loading
rate. However increasing in stages of RBC results in high
efficiency effluent but it needs higher cost of energy demand
due to excessive rotation speed of the shafts. Reference [6]
recorded the results of other investigators on applying RBC
system at high loading rate and low loading rates, the results
indicated the removal efficiency of the nitrate-nitrogen for
high and low organic loading rates respectively were 79.2%,
83.4%, The authors concluded that the removal efficiency for
the RBC system will be high at low organic loading rate.
C. Fixed Bed Filters
The application of fixed bed filter is widely used in
wastewater treatment system because it requires much less
volume and space with the high load system operations
compared to other conventional systems [34]. Nowadays,
there are different configurations of reactors used for

operation of this system which directly associated with the
flow regime, submergence of the support media, support
material, aerobic and anaerobic conditions. Fig. 5 illustrates
some of the configurations of this system. The basic
objective and mechanism of the fixed bed process is the
immobilization of bacteria on the solid surface to form a
biofilm layer either in aerobic or anaerobic systems [6].
However, anaerobic applications of this system are relatively
new, many researchers worked on this system. Removal of
COD from medium-strength wastewater using anaerobic
fixed bed reactors with 24 h HRT was 88.3 %. The removal
efficiency was decreased when HRT of 8 h was applied [6].
Moreover, good performance of this system relies on many
factors such as temperature, properties of filter media, and
direction of flow (up and down flow). Results indicated the
use of rough filter media in the reactors resulting in the
accumulation of biomass and can easily adhere to the surface
of the media with the high rate followed by a good removal
efficiency [34-3 5]. Besides, less efficiency of this technique
at high temperature, high cost of support media, and
sophistication operation controller are some of the
disadvantages of fixed bed reactors. In literature and as
explained in Table III, fixed bed biofilm removed 91 % of
COD, 92 % of turbidity, 94 % of total suspended solids, and
97% of ammonia-nitrogen from wastewater [14].

D.Fluidized Bed Filters (FBR)
It is a modern technology for the treatment of wastewater
with high shock loading influent of wastewater. Fluidized
bed consists of a reactor with the supporting media heavier
than water and small in diameter. Different supporting media
is used such as sand, slag, and plastic balls,…etc. The
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microorganisms grow on the surface of the media to
consume organic contaminants exist in wastewater resulting
a biofilm layer on the media at a sufficient velocity to
fluidize the filter media and retain at high solid retention time
SRT [35]. The system can be operated under aerobic or
anaerobic conditions with floated or submerged support
media. Fig. 6 displays the different FBRs. The system aims
to form a biofilm layer by microorganisms when the
wastewater mixes with the filter media. In addition, there are
many advantages using this system for the wastewater
treatment comparing to other biological filtration processes.
A study on fluidized bed biofilm reactor (FBBR) was carried
out [35]. The novelty of this technology for wastewater
treatment was FBBR combine both activated sludge and TF
in one process. The removal efficiency for FBBR was 10
times more than that of the activated sludge process. The
main disadvantages of this process were required power for
pumping, and the cost of packing material.
E. Moving Bed Biofilm Reactors (MBBR)
The operation mechanism of the MBBR is like activated
sludge process with the addition of small cylindrical shaped
carrier for biofilm growth. The small carrier elements inside
the reactor will continuously mix in terms of suspension with
the wastewater either in aerobic or anaerobic basins. The
typical sizes of small cylinder filter carrier are about 10 mm
in diameter and 7 mm in height [3]. Fig. 7 shows the
mechanism operation of two typical system design of
MBBR. In the former case, the suspended packing material is
moved inside the aerobic reactor in terms of aeration, while
in the latter case, the biofilm supporting material is agitated
in an anoxic reactor using mechanical mixer.
The MBBR has many benefits compared to other
conventional systems in removing organic materials such as
removing of BOD5 and COD with high organic loading rates.
Researchers carried out a study on characteristics of biofilm
carrier elements of MBBR. They indicated that carrier
biofilm elements with high specific surface area allow higher
biomass concentration in small reactors and good control for
system's efficiency on which the concentration of biofilm is
between 3000 and 4000 g TSS/m3 which is the same rate as
in the activated sludge process [6]. However the cost of
operation and the settleability of biosolids in the reactor are
the main drawbacks of this system.
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Figure 4 The rotating biological contractor RBC
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Figure 5 The fixed bed configurations [3, 6]

Figure 6 schematic fluidized bed reactors a) anaerobic FBR b) aerobic FBR [3, 35]

Figure 7 The typical reactors of MBBRs with submerged and suspended packing material [3, 6]

