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Abstract. Generation of wastewater is just unavoidable but its discharge into the environment is of
great concern. Wastewater mainly comprised of any unwanted waste that could pollute our water
system including sewage sludge, wastewater from domestic, industrial, dairy, fish canning and oil and
gas industry. Since the early 1990s, microbial treatment processes have gained increasing attention
due to its facility and high efficiency compared to conventional techniques. This paper focuses on the
essential mechanisms involved in different microbial treatment techniques and special attention on
the most recent challenges and developments will be highlighted in this review.
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1

Introduction

Access to clean water is considered a fundamental human right that is denied to large swathes of the
world's population and on top of that, availability of clean water has utmost impact on human
development. The urban population is set to have doubled to more than 5 billion by the year 2030
globally and so, if unchecked, such problems associated with water pollution will grow with the
unavoidable knock-on effects on public health [1]. Thus, it is essential that as the economies of the worst
affected countries grow, a proportion of their wealth would be spent on sanitation infrastructure. As a
topic of major concern, the amount and quality of waste produced and discharged into natural water
bodies have ruled headlines of various international media outlets, and the wealthiest countries invest a
significant amount of effort for curbing the pollution of vast populations [1]. Worldwide reports of
subsurface water contamination with heavy metal have become a serious public health-related issue and
pertaining to that, adequate knowledge of the wastewater source is of utmost importance and it is
crucial to identify its biological, chemical and physical aspects and to conduct a suitable treatment
strategy [2].
Therefore, varieties of water treatment technologies methods have been devised and continuously
improved over the time with the betterment of research facilities throughout the world. Based on the
classifications of the concerned wastewater source, water treatment technologies also can be divided into
biological, chemical and physical treatment techniques and further classified as in-situ or ex-situ
technologies. To further shed light into the applications of in-situ and ex-situ technologies, in-situ
remediation actions mean treatment conducted at the particular site, while ex-situ involves the
elimination of pollutants at a remote place [3]. Flocculation is an excellent example for chemical water
treatment action that is used for in-situ treatment of surface water and also groundwater. As for the
example of physical water treatment, water diversion is one of it. However, these two modes of water
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treatments could prove to be less popular due to their negative sight effects. Flocculation could be a
cautious mode of action as handling chemicals in bigger amount could be hazardous to the user and
water diversion could cost a fortune done in large scale [4].
Last but perhaps the best treatment technique would be biological wastewater treatment technology.
A term that could be a synonym to biological wastewater treatment technology would be
‘biodegradation’. The breakdown of organic compounds by microorganisms such bacteria, fungi and
micro-fauna giving rise to the formation of carbon dioxide and water or methane is biodegradation [5].
Microorganisms are arguably the key for degrading pollutant and maintaining the stabilization of the
biological systems. There are several advantages of implementing biological wastewater treatment
technologies in contrast to other treatment actions, relatively cheaper costs, minimal or no secondary
excretion of pollutants and most importantly lower damaging effects on the environment [6]. In addition
to that, biological wastewater treatment technology holds an economic advantage against both chemical
and physical treatment technologies, in terms of maintenance costs and capital investments [7].
This review will therefore attempt to give a crystal-clear picture on the applications of biological
wastewater treatment technologies specifically the intricate study of microbial aspects in wastewater
treatment and its many advantages to mankind.

2

Biological Treatment Technologies

Aerobic treatment; in this method, the pond contains algae and bacteria that are able to survive under
aerobic condition. Cao and Li [8] suggested electrolysis involving biological contact oxidation process for
the treatment wastewater containing alkylbenzene sulfonate. Souza et al. [9] used biological activated
carbon for the treatment of refinery wastewater in order to provide water intended for reuse. After 84
days, he observed an increase efficiency up to 65 per cent upon applying biological activated carbon.
Activated carbon filters were saturated after 28 days. Moreover, the use of biocompunds (biosurfactant)
has emerged as a promising method employed to enhance the fruitfulness of bioremediation processes.
Biosurfactants are extracted biologically from the bacterial or yeast cell membrane components; they
exhibit low level of toxicity and can be biodegraded because they can decrease the interfacial tension,
surface tension, and the critical micelle concentration. Furthermore, these biocompunds can withstand a
wide range of temperature and pH conditions and to some extent can affect interfaces. In addition, due
to the present of naturally occurring macromolecules, such as glycolipids, fatty acids, and lipoproteins in
biosurfactants, they are more suitable in petrochemical and environmental applications compared to
synthetic and traditionally made chemical surfactants [10, 11]. Previously, we have shown the potential
of a native bacterium namely Bacillus salmalaya 139SI which enhanced the water solubility of crude oil
waste and the sorption capacity with a high recovery of Cr(VI) from aqueous solution [12,13]. Bacterial
strains belonging to genera Bacillus and Pseudomonas typically produce lipopeptidese biosurfactants.
Anaerobic treatment; this pond is considered as a fermentation process that is very efficient and costeffective for eliminating BOD and COD high concentrations especially in removing biodegradable
organic compounds from solution. Anaerobic treatment system has been employed in industrial
wastewater treatment for many years [14]. In the process of anaerobic digestion biogas containing
methane and carbon dioxide will be produced. This process can accrue in those places that redox
potential is low and organic material is available. Both anaerobic and aerobic systems can be used in
treatment of wastewater. Table 1, shows a comparison in anaerobic and aerobic systems.
Table 1. Comparison of anaerobic and aerobic systems [14-17]
Parameters
Nutrient requirement
Effluent quality
Temperature sensitivity
Energy requirement
Efficiency in removal of organic
Odor

EPP

Anaerobic
Low
Medium
High
Moderate
High
High potential to produce

Aerobic
High
High
Low
High
High
Low potential to produce
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Ecology of Biological Waste Water

The micro-organisms have their own properties during waste water treatment and mainly focus on the
process that is being applied. There are few types of treatment which consists of facultative ponds,
anaerobic treatment, and aerobic process involving bacteria and protozoa but its role is inessential.
Fungus has the survival rate in condition such as reduced pH and less nitrogen which as a result fungus
is considered in waste water treatment. Thus, fungus has the capability to deteriorate the sludge settle
ability due to its filamentous structure which might affect the process. The presence of rotifer at
beginning of waste water treatment is a good sign as it can absorb dispersed bacteria and organic matter
[18].
3.1

Importance of Microalgae in Waste Water Treatment

Microalgae have the photosynthetic capability which can convert solar energy to biomass and have
established the efficiency to absorb some nutrient such as nitrogen and phosphorus in short span time.
Some types of genera algae found in stabilization pond are Ankistrodesmus, Golenkinia, Euglena and
Micractinium. These microalgae can be used to treat wide range of sewage system and it is counted as
tertiary treatment process which removed organic ion. Removal organic ion achieved by chemically or
biologically and biologically treatment seems to be more promising [19].
3.2

Stabilization of Ponds

Waste stabilisation ponds are a non-conventional system to treat wastewater. This wastewater
stabilization known as biological treatment system which is accessible to operate and limited equipment
maintenance promotes better sludge thickening [20]. The perfect architecture will help to cultivate
bacteria and algae which will efficiently and completely dispose organic waste in water thus this will
decrease problem during treatment and disposal of wastewater [21].
3.3

Bacteria and Structural Units

Heterotrophic bacteria play an important role in removing organic matters in waste water treatment
system. These bacteria work during the waste water treatment in the clusters forms as floc, biofilm or
granule.
3.3.1 Extracellular Polymeric Substances (EPS)
The clusters or group of microorganisms produce EPS. EPS is created upon cells lysis, cell secretion
and absorption of substances from waste water environment. Colloid of EPS is made of proteins and
polysaccharides and is important in determining the biomass structure and properties. One of the
parameters in treatment can trigger the EPS production in order to sustain and protect the biomass
structure against toxic [22]. EPS also constructs a diffusion barrier that scales down the toxicity of
compounds around the cells [23].
3.3.2 Flocs
Floc is an activated sludge which forms bacteria colony by the attachment of the cells and pollutant
from waste water by physiochemical reaction. Flocs consist of bacteria and EPS [24]. Flocs stability is
mediated by the content of the microorganism and factor as environmental stress will cause floc to be
fragmented [25].
3.3.3 Biofilm
Biofilm formational is formed when microorganism structure is immobilized on a solid platform which
is supported through electrostatic interaction, hydrophobic interaction and covalent bonds. It is
facilitated by microorganism itself, its component such as cilia, fimbriae, cell wall and EPS. Mass
transport in the biofilm depends on diffusion meanwhile thickness of the biofilm depends on the ability
of substances and oxygen penetration. Genetic transfers happen when channel and pores crossed into
biofilm. These changes can cause resistance to the toxic compounds [26].
3.3.4 Aerobic Granules
Microbial self-immobilization is one of the examples of aerobic granules. The technology has a good
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setting ability of granules and high concentration of microorganism in its structure. The presence of slow
growing bacteria and denitrification promotes aggregation and formation of granules [27].
3.4

Protozoa

Protozoa play roles in removing of the organic matter in sewage but as the main role as predatory
activity they conduct on bacteria in liquid medium. Protozoa is also related in activation sludge in
wastewater treatment besides bacteria. Protozoa also maintain good balance in the biological ecosystem
by eliminating the excess bacteria, promote their growth and promote floc [28]. Protozoa can mineralize
carbon in activated sludge and can eliminate mineral nutrient when the carbon source is expedited by
bacteria. Meanwhile, protozoa can secrete growth stimulating substances that can promote bacterial
activity [29].

4

Biological Treatment with Activated Sludge

Wastewater treatment is necessary for water pollution which has posed various threats to human health,
ecology and economic stability globally. At present, biological treatment especially activated sludge is a
remarkable approach because it is considered environmentally-friendly with lower cost to implement and
high retention efficiencies towards target pollutants [30]. Wastewater characterization is an important
factor in setting up a relevant effective management strategy or treatment process, for example,
wastewater composed of Sulphur dioxides and nitrogen oxides, thus, sulphide-oxidizing bacteria (SOB)
and nitrate-reducing bacteria (NRB) are mainly used [31]. In order for the bacteria to survive and grow
they need carbon, energy source and oxygen for aerobic microorganisms. Activated sludge is comprised
of the aggregation of suspended microbial for bio flocculation which usually held together by the
extracellular polysaccharides (EPS) excrete by the bacteria themselves [32]. In general, activated sludge
consists of the following tanks including, aeration tank for oxygen supply to mixed liquor, settling tank
or final clarifier to allow the biological flocs to settle and storage tank to receive the final effluent (liquid
waste) [31, 33].
Activated sludge is a biological treatment to remove the organic compounds through the metabolic
reactions of microorganism, for instance, to oxidize carbonaceous or nitrogenous biological matter mainly
ammonium and nitrogen and remove nutrients such as phosphorous and nitrogen by utilizing the
process of adsorption then degradation [30]. According Liu et al. [30], the relationship between
microorganism growth and the adsorption capacity is representing the removal process of organic matter
in the wastewater. The removal efficiency of organic components in wastewater mainly depends on the
adsorption process whereas the microorganism growth depends on the organic degradation rate since
microorganisms could only utilize the organic matters adsorbed onto activated sludge as nutrients for
growth instead of the originally presented organic matters in the wastewater [30].
In addition, to enhance the removal rate of sludge degradation, the elimination of EPS is crucial
during pre-treatment since EPS is a constitutive element of sludge floc matrices [32]. Formation of EPSenzyme complexes could decrease the reaction of enzymes constituted on the sludge thus surfactant such
as sodium dodecyl sulphate (SDS) can be used for removing the EPS in order to increase the acquirable
of substrates to microorganism and to improve the lytic activity for anaerobic biodegradability thus
increase the biogas yield production [32]. Besides, anionic surfactant such as linear alkylbenzene
sulphonate (LAS) for example sodium salt of dodecylbenzene sulphonate is proven to affect the
morphology of the activated sludge, causing fragmentation of the flocs and lysis of the protozoa cells [34].
LAS at the concentration of 3mg·(g·dss)-1 can stimulate the removal of chemical oxygen demand,
phosphorus release and the respirometric activity of the sludge, however, increasing the concentration of
LAS up to 15mg·(g·dss)-1 will have an opposite effect [34].
Furthermore, powdered activated carbon-activated sludge (PAC-AS) is an effective approach to
activated sludge which proved to show heighten COD removal efficiencies in great lengthy operation
and enhance the accumulation of biomass, sludge settle ability and the rate of specific oxygen uptake
within the biological system [35]. PAC is able to facilitate the removal of hydrophobic substance as well
as acidic metabolic products due to its strong adsorption complement for both hydrophobic and acidic
substances accumulated during the microbial metabolism [35]. The rate of sulphide and nitrate removal
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from wastewater increased upon addition of wastewater activated sludge fermentation liquid as carbon
source instead of glucose in culture medium of microbial system [36]. According to Zhang et al. [37],
bacteria that suggested involving in wastewater activated sludge fermentation liquid are Sulfurospirillum
sp., Thauera sp., Azoarcus sp., Arcobacter ap. and Clostridium sp.

5

Microbial Composition in Wastewater Treatment Plant

In waste water treatment plants, biodegradation of wider range of substrate is better compared to the
one in pure culture considering the fact that microorganisms are organized in species-rich structure [38].
In biological wastewater treatment techniques, most of the microorganisms exist in microbial aggregates
form including biofilms, flocs and granules. Application of various electron microscopic methods revealed
the presence of a complex high-molecular-weight mixture of polymers called extracellular polymeric
substances in pure cultures, activated sludge, biofilms, and granulated sludge [39]. EPS on the microbial
surface plays an important role of keeping the microbial aggregates together in a three-dimensional gellike hydrated matrix via physicochemical interactions that are weak in nature. These weak forces of
interactions include hydrogen bonding, electrostatic, hydrophobic and van der Waals force [40]. EPS are
metabolic byproducts that accumulate on the surface of bacterial cell [41]. They are formed by
microorganisms present in bioreactors upon consumption of organic materials present in wastewater.
Different mechanisms such as secretion, excretion, lysis of cell as well as sorption of components of waste
water contribute toward accumulation of EPS [40]. From engineering point of view, EPS possess some
essential properties such as biosorption potential and biodegradability [42]. EPS consists of a variety of
organic macromolecules including polysaccharides, proteins, nucleic acids, phospholipase and other nonpolymeric components of lower molecular weight [43]. Organic substances like humic substances as well
as uronic acid were also reported present in EPS [44].
5.1

Microbial Community in Wastewater Plants

Revelation of the many and various microbial communities will undoubtedly provide understanding into
wastewater treatment. In this regard, various biological methods/techniques including denaturing
gradient gel electrophoresis, terminal-restriction fragment length polymorphism, 16S rRNA gene clone
library and fluorescence in situ hybridization analyses are utilized leading to an extensively evaluation of
microbial community in wastewater treatment plants [45]. The culturing approach toward microbial
community characterization is considered direct and effective. However, most of the bacteria present in
the natural environmental setup cannot be cultured in the laboratory using synthetic medium [46],
hence application of molecular based techniques is of paramount important.
In municipal wastewater treatment plants, the phylum Proteobacteria has appeared predominant (2162%) and the most abundant class of the phylum is Betaproteobacteria, largely involved in organic and
nutrient removal. Acidobacteria, Bacteroidetes and Chloroflex are the subdominant phyla [37]. Recently,
Meerbergen et al. [47] assessed the microbial composition of textile wastewater treatment plant in
comparison to microbial communities from municipal wastewater treatment plant using pyrosequencing
technique in an attempt to understand key microbes performing well in purification of textile
wastewater. Their study indicated more abundant nitrifying and denitrifying bacteria as well those
involved in phosphate accumulation whereas in textile wastewater plant, Sulphur reducing bacteria were
almost found [47]. In an attempt to identify microbial coal-mine water treatment system, an illuminethroughput sequencing method was employed. The study, revealed the presence of Azoarcus,
Comamonas, Nitrosomonas, Nitrospira, Ohtaekwangia, Pseudomonas, Thiobacillus and Thauera as the
major genera. These communities were quite contrasting from those in municipal sludge. Understanding
of microbial communities from coal wastewater treatment plant will assist toward development of
effective approach for coal-mine wastewater treatment [45].
5.2

Modeling the Biological Proceeding

The activated sludge process is widely applicable in treatment of wastewater to decrease the levels of
effluents in contaminated wastewater [48]. Activated sludge system has become the admired biological
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process employed in treatment of different kinds of wastewater globally; many advanced dynamic
mathematical models were developed for evaluation and prediction of the process effectiveness of diverse
wastewater treatment plants in the course of biological nutrient removal. A series of activated sludge
models (ASM) were developed by International water association (IWA); including ASM1, ASM2,
ASM2d, ASM3. These models were considered good solutions in prediction of efficiencies of biological
process [49].
In ASM1 there is process that involves the microbial nitrification, the microbial denitrification and
the microbial carbonization reactions, the enhanced version ASM2 is an improved version of ASM1 with
an additional process of the biological and chemical phosphorus removal [50]. In another study, a
metabolic model was applied: polyphosphate accumulating organisms (PAOs) and glycogen
accumulating organisms (GAOs) were incorporated so as to describe transformations of full-scale
improved biological phosphorus removal activated sludge from wastewater treatment plants
biochemically [51].

6

Microbial Electro-Remediation Technology

Large volume of metal-laden wastewater is generated due to human activities and rapid industrialization.
The metal(loid)s contaminated water posts great health and environmental threats, due to toxic
potentialities and carcinogenic effects, strict guidelines have been embraced for discharge of various
metal ions in wastewaters in order to avoid environmental contamination. For instance, based on the US
EPA priority pollutants listed, naturally occurring arsenic (As) as a highly toxic metalloid, and
catastrophic, over 250 million people are facing arsenic toxicity around the globe, especially from
developing nations, which result in neurological damage and even death [52]. An ideal treatment
approach is not getting rid of the metals but accumulating and recovering them during the treatment
process. Although several methods for arsenic treatment or removal from water and wastewater are
available, recently researches are geared toward development of technological way outs that sound
economically realistic, with reduced costs and maximized efficiency as well as environmental friendly.
Urgent research and development is therefore seriously needed in this specific direction to further
advance the novel technology and broaden its scope of application to real situations toward pollution
remediation. This is really required in order to find solution to the conventional techniques such as
coagulation, precipitation and adsorption involved in metal removal, which is generally considered less
effective [53]. Activated carbon based adsorption, ion exchange and membrane technologies approaches
are decidedly expensive for the treatment involving large volume of industrial effluent and wastewater
containing low amount of heavy metal ions, these techniques cannot be employed at large industrial
scale [54].
Therefore, research on new, acceptable and cost-effective methods of metal removal from water has
recently become an area of enormous research pursuit. In recent years, bio-electrochemical system (BES)
and in particular microbial fuel cells (MFCs) emerged as a new remediation method primarily utilized to
mobilize pollutants for recovery or reduction in the subsurface. This technology appears encouraging
wastewater treatment and metal recovery through bio-electro catalysis considering the fact that algae,
bacteria, fungi and yeast can reduce and deposit the metal ions. BES has raised considerable attention
for bioremediation applications [55]. Interestingly, heavy metal-bearing wastewater can be treated in
both anode and cathode chambers of MFCs [56]. The general idea behind the process is that the
biological conversions event at the positively charged electrode (anode) are used to convey electrons to
the negatively charged electrode (cathode) and drive reduction with precipitation of metal(loid)s by
using them as terminal electron acceptor. Therefore, BES provide a novel platform for integrated
treatment of wastewater via oxidation and reduction reactions for recovering energy, water and
metal(loid)s. Recovery of metal species through the course of conventional MFC function, takes MFCs
one-step further of other waste treatment technologies. When contaminants are serving as electron
acceptors in the MFC cathode chamber, the environmental advantages of MFCs could be further
improved. Recovering of metals in the course of electricity generation certainly eliminates the energy
need for treatment process [56].
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Conclusion

Treatments adopted are geared toward acheiving common goal of water quality standards to ensure
environmental protection. Wastewater are being generated from different sources ranging from industrial
productions to domesticactivities, and various treatment techniques are put in place, which includes
biological methods. For effectual treatment, considerations are paid to charcterisation of wastewater,
requirement of treated wastewater standard, alternative ways of treatment as well as associated
sampling methods with analysis. In order to have better understanding and control measures of
wastewater treatment processes, it is requisite and paramount to understand the role played by
microbial community structure of the organisms taking part in the treatment processes. Generally,
microorganism enzymes taking part in degradation of environment contaminants are very specific in
catalysis for each substrate. However, when microorganisms are subjected to new growth conditions or
substrates, they are capable of synthesizing new enzymes to produce energy and nutrients from different
substrates or under new growth conditions after an acclimation period. Controlling the microorganism
activities is essential, so as to utilize its potentials for bioremediation purpose. Several methods exist for
the control of this activity like the designed pathways for precluding any biodegradation limitation, and
the utilization of available genomic resources to construct the new pathways, and the explosion of
entire-genome sequence information. Adoption of biological approach ahead of others is being canvassed
because of its greener nature as well as its relatively lower cost. Yet, the time taken when utilizing
biological approach of wastewater treatment is a recurring factor that is a disadvantage, and the wide
range of pathogens in wastewater often rise concerns on the utilization of microbes in treatments.
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