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ABSTRACT

Produced water during oil and gas operations contains complex
mixtures of organic and inorganic pollutants. Biological treatments are
a sustainable way to reduce the concentration of pollutants contained
within the produced water and assist with reuse. This review discusses
traditional biological treatments including activated sludge, biofilm
reactors, constructed wetlands, and anaerobic systems, and novel
biological treatments such as bioelectrochemical systems, halophiles,
and algae. The efficiency, drawbacks, and possible application of
these technologies within Nigerian oil and gas industries has been
evaluated. Fixed bed hybrid biological reactor systems have shown
high chemical oxygen demand (COD) removal efficiencies up to 95%.
Bioelectrochemical systems have shown to achieve approximately
90% contaminant removal of select pollutants. However, problems
with high salinity levels, presence of toxic substances, complex
produced water composition and lack of technical knowledge are a
significant challenge. This is especially true within Nigeria as the
produced water can contain up to 100,000 mg/L of salts. This review
has identified ways that improvements can be made by developing salt
folerating  cultures,  combining  biological ~ treatments  with
physiochemical treatments and evaluating in pilot scale within local
conditions. Full characterisation of produced water is also crucial. If
biological treatment is properly designed it has a huge potential for
sustainable produced water management within Nigeria's petroleum
industry.

ARTICLE INFO

Article History

Received: May, 2026

Received in revised form: May, 2026
Accepted: August, 2026

Published online: September, 2026

KEYWORDS

Produced Water; Biological Treatment;
Bioelectrochemical Systems; Microbial Fuel
Cells; Halophilic Microorganisms

INTRODUCTION

The management of produced water
generated during oil and gas operations poses
significant environmental challenges due to the
complex composition of contaminants [1] [2] [3].
Biological treatment processes have been
identified as a viable solution for managing
produced water by providing an eco-friendly and
cost-effective  method for removing organic
contaminants [4] [5]. These processes use the
metabolic  activity of microorganisms  to
decompose hydrocarbons and other organic
contaminants into less harmful forms.

Produced water management has
become an important aspect of sustainable oil and

gas production due to increasing volumes of
produced water and the complexity of its chemical
composition. It contains a range of chemical
characteristics that vary depending on the
geological formation, extraction processes,
reservoir maturity and chemicals used. The main
chemical constituents include dissolved salts,
dispersed and dissolved hydrocarbons, organic
acids, phenols, heavy metals, suspended solids
and residual production chemicals. This makes
selecting the correct treatment technologies
challenging [6] [7] [8].

There has been increasing interest in
using produced water for beneficial purposes after
treatment. This can help reduce the amount of
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freshwater required, reduce the amount of
wastewater produced and improve resource
efficiency in the petroleum industry. To achieve
water of the correct quality, processes are
required to remove both organic and inorganic
contaminants. Biological treatment can offer a
solution to this by reducing the amount of
biodegradable organics in the water prior to
desalination or advanced polishing [9] [10] [11].
Biological treatment of produced water has been
of great interest in recent years. [12] reviewed the
use of bioelectrochemical systems as innovative
technologies for treating produced water from the
oil and gas industry. These systems use a
combination of biological and electrochemical
processes to treat the wastewater providing an
efficient and sustainable way of removing
contaminants.

However, there are challenges
associated with using biological treatment for
produced water. Due to the high salinity levels,
produced water can inhibit microbial activity [13].
The total dissolved solids can be very high with
concentrations often above 100,000 mg/L. This
causes osmotic stress which can inhibit the growth
of microbes. The presence of hydrocarbons and
other toxic compounds can also inhibit microbial
growth meaning they require acclimation.

This  review analysed biological
treatment methods for produced water. These
include traditional methods such as activated
sludge and bioreactors. It also includes new
technologies such as bioelectrochemical systems
and microbial desalination cells. The paper also
evaluates the performance of the different
methods, factors affecting their performance and
challenges and opportunities for implementation in
Nigeria. The review will add to the growing body of
knowledge on biological treatment of produced
water and provide insight on how to develop
sustainable treatment solutions for the Nigerian oil
and gas industry.

BIOLOGICAL TREATMENT FUNDAMENTALS
Microbial Processes for Contaminant Removal

Biological treatment of produced water
relies on metabolic processes of microorganisms

to break down organic contaminants. Different
biological treatments such as bioreactors and
constructed wetlands have been described which
use the natural ability of bacteria to degrade
organic compounds [5]. Microorganisms will use
organic compounds as a source of energy and
carbon to create CO2, water, and biomass.

Oxygen is used as a terminal electron
acceptor in the aerobic treatment of organic
contaminants. This process is effective at
breaking down a wide range of hydrocarbons and
other organic compounds to form CO2 and water
[14]. Oxygen must be provided via aeration which
increases the amount of energy required.
However, this treatment is faster and more
complete. Anaerobic treatment does not require
oxygen, and instead uses alternative electron
acceptors such as nitrate, sulphate and CO..
Methane and CO: are produced as end products.
This can be captured and used as a source of
energy [15]. However, this process is less energy
intensive as it does not require aeration. It is
slower than aerobic treatment.

The effectiveness of  biological
treatment is dependant on the variety of
microorganisms and their metabolic capabilities.
Different groups of microorganisms can contribute
to the breakdown of organic contaminants derived
from petroleum. Bacteria such as Pseudomonas,
Bacillus, Acinetobacter and Rhodococcus have
been studied for their ability to use petroleum
hydrocarbons as a carbon and energy source.
These bacteria will break down hydrocarbons
through enzymatic reactions into intermediate
products which can then be broken down into
simpler compounds [16] [17].

Microbial consortiums may provide
benefits when using bacteria. Different
microorganisms can contribute to the breakdown
of contaminants. Some will break down the
complex hydrocarbons, whilst others will break
down the intermediate products. This may
improve the biodegradation of contaminants. The
composition and stability of the microbial
community in consideration for biological
treatment of produced water is important. Recent
studies have been carried out into microorganisms
found in petroleum production environments to
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identify hydrocarbon degrading bacteria that are
tolerant to stress [18] [19].

The type of microbial process will
depend on the produced water being treated. The
type and concentration of the organic compounds,
salinity and presence of toxic compounds should
be considered. To optimise biological treatment,
the temperature, pH, nutrients and hydraulic
retention time should be controlled to ensure
active and stable microorganisms.
Factors Affecting Biological Treatment
Performance

Several  factors  influence  the
performance of biological treatment systems for
produced water. This includes salinity,
temperature, pH, availability of nutrients and
presence of toxic compounds. Biodesalination of
raw hypersaline produced water samples has

been investigated using native algal consortia
from wastewater [13]. Salinity can greatly impact
microbial activity during produced water treatment
due to the osmotic stress caused. This can lead to
reduced microbial growth and contaminant
removal. However, halophilic and halotolerant
microbes can adapt to high salinity making them
suitable for treating hypersaline wastewaters [16]
[17].

Moving bed biofilm and fixed bed hybrid
reactors were evaluated at salinities between 1.5-
20g/L. They showed high efficiency with >90%
COD removal. However, salinity was shown to
change the microbial species present which could
impact long term stability [20]. Microbial
adaptation and reactor type is an important
consideration when treating produced water using
biclogical methods [21] [22].

Table 1: Factors Affecting Biological Treatment of Produced Water [5], [13], and [14]

Factor Optimal Effect on Treatment Management Strategies
Range
Salinity (TDS) < 35,000 High salinity inhibits microbial Halophilic microorganisms,
mg/L activity,  reduces  treatment dilution, salt-tolerant strains
efficiency
Temperature 25-35°C Affects microbial growth rates and  Temperature control,
enzyme activity thermophilic or  psychrophilic
organisms
pH 6.5-8.0 Affects enzyme activity and pH adjustment using acids or
nutrient availability bases
Dissolved 2-4  mg/lL Essential for aerobic treatment, Aeration,  oxygen  supply
Oxygen (aerobic) affects metabolic pathways systems
Nutrients (N, P) ~ COD:N:P = Essential for microbial growth and  Nutrient addition,
100:5:1 metabolism supplementation
Hydraulic 1-10 days Longer  retention  increases System design, flow rate
Retention Time removal but requires larger optimization
systems
Organic Loading Varies by Highloading can overload system, Pre-treatment, loading
Rate system reduce removal optimization
Toxic Minimize Inhibit or kil microorganisms, Pre-treatment, acclimation,
Compounds reduce treatment resistant strains
Oil and Grease <50 mg/L Coats microorganisms, inhibits  Pre-treatment, oil-water
mass transfer separation

Table 1 provides information on the
factors affecting biological treatment of produced
water, ideal ranges of each factor, impact on

biological treatment and ways to manage each
factor. One of the biggest challenges in biological
treatment is the high salinity of the produced
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water. This can be overcome by using halophilic
or salt-tolerant microbes. Alternatively, the salinity
can be reduced by diluting.

The presence of toxic compounds can
also cause problems. These may be
hydrocarbons, heavy metals or other
contaminants. Microbial communities will need to
be pre-treated or acclimated. [14] noted that the
high salinity present in produced water can be an
issue as it can inhibit microbial activity. This can
make biological treatment ineffective for many
produced waters. The presence of toxic
compounds such as phenols and heavy metals
can also cause issues and microbial communities
will need to be pre-treated or acclimated.

Advantages and Limitations

Biological treatments have many
benefits over physical and chemical treatments
options. This includes being an environmentally
friendly option and being cost effective. It can also
ensure total removal of organic compounds [5].
Chemicals are not required so there is no risk of
causing secondary pollution. Biological treatments
can have a high removal of organic compounds.
Using Fixed bed hybrid biological reactors can
have removal rates of up to 95% for COD [14].
This means they can be a great option to reduce
the organic compounds in produced water.

However, there are also many
drawbacks to using biological treatment options.
The high salinity can cause issues with the
microorganisms. Toxic compounds can cause
inhibition or death to the microorganisms.
Retention times generally will be longer than
physical/chemical options. This means larger
treatment systems are required.

CONVENTIONAL BIOLOGICAL TREATMENT
METHODS

Activated Sludge Systems

Activated sludge is one of the most
common biological wastewater treatments. Here
microorganisms suspended in aerated tanks are
used to break down organic compounds and the
biomass is recycled to create high concentrations
of microorganisms [14]. Although activated sludge

has high organic compound removal efficiency,
the produced water can have high salinity and
toxicity.

The success of the activated sludge
system relies on an active and diverse community
of microorganisms being maintained, which are
able to break down the specific organic
compounds in the produced water. A study was
performed to compare the effectiveness of
conventional activated sludge and fixed bed
hybrid biological reactors for treating oilfield
produced water. The effect of hydraulic retention
time was studied and it was found that
conventional activated sludge systems were less
effective than hybrid systems [14]. This effect was
more pronounced with shorter hydraulic retention
times. Careful control of the system is required to
ensure the correct running of an activated sludge
system. Aeration rates, hydraulic retention times
and sludge retention times must be controlled.
The high salinity and toxicity of the produced water
can cause problems such as foaming and bulking.

Biofilm and Fixed-Film Reactors

Biofilm reactors and fixed film reactors
are an alternative to suspended growth systems.
In these systems, microorganisms will attach to
media and form biofilms, therefore creating a high
concentration of active biomass [14]. Biofilm
systems have several benefits when treating
produced water as they can resist toxic
compounds. Recent studies have shown that
biofilm systems are suitable for treating difficult
produced waters. An anaerobic/anoxic/moving
bed biofilm reactor with microfiltration membranes
has been developed to treat real produced water
from a strong alkali ASP flooding system at a pH
of 10.1-10.4 [23].

The system achieved removal
efficiencies of 99% average for petroleum, 57% for
COD, 66% for suspended solids, 40% for
polymers and 44% for surfactants. Analysis by
GC-MS showed that alkanes and olefins were
being degraded. Analysis of the microbial
community ~ showed  that  Paracoccus,
Synergistaceae and Trichococcus were the main
functional bacteria responsible for degrading the
pollutants. This study shows that a composite
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biofilm system can be used to treat extreme pH
levels and complex pollutants.

A fixed bed hybrid biological reactor
containing free activated sludge and biofilm was
studied for treating produced water from the
oilfield [14]. The fixed bed hybrid biological reactor
treats synthetic produced water from the oilfield by
using both free activated sludge and biofilm. The
system allows for increased microbial diversity
and high removal efficiencies of contaminants.
Particularly at short hydraulic retention times
compared to traditional activated sludge reactors.
The system achieved high COD removal
efficiencies of 95%. However, the system was
expensive and required experts to run and
maintain. Biofilm systems such as trickling filters,
rotating biological contactors and moving bed
biofilm reactors have the benefit of having high
biomass concentrations and can resist toxic
compounds. They can achieve high removal
efficiencies of organics.

Constructed Wetlands

Constructed wetlands are natural
biological treatment systems that utilise physical,
chemical and biological mechanisms to remove
contaminants from water. Wastewater is treated
by using wetland vegetation and microorganisms
to remove organic compounds, nutrients and
some heavy metals [5]. Advantages of
constructed wetlands include being low energy
and requiring little maintenance. However, they
have a large land footprint and can be affected by
climatic conditions.

In recent years, life cycle assessments
have shown that there is a good economic case
for using constructed wetlands to treat produced
water. A detailed review was carried out assessing
the use of constructed wetlands to treat produced
water in the oilfield industry [24]. This showed that
constructed wetlands can reduce capital costs by
approximately 50% and operating and
maintenance costs by 90% compared to thermal,
membrane, chemical and electrochemical
technologies. It was also projected that the
amount of conventional produced water generated
from both onshore and offshore will double
globally over the next decade (from approximately

158,900 to 243,000 million barrels per day). This
supports the argument that constructed wetlands
can be a good option to treat produced water due
to them being low energy and requiring little
maintenance. Provided they are not restricted by
land availability.

However, the high salinity of produced
water can cause problems when using
constructed wetlands to treat produced water. Salt
tolerant vegetation and halophilic microorganisms
can be used to treat saline produced water.
However, this can only remove some organic
compounds and nutrients. This is a slow process
and requires a large area. Constructed wetlands
can be used as polishing systems to treat
produced water. They can be a good option if low
energy treatment is required. They use the
interaction  between  wetland  vegetation,
microorganisms, sediments and substrates to
remove or fransform any remaining organic
compounds and specific chemical additives.
However, the efficiency of a constructed wetland
depends on the influent water, flow rate, retention
time, vegetation type and environmental
conditions.

A study was carried out to investigate
the use of constructed wetlands to polish
produced water from the oil and gas industry [24].
This highlighted that constructed wetlands can be
a relevant option to treat produced water that is
released. However, the high salinity and potential
toxicity of produced water must be considered
when selecting vegetation types. Therefore, they
may be more suitable as polishing systems after
sufficient pretreatment.

Anaerobic Treatment Systems

Anaerobic systems utilise anaerobic
microbes which can break down organic
compounds and produce methane and carbon
dioxide [15]. Advantages of using anaerobic
systems include low energy use and biogas
production. However, anaerobic systems do tend
to be slower than aerobic systems and can also
not fully break down complex organic compounds.
A study was performed to investigate the
effectiveness of anaerobic treatment of produced
water using an anaerobic digester inoculum from
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a brewery wastewater treatment plant [15]. It was
shown that produced water could be treated using
anaerobic treatment but there were issues with
keeping the microbial activity stable due to the
changing composition and salinity of the produced
water. The high salinity and toxic compounds can
inhibit anaerobic microbes.

Anaerobic systems such as anaerobic
digesters, upflow anaerobic sludge blanket
reactors and anaerobic filters can be used to treat
produced water but the conditions must be
carefully controlled to keep the microbial
communities stable. Sulfate present in produced
water can cause hydrogen sulfide to be produced
which is toxic and corrosive.

BIOELECTROCHEMICAL SYSTEMS

Principles of Bioelectrochemical Systems

Bioelectrochemical systems are an
emerging treatment technology. [12] reviews a
range of bioelectrochemical systems such as
microbial fuel cells, microbial electrolysis cells,
microbial desalination cells and microbial electro-
synthesis cells for treating produced water. They
work by using biological and electrochemical
processes to treat wastewater. This makes them
an efficient and sustainable way of removing
contaminants from wastewater. They create
useful products such as electricity or hydrogen.
There is a lot of energy in organic matter which
can be wasted.

Conventional wastewater treatment
uses a lot of energy. There is a lot of potential
energy however it is often treated with high energy
methods that could be optimised [12].
Bioelectrochemical systems make use of the
energy released from the breakdown of organic
matter. This lowers the amount of energy needed
for treatment and can create useful products.
Bioelectrochemical systems work by
microorganisms  metabolising and passing
electrons onto the electrode. The microorganisms
will oxidise organic molecules and pass electrons
onto the anode. The electrons then travel to the
cathode via an external circuit. This creates an
electrical current which can be used or used to
drive useful reactions.

Microbial Fuel Cells

Microbial fuel cells (MFCs) are
bicelectrochemical ~ systems that produce
electricity through the breakdown of organic
matter. A study carried out by [26] investigated the
integration of electrochemical and
bicelectrochemical systems to sustainably treat
produced water. The study found that the removal
efficiency of COD and total petroleum
hydrocarbon was good at 90%. However, the
removal efficiency of total dissolved solids and
sulphates were not good at only 34.3% and
42.6%. MFCs depend on many factors such as the
type of microbes, electrode material, membrane
and process conditions. The high salinity of
produced water may affect the conductivity and
performance of MFCs. Toxic compounds can also
inhibit the microbes. It is important to develop
strong microbes and electrode materials to treat
produced water using MFCs.

Combining MFCs  with  existing
anaerobic treatments can be a good strategy to
overcome the issues of using MFCs alone. A
study was carried out at a lab scale to combine an
up-flow anaerobic sludge blanket (UASB) reactor
with sequential MFCs. The study found that the
removal efficiency of COD was greater than 90%
and removal of NH 3-N was 83% at a hydraulic
retention time of 26 hours for treating oilfield
wastewater [25]. Instrumental analysis showed a
satisfactory level of biodegradation occurred for
most hydrocarbons. The system was able to
produce electricity and treat oily wastewater. This
shows that MFCs can be incorporated into
conventional treatments. An advantage of using
MFCs is electricity is produced during treatment.
This can reduce the cost of treating wastewater.
However, the amount of electricity produced is
generally low compared to conventional energy
sources. Combining MFCs with other treatments
can improve the overall performance of the
system.

Microbial Electrolysis Cells

Microbial electrolysis cells (MEC) are
bioelectrochemical systems that use electrical
energy to produce hydrogen or other valuable
products from the breakdown of organic

Corresponding author: Abubakar Sadiq Isah
= abubakar.isah@bazeuniversity.edu.ng

Department of Civil Engineering, Baze University, Abuja, Nigeria.

© 2026. Faculty of Technology Education. ATBU Bauchi. Al rights reserved


http://www.atbuftejoste.net/
mailto:bakarihenry341i@gmail.com

24 JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 14(3), SEPTEMBER, 2026
= > E-ISSN: 3093-0898, PRINT ISSN: 2277-0011; Journal homepage: www.atbufstejoste.com

compounds. [12] explains the principle and
application of MECs for wastewater treatment.
Hydrogen can be produced using this method
providing a clean energy source. The process of
MECs are similar to MFCs however, an external
voltage is applied to cause hydrogen to form at the
cathode. Microorganisms will break down organic
compounds at the anode and transfer electrons to
the cathode. This will produce hydrogen however
extra energy is needed to produce this valuable
product. Problems with using MECs for treating
produced water include the high salinity and toxic
nature of the produced water, which can cause
inhibition of the microbes. Careful control of the
process is required to produce hydrogen as the
pH, temperature and voltage need to be
controlled.

Microbial Desalination Cells

Microbial desalination cells (MDCs) are
bioelectrochemical systems that can be used to
desalinate water by using ion exchange
membranes to transport ions. [12] described
MDCs and their principles and applications for
water desalination. The system consists of 3
chambers separated by anion and cation
exchange membranes. Microorganisms in the
anode chamber oxidise organic compounds
producing an electrical potential which drives ion
transport from the middle chamber into the
external chambers. Water in the middle chamber
is desalinated.

However, recent reviews have provided
insight into how MDCs function and the limitations
that still exist. [27] performed a detailed review of
catalyst and electrode modifications for MDCs.
They confirmed that the desalination occurs due
to the electrical potential produced during
microbial oxidation at the anode. This drives ion
transport through the ion exchange membranes.
However, there were limitations with the low
proton mobility and slow oxygen reduction
reactions. Low proton mobility caused a decrease
in pH in the anolyte, which is detrimental to the
microorganisms. lon exchange membranes are
expensive and so a limitation to scale-up for
produced water applications. Produced water has
high salinity and is toxic. However, MDCs could be

applied to treat the water as it would remove
organic contamination. There is a need to develop
strong microbes and membranes to allow effective
treatment of produced water using MDCs

Microbial Electro-synthesis Cells

Microbial electro-synthesis (MES) cells
are an example of bioelectrochemical systems
that use electrical energy to produce valuable
products from CO2 or other substrates [12]. The
principles and potential applications of MES are
discussed by [12]. MES uses microorganisms to
utilise electrical energy to reduce CO2 or other
substrates to produce valuable products such as
methane, acetate and other organic products. This
process can help with capturing CO: and
converting it into useful products. This can aid in
carbon sequestration and sustainable production.
Microbial electro-synthesis uses electroactive
microorganisms to produce valuable products
from CO: or other substrates. These products can
include acetate, methane and other organic
products.

This process has potential for resource
recovery and sustainable wastewater treatment.
However, the efficiency of this process is
dependent on the properties of the electrodes, the
microorganisms present, the availability of the
substrates and electron transfer. This process has
not been explored much for treating produced
water and more experimentation is needed [12]
[28]. Using MES for treating produced water has
the potential to convert organic pollutants and CO2
into valuable products. However, this technology
is in its early stages of development and has
issues such as low production rates and high
energy demands.

EMERGING
INNOVATIONS

BIOTECHNOLOGIES  AND

Halophilic and Extremophilic Microorganisms

The development of halophilic and
extremophilic microorganisms has been explored
as a method of treating high salinity produced
water. A study has shown biodesalination and
treatment of raw hypersaline produced water
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samples using native algal consortia from
wastewater [13].

The use of halophilic microorganisms in
produced water treatment offers advantages as
they do not require dilution or desalination. These
organisms have evolved to survive in high salinity
environments by being able to perform metabolic
processes in high salinity environments that would
be inhibitory to conventional microorganisms. By
isolating and  characterising  halophilic
microorganisms found in produced water
environments, produced water can be effectively
treated using biological methods.

For halophilic microorganisms to be
applied in produced water treatment, strong
microbial communities must be developed to
degrade the specific organic matter found within
produced water. Operating conditions will need to
be optimised to provide an environment suitable
for halophilic microorganisms to thrive. This
includes optimum temperature, pH, and nutrients.

Algal and Cyanobacterial Treatment
Treatment of produced water using
algae and cyanobacteria can be used as a method
to remove nutrients and break down organics via
photosynthesis. In a study by [13] evalauted
biodesalination and treating raw hypersaline
produced water samples using indigenous algal
consortia from wastewater. There are many
benefits to using algae to treat produced water.
Algae can be used to produce biomass, which can
then be used for biofuel production. Algae can
also remove nutrients and heavy metals from
wastewater. However, due to the high salinity and
toxic nature of produced water, salt tolerant
species of algae will need to be used. The use of
algae  alongside  other  biological and
physiochemical treatments may help to increase
the overall efficiency of the treatment process.
Algae could be used to remove nutrients and
produce biomass, whilst other treatments could be
used to remove organic contaminants and salts.

Enzyme-Based and Biocatalytic Approaches
Enzymatic and biocatalytic methods can

be used to remove certain contaminants from

produced water using isolated enzymes and

whole-cell biocatalysts. This can be a highly
efficient and specific method to degrade target
compounds. However, enzymes can have issues
with their stability.

Enzymes can be used to remove
specific contaminants from produced water
including hydrocarbons, phenols and other toxic
compounds that cannot be removed using
traditional biological methods. However, enzymes
can have issues with their stability due to high
salinity and variable conditions of produced water.
By developing stable and robust enzymes using
protein engineering and immobilisation, they could
be used to effectively remove contaminants from
produced water. Combined with other biological
and physio-chemical treatments, enzyme
treatment can provide a complete treatment of
produced water.

APPLICATION IN THE NIGERIAN CONTEXT

Challenges and Opportunities

There are several challenges to using
biological treatment for produced water in Nigeria.
It has been noted that whilst there are many
methods for treating produced water they are
difficult to maintain in Nigeria due to the lack of
access to original equipment manufacturers [29].
Biological treatment systems will require specialist
equipment and expertise to operate. The high
salinity levels in produced water from Nigerian
oilfields make biological treatment challenging.
The total dissolved solids can often be greater
than 100,000 mg/L which causes osmotic stress,
thus inhibiting microbial activity [30]. To overcome
this issue halophilic microbes may be required, or
dilution.

The characteristics of produced water
from Nigerian oilfields show the need for systems
to treat the actual water composition. It has been
reported that after conventional treatment there
are still heavy metals and organics present [31].
This means that simply removing the oil and
greases may not be sufficient and polishing may
be required. Treated produced water from facilities
in the Niger Delta was analysed to see if it could
be used for irrigation [32]. The study found that
whilst it did partially meet Nigerian standards, it did
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not meet some international water quality
requirements. This shows there is a need for
further treatment and monitoring.

Toxic compounds are also present in
produced water from Nigerian oilfields. This
includes hydrocarbons, heavy metals and other
contaminants. These can be inhibitory or lethal to
microorganisms. Pre-treatment of the produced
water or acclimating the microbes may be
required. Resistant microbial communities can be
developed by acclimating and enriching the
microbes to allow effective treatment of toxic
produced water. There are also many
opportunities for using biological treatment in
Nigeria. With the increasing awareness of the
environmental and economic costs of discharging
produced water there is a demand for sustainable
treatment options. There is great potential for
water reuse in the Nigerian oil and gas industry.
Biological treatment can provide water that can be
used for various reuses.

Potential Applications and Strategies

Biological treatment could be applied to
produced water in Nigeria to help reduce the
organic load. It has been shown that biological
treatment can achieve high removals of COD and
thus reduce the organic load of produced water
[14]. This would reduce the environmental impact
of produced water discharge and allow
compliance to standards. By combining biological
treatment with other treatments, full treatment of
produced water can be achieved.

Pre-treatment such as  physical
chemical treatment could be used to remove oil
and suspended solids followed by biological
treatment. This could then be followed by
membrane filtration or advanced treatment to
provide highly treated effluent. Bioelectrochemical
treatment could be used to treat produced water
in Nigeria. This is effective at removing
contaminants from produced water and also
produces useful by-products. It has been noted
that Bioelectrochemical treatment has been
successfully used to remove different types of
contaminants [12].

RECOMMENDATIONS
Based on the analysis presented in this
review, some recommendations are:

1. An in-depth characterization of
produced water from Nigerian oilfields
needs to be carried out in order to
design the right biological system for the
treatment of produced water. This
includes the characterization of organic
compounds, salinity, toxic compounds,
etc.

2. Halophilic and extremophilic microbial
cultures need to be developed.
Microorganisms can be isolated from
produced water and enriched to develop
strong cultures that can treat high
salinity produced water.

3. Pilot scale studies need to be carried out
to determine the performance of
biological treatment systems. This will
provide data on how well the system will
perform, in terms of costs and
maintenance.

4. Biological treatment systems can be
integrated with other methods to provide
a complete treatment. Combining
biological treatment with physical
chemical or membrane treatment can
lead to high contaminant removal.

5. Training is needed to build up local
expertise. Training should be provided
on how to run the system, carry out
maintenance and troubleshoot the
system.

CONCLUSION

Biological treatment methods have
great potential in removing the organic
compounds present in produced water. Although
conventional biological treatment methods such
as activated sludge, biofilm reactors, constructed
wetlands and anaerobic can achieve high levels of
organic removal, problems occur due to the high
salinity and toxicity of produced water. New
technologies such as Bioelectrochemical systems
and halophilic microorganisms can overcome
these issues.
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There are several challenges with using
biological treatment on produced water in Nigeria.
These include the high salinity, toxic nature of
produced water, lack of technical knowledge and
lack of support from the original equipment
manufacturers. However, there are also many
opportunities for using biological treatment. These
include treating the organic load, combining with
other treatment methods and creating sustainable
treatment methods.

Creating halophilic and extremophilic
microorganisms that are specific to the produced
water in Nigeria could allow effective biological
treatment. Combining biological treatment with
other treatment methods can provide a complete
solution to produced water. This reduces the
impact produced water can have on the
environment and allows beneficial reuse. By
overcoming these challenges and taking
advantage of the opportunities identified in this
review biological treatment can help provide
sustainable solutions to produced water in the
Nigerian oil and gas industry
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