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HISTORY ABSTRACT

Several contaminants that are present in the environment are able to be removed through the
Recelved: 120 8D 2018 @ Nov 2018 physical and chemical approach. Environmental rehabilitation is a challenge especially in large
Accepted: 28t Nov 2018 water bodies like rivers due to the volume and fastmoving property of river water. The exorbitant
cost, safety and efficiency of physicochemical methods are important issues especially to

KEYWORDS remediate dissolved compounds such as pesticides, drug, and heavy metals. Nowadays,
bioremediation environmental rehabilitation using biological approach or known as bioremediation gets great
e‘?s‘l}i‘;gg“ment attention as the treatment processes are environmentally friendly, low cost and easy to handle.
petroleum Moreover, the result is highly satisfactory and at the same time cause no harm to the
hydrocarbon environment. This mini-review highlights the application of bioremediation to clean
contaminated environment. The advantages and disadvantages will also be discussed.
INTRODUCTION limitation which needs a favourable condition to enhance the

remediation process in a shorter time, and the treated are fully
recovered. The existence of xenobiotic such metal ion and
pesticides may negatively effect to the biological function of the
organism [4-6]. The area or treatment can be done artificially
either in-situ or ex-situ. In-situ bioremediation uses the
technology directly in the river without excavating and taking
away any pollutants from the contaminated river. In ex-situ
bioremediation, an amount of the polluted river water is taken out
to a specialised treatment plan for remediation [7].

All through the world, the issues of environmental contamination
by harmful chemicals are huge and increase from a year to a
year. The expected expenses of environmental rehabilitation that
require accessible technologies run into many billions of dollars.
Sometimes, no suitable tools are available at any expenditure.
However, as an alternative, this issue can be solved through the
process known as bioremediation. The word "remediate" means
to cure or treat the problem. Thus, the word "bioremediate"
means the use of biological organisms to treat environmental
problems such as contaminated surface water (river) and
groundwater. United States Environmental Protection Agency
(EPA) defined bioremediation is a biological treatment such
microorganisms to eliminate toxicant by converting to nontoxic
form or less harmful substances [1-3].

In-situ bioremediation is favourable as this process might
save a lot of costs as well as effectively to eliminate contaminant.
This process involves the stimulation of naturally occurring
microbial populations via biostimulation or biosparging to
enhance and increase the remediation rate on the contaminants of
concern. In order to efficiently carry out this activity, the source
of the pollutants must be identified and stop before further
remedial action can be taken. The present of other toxicants can
also present a difficult task as these co-contaminants may include
nonbiodegradable pollutants including heavy metals that inhibit
the remediation process. In the event that this pose a risk, other
co-remediation strategy perhaps with the introduction of

Hence, the wuser of microorganisms to eliminate
contaminants or pollutants such as oil is called “bioremediation”
because biological agents (microbes) are used to remedy the
situation. In a non-polluted environment, microorganisms
constantly degrade the organic matters which utilise as carbon
and nitrogen sources for their survival. However, it has their
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physicochemical methods may be the only way pollutant can be
remediated efficiently [8—12].

Unfortunately, the induction of microbial populace
experienced difficulty when there are developments of the
subsurface by the massive amount of biomass that are produced
or generated using microbial development on hydrocarbons,
failure to supply oxygen to the subsurface, furthermore the
incapability to transport nutrients to all locales of the subsurface
area [13]. Ex-situ refers to the remediation process that is done
only after the contaminated waste has been removed and
transported to a treatment area. Commonly, ex-situ
bioremediation involves composting which included the addition
of essential chemicals or nutrients to stimulate and increase the
microbial population associated with the increasing biological
activities at the polluted site. Several parameters should take
account to maximise the remediation process including microbial
population, oxygen concentration, temperature, pH and substrate
concentrations [14—18]. Numerous restricting elements happen to
be proven to impact the biodegradation of petroleum
hydrocarbons, a few of which have already been mentioned by
numerous researchers [2,12,19-25].

The structure and built in biodegradability of the petroleum
hydrocarbon contaminant is the most notably essential
consideration in the event the appropriateness of a remediation
strategy is to be evaluated. Amongst the physical elements,
temperature takes on a crucial role in the biodegradation of
hydrocarbons by specifically impacting the chemistry of the
contaminants in addition to impacting the physiology and variety
of the microorganisms make up. It is anticipated that the
viscosity of the oil will be very high at low temperatures and the
volatility of the low molecular weight hydrocarbons, which is
toxic will be reduced, hence, stalling the start of biodegradation
[20,26].

Bioremediation application

Bioremediation is a well-known concept to eliminate
contaminant in the environment — the first commercial
application in the 1970s which the experiment was conducted
during the oil spill at Sun Oil pipeline near Ambler, Pennsylvania
[27]. However, only at the end of the 1980s, bioremediation has
become widely known as a technology for clean-up of shorelines
contaminated with spoiled oil in the United States.
Bioremediation gets great attention since the incident occurred in
1989 where The Exxon Valdez oil spill in Prince William Sound,
Alaska [28]. During the 1990s, most of the researcher
accentuation changed to more noteworthy dependence on natural
microorganisms and procedures to improve their implementation
and effect [27].

Bioremediation was developed due to the combination of
skills and expertise to understand the mechanism involves during
the remediation process, contamination behaviour and level by
the geology of the site, contaminant management and technology
application associated with the civil and process engineering
industry. The needs for rehabilitation of contaminated land and
river were drastically increasing for a year to a year, and this is
the fact to the several developing countries to confront this
problem. Other than physical and chemical approach,
bioremediation was accepted as an alternative option for the
treatment of polluted sites as their capability to completely
remove or detoxify the contaminant [29,30,30-35].

Bioremediation for river rehabilitation

Bioremediation is the processes by which we used and stimulate
the microbial activities to clean up contaminated environments
such as the oil spills in the river or ocean, the toxic chemicals or
another medium. There are many bioremediation processes that
have been proposed to clean up the toxic chemicals, and the most
successful of bioremediation is cleaning up spills of crude oil.
Before going deeper into the processes of how microbes clean up
the oil spills, we need to know the composition of the oil itself
and why microorganisms can degrade the oils -easily.
Theoretically, petroleum which is the crude oil is rich with
organic matter. It is formed with hydrocarbon which is the
compound that is made up of carbon and hydrogen and also with
the small addition of certain substances. Petroleum is the fossil
fuel which is formed when the plants or animals die and remain
buried under the sand or mud for thousands or even more years.
When petroleum is pumped out to Earth’s surface, some of it
might get in contact with the air or the water. This leakage of
hydrocarbons in soil and water is known as pollutants and must
be clean up as soon as possible. The bioremediation of river from
oil and other pollutants have been carried out with varying
success [2,12,19-25] dur to the constraints mentioned before.

Petroleum-based products are the major source of energy for
industry and daily life. Leaks and accidental spills occur
regularly during the exploration, production, refining, transport,
and storage of petroleum and petroleum products. The amount of
natural crude oil seepage was estimated to be 600,000 metric tons
per year with a range of uncertainty of 200,000 metric tons per
year [1]. Release of hydrocarbons into the environment whether
accidentally or due to human activities is a main cause of water
and soil pollution [2]. Soil contamination with hydrocarbons
causes extensive damage of local system since accumulation of
pollutants in animals and plant tissue may cause death or
mutations [3]. The technology commonly used for the soil
remediation includes mechanical, burying, evaporation,
dispersion, and washing. However, these technologies are
expensive and can lead to incomplete decomposition of
contaminants [9,24,36-45].

The operation of bioremediation, understood to be the
application of microbes to purify or eliminate contaminants due
to their diversified metabolic features is definitely a changing
opportunity for the elimination and degradation of numerous
environmental contaminants such as the products of the
petroleum sector. Additionally, bioremediation technologies are
believed to be noninvasive and relatively cost-effective.
Biodegradation by natural populations of microorganisms
represents one of the greatest systems through which petroleum
along with other hydrocarbon contaminants can be taken off
from the surroundings [6] and is less expensive than some other
removal systems.

From here onwards, microbial activities play an important
role to clean up the spills. Physical methods are often employed
as the first stage to remove the bulk of the oil spills, and the
action of microbes can remove residual oil from the river or the
ocean. Sometimes, microbe takes several periods of times to
break down the hydrocarbon depending on the concentration and
the compound of the spills. Microbial oil degradation can occur
by aerobic respiration or anaerobic respiration depending on the
presence of the oxygen. If there is oxygen molecule, then it will
be aerobic respiration while in the absent of oxygen, anaerobic
respiration is being used, but potentailly more toxic by-products
are often produce under latter conditions. Numerous microbial
hydrocarbon degradation occurs by aerobic respiration by which

2.



JOBIMB, 2018, Vol 6, No 2, 1-6

the oil-degrading microorganisms consume the oxygen molecule
and utilise oil hydrocarbon for the carbon sources. For the
anaerobic metabolism, microbes have other pathways to degrade
the hydrocarbon for energy and sometimes slower compared to
the aerobic respiration [6].

Microorganisms such as bacteria and yeast, although some
of the can assimilate hydrocarbon, considerable energy is needed
to overcome cell wall and membrane damage due to the solvent
effect of hydrocarbons [46]. The stripping of cellular membrane
through the solvent effects of hydrocarbon causes leaking of
cellular compartment that ultimately lead to cellular deaths. A
number of classes of organic compounds are harmful for
microorganisms as they quite simply build up in and break up
cell membranes. In these instances, the dose-dependent toxicity
of hydrocarbon fits in accordance to the logarithm of its partition
coefficient in between water (logP) and octanol. in general,
compounds having a logP value in between 1 and 5 are
poisonous for bacterial cells [11]. Consequently, poisonous
outcomes of hydrocarbons on bacteria could cause difficulties in
teh process of bioremediation especially in region where the sites
are heavily polluted. The poisonous proeprties of the majority of
hydrocarbons is because, of the nonspecific effects on the fluidity
of membrane structure as these hydrocarbons tends to
accumulate in the hydrophobic phospolipid bilayer [8].

The majority of substances having a greater hydrophobicity
than logP of 4 have low water solubility, and examples include
PAHs, biphenysls and alkanes. Consequently, the low
bioavailability exerts a less toxic effect. Microorganisms can
overcome this effect through the production of biosurfactants that
can protect the bacteria from the toxic effect of hydrocarbons.
Other protective strategy includes the formation of biofilms and
exopolysaccharides that can alleviate the toxic effects of
hydrocarbons. The ability to break down the hydrocarbon is
present in a variety of bacteria and fungi [47-60]. The
mechanism on how the microbes degrade the oil spills can be
understood by the analogy of the automobile. The microbes
utilised the hydrocarbon as the fuel and finally release carbon
dioxide (CO2) and water as the products. This situation occurred
when the microbe metabolised the aromatic hydrocarbon through
the activity of the enzymes and consumption of oxygen in the
river. This is due to the ability of microbial genetic to generate
and synthesis various oil-degrading enzymes [16,17].

Same with other living things or enzymes, they need to be
at the optimum temperature to maximize the activity [18-20].
Bioremediation occurs best when it is near the surface of the
river where the sunlight reached easil, and hence warm-water
bacteria can thrive. The deeper the waters, the colder it becomes.
The cold condition sometimes can inhibit the microbial growth,
and thus, they cannot perform the degradation of the oil spills.
Sometimes, the process of oil degradation can occur at low
temperature, but the speed for the microbes to degrade oil will be
very low. For the aerobic environment, as long as there is
oxygen, the oil will get chewed up. For the anaerobic
environment, it can be developed locally by the river itself
because of the ready supply of the oil and also the microbes that
are eager to devour it [21,22]. It is possible to add fertilizers such
as nitrogen to stimulate the growth of such bacteria. In human
view, the microbe is helping us to degrade the oil spills in the
river and eventually clean the contaminated environment. While
for microbial view, consuming the oil spills to provide energy
and materials that are needed for them to live and growth
development [23].

Before bioremediation can be implemented, it is necessary
to determine the present state of water quality of that river in
question by taking in samples to determine certain parameters
that can reveal the overall health condition of that river [24].
These parameters can be used to better inform the design of
bioremediation strategy. The parameters are; 1) Total Suspended
Solids (TSS) represents the total insoluble substances or solids in
the river, 2) Total Dissolved Solids (TDS) represents the total
concentration of dissolved minerals, such as salts in the river, 3)
Turbidity represents the amount of suspended organic substances
in the river, such as clay, that causes the water to appear muddy,
and 4) Biochemical Oxygen Demand or BOD, represents the
amount of oxygen in the river water required for aquatic aerobic
bacteria metabolism in the river.

The metabolism of those aerobes will aid in breaking down
of biological waste and organic matter, which will then reduce
contamination level of the river naturally. Chemical Oxygen
Demand, according to the American Society of Testing and
Materials, is defined as the amount of oxygen that is equivalent
to the level of organic matter present in the sample taken from
the river, that are susceptible to oxidation by potassium
dichromate. This is an important parameter to determine the
concentration of the contaminated river water [6]. River
bioremediation is carried out by using natural or lab-grown
microbes that will be placed in a controllable environment. The
process of bioremediation in the river can divide into two types,
natural and artificial bioremediation. Some species of aquatic
plants can also be exploited as a tool for remediation. Aquatic
plants have naturally fixed the degree of filter and purification,
especially in water pollution.

Aquatic plants such as water hyacinth and grain leaf
pondweed, are chosen due to their strong ability to absorb
pollutants as well as able to live extremely in water with polluted
conditions [58,61-71]. Removal or fixation of toxic substance
from the river water is carried out by the process of adsorption,
absorption, accumulation, and degradation by the aquatic plants
that will then enable them to purify water [4,25]. Certain aquatic
animals can also be used for remediating the river water,
especially in alleviating the pollution problems caused by
eutrophication of algae such as phytoplankton. Filter-feeding fish
such as silver and common carp can be used to control
eutrophication in the water by adjusting the composition and
density of the fishes in their habitat [4]. Microorganism dosing
uses certain compound microorganisms that can decompose,
transform and absorb contaminants in the water, which in turn
aid to clean the river water. Good arrangement for the overall
structure of the overall process is important to determine the
effectiveness in microorganism dosing.

Advantages and disadvantages of bioremediation

Bioremediation is very useful to completely or partially detoxify
a wide variety of toxic contaminants. There are high possibilities
for microbes to degrade the contaminant at a certain level. Until
at a period, the contaminant is degraded, and at the same time,
the biological activities will decline associated with the
decreasing population of microbes. Normally, the secondary
product from the bioremediation is harmless products such as
carbon dioxide, water, and cell biomass. The future liability that
caused from the bioremediation process and disposal of
contaminated material could eliminate [26]. There are several
key advantages to using bioremediation which is based on
current technological method.
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Bioremediation method can be the most cost-effective
option it does not need sophisticated and costly technology to
operate including the transportation of toxic materials. The main
purposes of bioremediation eliminate or reduces the chances of
the contaminants to scatter further in any medium. Since it
manipulates the biological processes to remove the contaminants;
bioremediation may cause side effects towards the surrounding
environment caused by secondary metabolite produced.
However, the techniques commonly can be expected to have
minimal negative impacts on the environment, since
bioremediation is a natural process. The process appears to have
only minor and short-lived adverse effects when used correctly.
Otherwise, the residues can be removed by evaporation alone;
the bioremediation process capable of eliminating a number of
the toxic components of petroleum from a spill site more rapidly
[42,72-77].

However, there are some disadvantages that could happen
which encountered with bioremediation as well especially
environmental factor such as pH, temperature, salinity and also
the presence of multiple contaminants as well as compete with
other types of microorganisms, which are very hard to predict the
consequences. Moreover, the existence of non-organic pollutants
such heavy metal is possible to cause inhibition to the rate of
bioremediation but still manages to work best when it is used to
degrade organic compounds. Another disadvantage is the
limitation of information about the interaction between
microorganism and toxicant as well as the biological processes
and its reactions which is required to continuously calculate all of
the effects of using bioremediation on a site.

Besides, it is possible the organic contaminants might be not
degraded or disintegrates fully if the process is not controlled
well. This will cause the toxicant easily to spread than the initial
contamination. This process is sensitive to the toxicant
concentration and environmental stressors on the ground. It is
advisable to wuse field monitoring to trace the rate of
biodegradation of the nonorganic and organic contaminants.
Several researchers confirm that the range of contaminant
concentration that can be treated with effectively is limited to
substance or compounds that are biodegradable. Likewise, the
number of organisms must be increased in order to successfully
reduce contamination levels. For this, their growth conditions
must be determined and maintained at the contaminated sites.

Controlling the development states of microbes forms may
demonstrate difficulty, especially as conditions may change so
drastically among the mediums. Thus, to maintain the optimal
conditions might be extensive, especially in the long-term.
Although in an ideal environment, an organism may prefer to
consume or metabolize other more readily available nutrients
within a polluted area, or the toxic material may be isolated to the
degrading organism. Moreover, the medium may consist of
compounds or organism that inhibits or slowing down the growth
of the degrading population.

CONCLUSION

As a conclusion, bacteria are favorable from an environmental,
medical, and economic standpoint as they possess a multiple
potentials ~ usage  especially  bioremediation  purpose.
Bioremediation has been introduced to stimulate the naturally
occurring metabolic activities of microorganisms for degrading,
transforming, as well as accumulating harmful pollutants or
compounds such as hydrocarbons, chemical substances, and
heavy metals. Nowadays, bioremediation is the only technology
that is possible to clean polluted environments, such as in river

rehabilitation. However, bioremediation is still a non-advanced
technology that has not been implemented in non-developed
countries yet. Bioremediation may be simple in concept, but it is
difficult in practice. Nevertheless, the role of bioremediation in
river rehabilitation is continuously increasing. Further studies
and research on bioremediation will contribute to the
improvement of ecological restoration.
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