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Abstract: A conspectus review on the efficacy of locally sourced organic biostimulants on enhanced biodegradation
of hydrocarbons in contaminated soil was undertaken. Due to the consequences of environmental pollution, the
remediation of the environment becomes indispensable; this can be achieved through bioremediation by
biostimulation. Biostimulation is a viable option since it is cost effective, accessible and ecologically friendly.
Hence, there is need for a suitable material that can be used to provide a pool of nutrients for optimum microbial
growth, consequently, leading to the removal of hydrocarbon contaminants from the environment. This review
focuses on the efficacy of commonly sourced organic biostimulants that has been used in the bioremediation of
hydrocarbon contaminated soil. This is also aimed at developing appropriate strategy and efforts directed towards
eventual manipulation of the processes of remediation, all geared towards making bioremediation technically and
economically viable for comprehensive treatment of petroleum hydrocarbon contaminated soils. It was found out
that most of the bioremediation studies carried out were ex-situ studies. Also, the removal of the contaminant was
not very effective when a single organic material is used. Therefore, it is recommended that the use of any organic
material as an amendment to contaminated soil should be done in combination with other organic materials for its
effectiveness. Also, Sewage should be treated before it application as amendment in any in-sifu bioremediation
study due to it concomitant health and environmental concern.
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1. Introduction components of the ecosystems could be mitigated by a
The environment is constantly witnessing number of options which includes physical, chemical,
varying proportions of perturbations due to pollution biological and/or a combination of methods (Solomon
arising from oil industry operations, bunkering, et al., 2016b).
pipeline vandalization and other human activities. In 1.1 Bioremediation
Nigeria, it is a major challenge as most Niger Delta Bioremediation is a biological method involving
environments especially Ogoniland has been grossly the use of microorganisms (bacteria and fungi) and
polluted over the years and had been found to contain their metabolic processes (biodegradation,
certain mutagenic and carcinogenic pollutants bioaccumulation, biotransformation, bioabsorption,
including benzene that has been reported to be 900 bioadsorption) to remove pollutants from the
times above the World Health Organization (WHO) environment. Biodegradation is a natural process in
standards (UNEP, 2011). These contaminants have which organic compounds or contaminants are broken
been reported to have adverse or lethal effects on the down, over time, by microorganisms that then produce
entire ecosystem if proper mitigation measures are not simple substances such as carbon dioxide and water,
put in place (Solomon et al, 2016). Hydrocarbon thereby growing in the process producing cell material
pollution has negative impact on microbial diversity (biomass). Fig. 1 shows a diagrammatic presentation
and abundance (Wosu-Kinika and Odokuma 2016). of biodegradation of petroleum hydrocarbons.

The adverse effects of environmental pollution on vital
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Fig. 1: A schematic diagram of enhanced biodegradation of petroleum hydrocarbons

Enhanced biodegradation ultimately result in
bioremediation, as the petroleum hydrocarbons are
broken down (degraded) to carbon dioxide and water
(Okpokwasili,  2006). @ The  advantages  of
bioremediation options include the use of inexpensive
materials, environmentally friendly nature of the
process and simplicity (Odokuma, 2012).

Bioremediation technologies may be classified as
in-situ or ex-situ. In-situ bioremediation involves
treating the contaminated material at the site while ex-
situ involves the removal of the contaminated material
to be treated elsewhere. Bioremediation can occur on
its own (natural attenuation or intrinsic
bioremediation) or can be initiated or promoted
(bioaugumentation, biostimulation, biofermentation,
bioventing and composting). In order to promote
bioremediation, there is need for the addition of
suitable organic or inorganic material that will serve as
a source of nutrient for optimum microbial growth.

1.2 Biostimulation

The role of microorganisms in biodegradation of
hydrocarbon is vital, as such requires nutritional
support for their growth which will eventually lead to
pollutant removal in the polluted soil. Biostimulation
involves the use of organic materials to increase the
availability of nutrients necessary for optimum
microbial growth and contaminants or pollutant
removal in the environment. Biodegradation processes
may not occur at a desired rate due to certain limiting
factors such as low oxygen level or nutrient limitation.
It is however important to determine these limiting
factors and supply the needed materials or modify the
environment for bioremediation (Odokuma, 2015).

It mainly involves the introduction of organic or
inorganic components to enhance indigenous
microbial growth that directly degrades the
contaminants. It has been reported that biostimulation
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enhances the removal of total petroleum hydrocarbons
from contaminated soil (Okpokwasili, 2006;
Odokuma, 2012). The accelerating effect of
amendments is stringer when nutrient availability is a
limiting factor.

Stimulation of microorganisms by the addition of
nutrients brought large quantities of carbon sources
which tend to result in a rapid depletion of the
available pools of major inorganic nutrients such as
nitrogen and phosphorus (Sang-Hwan et al, 2007).
Substrates such as wood chips, wheat straw, peat, corn
cobs, sawdust, a nutrient-fortified mixture of grain and
sawdust, bark, rice, annual plant stems, wood, fish oil,
alfalfa, spent mushroom compost, sugarcane bagasse,
coffee pulp, sugar beet pulp, okra, canola meal,
cyclodextrins and surfactants can be used in inoculum
production both off-site or on-site, or as mixed with
contaminated soils to improve the processes of
degradation (Rhodes, 2014).

There is the need for suitable organic
components that will be mostly cost effective,
accessible and ecologically friendly and that will
necessarily serve as nutrients for optimum microbial
growth for microorganisms in various polluted
environments. Hence, a wide range of organic
materials has been applied in the bioremediation of
hydrocarbon  contaminated soil by different
researchers within the tropics (Okerentugba et al,
2015). Although there are various organic materials
that can be used in a bioremediation study, only a few
of these organic materials were found to be more
effective during their application. For this reason,
there is need for a conspectus review on the efficacy
of these organic materials used in the bioremediation
of contaminated environment.

This is important because of their future
application in a more tactical bioremediation process.
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This review is also crucial in order to promote the
utilization of suitable and readily used organic wastes
in soil bioremediation.

The full application of these organic wastes will
surely reduce the amount of organic waste sent to
landfill, thus reducing the emission of landfill gases
and also provide a cheap source of organic additive for
the remediation purpose. Below are the various
categories of common materials of plant and animal
origin that have been applied in the bioremediation of
hydrocarbons contaminated soil.

1.3 Animal wastes
1.3.1 Cow dung
Gurpreet and Jagdev (2011) reported that

utilizing freely available cow dung as slurry or after
composting in rural areas is a cheap and effective
measure to remediate the harmful pollutants such as
pharmaceuticals, pesticides and petrochemicals. Cow
dung slurry maintained in the ratio of 1:10 or 1:25 is
able to degrade the rural, urban and hospital wastes,
including oil spillage to five basic elements (Orji et
al., 2012).

The study further highlights the importance of
cow dung isolates, both bacterial and fungal, for
reducing total petroleum hydrocarbons to 0% in
polluted mangrove environment. Cow dung contains
diverse group of microorganisms such as
Acinetobacter, Bacillus, Pseudomonas, Serratia and
Alcaligenes spp. which makes them suitable for
microbial degradation of pollutants (Adebusoye et al.,
2007; Akinde and Obire, 2008; Umanu ef al., 2013).

Cow dung amended-soil was found to have
improved soil physiochemical characteristics that
enabled speedy adaptation by the microorganisms to
the contaminated soil (Agamuthu, 2013). In another
development, cow dung has been used in combination
with other organic materials such as sewage sludge,
other animal wastes (poultry droppings and goat
manure) and inorganic fertilizer to yield a more
significant result (Orji et al., 2012).

In a similar study, it was reported that
contaminated soil amended with goat manure, poultry
droppings, cow dung and the control sample showed
87.1%, 78.6%, 70.7% and 32.1% loss in total
petroleum hydrocarbons respectively. However,
contaminated soil amended with goat manure showed
the highest percentage of total petroleum hydrocarbon
loss. From that study, it was concluded that the ratio of
biodegradation depends majorly on soil nutrient
availability (Obiakalaije ef al., 2015).

1.3.2  Poultry droppings

The effect of poultry droppings on
bioremediation of crude oil-polluted soil has been
evaluated by various researchers (Williams et al,
1999; Ugochukwu ef al., 2016). In a particular study,
it was reported that poultry droppings can serve as a
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good remediation material in the reclamation of a
crude oil-polluted lithosphere and it is also a potential
source of nutrients for microbial activity and it
habours microbes capable of utilizing hydrocarbons as
source of carbon and energy (Ugochukwu et al.,
2016).

Ecotoxicity assay involving seeds of bean seed
(Viciafaba) were used to evaluate the extent of
contaminant removal in the amended soil with poultry
droppings and a germination index of 95% was
observed in the 50 % amended option only. In a
similar study, the remediation of soil contaminated
with petroleum compounds was found to be
significantly (P< 0.05) enhanced when supplemented
with poultry litter (pelleted or nonpelleted) in
concentrations of 10% soil volume (Williams et al.,
1999).

According to Hamid et al. (2005), the addition of
chicken manure as a nitrogen source may be necessary
to increase microorganism populations at a
hydrocarbon contaminated site. An examination of
chicken-dropping for oil spill remediation was carried
out (Ijah and Antai, 2003) and the results indicated
that chicken droppings enhanced degradation of the
crude oil in the soil environment.

The amendment raised the acidity (pH 5.7) of the
crude oil-polluted soil to alkaline (pH 7.2) within 16
days. The study showed that bacteria in chicken
manure ware able to break down 50 percent more
crude oil than soil lacking the amedment (Bello et al.,
2009).
1.3.3  Rabbit manure
Although there is paucity of information on the
application of rabbit droppings in the bioremediation
of hydrocarbon contaminated soils, rabbit manure is
found to contain dexterous bacterial community
capable of degrading various xenobiotics such as
polychlorinated biphenyls (PCBs), pharmaceutical
compounds and other hydrocarbon derivatives
(Tharakan et al., 2006; Zeng et al., 2015).

Solomon et al. (2015) had earlier demonstrated
the positive effect of rabbit droppings in enhanced
biodegradation of the heavy fractions of total
petroleum hydrocarbons in a weathered crude oil-
contaminated soil environment.

1.3.4  Goat manure

A study conducted on the effect of combined
nutrient sources such as NPK fertilizer and goat
droppings on crude oil polluted soil from Afam in
Oyigbo Local Government Area of Rivers State,
Nigeria when compared with known regression model,
shows no significant difference (p<0.05) in rates of
biodegradation of concentration of total hydrocarbon
on the use of fertilizer (NPK) and goat droppings.

Fertilizer application encouraged plant growth
better than goat dropping in uncontaminated soil,
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whereas goat dropping encouraged plant growth better
than fertilizer in contaminated soil. It was predicted
that goat droppings have a higher organic content than
fertilizers and are able to sustain nutrient level of a
longer period than fertilizer (Amadi and Ukpaka,
2016).

In a comparative study using biostimulating
agents (cow dung, goat manure and spent fruit
residues) for the bioremediation of soil artificially and
naturally contaminated with fresh unused motor oil
and spent motor oil, respectively. The result obtained
shows that cow dung showed highest bioremediation
potential and removed 73.47% of total petroleum
hydrocarbons from artificially contaminated soil while
spent fruit residues showed greater reduction (74.91%)
of TPH from naturally contaminated soil.

First order kinetic studies revealed that cow dung
and spent fruit residues was best biostimulating agent
with biodegradation rate constant of 0.026 day' and
0.027 day', respectively. The result obtained
demonstrated its potential for spent motor oil
bioremediation in the order of spent fruit residues
>cow dung >goat manure and for the fresh unused
motor oil. The microbial counts were higher in all
naturally  contaminated soil amended  with
biostimulating agent ranging between 45 x 10° cfu/g
and 89 x 10° cfu/g than artificially contaminated soil
amended with sorbent which ranged from 1.2 x 10°
cfu/g to 31.9 x 10°cfu/g (Sarang et al., 2013).

The potentials of Eichhornia crassipes (water

hyacinth) and goat droppings in enhancing
biodegradation of hydrocarbons in soil were
investigated  (Solomon et al, 2015). The

biostimulative effect was observed with the increase in
microbial population count in contaminated soil
amended with goat droppings than in contaminated
soil amended with water hyacinth. This study confirms
that water hyacinth and goat droppings have the
potential to stimulate bioremediation of hydrocarbon
polluted soil.

In general, there was a significant reduction in
total petroleum hydrocarbons in the amended set-up
(Funmilayo et al., 2016). The effect of goat droppings
in a bioremediation study involving sawdust, yam peel
and a mixture of cow dung, goat dung and poultry
dung (alone or in combinations) was statistically not
significant ( p < 0.05), implying that goat droppings
had a similar effect as other bulking agents.

The system proposed here takes advantage of the
organic wastes bulking properties as well as the
autochthonous microorganism and their metabolic
activity to efficiently degrade petroleum hydrocarbons
(Samuel and Lukuman, 2013).

1.3.5 Sewage sludge

The application of sewage and cow dung as

amendments in a  petroleum  hydrocarbons
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contaminated soil yielded positive results, as the
biodegradation of used lubricant in the soil were much
higher than that of the control set-ups (Agamuthu et
al., 2013). The biostimulatory effect of processed
sewage sludge on engine oil contaminated soils was
significant (Kamaludden ef al., 2016).

Cow dung amended set-ups showed 94%
biodegradation while sewage sludge amendment gave
82%, as compared to the control set-up (56%). The
study showed that both organic matters proved to
enhance the multiplication of indigenous microbes
thus enabling rapid biodegradation of the contaminant
in the soil. Sewage sludge is also generally rich in
nitrogen, which is essential for the growth of
microorganisms.

Hence, increased microbial density can
accelerate contaminant removal, as microbes are the
primary agents for biodegradation (Chua and Isa,
2006). In a bioremediation study involving the use of
sewage sludge, soybean meal and wheat straw on oil
degradation in a contaminated desert soil, the addition
of these agents have been shown to enrich soils with
nutrients, such as phosphorous and nitrogen, whose
limitation is known to slow down biodegradation
processes (Sumaiya and Abed, 2016).

14 Organic nutrients of plant origin
1.4.1 Spent mushroom compost

It was reported earlier by Buswell (1994) that
spent mushroom compost has decontamination
potential for land sites used for disposal of hazardous
wastes. Similar studies but with diverse category of
chemicals were conducted by Fermor ef al. (2000) and
reported a significant (p<0.05) potential of phase II
compost in remediation of lands contaminated with
xenobiotic  pollutants  like  polychlorophenols,
polycyclic aromatic hydrocarbons and aromatic
monomers (Ahlawat and Sagar, 2007).

Spent mushroom compost has also been applied
in treating organo-pollutant contaminated sites (Trejo-
Hernandez et al., 2001). Addition of spent mushroom
compost resulted in enhanced PAH-degradation (82%)
as compared to the removal by sorption on
immobilized spent mushroom compost (46%). It was
observed that addition of spent mushroom compost to
the contaminated medium reduced the toxicity, added
enzymes, microbes, and nutrients for the
microorganisms involved in degradation of PAHs
(Lau et al., 2003). The proper understanding of
limiting nutrients and mineral elements composition of
spent mushroom compost is required to adjust the

nutrient deficiencies of petroleum hydrocarbon
polluted soil in order to drive bioremediation
(Okerentugba et al., 2015).

1.4.2  Rice husk

Identification of total petroleum hydrocarbons
and trace of heavy metals, namely; zinc, cadmium, and
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cobalt in crude oil contaminated soil and effect of rice
husk and chicken manure in bioremediation of
contaminated soil were studied. The results indicated
that rice husk ultimately removed more petroleum
hydrocarbons compared to chicken manure and their
combinations. It was also found that the combination
of rice husk and chicken manure (RC-3:1) reduced
75.8% of concentration, CR-3:1 reduced 89.6% of
zinc while CM reduced 65.5% of cadmium (Adams et
al.,2017).

1.4.3  Sawdust

Sawdust is one of the most common agro-wastes
which have been successfully used for the
immobilization of bacterial cells and as a stimulant for
optimum microbial growth during biodegradation
studies. Arthrobacter sp. immobilized on sawdust did
not lose their enzymatic activity after 6 weeks of
storage (at 25°C and 45°C) and was still able to
degrade similar quantities of crude oil within
reasonable time frame (Obuekwe and Al-Muttawa,
2001).

Sawdust possesses a labyrinthine structure
providing very high surface area for cellular
attachment. High hydrophilicity of this carrier may
hamper the adsorption of  oil-degrading
microorganisms on the carrier. However, this
difficulty may be overcome by non-toxic hydrophobic
coating of sawdust (Podorozhko et al., 2008).

Hazaimeh et al. (2014) during studies on
degradation of oil by a bacterial immobilized
consortium, demonstrated that immobilization
significantly (p<0.05) increased the production of
biosurfactants by bacteria. This was to increase the
solubility and thus the bioavailability of hydrophobic
hydrocarbons.

The addition of bulking agents (e.g sawdust) to
contaminated soil increased oxygen diffusion and
mineral nutrient availability as well as carbon source
quality and physical support surface for bacterial
adsorption and improves soil physicochemical
characteristics as to speed up microbial adaptation and
selection (Molina-Barahona et al., 2004).

High dose nutrient amendment can accelerate the
initial oil degradation rate and may shorten the period
to clean up contaminated environments and
combination of two animal dung wastes and as well as
combination of animal dung wastes and plant sawdust
residue, organic wastes has a relative higher
biostimulation efficiency in the biodegradation of
petroleum hydrocarbons (Ahmed, 2015).

1.4.4  Brewery spent grain

Brewery spent grain (BSG) is a common type of
industrial by-product from brewery processes all over
the world in both developed and developing countries.
Other by-products of the brewery process including
spent hops, sludge and yeast are all regarded as wastes
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(Levic et al., 2006). BSG is the most abundant
brewery by-product, corresponding to about 85% of
the total by-products produced from brewing
industries (Tang et al., 2009). Due to its high
nutritional value for the growth of microorganisms, it
has been used as amendment for most ex-situ and in-
situ  bioremediation studies for hydrocarbon
contaminated soil. Ex-situ bioremediation of soil
contaminated with 5% and 15% (w/w) used
lubricating oil and amended with 10% brewery spent
grain (BSG), banana skin (BS), and spent mushroom
compost (SMC) was studied for a period of 84 days,
under laboratory conditions.

Results obtained from first-order kinetic model
that was used to determine the rate of biodegradation
of used lubricating oil revealed that BSG amended soil
recorded the highest rate of oil biodegradation (0.4361
day™") in 5% oil pollution, while BS amended soil
recorded highest rate of biodegradation (0.0556 day )
in 15% oil pollution (Abioye ef al., 2012).

1.4.5 Nipa palm (Nypa fruticans) Ash

The efficacy of Nipa palm ash (NPA) on
enhanced ex-situ bioremediation of a crude oil
contaminated soil (COCS) in Ogoniland, Nigeria has
been investigated (Solomon et al., 2016b). Result
obtained showed that NPA significantly (p<0.05)
enhanced total petroleum hydrocarbon (TPH) removal
from crude oil-polluted soil, indicating its potential as

a viable organic biostimulants for enhanced
bioremediation.
1.5 Summary of findings

The locally sourced organic substrates discussed
in this review included those of animal wastes such as
cow dung, sewage, goat manure and rabbit manure,
poultry droppings and those of plant origin which
include spent mushroom compost, rice husk, sawdust,
and brewery spent grain and Nypa fruticans Ash.

These organic substrates are reported to be
significantly viable during their application, as they
provide a pool of nutrients for optimum microbial
growth and subsequent biodegradation of the
hydrocarbon contaminants. This can also be attributed
to their bulking properties as well as the
autochthonous microorganism metabolic activity to
efficiently degrade petroleum hydrocarbons. Also, the
following were noted in course of this review; the
removal of the contaminant in soil was observed from
a reduction in TPH or through ecotoxicity
(Phytotoxicity test); removal of the contaminant was
very effective when a combination of the organic
substrates was used and most of the bioremediation
studies carried out were ex-situ studies.

The application of sewage sludge as a nutrient
source in any in-situ bioremediation process requires
meticulous approach due to the concomitant risk of
spreading a high load of pathogenic microorganisms.
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In essence, safety, public health and environmental
concerns limit the discharge of sewage sludge into
oceans or landfills and related legislations are
anticipated to become more stringent over time. Hence
it’s subjected to treatment before it eventual usage.
1.6 Conclusion

Enhanced bioremediation seeks to develop and
apply a planned strategy that removes, destroys or
otherwise reduce the availability of contaminants in
the environment and their adverse effects to plants and
animals within a short period of time. Hence the
introduction of eco-friendly biostimulants of plants
and animal origin will ultimately facilitate the
bioremediation of hydrocarbons process at a reduced
cost.
1.7 Recommendations
Based on the findings reported in this review, it
is recommended that, mitigation actions such as
bioremediation by biostimulation be adopted in order
to effectively remove hydrocarbons contaminants from
polluted media and as well ameliorate the negative
impacts of oil industry operations on the ecosystem.

The use of organic materials as amendment to
enhanced biodegradation of petroleum hydrocarbons-
contaminated media should be done in combination
with other organic materials to further boost its
effectiveness. There is need for a more robust in-situ
bioremediation study using these organic materials.
Sewage should be treated first before being applied for
in-situ bioremediation study due to it concomitant
health and environmental concern.
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