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Abstract The role of urea and NPK 15:15:15 fertilisers as biostimulants of microbes in the bioremediation of
domestic wastewater was investigated in this study. Five samples of domestic wastewater supplemented with 10, 20,
40, 60 and 80 g/L of urea, NPK as well as a combination of both fertilisers and the control were monitored for
bioremediation. The indicating parameters such as pH, Biochemical Oxygen Demand (BOD), and Dissolved
Oxygen (DO) over a period of 5 weeks were used. The results obtained showed that there was a BOD reduction of
86.62, 85.24 and 86.85% for wastewater treated with urea, NPK and a combination of both respectively. Stimulation
by the fertilisers improved the DO level by 76, 75 and 77.8% respectively for wastewater treated with urea, NPK and
a combination of both respectively. Generally, the best results were obtained when both fertilisers were used
together. The final values of pH, BOD and DO fell within the values of 6-9, 30 mg/L and 2 mg/L set by the Federal
Environmental Protection Agency (FEPA). The results obtained indicate the effective use of urea and NPK fertilisers
in stimulating the activity of microbes for bioremediation in wastewater.
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1. Introduction
The growing population of urban centers in Nigeria and
other developing countries poses a serious threat to the
environment due to the extensive generation of huge
amounts of wastewater [1,2]. These wastewaters are
typically effluents from a host of activities ranging from
industrial, municipal and agricultural to domestic [3,4,5].
There are thousands of restaurants and fast-food shops in
Nigeria and they use over a million tons of water everyday.
The direct discharge of wastewater generated from these
restaurants and shops down the drain without treatment
represents a huge environmental burden. The major effect
of the improper disposal of untreated wastewater
(especially those containing nitrates and phosphates) into
natural water bodies is eutrophication [1,6,7,8]. In
addition, the release of untreated wastewater leads to the
accumulation of toxic products in the receiving water
bodies with potentially serious consequences on the
immediate ecological environment [2,9,10].
Treatment of wastewater is currently carried out by a
host of physical and chemical methods which are often
costly and inefficient [10,11]. For the past decade, a lot of
attention has been given to the use of bioremediation as a
means of treating wastewater and other effluents in a cost
effective way. It is seen as an effective and

environmentally friendly treatment option for wastewater
[10]. Bioremediation involves the breakdown of complex
organic
molecules
through
biostimulation
and
bioaugmentation into simpler substances such as fatty
acids, carbon dioxide and water [12]. Previous works done
on the bioremediation of contaminated wastewater
focused on natural attenuation, biostimulation and
bioaugmentation with varying degrees of success recorded.
Obahiagbon and Aluyor [13] studied the potential use of
inorganic nutrient (sodium nitrate and sodium nitrite) for
the biostimulation of Aspergilllus niger for the
bioremediation of petroleum hydrocarbon polluted water.
Kim et al. [14] reported enhanced bioremediation rates of
crude oil contaminated sand as a result of addition of
inorganic nutrients. Agbor et al [12] applied cocoa pod
husk and plantain peels for the biostimulation of microbes
during the biodegradation of crude oil polluted soil.
Chikere et al. [15] and Ebere et al. [16] reported on the
effectiveness of poultry droppings in enhancing the
degradation of crude oil polluted soil in Southeastern
Nigeria. One common feature of these studies is that the
addition of nutrients is necessary to enhance
bioremediation [17].
Hence the aim of this study was to examine the
potential applicability of inorganic fertilizers urea and
NPK 15:15:15 for the biostimulation of indigenous
microorganisms for the purpose of treating domestic
wastewater.
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2. Materials and Methods
2.1. Sample Collection and Preparation
The domestic wastewater used for this study was
obtained from fast food outlet at the city centre in Benin
City, Edo State, Nigeria. Wastewater samples were
collected in plastic containers previously cleaned by
washing in non-ionic detergent, rinsed with tap water and
later soaked in 10% HNO3 for 24 hours and finally rinsed
with deionised water prior to usage. The wastewater was
collected at source to prevent any form of foreign
contamination not associated with the process from which
it was obtained. The wastewater was dispensed in 500 mL
quantities into six sets of 1000mL beakers. Beakers in
each experimental set were then supplemented with
different levels (10, 20, 40, 60 and 80 g/L) of nutrient
sources urea and NPK 15:15:15 fertilizer as well as a
combination of both in the ratio 1:1. A controlled
experiment which did not contain any nutrient
supplements was set up to serve as comparison between
biostimulation and natural attenuation (bioremediation) to
determine the effectiveness of the nutrient supplements in
treating domestic wastewater.

2.2. Analyses

detergent for cleaning. Acid detergents are used mainly
for protein, mineral and vegetable deposit removal and
typically contain phosphoric acid [20]. It can be observed
from Figure 1 that at the start of bioremediation, the pH of
the wastewater increased with increase in the
concentration of urea fertiliser.

Figure 1. Variation of pH with time for wastewater remediated with urea
fertilizer

The physicochemical properties of the wastewater were
monitored in the course of the remediation process. The
following parameters; pH, BOD, and DO were monitored
weekly for a period of 5 weeks. Sampling was done on
day zero (before biostimulation) and subsequently at
intervals of seven days (one week).
The pH of the samples was measured using an
electronic pH meter (Fisher Accruement pH meter). The
BOD and DO were determined following the standard
methods of APHA [18].

3. Results and Discussion
3.1. Variation of pH with Bioremediation
Time
The physicochemical parameters of wastewater are
important in that they indicate the degree of
biodegradation [12]. They are used to assess whether or
not it is safe to discharge treated wastewater into naturally
occurring water bodies [19]. Figure 1,Figure 2, and Figure
3 show the variation of the pH of the wastewater with time
in the course of bioremediation. The indigenous microbes
responsible for the bioremediation process were
biostimulated with urea fertiliser, NPK 15:15:15 fertiliser
and a combination of both as shown in Figure 1, Figure 2
and Figure 3 respectively. The Figures represent 3-D plots
showing the effect of the concentration of biostimulant
(fertilisers) and remediation time on the pH of the
wastewater as it undergoes bioremediation. The general
trend observed indicates that the pH of the wastewater
increased with increase in bioremediation time. The initial
pH of the sample was 5.9 indicating slight acidity. This
might be as a result of the type of the type of food
substances prepared in the fast food outlets which are
mainly vegetables, carbohydrates, proteins as well as fats
and oils and consequently these will require an acid

Figure 2. Variation of pH with time for wastewater remediated with
NPK fertilizer

Figure 3. Variation of pH with time for wastewater remediated with both
urea and NPK fertilizer

American Journal of Environmental Protection

The same trend was also observed at the end of the
remediation process. This may be as a result of the fact
that urea is basic in solution and action. However a
different trend was observed for the wastewater
remediated with NPK fertiliser as shown in Figure 2. The
trend observed indicate that the pH decreased with
increase in the concentration of NPK fertiliser indicating
that NPK might be slightly acidic in action. For the
wastewater remediated with both urea and NPK fertiliser
(Figure 3), a trend similar to that of Figure 2 was observed
i.e. the pH decreased with increase in the concentration of
fertiliser. The pH values recorded for all the treatment
methods were within the range (6-9) set by the Federal
Environmental Protection Agency [21]. The pH is a
dynamic parameter in an aquatic ecological environment
as it changes with the physical and chemical properties of
the water body over time [22].
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3.3. Variation of DO with Bioremediation
Time
Figure 7,Figure 8, and Figure 9 show the variation of
the dissolved oxygen (DO) content of the wastewater with
time at various concentrations of fertiliser. The trend
evident from the Figures indicate that there was a direct
relationship between the DO and the concentration of
fertilisers used suggesting that increasing the dose of
fertilisers enhanced the bioremediation ability of the
indigenous microbes in the wastewater.

3.2. Variation of BOD with Bioremediation
Time
The BOD is a largely accepted water quality indicating
parameter. It is a measure of the degree of pollution of a
given water body [22]. The profiles of the BOD of the
wastewater at various concentrations of urea, NPK and a
combination of both fertilisers are shown in Figure 4,
Figure 5, and Figure 6 respectively. The general trend
observed for all three Figures indicate that the BOD of the
wastewater decreased with increase in the concentration of
the stimulants both at the start and at the end of
bioremediation. It can also be observed that the BOD of
the samples decreased with time in the course of
bioremediation. At a concentration of 0 g/L (no
biostimulant added) there was still an observable
reduction (though not significant) in the BOD of the
wastewater with time. The reduction in BOD could be
attributed to the activities of the indigenous microbes
present in the wastewater which converts the contaminants
into less toxic substances such as CO2, H2O and many
intermediates like organic acids, lipids, esters, complex
alcohols and microbial proteins in form of enzymes [13].
Higher reductions in BOD were recorded when stimulants
were added indicating that the biodegrading ability of the
indigenous microorganism had been enhanced. The BOD
was reduced from 120.34 to 16.10 mg/L, 120.34 17.76
mg/L and 120.34 to 15.83 mg/L corresponding to 86.62,
85.24 and 86.85% removal efficiencies for wastewater
treated with urea, NPK and a combination of both
respectively as shown in Figure 4, Figure 5, and Figure 6.
Obahiagbon and Aluyor, [13] reported enhance
bioremediation levels when crude oil contaminated water
was supplemented with nitrates. Similar results were
reported by Satyawali and Balakrishnan, [23] for the
treatment of wastewater from molasses-based alcohol
distilleries. The better performance observed for urea
relative to NPK can be explained by noting that
biodegrading microorganisms need oxygen, carbon and
hydrogen to function optimally. These are present in urea
fertiliser and not in NPK fertiliser. It also stands to reason
that the best result was obtained when both fertilisers were
combined. This is because the medium then contained all
necessary nutrient needed by the microbes as shown in
Figure 6. These values fell below the maximum value of
30 mg/L stipulated by FEPA.

Figure 4. Variation of BOD with time for wastewater remediated with
urea fertilizer

Figure 5. Variation of BOD with time for wastewater remediated with
NPK fertilizer

Figure 6. Variation of BOD with time for wastewater remediated with
both urea and NPK fertilizer
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The increase in the DO corresponds to the decrease in
BOD of the wastewater as indicated in Figure 4, Figure 5
and Figure 6. The BOD directly affects the amount of
dissolved oxygen in water bodies. The higher the BOD,
the more rapidly oxygen is depleted in the water body.
This means that less oxygen is available to aquatic life.
The effects of high BOD are the same as those for low
dissolved oxygen: aquatic organisms become stressed,
suffocate, and die [24]. The increase in DO level is an
indication of the occurrence of bioremediation [25].

Although the initial DO of the wastewater (0.8mg/L)
was far below the limit of 2.0mg/L set by FEPA, the
indigenous microbes upon stimulation by the fertilisers
were able to improve DO level to 3.4, 3.2 and 3.6mg/L
respectively for biostimulation with urea, NPK and a
combination of both respectively. These results again
show that using a combination of both fertilisers led to the
best degradation efficiency of the indigenous microbes
when compared with the use of the individual fertilisers.

4. Conclusions

Figure 7. Variation of DO with time for wastewater remediated with
urea fertilizer

The potential use of urea and NPK fertilizers as
stimulants of indigenous microbes in the bioremediation
of domestic wastewater was investigated in this study. The
following conclusions can be drawn.
• The wastewater used for the study contained some
indigenous microbes as seen in the decrease in BOD
and increase in DO of the wastewater in the absence
of nutrient supplementation.
• The use of urea and NPK 15:15:15 fertilisers
enhanced the bioremediation capability of the
indigenous microbes (typically bacteria such as
Bacillus spp, Microccoccus spp, E.coli and fungi
such as Aspergillus spp and Penicillium spp) present
in the wastewater. This was evident in the significant
reductions in BOD as well as increase in the DO of
the wastewater in the course of bioremediation.
• Urea and NPK fertilisers are effective in reducing
organic matter (decrease in BOD and increase in DO)
to acceptable limits.
• Combining the two fertilisers is more effective in
remediating domestic wastewater as evident in the
results obtained when both urea and NPK were used
together.
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