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ABSTRACT
The aim of this study was to ascertain the efficiency of selected bacteria (Pseudomonas,
Staphylococcus, Klebsiella and Lysinibacillus species) and fungi (Aspergillus niger,
Aspergillus flavus, Fusarium and Absidia species) in the removal of phosphate and
sulphate compounds from wastewater. The study was carried out under shaking flasks
conditions. The test wastewater was filtered, sterilised and inoculated with the respective
test bacterial and fungal isolates. Just after inoculation with a test isolate and every 24 h
for 96 h, aliquot wastewater sample was taken from each flask aseptically for the
estimation of phosphate and sulphate concentration in the wastewater. The results
revealed remarkable phosphate and sulphate removal within the first 24 h and 48 h,
respectively of incubation in the presence of three of the bacterial (Pseudomonas,
Staphylococcus and Klebsiella) isolates, after which increases were observed. In the
presence of the fungal isolates, remarkable decreases in phosphate and sulphate levels
in the wastewater were observed after the first 48 h of incubation in the presence of the
Aspergillus niger and Aspergillus flavus. In the presence of the Fusarium spp., there were
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consistent decreases in phosphate and sulphate levels with time. No remarkable
decreases in phosphate and sulphate levels were observed with time in the presence of
the Lysinibacillus and Absidia species. The study was able to give an insight into the
phosphate and sulphate removal ability of the test isolates under the experimental
conditions.
Keywords: Sulphate; phosphate; wastewater; removal.

1. INTRODUCTION
The continuous increase in the human population coupled with infrastructural developments
has led to greater quantities of wastes being disposed into the environment every day [1].
Also, improper disposal of wastewater has led to outbreaks and widespread of disease in
different parts of the world and thus calls for wastewater management and proper treatment.
Wastewater may contain high levels of nutrients, which when excessively released to the
environment can lead to the undesirable growth of microorganisms and hence eutrophication
[2].
Although phosphorus is useful in the production of phospholipids, ATP and nucleic acid,
which are all important components of living organisms, when present in excess amount in
receiving water bodies is the leading cause of eutrophication [3].The eutrophication of water
bodies is mainly due to the presence of excess phosphorus and nitrogen [4,5,6]. The most
recognizable manifestation of eutrophication is the presence of algal blooms, which results in
low dissolved oxygen in water bodies, death of aquatic life and the depletion of desirable
flora and fauna [7,8,9].
In recent years, attention has shifted from chemical treatment methods to biological methods
for the removal of nutrients from wastewater. This is stimulated partly by the enforcement of
more stringent legislation to protect the environment stimulates. It is reported that although
investment costs of chemical treatment plants are lower than for biological treatment plants,
the annual operating costs are significantly higher for chemical than biological treatment
processes [10].
The presence of sulphate in wastewaters is due to a spectrum of industrial processes, such
as paper and pulp production, sea food processing, potato starch production, tanneries,
fermentation, fertilizers, ore processing mining. The presence of excess amount of sulphate
in drinking water high in sulphate is reported to cause to adverse health effects to animals,
leading. Animals that consume drinking water with excessive sulphate concentrations
experience numerous health problems, such as poor conception, decreased immune
response and growth rate and poor absorption of trace minerals [11]. Apart from the health
impacts on humans and animals, a sulphate level, which is above 500 mg/L (acceptable
levels set by many environmental legislation), could cause other problems, such as
corrosion of water transport systems and of concrete [12]. A number of treatment techniques
for sulphate rich waters have been developed in recent years, with selection of a criteria for
each of the processes based on a variety of technical, economic, environmental and
legislative factors [13]. Biological sulphate removal processes are indicated to be beneficial
to mining industries experiencing acid mine drainage problems, since they result in removal
of sulphate, in a pH increase, which neutralizes the acidity of the treated water and also in
metal removal [14].
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The aim of this study therefore was to investigate the efficiency of selected eight microbial
isolates, consisting of four bacterial and four fungal species in the removal of phosphate and
sulphate from wastewater under shaking flaks conditions.

2. MATERIALS AND METHODS
A total of eight microorganisms, consisting of four bacteria (Pseudomonas spp.,
Staphylococcus spp., Klebsiella spp. and Lysinibacillus spp.) and four fungi (Aspergillus
niger, Aspergillus flavus, Fusarium spp. and Absidia spp.) were used for this investigation.
The isolates were part of the laboratory stock of the Department of Biological Sciences,
Landmark University, Omu-Aran, Nigeria and have previously been used for phosphate and
nitrate removal studies in synthetic wastewater [15,16] hence the need to test them on
natural wastewater.
The test wastewater used for this study was obtained from the Landmark University
Commercial Farms, located in Omu-Aran, Nigeria. Before usage, the wastewater was filtered
using Whatman No1 filter paper in 200 mL quantity into 250 mL capacity conical flasks. After
filtration, the wastewater was supplemented with sodium acetate (5 g/L), potassium nitrate
(0.15 g/L) and magnesium sulphate (0.5 g/L) and then sterilised in an autoclave for 15 min at
121ºC at 15 psi. To ascertain the efficiency of the sterilisation process, the sterilised
wastewater was plated in nutrient agar and sabouraud dextrose agar plates for bacterial and
fungal growths, respectively. Only sterilised wastewater that showed no growth after plating
in the media were used for the study.
To each of the sterilised flasks containing wastewater, 0.5 mL of the respectively test
isolates suspended in sterile normal saline (0.85% NaCl) was added aseptically and
incubated at 30ºC in a rotary shaker at a shaking speed of 150 rpm. Immediately after
inoculation and every 24 h for the 96 h, aliquot wastewater samples were aseptically
removed from each flask for the analysis of total phosphate and sulphate, using standard
procedures [17]. All experiment setups were done in triplicate. The reagents that were used
for the study were all of analytical grades

3. RESULTS AND DISCUSSION
As shown in Fig. 1, in the presence of the Pseuodomonas spp., remarkable decrease in
phosphate concentration from 22.83 mg/L to 14.57 mg/L in the wastewater was observed
within the first 24 h of incubation, after which there was an increase with time. After the 96 h
incubation period, phosphate concentration was found to be 18.31 mg/L. For sulphate in the
presence of the Pseudomonas spp., concentrations were not observed to follow any pattern
When inoculated with the Staphylococcus spp., phosphate levels also showed maximum
decreases after 24 h incubation, decreasing from 20.47 mg/L to 13.18 mg/L, after which
there were consistent increases with time until after 72 h, before a slight decrease was
observed. At the end of incubation, the final concentration was observed to be 17.77 mg/L.
In the presence of the isolate, sulphate levels in the wastewater showed consistent
decreases with time, until after 48 h incubation, before a drastic increase was observed at 72
h. A maximum sulphate decrease from 2643.04 mg/L to 1638.92 mg/L was observed after
48 h incubation (Fig. 2).
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Fig. 1. Variation in phosphate and sulphate concentrations in the presence of the
Pseudomonas spp

Fig. 2. Variation in phosphate and sulphate concentrations in the presence of the
Staphylococcus spp
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In the presence of the Klebsiella spp., phosphate concentration in the wastewater was
observed to decrease from 21.05 mg/L to 14.54 mg/L within 24 h of incubation, after which
there was an increase. At the end of the 96 h incubation, phosphate level was observed as
17.84 mg/L. In the case of sulphate concentration in the wastewater, the lowest and highest
concentrations were observed at 48 h and 72 h incubation, respectively. At the expiration of
the period of incubation, concentration was observed to increase from 2181.38 mg/L at 0 h
to 2371.81 mg/L at 96 h (Fig. 3).

Fig. 3. Variation in phosphate and sulphate concentrations in the presence of the
Klebsiella spp
As shown in Fig. 4, no remarkable decreases in phosphate and sulphate concentration in the
wastewater were observed throughout the period of sampling in the presence of the
Lysinibacillus spp. At the end of the 96 h incubation period, phosphate and sulphate levels in
the wastewater were observed to decrease from 20.83 mg/L to 17.17 mg/L and from
2319.88 mg/L to 2383.35 mg/L, for phosphate and sulphate, respectively (Fig. 4).
With respect to the Aspergillus niger, phosphate concentration in the wastewater was
observed to show maximum decrease within 24 h incubation, after which there was
consistent increase with time until the after 96 h when there was a slight decrease. At the
end of incubation, phosphate level showed a decrease from 23.83 mg/L at 0 h to 17.49 mg/L
after 96 h (Fig. 5). In the case of sulphate levels in the wastewater in the presence of the
Aspergillus niger, no remarkable decrease in concentration was observed within 24 h of
incubation. At the end of the 96 h incubation period, sulphate levels showed a decrease from
3479.81 mg/L at 0 h to 2602.65 mg/L (Fig. 5).
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Fig. 4. Variation in phosphate and sulphate concentrations in the presence of the
Lysinibacillus spp

Fig. 5. Variation in phosphate and sulphate concentrations in the presence of the
Aspergillus niger
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In the presence of the Aspergillus flavus, no remarkable decrease in phosphate
concentration in the wastewater was observed throughout the period of incubation. At the
expiration of the period of incubation, phosphate levels in the wastewater showed a
decrease from 22.67 mg/L at 0 h to 18.14 mg/L at 96 h. For sulphate concentration in the
wastewater in presence of the Aspergillus flavus, remarkable decrease in concentration was
observed after 24 h incubation, after which there was an increase with time till 72 h before a
further decrease was observed. After the 96 incubation time, sulphate levels decreased from
an initial concentration of 3000.83 mg/L to a final level of 2764.23mg/L (Fig. 6).

Fig. 6. Variation in phosphate and sulphate concentrations in the presence of the
Aspergillus flavus
When inoculated with the Fusarium spp., phosphate levels showed slight decreases with
time till after 72 h incubation, before a slight increase was observed. From an initial level of
24.25 mg/L, phosphate level was observed to decrease to 18.43 mg/L. In the case of
sulphate concentration in the wastewater, there were consistent remarkable decreases in
concentration with time. At the expiration of incubation, sulphate levels showed a decrease
from an initial concentration of 3364.40 mg/L to a final concentration of 1869.75 mg/L (Fig.7).
As shown in Fig. 8, in the presence of the Absidia spp., no remarkable decreases in
phosphate and sulphate concentrations in the wastewater were observed throughout the
period of incubation, although slight decreases were observed at the expiration of incubation
time. Phosphate and sulphate levels in the presence of the Absidia spp. showed a decrease
from initial concentrations of 22.36 mg/L and 2798.03 mg/L to final levels of 17.61 mg/L and
2787.31 mg/L, respectively (Fig. 8).
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Fig. 7. Variation in phosphate and sulphate concentrations in the presence of the
Fusarium spp

Fig. 8. Variation in phosphate and sulphate concentrations in the presence of the
Absidia spp
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This study made use of sodium acetate as the external carbon source in the wastewater.
The use of acetate as external carbon source in nutrient removal studies have been reported
by earlier investigators [18,19]. It is indicated also that efficient application of sulphate
reducing bacteria in bioremediation processes is dependent on the selection of an energy
source. Although some sulphate reducing bacteria have the ability to utilize different
contaminants in the environment, including halogenated compounds and constituents of
petroleum hydrocarbons as source of energy, the general preference is said to be for low
molecular weight organic compounds [20].
In the present study, three of the test bacterial (Pseuodmonas spp., Staphylococcus spp.
and Klebsiella spp.) isolates and one of the fungi (Aspergillus niger) showed remarkable
phosphate removal after 24 h incubation. Although the mechanism of removal of phosphate
by the isolates was not investigated in the present study, it is indicated that the mechanism
of biological phosphate removal from wastewater is achieved in two ways; stoichiometric
coupling to microbial growth and enhanced storage in the biomass as polyphosphate, which
is also referred to as ``luxury uptake'', which is said to be the key mechanism in the
enhanced biological phosphate removal process [21].
The further increase of phosphate and sulphate after initial reduction especially after 24 h
incubation period as seen with some isolates in this study could be that the microbial
biomass became saturated with absorbed nutrients and could no longer take up more and
as the incubation progressed, they tend to release some of the already absorbed nutrients
back into the medium.
In the case of sulphate removal, this study revealed significant decreases in concentrations
after 48 h incubation in the presence of the Pseudomonas spp., Staphylococcus spp. and
Aspergillus niger. In the presence of the Fusarium spp., a steady decrease in concentration
was observed with time throughout the period of incubation. In a study by Maree et al. [22],
on integrated process for biological sulphate removal and sulphur recovery, in the presence
of sufficient carbon and energy source, concentration was removed consistently down to 200
mg/L from an initial concentration of 2203 mg/L. It is also reported that in other studies,
optimal sulphate reduction rates is achieved when sufficient carbon and energy source are
present and when pH is higher than 7.5 and lower than 8.5 [23].
This investigation was carried out at incubation temperature of 30ºC. The biological sulphate
removal is indicated to depend on the performance of the sulphate reducing bacteria. In the
presence of organic matter and sulphate, bacteria have the ability to reduce sulphate to
sulphide. The majority of sulphate reducing bacteria are said to be mesophilic although they
can perform within temperature range of 10-50ºC. With a rise in temperature, growth,
chemical and enzymatic reactions in the cell is indicated to proceed at faster rates. A study
by Greben and co-workers [23] on the effect of different parameters on the biological
volumetric and specific sulphate removal rates, carried out at temperatures of 15ºC and
25ºC, maximum sulphate was revealed that although that sulphate was reduced at 15ºC, the
reduction rate was lower than at 25ºC [23].

4. CONCLUSION
The present study was aimed at ascertaining the efficiency of test bacterial and fungal
species in the removal of phosphate and sulphate from wastewater was able to reveal the
following:
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In the presence of three of the test bacterial species, phosphate removal under the
experimental condition was remarkably removed from the wastewater within the first
24 h of incubation in, after which there was an increase in concentration
For sulphate concentration in the presence of the bacterial species, remarkable
removal was only observed after the first 48 h of incubation, after which there was
observed increases in concentration.
In the presence of the Aspergillus niger and Aspergillus flavus, remarkable
decreases in phosphate and sulphate levels were only observed after the first 48 h
of incubation, after which increases were observed.
There were consistent decreases in phosphate and sulphate levels with time in the
presence of the Fusarium species.
Both the Lysinibacillus and Absidia species did not show any remarkable phosphate
and sulphate removal ability throughout the period of incubation

Although we cannot conclude that this study was exhaustive, it has still been able to provide
an insight to the phosphate and sulphate removal ability of the test isolates under the
experimental conditions. The effects of several factors, such as temperature, pH, carbon
sources and carbon-source concentrations on the phosphate and sulphate removal ability of
the isolates are the subject of further investigation.
Despite the fact that the study cannot be considered to be exhaustive, the findings were able
to reveal the role of temperature in the sulphate removal from wastewater by the test
bacterial and fungal isolates under the experimental conditions.
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