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ABSTRACT

The aim of the study was to investigate the optimum conditions (temperature, pH, and external carbon
and nitrogen sources) for phosphate removal from wastewater by Aspergillus flavus and Aspergillus niger
under shake flask conditions. Before inoculation with the respective test isolates, the wastewater used was
first filtered and supplemented with magnesium sulphate (0.5 g/L), a known concentration of an external
carbon and nitrogen source, dispensed in 200 mL quantities into 250 mL capacity conical flasks and
sterilized in an autoclave. After inoculation, aliquot wastewater samples were taken from each flask prior
inoculation and every 24 h, for 96 h for the estimation phosphate concentration, using standard
procedures. After the 96 h incubation period, phosphate levels in the wastewater were observed to show
increases of 16.51 %, 14.31 % and 10.95 % in the presence of the Aspergillus flavus and 16.09 %, 13.76
% and 18.10 % in the presence of the Aspergillus niger at incubation temperatures of at 25°C, 35°C and
45°C, respectively. At the different pH investigated, the highest decrease of 13.57 % for Aspergillus
flavus and 20.40 %, for Aspergillus niger was observed at pH 6 and 10, respectively. At the different
concentrations of sodium acetate that were used for investigation, highest phosphate removal was
observed at 5 g/L and 20 g/L, for the Aspergillus flavus and Aspergillus niger, respectively. Apart from
glucose, all the carbon sources investigated (lactose, sucrose or methanol) were shown to enhance
phosphate removal by the isolates. Although phosphate removal was observed at the different
concentrations of peptone, highest removal was observed at 20 g/L. The study was able to provide
information on the optimum temperature, pH, external carbon and nitrogen sources, sodium acetate and
peptone concentrations that will enhance phosphate removal by the test isolates.
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INTRODUCTION

The world is faced with formidable challenges in meeting rising demands of clean water due to extended
droughts, population growth, more stringent health based regulations and competing demands from a
variety of users (US Bureau of Reclamation and Sandia National Laboratories, 2003). In recent time, poor
sanitation and lack of drinking water of high quality is estimated to be the main global cause of
approximately 4,000 deaths per day (Bartram et al., 2005) Since daily human activities, ranging from
domestic chores to industrial activities, produces wastewater, wastewater treatment is inevitable. The
pressing need to treat wastewater is solely for two reasons: preventing environmental pollution and
safeguarding water supplies in order to protect public health. To achieve this purpose, organic matter,
nitrogen, phosphorus and heavy metal in wastewater must be reduced to minimal level. Wastewater
problem arises from extensive industrialization, increasing population density and a highly urbanized
society (EPA, 2002; McCasland et al., 2008). Anthropogenic impact on natural environment especially on
aquatic ecosystems is currently a topic of increasing concern. The effluents generated from domestic and
industrial activities give rise to effluent, which when discharge indiscriminately into water bodies without
treatment, can introduce a wide range of chemical pollutants and microbial contaminants to water sources
(Eikelboom and Draaijer, 1999). When these contaminant are in high quantity more than the critical
values stipulated by regulatory bodies, it can impact the health of humans and animals negatively (EPA,
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2000; CDC, 2002). Nitrogen and phosphorus are present in aquatic bodies which aid the growth of plant
and other microorganism but when in excess, can be detrimental. Phosphorus exists in three forms: as
organophosphate, orthophosphate and polyphosphate. Municipal wastewater contains about 50% to 70%
orthophosphate (Meganck and Faup, 1988). The EU-directive (91/271/EEC) sets the limit for total
phosphorus in effluent wastewater in sensitive areas to 1 or 2 mg P/I, depending on the size of the plant,
or a minimum of 80% reduction of the influent concentration (Tykesson, 2005). It has been generally
understood that phosphorus is the limiting nutrient in lakes and waterways. The main sources of
phosphorus released into the environment include fertilizers, detergents, cleaning preparations, and boiler
waters to which phosphates are added for treatment (Pradyot, 1997).

Wastewater can be treated by chemical method, biological method or both. Chemical removal involves
the addition of lime, aluminum and ferric chloride to wastewater. This method is expensive together with
the accumulation of large quantities of chemical waste sludge (Fuhs and Chen, 1975). Biological
phosphate removal from wastewater is a generally accepted; less cost effective to chemical phosphate
removal and has been widely investigated.

Microorganisms like bacteria, fungi and protozoa play important roles in biological nutrient removal.
These organisms have ability to store phosphate intracellularly, thereby reducing the quantity in the
environment. Previous Studies by previous workers shows that fungi produce a large variety of
extracellular proteins, organic acids, and other metabolites and are able to resist inhibitory chemicals in
wastewater making them highly promising and efficient in nutrient removal studies (Guest et al., 2002).
Although the role of fungi in phosphate removal in wastewater is widely reported, there is optimum
conditions for removal by specific species is still a continuous investigation. This study was therefore
aimed at investigating the optimum conditions for phosphate removal in wastewater by two fungal
species.

MATERIALS AND METHODS

Two species of Aspergillus (niger and flavus) were used for this investigation. The isolates were
maintained on Sabouraud dextrose Agar (Biolab) slants at 4°C until usage. Prior to use, the test isolates
were plated out in petri dishes containing sterile sabouraud dextrose agar and incubated at 25°C for 72 h.
The wastewater used for this investigation was collected from the Landmark University Commercial
Farm. The collected wastewater was allowed to settle and filtered, using Whatman No. 1 filter paper. The
filtered wastewater was then supplemented with a known concentration of a carbon source, a nitrogen
source and magnesium sulphate (0.5 g/L). The different supplements were weighed and first dissolved
separately in distilled water before mixing together. The prepared wastewater was then dispensed in 200
mL quantity in 250 mL capacity Erlenmeyer’s flasks before sterilizing in an autoclave at 121°C and 1.05
kg/cm?for 15 min.

To ascertain the effectiveness of the sterilization, the sterilized flasks were left on the work bench for 24
h, after which aliquot samples were taken from them and plated on nutrient and sabouraud dextrose agar
to check for bacterial and fungal growths, respectively. Only flasks whose contents showed no growth on
the media were used for phosphate removal studies.

For phosphate removal study, to each sterile wastewater, a known inoculums size of the respective test
fungal species suspended in sterile normal saline (0.85 % NaCl w/v) was inoculated. After inoculation,
the flasks were incubated at a known temperature in a shaking incubator at a shaking speed of 150 rpm.
Just before inoculation and after every 24 h for the next 96 h, aliquot wastewater samples were taken from
each flask for the estimation of the phosphate content, pH. Phosphate concentration in the wastewater was
estimated using the ascorbic acid method, as described in standard methods (APHA, 2012).

In this investigation, the parameters investigated were temperature, pH, sodium acetate concentration,
external carbon source, peptone concentration and external nitrogen sources. Three different incubation
temperatures (25 °C, 35 °C and 45 °C), with sodium acetate (5 g/L) and peptone (5 g/L) as the carbon and
nitrogen sources in the wastewater, respectively at a pH of 7. For pH, the study was carried out using pH
6, 8 and 10. The pH of the wastewater was adjusted using 1 M HCI and 1 M NaOH. The carbon and
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nitrogen sources used for this phase of the study were sodium acetate (5 g/L) and peptone (5 g/L),
respectively, at a temperature of 30°C.

In the case of sodium acetate concentration, 5 g/L, 10 g/L and 15 g/L were used for the study, with the pH
of the wastewater adjusted to 7 while incubation in the wastewater and nitrogen source were. The
nitrogen source was nitrogen at a concentration of 5 g/L while incubation was at 30°C. The different
external carbon sources used for the study were glucose, lactose, sucrose and methanol at respective
concentrations of 5 g/L. With respect to nitrogen sources were peptone, yeast extract and meat extract at
respective concentrations of 5 g/L.

During the various phases of the experiment, pH of the test wastewater was adjusted to 7 while incubation
at 30°C, except in the temperature and pH variations studies, respectively. Except for the nitrogen sources
experiment setups, the nitrogen source used in each investigation was peptone at 5 g/L. Similarly, apart
from the carbon source experiment setup, the carbon source used in all phases of the study was sodium
acetate at a concentration of 5 g/L. All experimental procedures and analysis were carried out in
triplicates. All reagents that were used were of analytical grades.

RESULTS AND DISCUSSION

Results

As shown in Figure 1, phosphate concentration in the wastewater at the different incubation temperatures
in presence of the Aspergillus flavus was observed to show increases from initial levels of 43.20 mg/L,
44.24 mg/L and 43.73 mg/L at O h to final levels after 96 h incubation, of 51.74 mg/L, 51.63 mg/L and
49.11 mg/L at 25°C, 35°C and 45°C, respectively. In the presence of the Aspergillus niger, phosphate
levels in the wastewater were also observed to show increases from 44.49 mg/L to 53.02 mg/L at 25°C,
from 43.48 mg/L to 50.42 mg/L at 35°C and from 42.23 mg/L to 51.56 mg/L at temperature at 45°C,
respectively (Figure 1).

Generally, at the end of the 96 h incubation time, phosphate increases of 16.51 %, 14.31 % and 10.95 %
were observed in the presence of the Aspergillus flavus, at incubation temperatures of 25°C, 35°C and
45°C, respectively. In the presence of the Aspergillus niger, phosphate increases of 16.09 %, 13.76 % and
18.10 % were observed after 96 h incubation time, at 25°C, 35°C and 45°C, respectively.

When investigating the effect of pH on phosphate concentration in the wastewater in the presence of the
Aspergillus flavus, the results revealed changes after 96 h from 41.27 mg/L to 35.67 mg/L, from 39.78
mg/L to 38.09 mg/L and 40.21 mg/L to 44.86 mg/L at pH 6, pH 8 and pH 10 respectively. In the presence
of the Aspergillus niger, phosphate levels were observed to change from initial concentrations of 46.83
mg/L, 46.97 mg/L and 45.45 mg/L to final concentrations after 96 h of 39.88 mg/L, 38.74 mg/L and
36.18 mg/L at pH 6, pH 8 and pH 10 respectively (Figure 2). In the presence of the Aspergillus flavus, a
highest decrease in phosphate concentration of 13.57 % was observed after the 96 h incubation time at pH
6. In the case of the Aspergillus niger, decreases of 14.84 %, 17.52 % and 20.40 % at pH 6, 8 and 10,
respectively.

Figure 3 shows the trend in phosphate concentration at different concentrations of sodium acetate as
external carbon source in presence of the test isolates. In the presence of the Aspergillus flavus, phosphate
levels were observed to show decreases in concentration after 96 h incubation from 44.44 mg/L to 35.39
mg/L at 5 g/L of acetate, from 45.49 mg/L to 44.79 mg/L, at 10 g/L of sodium acetate and from 43.55
mg/L to 34.91 mg/L at 15 g/L of sodium acetate. Similarly, concentrations in the presence of the
Aspergillus niger, at the expiration of incubation showed decreases from 45.04 mg/L to 37.50 mg/L, from
46.32 mg/L to 42.47 mg/L and from 44.20 mg/L to 36.08 mg/L at 5 g/L, 10 g/L and 15 g/L of sodium
acetate, respectively (Figure 3). The decreases in phosphate concentrations in the wastewater translates to
20.37 %, 1.50 % 19.84 % at 5 g/L, 10 g/L and 15 g/L sodium acetate, respectively in the presence of the
Aspergillus flavus. In the presence of the Aspergillus niger, the decreases in concentration translates to
16.74 %, 15.06 % and 18.37 % at 5 g/L, 10 g/L and 15 g/L of sodium acetate, respectively.

At the different carbon sources, phosphate concentration in the wastewater in the presence of the
Aspergillus flavus showed an increase from 21.77 mg/L to 24.23 mg/L with glucose as carbon source and
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decreases from 23.40 mg/L to 10.89 mg/L, from 23.99 mg/L to 17.59 mg/L and from 26.40 mg/L to 13.69
mg/L with lactose, sucrose and methanol as carbon sources, respectively, after the 96 h incubation time.
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Figure 1: Phosphate concentrations in the wastewater at the different incubation temperatures in
presence of the test fungal species

Similarly, in the presence of the Aspergillus niger, phosphate concentrations showed a slight increase
from 23.40 mg/L to 25.19 mg/L with glucose as carbon source and decreases from 22.98 mg/L to 20.22
mg/L, from 24.05 mg/L to 8.29 mg/L and from 25.51 mg/L to 14.58 mg/L with lactose, sucrose and
methanol as carbon sources, respectively (Figure 4). In the presence of the two test isolates, decreases in
concentration after 96 h incubation were observed when lactose, sucrose or methanol was used as carbon
source. With lactose, sucrose or methanol as carbon source, decreases in phosphate concentration of 53.46
%, 26.68 % and 481.4 %, respectively were observed in the presence of the Aspergillus flavus. In the
presence of the Aspergillus niger, decreases in phosphate concentration of 12.01 %, 65.53 % and 42.85 %
were observed with lactose, sucrose or methanol as carbon source, respectively.

At the different concentrations of peptone in the wastewater, phosphate levels after the 96 h incubation
time in the presence of the Aspergillus flavus was observed to vary from 61.52 mg/L to 50.71 mg/L, from
66.18 mg/L to 52.32 mg/L, from 71.82 mg/L to 50.94 mg/L and from 70.36 mg/L to 43.89mg/L at
peptone concentrations of 5 g/L, 10 g/L, 15 g/L and 20 g/L, respectively. When Aspergillus niger was
used as the inoculum, phosphate levels showed decreases after the 96 h incubation period from 62.44
mg/L to 48.25 mg/L, from 63.18 mg/L to 57.02 mg/L, from 68.08 mg/L to 49.73 mg/L and from 63.50
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mg/L to 54.57 mg/L at 5 g/L, 10 g/L, 15 g/L and 20 g/L of peptone, respectively (Figure 5). Generally,
the highest decrease in phosphate concentration in the wastewater was observed in the with peptone
concentrations of 20 g/L and 15 g/L, in the presence of the Aspergillus flavus, respectively. At the end of
the 96 h incubation period, phosphate decreases of 29.11 %, 27.51 %, 29.07 % and 37.62 % were
observed in the presence of the Aspergillus flavus, at peptone concentrations of 5 g/L, 10 g/L, 15 ¢g/L and
20 g/L, respectively. In the presence of the Aspergillus niger, phosphate decreases of 22.73 %, 9.75 %,
22.39 % and 14.06 %, were observed at peptone concentrations of 5 g/L, 10 g/L, 15 g/L and 20 g/L,
respectively.
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Figure 2: Phosphate concentrations in the wastewater at the pH in presence of the test fungal
species
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Figure 5: Phosphate concentrations in the wastewater at the concentrations of peptone in presence
of the test fungal species

With different nitrogen sources in the wastewater, phosphate concentration in the wastewater in the
presence of the Aspergillus flavus showed variation from after the 96 h incubation period from 48.01
mg/L to 28.51 mg/L, from 49.57 mg/L to 32.41 mg/L and from 48.00 mg/L to 27.08 mg/L with peptone,
yeast extract and meat extract, as nitrogen sources, respectively. In the presence of the Aspergillus niger,
phosphate concentrations showed decreases from 46.62 mg/L to 29.27 mg/L, from 43.91 mg/L to 33.79
mg/L and from 49.02 mg/L to 33.12 mg/L for peptone, yeast extract and meat extract, as nitrogen sources,
respectively (Figure 6). At the end of the 96 h incubation time, decreases of 40.01 %, 34.62 % and 43.58
% in phosphate levels in the wastewater in the presence of the Aspergillus flavus were observed with
peptone, yeast extract and meat extract, as nitrogen sources, respectively. In the presence of the
Aspergillus niger, decreases after 96 h incubation of 37.22 %, 23.05 % and 28.14 % were observed with
peptone, yeast extract and meat extract, as nitrogen sources, respectively.
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Figure 6: Phosphate concentrations in the wastewater at the different nitrogen sources in presence
of the test fungal species

Discussion

The present study made use of two fungal isolates. A variety of fungi species (Rhizopus, Aspergillus,
Neurospora, Fusarium, Saccharomyces and Penicillium) have been implicated in biological wastewater
treatment systems (Donmez and Aksu, 1999). In the present study the optimum temperature for phosphate
removal by the test fungal species was observed to be 25°C. In a study carried out by Mamais and Jenkins
(1992), optimum operating temperature for enhanced nutrient removal was indicated to range from 28°C
to 33°C. In the study by Brdjanovic et al., (1997) on the short-term effect of temperature on nutrient
removal, optimum temperature was observed to be 20°C. Gonzales-Martines and Wilderer (1991), in a
laboratory scale experiment with synthetic wastewater in a fixed film bio reactor, found that phosphate
release increased with decreasing temperature.

Wastewater treatment can be affected by temperatures in many ways, both directly and indirectly
affecting the biomass. The concentration of biological nutrients in wastewater is known to depend very
much on temperature. Mulkerrins et al., (2004) indicates that temperature not only have influence on the
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metabolic activities of the microbial population but also affect factors, such as gas transfer rates and the
settling characteristics of biological solids. The ability of fungi in biological nutrient removal from
wastewater has been investigated by earlier workers.

Although there is an optimal temperature range for any organism, earlier investigators have reported that
optimal temperature for growth may not necessarily be the same as the optimal temperature for substrate
oxidation and reduction (Charley et al., 1980; Saito et al., 2004). In biological phosphate removal,
polyphosphate accumulating organisms in anaerobic condition are known to convert readily available
organic matter to carbon compounds using the energy derived from the process to create
hydroxyalkanoates, resulting in phosphorus release, leading to uptake by aerobic condition subsequently
(Jeyanayagam, 2005). Temperature have been indicated to affect the reaction performance and kinetics of
biological nutrient removal systems, although there are conflicting reports on its effects on enhanced
biological nutrient removal systems (Erdal et al., 2003; Thongchai et al., 2003)

With respect to pH, the present study revealed an optimum of 6 in presence of the test isolates. pH is said
to play a major role in nutrient removal by affecting different factors, which in turn affects growth and
activity of the organisms involved. Studies carried out by earlier workers have shown that pH affect
enzymes of interest, affinity for the substrate, substrate availability, effects of inhibitory compounds, and
substrate or product production (Prosser, 1989; Antoniou et al., 1990; Groeneweg et al., 1994). At low
pH in anoxic conditions, microbial activity solubilizes phosphate compounds. As the pH increases,
phosphate is precipitated and incorporated in the sludge which explains the decrease in the phosphate
removal ability in the experiment. Phosphorus precipitation can also be induced by the increase in
phosphate concentration resulting from phosphorus release, from the polyphosphate pool under anaerobic
conditions and denitrification, as the denitrification process produces alkalinity.

In the present study, the effect of varying concentrations of sodium acetate on phosphate removal ability
of the isolates was investigated. In the present study, sodium acetate was used as the carbon source in
concentrations of 5 g, 10 g, and 15 g respectively. All the isolates used for the investigation showed
remarkable phosphate removal ability with the different concentrations of sodium acetate, with the
highest removal at concentration of 5 g. It is hypothesized that carbon concentration is an important factor
to the efficiency of polyphosphate accumulating organisms. The choice of acetate was deliberate because
several earlier workers have indicated acetate as an ideal external carbon source in nutrient removal
studies (Smolders et al., 1995; Hood and Randall, 2001; Randall and Liu 2002; Chen et al., 2005).

To investigate the effect of external carbon source on phosphate removal by the test fungal isolates,
glucose, lactose, sucrose and methanol were investigated. In this study, both the Aspergillus flavus and
Aspergillus niger showed remarkable phosphate removal in the presence of lactose, sucrose and
methanol. In the presence of glucose, an increase in phosphate levels was observed at the end of
incubation. There is conflicting reports on the effect of glucose as carbon source in biological nutrient
removal. Some earlier investigators have reported that glucose is detrimental for enhanced biological
phosphate removal (Mino et al., 1998), while other studies have reported enhanced nutrient removal when
glucose was used as carbon source (Jeon and Park, 2000; Wang et al., 2002; Kumar and Chaudhari,
2003). Mino et al., (1998) explained that the poor results with glucose as carbon source may be due to
rapid proliferation from glycogen accumulating organisms in the biomass.

Wang et al., (2002) reported that EBPR with glucose was enhanced by a long anaerobic retention time
and high initial glucose concentration. Randall et al., (1997) compared different carbon sources in batch
tests with biomass from a serial batch reactor fed with volatile fatty acids produced by pre-fermentation of
glucose. In their report they observed that methanol had no significant effect on enhanced biological
phosphate removal. Also, some studies with different carbon sources have revealed that during nutrient
removal, some substrates are utilized directly while others are first transformed first, before they are taken
up. According to Johansson (1994), during nutrient removal, glucose must first be fermented volatile fatty
acid before it can be utilized for metabolism.

When different nitrogen sources (peptone, yeast extract and meat extract) were used in this investigation,
remarkable phosphate removal was observed in the presence of peptone. During biological nutrient
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removal, nitrogen source is said to increase enzyme and hydrogen production for efficient removal (Al-
Saleh and Zahran, 1999). Nitrogen is important in the growth and development of microorganisms and
also forms a major part in their nucleic acid.

Rathi et al., (2001) reported that among the various nitrogen sources utilized as additives for
Burkholderia cepacia, none affected lipase production significantly. Also, a study by Schar-zammaretti et
al., (2005) indicated that the morphology and structure of microbial cell wall changes based on the media
composition revealed both peptone and yeast extract have a major influence on the physicochemical
properties of the cell wall, particularly the membrane-bound proteins.

To test the effect of nitrogen concentration on phosphate removal, different concentrations (5 g/L, 10 g/L,
15 g/L and 20 g/L) of peptone used for investigation. The study revealed optimum concentration of
peptone to be 15 g/L. It is reported that carbon to nitrogen (C/N) ratio is important in biological removal
process. The C/N ratio has been shown to affect fermentative hydrogen by mixed microflora fed with
sucrose with an optimal ratio of 47. During nutrient removal, peptone is said to undergo anaerobic
phosphorus uptake through biochemical pathways other than the traditional polyphosphate accumulating
organisms (Carucci et al., 1999).

Conclusion

This study, which was aimed at investigating the role of Aspergillus flavus and Aspergillus niger in the
removal of phosphate in wastewater, was able to reveal the following:

e An increase in sulphate concentration was observed at the different incubation temperatures
investigated. This trend was irrespective of the test isolate used for investigation.

o With respect to pH, remarkable phosphate removal was only observed at 6 in the presence of the
Aspergillus flavus while in the presence of the Aspergillus niger, remarkable removal was observed at the
different pH (6, 8 and 10) investigated.

e Phosphate removal was observed at all concentrations of sodium acetate that were used for
investigation, although maximum removal was observed at 5 g/L. This trend was irrespective of the test
isolate used for investigation.

o All the external carbon sources were observed to enhance phosphate removal by the isolates, although
highest removal was observed for lactose and sucrose, in the presence of Aspergillus flavus and
Aspergillus niger, respectively.

e Decrease in phosphate concentration were observed at the different concentrations of peptone
concentrations and nitrogen sources used for investigation. This trend was also irrespective of the est
isolates.

The findings of this investigation given an insight to the optimum conditions for phosphate removal from
wastewater by the test fungal isolates under the experiment conditions investigated.
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