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Abstract

Six fungal species were isolated from Oyun River and wastewater from Lagos Hostel within the University of
llorin. Streak plate method was used for the isolation of the fungi on Potato Dextrose Agar incubated at 25 °C
for 72hours. The fungi were identified as Chrysonilia sitophilia, Penicillium chrysogenum, Candida albicans,
Aspergillus niger, Rhodotorula sp., and Aspergillus flavus. Biodegradation of phenol was done using
Aspergillus flavus at the following concentrations, 0.2mM, 0.4mM, 0.6mM, 0.8mM, and 1.0mM over fifteen
days’ incubation period with sampling every three days under aerobic conditions. The depletion of phenol was
measured by spectrophotometer. Aspergillus flavus showed the highest disappearance value of 0.048 at
concentration of 1mM, followed by 0.023 at concentration of 0.178 mol™, followed by 0.022 at concentration of
0.6mM, followed by 0.02 at concentration of 0.8mM, and lastly 0.018 at concentration of 0.2mM. The highest
degradative value occurred at 1mM (0.048) and the lowest at 0.2mM (0.018). This shows that Aspergillus flavus
is a potential phenol degrader and can be used in biotechnology for control of ecological oil spillage/pollution.
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Introduction

A greater quantity of water is found in the earth’s interior (1). Rivers have been used as a sink for wastes from
agriculture and industry due to its flow and ecological nature; rivers are able to regenerate themselves to admit
staggering amount of tributaries. However, all rivers have limited absorptive capacity for sewage and fertilizer
from cropland or farmland (2). It is estimated that 80% of ill-health in less developed countries stems from lack
of safe water and adequate sanitation. Official government statistics suggest that only 55% of Africans had
reasonable access to safe water supply and this is likely to be an overestimation. Even fewer Africans had access
to adequate sanitation facilities, with rural coverage rates estimated at 20-35% (3, 4). Not only is freshwater
essential to life but it is also a relatively scarce resource, and is likely to become more so with the impacts of
global warming and population growth (5).

A characteristic of freshwater is that it has low concentrations of dissolved salts and other total dissolved solids.
Sea water and brackish water are not freshwaters (6). Freshwater creates a hypotonic environment for aquatic
organisms. This is problematic for some organisms with previous skins or with gill membranes, whose cell
membranes may burst if excess water is not excreted. Freshwater is host to numerous microorganisms that affect
human health directly. Polluted drinking water is a major source of illness and death throughout the world (7, 8).
Industrial effluents are a source of drinking water contamination (9). Domestic, industrial and agricultural users
produce large quantities of waste products and waterways provide a cheap and effective way of disposing of
many of these. During dry weather, the flow of some rivers consists almost entirely of treated effluents. It is
essential that the effluent discharged into a watercourse is of high quality and the degree of pollution is such that
the self-purifying capacity of the river is not overloaded (5). Water is considered to be polluted when it is altered
in composition or condition so that it becomes less suitable for any or all of the functions and purposes for
which it would be suitable in its natural state (10).

Wastewater is any water that has been adversely affected in quality by anthropogenic influence (11). Sewage
fungi are an aquatic periphyton organism associated with polluted water. These fungi form a slimy growth that
are found in sewage and sewage-polluted waters. Some sewage fungi are Fusarium aquaeductuum, Geotrichum
candidum, Leptomitus lacteus Carchesium polypinum, Flexibacter spp, Achyla spp. Flavobacterium spp.
Didymosphenia spp. Leptothrix ochracea. (12).

Phenol is a monosubstituted aromatic compound and is recognized as major environmental pollutant. It is
produced through natural and anthropogenic processes. It is found in nature as a constituent of coal tar. The
major part of phenol present in the environment is due to industrial use (13). The heavy production and use of
phenol in industrial activities make it a major eco contaminant in most wastewater facilities, such as oil
refineries, pharmaceuticals and plastic industries (14, 15).

It has been reported in literature that a few microorganisms can utilize phenol as the sole source of carbon and
energy (16, 17). Numerous bacterial species have been isolated and characterized as phenol-degrading microbes
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(18). Therefore, identifying new and or indigenous phenol-degrading fungi is key in the bioremediation of the
phenol-polluted localities. The aim of this study was to determine the type and fungal load in a river and
wastewater and to determine the phenol utilization of the predominant fungus, Aspergillus flavus in the presence
of nickel nitrate.

Materials and Methods

Collection of water sample

Wastewater sample was collected from Oyun River (Plate 1) within the University campus and the Hostel area
of the University of llorin into a labelled sterile sample bottle. The sample was collected between 7.00 am and
11.00 am. Grab samples were taken on a different day. The samples were collected according to standard
methods (19). Water samples from the river were obtained from 1 cm below the surface. The samples were
immediately transported to the laboratory for further analysis.

Plate 1: Aspects of Lower Oyun River where Sample was taken from

Mycological Analysis of Wastewater Sample

Serial dilution was done up to 10-4 using sterile pipettes. Exactly 10-2 and 10-4 dilutions of each sample were
poured on prepared Potato Dextrose agar (PDA) and the inoculum was spread on the surface of the agar in each
plate using a sterile spreader. The PDA plates were incubated at 250C for 72hours. Pure cultures were obtained
by subculturing different and distinct colonies onto sterile potato dextrose agar plates containing 1%
streptomycin. The pure cultures obtained were transferred onto agar slants in McCartney bottles and incubated
at 250C for 3 days. The bottles were then stored in the refrigerator until needed. The isolates were characterized
macroscopically and microscopically. The macroscopic aspect of characterization of the isolates was done with
the use of the naked eye noting the color of mycelia, spores, sizes and shape both at the front and reverse sides
of the plates. The colonies were also observed microscopically in which their spores and vegetative structures
were specifically noted (20, 21).

Cultivation with phenol as sole carbon and energy sources

Mineral salts medium lacking carbon and energy source was prepared to test phenol degradation capacity. The
medium contained KH2PO4 (0.125g/L), Na2HPO4 (0.350g/L), MgS0O4.7H20 (0.050g/L), KNO3 (0.075¢/L),
(NH4)2504 (0.250g/L) (26). The weighed salts were mixed with distilled water in a beaker and stirred using
magnetic stirrer for proper mixing. Exactly 30ml from the well homogenized medium was dispensed into 50ml
culture tubes. These were then sterilized in an autoclave for 15minutes at 121oc. The phenol concentrations
applied to the medium after sterilization are 0.2mM, 0.4mM, 0.6mM, 0.8mM and 1.0mM. Phenol acted as sole
carbon and energy source. Exactly 0.5ml of Aspergillus flavus inoculum were taken from suspension and
introduced into each reaction tube. Aspergillus flavus was used in this experiment because it was the most
occurring organism. Each reaction set up was done in duplicates. Control reactions which consisted of mineral
salts medium and phenol but lacking Aspergillus flavus was also set up at different concentrations. The
absorbance was read at 3 days’ interval starting from day 0 at wavelength 400nm using the spectrophotometer.
Distilled water was used as blank (22).

Results and Discussion

Six fungal species were isolated and identified from the river and wastewater, they are Chrysonilia sitophilia,
Penicillium chrysogenum, Candida albicans, Aspergillus niger, Rhodotorula sp. and Aspergillus flavus. In table
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1 is shown the daily distribution of fungi isolated from Lagos Hostel (one of the female hostels) effluent. The
most occurring fungus was Candida albicans which was present from day 1 to day 5 and the least is Chrysonilia
sitophilia. The table also portrayed the daily distribution of fungi isolated from the Lagos Hostel Compound C.
The most frequent fungus was Penicillium chrysogenum and the least frequent was Aspergillus flavus. The table
further depicts the daily distribution of fungi isolated from Oyun river upper area. The most occurrence fungus
was Penicillium chrysogenum and the least occurring fungus was Aspergillus flavus. Table 1 also shows the
daily distribution of fungi isolated from Oyun river lower area. Aspergillus flavus is the most occurring while
the least occurring was Chrysonilia sitophilia. Table 2 portrays the total count of the fungal isolates. None of the
identified fungus fall under the category described as sewage fungi.

Penicillium chrysogenum is common in temperate and subtropical regions and can be found on salted food
products (23). It has rarely been reported as a cause of human disease. (24). The airborne asexual spores of
Penicillium chrysogenum have been reported as important human allergens (25). P. chrysogenum has been used
industrially to produce penicillin and xanthocillin X, to treat pulp mill waste and to produce the enzymes
polyamine oxidase, phosphogluconate dehydrogenase, and glucose oxidase (26).

Candida albicans is a type of yeast that is commonly used as a model organism for biology. It is generally
referred to as a dimorphic fungus since it grows both as yeast and filamentous cells. It has several different
morphological phenotypes. It is a common member of human gut flora and does not seem to proliferate outside
mammalian hosts (27). Its presence in water can be due to passage of human excreta. It is found in the
gastrointestinal tract and mouth of healthy adults (28, 29). It is usually a commensal organism, but can become
pathogenic in immunocompromised individuals under a variety of conditions (29, 30). Aspergillus niger causes
a disease called black mould on certain fruits and vegetables. It is ubiquitous in soil and is commonly reported
from indoor environments (31). Rhodotorula is a common environmental inhabitant. It can be cultured from
soil, water, milk, fruit juice, and air samples.

Aspergillus flavus is saprotrophic, pathogenic and it is best known for its colonization of cereal grains, legumes,
and tree nuts (32). Postharvest rot typically develops during harvest, storage, and/or transit. Aspergillus flavus
infections can occur while hosts are still in the field (pre-harvest), but often show no symptoms (dormancy) until
postharvest storage and/or transport. In addition to causing pre-harvest and postharvest infections, many strains
produce significant quantities of toxic compounds known as mycotoxins, which, when consumed, are toxic to
mammals (33). A. flavus is also an opportunistic human and animal pathogen, causing aspergillosis in
immunocompromised individuals (34). A. flavus is found globally as a saprophyte in soils and causes disease on
many important agriculture crops. Common hosts of the pathogen are cereal grains, legumes, and tree nuts.
Specifically, Aspergillus flavus infection causes ear rot in corn and yellow mold in peanuts either before or after
harvest infection can be present in the field, pre-harvest, postharvest, during storage, and during transit. It is
common for the pathogen to originate while host crops are still in the field; however, symptoms and signs of the
pathogen are often unseen. A. flavus has the potential to infect seedlings by sporulation on injured seeds. In
grains, the pathogen can invade seed embryos and cause infection, which decreases germination and can lead to
infected seeds planted in the field. The pathogen can also discolor embryos, damage seedlings, and Kill
seedlings, which reduce grade and price of the grains. The incidence of Aspergillus flavus infection increases in
the presence of insects and any type of stress on the host in the field as a result of damage. Stresses include stalk
rot, drought, severe leaf damage, and/or less than ideal storage conditions (33). In general, excessive water
conditions and high temperatures of storage of cereals and cowpea makes the occurrence of Aspergillus flavus
aflatoxin production to rise (34). Adetitun and Abioye (35) reported that Aspergillus niger isolated from air had
the capability to utilize phenol. This is in agreement with the findings of this work.
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Table 1: Daily Distribution of Fungi Isolated from the sampling Sites

Isolates Time (Day) Percentage
Occurrence (%)

1 2 3 4 5
Chrysonilia sitophilia Lagos Hostel P - I 40
Compound C + - - - - 20
Oyun Upper + - - - - 20
Oyun Lower + - - - - 20
Penicillium chrysogenum Lagos Hostel + - - I 40
Compound C + + o+ o+ o+ 100
Oyun Upper + 4+ 4+ 4+ 4+ 100
Oyun Lower + -+
Candida albicans Lagos Hostel + + o+ o+ o+ 100
Compound C - - + o+ o+ 60
Oyun Upper - - + o+ o+ 60
Oyun Lower - - - + o+ 40
Aspergillus niger Lagos Hostel + - -+ + 60
Compound C - - - - - 0
Oyun Upper - - - - - 0
Oyun Lower - - + -+ 40
Rhodotorula sp. Lagos Hostel + + o+ -+ 80
Compound C - - - - - 0
Oyun Upper - - - - - 0
Oyun Lower - - - - - 0
Aspergillus flavus Lagos Hostel -+ - I 40
Compound C -+ - - - 20
Oyun Upper -+ - - - 20
Oyun Lower - - + o+ - 40
Legend: + = Present; - = Absent

In figure 1 is shown the reduction of 0.2mM phenol by Aspergillus flavus. The amount of phenol present at day
0 was 0.03. By day 15 it had reduced to 0.012. This is 60% disappearance of phenol. The control remained
unchanged. Figure 2 indicates the reduction of 0.4mM phenol by Aspergillus flavus. The concentration of
phenol at day 0 was 0.06 and was reduced to 0.037 at the end of the experiment. This signified 38%
disappearance of phenol. The reading of the control experiment was unchanged.

Table 2: Total count of fungal isolates at the different sampling sites

Sampling Fungal colony count (cfuml™)/Sampling Site
Day Lagos Hostel Compound C Oyun Upper Oyun Lower

10° 10 10 10* 10 10 107 10*

1 71 19 69 2 15 1 1 0

2 166 84 78 18 9 1 22 0

3 14 5 40 30 10 1 14 5

4 44 24 80 52 30 10 8 1

5 70 43 154 64 46 17 88 56

The utilization of 0.6mM phenol by Aspergillus flavus is indicate in figure 3. Phenol concentration at day 0 was
0.06 and was reduced to 0.038 at the end of the experiment. This signified 38% disappearance of phenol. Figure
4 depicts the reduction of 0.8mM phenol by Aspergillus flavus. About 25% utilization of phenol was observed
here. The utilization of phenol at day 0 was 0.081. This was reduced to 0.061 at day 15. The control remains
unchanged too. Figure 5 shows the reduction of 1mM phenol by Aspergillus flavus. The amount of phenol
present at day 0 was 0.4 and it was reduced to 0.352 at the end of the experiment. About 12% utilization of
phenol was observed here.

From these experimental results it was observed that the higher the phenol concentration used the lower the
amount utilized. Higher phenol concentrations had lower reduction rates while lower phenol concentrations had
higher reduction rates. The higher phenol concentrations may be toxic to the fungus used to challenge it.
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Figure 5: Reduction in concentration of 1mM phenol after 15 days.
Alternaria sp. and Penicillium sp. isolated from indoor environment by Jacob and Alsohaili (36) showed ability

to degrade phenol. They determined ability to grow with phenol by increase in biomass (dry weight) and phenol
depletion by gas chromatography. In our work phenol depletion was measured using spectrophotometer. In the

44



Adetitun, D. O. and Akanbi, A. T.

report of Bernats and Juhna (37), the batch flasks degradation of phenol by monocultures of Trametes
versicolor, Phanerochaete chrysosporium, Gloeophyllum trabeum and Irpex lacteus was examined. Their
results showed that white-rot fungus, T. Versicolor was the best of the species.

Krastanov et al. (38) reported that microorganisms possess enzymes capable of decomposition various aliphatic
and aromatic toxic compounds. The observed ability of A flavus to reduce phenol in this experiment may be due
to the release of degrading enzymes. Fungi has unique ability for degradation even under conditions unfavorable
for other microorganisms (38). This is a big plus for fungi. Aspergillus sp. among others was able to tolerate
phenol and was used to degrade phenol to varying capacities. Higher starting cell densities of the organisms lead
to quicker degradation time for full phenol degradation and it also increased the rate of degradation as reported
by Santos and Linardi (39). Pizzolitto et al. (40) reported the inhibitory effect of natural phenolic compounds on
the growth of Aspergillus parasiticus. Also, in a related study by Senani-Oularb et al. (41) on olive mill
wastewater containing phenol the inhibition of the growth of Aspergillus flavus and aflatoxin B1 production was
observed. These are not in concord with this present report. This may be due to the fact that the phenol used by
Pizzolitto et al. (40) was natural compounds. The degradation of phenol in this study by A flavus and the data
generated are indicative of the possibility of using A. flavus in protecting the environment from phenol
pollution.
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