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Excessive deposition of heavy metals into the environment due to anthropogenic
activities necessitates an eco-friendly clean-up strategy. Among microorganisms,
limited studies have been made on the mycoremediation potential of microfungi.
This paper evaluated three landfill microfungal isolates of Aspergillus species for
tolerance and uptake to Cd and Mn. Culture media optimization was also
performed for the evaluation of the tolerance index and heavy metal analysis of
soil samples from the landfill site. Among the nine heavy metals analyzed, Mn
and Fe were detected in relatively high amounts, while Cd, Ni, and Cu were
detected in a moderate range. Luxuriant mycelial growth of A. oryzae
(MK120548.1) and A. flavus (MH864264.1) was observed in potato dextrose
agar while A. terreus (MH047280.1) grew best in potato sucrose agar. In terms
of tolerance index, A. oryzae (MK120548.1) and A. flavus (MH864264.1)
demonstrated high tolerance to Cd up to 10 mg/kg. A. oryzae (MK120548.1)
showed high tolerance to Mn up to 1,000 mg/kg while A. flavus (MH864264.1)
exhibited a very high 10,000 mg/kg tolerance. In terms of metal uptake, A. oryzae
(MK120548.1) showed the highest metal uptake of up to 654 mg/kg of Cd,
while A. terreus (MH047280.1) exhibited the highest metal uptake of 997 mg/kg
ofMn. With these findings, A. oryzae (MK120548.1), A. flavus (MH864264.1),
and A. terreus (MHO047280.1) have considerable mycoremediation potential.
Bioremediation studies in conjunction with plants can be explored to further
assess the potential of these Aspergillus species.

1. INTRODUCTION

The continuous rise of heavy metals and other
toxicants as impacts of industrial activities and
technological advancements poses a significant threat
to human health and the environment in general. Due
to their application and immutable nature, heavy metal
pollution has become a serious environmental problem
(Pawlowska and Charvat, 2004; Saba et al., 2017;
Tiwari and Lata, 2018; Wijayaet al., 2019). Metals are
naturally subjected to biogeochemical cycles

determining their presence and concentration in
different natural environments such as soil,
groundwater-surface water, air, and living beings
(Acosta-Rodriguez et al., 2018). However, heavy
metals are among the most toxic inorganic substances
that have contaminated large areas of soil or water
resources due to the residues from metalliferous
mines, the use of sludge, pesticides, fertilizers, and
emissions from municipal wastes (Upadhyaya et al.,
2010; Oso et al., 2015). Municipal solid waste in
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landfill sites produces leachates, which can be
significant sources of environmental pollution due to
organic and inorganic pollutants, including heavy
metals. Problems with the possible release of these
toxic chemicals, including heavy metals associated
with landfill sites may result to groundwater pollution,
plant phytotoxicity and a decline in crop and soil
production near the dumpsite. Also, the absorption of
heavy metals by plants marks the entry of heavy
metals to food chain and their successive
accumulation along food chain has a critical threat to
the health of animals and humans (Nyiramigisha et al.,
2021; Ayilara and Babalola, 2023; Beinabaj et al.,
2023). The toxicity of heavy metals to living systems
is well-recognized. A significant research effort has
been directed towards the study of their cycling, levels
in different habitats, and mechanisms of uptake by
various organisms, as well as remediation of polluted
environments (EI-Moselhy et al., 2014; Verma and
Kuila, 2019; Ayilara and Babalola, 2023). While many
remediation techniques, including chemical and
physical techniques, have been used for many years,
their drawbacks and difficulties have encouraged the
application of a more eco-friendly alternative known
as bioremediation.

Bioremediation offers an economical and
promising way of treating contaminated sites.
Bioremediation is considered more environmentally
friendly than conventional remediation techniques and
is regarded as a green technology as it only depends on
biological organisms and processes (Thabit and El-
Naggar, 2014; Aishwarya et al., 2017). Many microbial
species, including fungi and bacteria, can sequester
heavy metals. However, fungal strains may better suit
this goal than other microorganisms due to their
excellent resistance toward most heavy metals, wall
binding ability, and intracellular metals uptake abilities
(Alzahrani et al., 2017). Fungi are among the
dominating living biomass of soil but have not been
widely exploited for bioremediation in contaminated
soil environments. Fungi have a tremendous advantage
over bacteria for the bioremediation of polluted soils
due to their large biomass, massive hyphal networks,
versatility in an extreme environment, and longer life
cycles (Singh et al., 2014). Fungi could even be used as
bioremediation agents in conjunction with other
bioremediation agents like plants for a more efficient
degradation or absorption of pollutants like heavy
metals (Li et al., 2016).

Some fungal species have been studied for their
tolerance, uptake, and mycoremediation potential to

185

various heavy metals in the past several years. Ayilara
and Babalora (2023) reviewed that A. versicolor, A.
fumigatus, Cladosporium sp., and Trichoderma sp. are
used in bioremediation of Cd, Saccharomyces
cerevisiae, and Aspergillus sp. are used in
bioremediation of As and Penicillum sp., Trichoderma
sp., and Aspergillus sp. are used in bioremediation of
Co and Cu. A. flavus CR500 showed metal tolerance
and removal capability to As, Ni, and Pb (Kumar and
Dwavedi, 2020) while another A. flavus strain in the
study of Vajpai et al. (2019) showed tolerance and
uptake of Cr. Khan et al. (2019) demonstrated the
removal of Hg and Pb from contaminated soils by
several Aspergillus species such as A. niger, A.
fumigatus, A. terreus, and A. flavus. Moreover, A.
oryzae showed capability to remove Mn, Al, and Fe in
polluted freshwater samples (Mahmoud et al., 2017).
Aside from that A. oryzae also showed tolerance,
bioaccumulation or biosorption of Cu and Pb (Long et
al., 2017), As (Liang et al., 2018) and Zn (Al-Obaid
and Hashem, 1997). Studies on the tolerance and
uptake of A. terreus for Cu (Oladipo et al., 2016;
Palanivel et al., 2023; Zango et al., 2023), Pb and Fe
(Oladipo et al., 2016; Zango et al., 2023) and Cr
(Zango et al., 2023) have also been conducted.

Nowadays, mycoremediation using soil-borne
fungi has received a great deal of attention due to their
distinct attributes, such as the ability to thrive under
extreme pH, temperatures, and nutrient variability
conditions, as well as high tolerance to high metal
concentrations (Oladipo et al., 2018). Several studies
have even shown the promising potential of several
soil-borne  microfungal species isolated from
contaminated areas like landfill sites or mining sites
for mycoremediation (Joo and Hussein, 2012; Oladipo
et al., 2018). Recognizing the limited preliminary
studies conducted on the tolerance and uptake of
landfill microfungal isolates A. flavus, A. terreus, and
A. oryzae for Cd and Mn for possible bioremediation
potential in landfill soil; hence, this study was
conceptualized and aimed to evaluate in vitro the
metal tolerance and uptake of Cd and Mn for the three
Aspergillus species isolated from the landfill site of
Bangar, La Union, Philippines. Also, their optimum
culture media as well as analysis of the soil sample
from the area were assessed.

2. METHODOLOGY
2.1 Description of the study site

The landfill site of Bangar, La Union,
Philippines 2519 was the study site in this paper.
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Forested areas, agricultural lands and nearby
communities surround this open landfill site. Forested
areas surround the landfill site in its northern and
eastern parts, while agricultural land is situated in its
western part and some of the southeastern parts. The
nearby communities are settled several kilometers
away in its southwestern portions. It serves as the
dumpsite of municipal solid waste such as paper,
plastic, metal, food, glass, etc., produced as solid

Philippines

waste by commercial, household, office, industrial,
and the like. The collection and isolation of soil
samples from this site, as well as the characterization
and identification of microfungi from the soil samples
collected, including the three Aspergillus species in
this paper, was already conducted by Lopez (2023).
For reference, however, the map of the landfill site, the
sampling points, and their coordinates are shown in
Figure 1.

Figure 1. Map of the landfill site showing the different sampling points where soil samples were collected

2.2 Soil analysis of the collection site

Composite soil sample collected from the
landfill site of Bangar, La Union, Philippines 2519
was sent to the laboratories of CRL Environmental
Corporation, Bldg. 2, Berthaphil Compound I,
Berthaphil Industrial Park, Jose Abad Santos Ave.,
CFZ, Pampanga, Philippines 3115 for soil analysis to
determine the heavy metal contents. Accordingly,
metal analysis of the soil sample was carried out
following the standard methods of metal analysis
stipulated in the Standard Methods for the
Examination of Water and Wastewater, 23" Edition
(Riceetal., 2017), in which the equipment used during
the metals analysis was Inductively Coupled Plasma -
Optical ~ Emission  Spectroscopy  (ICP-OES,
Shimadzu). A digested sample was nebulized, and the
resulting aerosol was transported to the plasma torch.
A radio-frequency inductively coupled plasma
produces element-specific emission spectra. A grating
spectrometer disperses the spectra, and the intensities
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of the emission lines
photosensitive devices.

were monitored by

2.3 The source of microfungal species and
preparation of mycelial discs

The stock cultures of microfungal species
Aspergillus flavus (MH864264.1), Aspergillus oryzae
(MK120548.1), and Aspergillus terreus
(MH047280.1) used in this study were obtained from
the Microbiology Laboratory, Biology Department,
College of Arts and Sciences, North La Union
Campus, Don Mariano Marcos Memorial State
University, Bacnotan, La Union, Philippines 2515.
These microfungal species were isolated from soil
samples collected from the landfill site of Bangar, La
Union, Philippines 2519 (Figure 1), which were
subsequently characterized and identified using
molecular techniques by Lopez (2023).

In the preparation of the mycelial disc, a single-

point inoculation technique was employed by
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aseptically inoculating the microfungal spores using
an inoculating needle onto inverted Petri plates with
solidified potato dextrose agar (HIMEDIA, India).
This technigue prevents the scattered growth of fungal
spores on the plate and ensures only one fungal colony
growth. The plate cultures (inverted) were incubated
at room temperature (=28°C) for 7 days. Using a cork
borer (10 mm diameter), mycelial discs were taken
near the margin of the growing mycelia on the plate to
ensure a uniform age of mycelial disc inoculants.

2.3 Evaluation of optimum culture media for each
of the three Aspergillus species

In this study, three indigenous culture media,
namely coconut water agar (CWA), corn grit
decoction agar (CGA), and potato sucrose agar (PSA)
as well as three commercial culture media namely
potato dextrose agar (PDA), sabouraud dextrose agar
(SDA) and malt extract (HIMEDIA, India) + 2% agar
(MEA) were evaluated for optimum culture media for
the three Aspergillus species. The CWA was prepared
by dissolving 24 g of agar into 1 L of mature coconut
water. The mixture was, subsequently, heated at low
heat (=80°C) with constant stirring until
homogenously mixed. The CGA was prepared by
boiling (=100°C) 250 g of corn cracklings in 1 L of
distilled H,O. When cooked, the mixture was cooled
down (=40°C) for a few minutes and filtered using a
clean cloth, then, the filtrate was mixed with 10 g of
sugar and 24 g of agar. Subsequently, the mixture was
heated at low heat (=80°C) with constant stirring until
homogenously mixed. The PSA was prepared by
boiling (=100°C) 250 g of cubed potatoes in 1 L of
distilled H,O. When cooked, the mixture was cooled
down (=40°C) for a few minutes and filtered using a
clean cloth; then, the filtrate was mixed with 10 g of
sugar and 24 g of agar. Subsequently, the mixture was
heated at low heat (=80°C) with constant stirring until
homogenously mixed. Meanwhile, the commercial
culture media PDA (HIMEDIA, India), SDA
(HIMEDIA, India), and MEA (HIMEDIA, India)
were prepared following the instructions indicated on
their labels. Each of the prepared culture media was
placed in an Erlenmeyer flask sealed with a cotton
plug and autoclaved at 121°C, 15 psi, for 15 min.

The sterilized culture media were cooled down
(=40°C), pour-plated, solidified, and then aseptically
inoculated with mycelial discs (10 mm) of each of the
three Aspergillus species. Three replicates were made
for each culture medium for every Aspergillus species.
The inoculated plates were incubated at room
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temperature (=28°C) to allow mycelial growth. The
mycelial growth (diameter of the fungal culture) was
measured after 7 d of incubation. The culture medium
where each of the three Aspergillus species showed the
highest mycelial growth was considered suitable for
each of them.

2.4 Evaluation of heavy metal tolerance

In the preparation of heavy metal-contaminated
culture media, Dulay and De Castro’s (2016) methods
were followed with modifications. The optimum
culture medium for each of the three Aspergillus
species was used. Three replicates were made for each
of the optimum culture media (respective of the
Aspergillus species) contaminated with each of the
two heavy metals (Cd and Mn) using cadmium nitrate
(Cd(NO3)2) and manganese oxide (MnO),
respectively, as sources. Varying concentrations of
each heavy metal, such as 10 mg/kg, 100 mg/kg, 1,000
mg/kg, and 10,000 mg/kg, were prepared. Similarly,
the heavy metal-contaminated media were autoclaved
at 121°C, 15 psi for 15 min. After sterilization, it was
cooled (=40°C), pour-plated, solidified, and
aseptically inoculated with the mycelial disc (10 mm)
of each of the three Aspergillus species. The cultures
were then incubated at room temperature (=28°C),
allowing mycelial growth for 7 days.

The evaluation of the tolerance indices of the
three Aspergillus species was based on the methods of
Liaquat et al. (2020) with modifications. The radial
mycelial growth was obtained by measuring the
diameter of the growing mycelia on the plate across
three orientations passing through the center and then
averaged. All of these data were recorded per
replicates. In the same period of mycelial growth, the
tolerance index (TI) was then calculated using the
following equation:

RGwm

RGwom

TI = 1)

Where; TI is the tolerance index, RGwm is
radial mycelial growth with heavy metal, and RGwom
is radial mycelial growth without heavy metal.

2.5 Determination of heavy metal uptake

The potato dextrose broth (HIMEDIA, India)
was used to determine heavy metal uptake of the three
Aspergillus species. A concentration of 10,000 mg/kg
of each of the two heavy metal (Cd and Mn) was
prepared using Cd(NOs), and MnO: in potato dextrose
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broth (HIMEDIA, India). The culture media were
dispensed in clean catsup bottles autoclaved at 121°C,
15 psi for 15 min. After sterilization, the culture media
were cooled down (=28°C) and aseptically inoculated
with mycelial discs. The cultures were incubated at
room temperature (=28°C), allowing mycelial growth
for 10 days. The experiment was carried out in
triplicates.

After 10 days of incubation, the mycelial mats
from the culture broths were harvested using a strainer.
The fresh mycelial mats were drained, packed, and
labeled correctly which were then sent to the
laboratories of CRL Environmental Corporation, Bldg.
2, Berthaphil Compound 1, Berthaphil Industrial Park,
Jose Abad Santos Ave., CFZ, Pampanga, Philippines
3115 for heavy metal quantitative analysis (methods
were previously described above) for Cd and Mn. From

Study Site and Soil
Analysis

Bangar Landfill Site

Evaluation of

i
BEEE -

the obtained results, the percent uptake (PU) of heavy
metal was calculated using the equation:

__ 10,000 mg/kg — MUmm

PU
10,000 mg/kg

x 100 )

Where; PU is the percent metal uptake, 10,000
mg/Kkg is the known concentration of the medium, and
MUmm is the metal uptake of the mycelial mats.

2.6 Statistical analysis

The Minitab ver. 21 statistical software was
used for statistical analyses of data. The experiments
were laid out in a completely randomized design
(CRD). Analysis of variance (ANOVA) was used, and
treatments that were declared significant by ANOVA
were further compared using Tukey’s comparison of
means. The schematic diagram of the methods
employed in this study is shown in Figure 2.
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Figure 2. Schematic diagram of the procedure done in this study in the evaluation of tolerance and uptake to Cd and Mn for the three

Aspergillus species
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3. RESULTS AND DISCUSSION
3.1 Soil analysis

The results of the analysis of the soil sample
collected from the landfill site are shown in Table 1. It
can be inferred from the Table that Fe, Mn, and Cr
have notable high concentrations of 31,100 mg/kg,
904 mg/kg, and 53 mg/kg, respectively, detected from
the soil sample. However, the values detected are still

within the permissible limits in soil based on available
literature. On a positive note, the toxic heavy metals
As, Pb, and Hg were not detected in the soil samples.
All other heavy metals such as Cd, Cu, and Ni are in
the moderate range or very minimal amounts and fall
within the permissible limits. Due to the levels of
toxicity and concentration, respectively, Cd and Mn
were studied in this paper.

Table 1. Heavy metal concentration of toxic metals detected from the soil samples

Heavy metals Result (mg/kg)

World permissible limits in soil (mg/kg)

Arsenic (As) ND
Cadmium (Cd) 11
Copper (Cu) 7.8
Chromium (Cr) 53
Iron (Fe) 31,100
Lead (Pb) ND
Manganese (Mn) 904
Nickel (Ni) 16
Mercury (Hg) ND

202
0.8-3.0°
36-100°
100°
50,0002
50-85°
2,0002
35-50°
0.05¢

aChiroma et al. (2014); "WHO (1996); *Kinuthia et al. (2020); ND: not detected

Generally, metals, as described by Rashid et al.
(2023), are inorganic elements with atomic densities
relatively higher than H,O (1 g/cm®). Over 40
elements in Mendeleev's periodic system with an
atomic mass above 40 atomic units are identified as
heavy metals which include Fe, Mn, Co, Ni, Cu, Zn,
Mo, Cd, and others (Kucher et al., 2023). Heavy
metals can be (i) essential elements (e.g., Cr, Fe, and
Zn) needed in small amounts and are crucial for the
physiological functions of organisms or (ii) non-
essential elements of an unknown biological role (e.g.,
Cd, Pb, and Hg) which are toxic to living organisms
(Gajewska et al., 2022). Heavy metals are naturally
present in the environment, like the soil, however,
excessive deposition of these metals may be caused by
natural activities (e.g., geological weathering,
volcanic activity, soil erosion, etc.) and intensified by
human activities (landfilling of municipal solid
wastes, irresponsible mining, etc.) makes them
persistent environmental pollutants that could pose
significant biological toxicity to living organisms.
Aside from the biological toxicity, heavy metals
cannot disappear from the soil but can only move from
one natural layer to another, interacting with various
living organisms; hence, the possibility to
bioaccumulate and biomagnify in the food chain
(Jamil Emon et al., 2023; Kucher et al., 2023).
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It is then important to monitor the presence and
concentration of these toxic heavy metals in the
environment, especially in areas where introduction
may occur, like in open landfill sites. The findings of
this study on metal analysis of the soil sample from the
landfill site coincide with the findings of Beinabaj et
al. (2023) in which Fe had the highest concentration
(22.94 mg/kg) among the metals they have detected in
the landfill leachates from the new landfills in Tehran.
They have also noted the high concentration of Mn
(33.65-34.14 mg/kg) they have detected in the landfill
soil. Like the present study, Beinabaj et al. (2023) also
detected Cd at low concentration. In the present study,
the high concentrations of Fe and Mn compared to the
other metals analyzed in the soil sample collected can
be attributed to sources such as cast iron from old
tools, equipment, and alike for Fe while blade, bottle
caps, galvanizing goods, insecticides, pigments and
paints for Mn that are dumped in the landfill site
(Kanmani and Gandhimathi, 2013; Beinabaj et al.,
2023). Also, Lietal. (2011) regarded Fe as the fourth-
most abundant element in the Earth’s crust, widely
used for production and life; hence, it is the most
prevalent heavy metal in landfills. Other factors are
explained and discussed by Wang et al. (2018), like
the soil at landfill site may sometimes undergo
reductive dissolution, thereby resulting in the release
of Fe and Mn, thus increasing their solubility.
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However, the detected heavy metals in the
present study are within the permissible limits for soil
based on available literature. Periodic monitoring of
toxic heavy metals is a proactive measure to prevent
the adverse toxic effects of these heavy metals on
living organisms near the area by possibly applying an
efficient and eco-friendly clean-up strategy because
even though the concentrations of heavy metals are
below the permissible levels, this may still interfere
with the physiological metabolism of organisms, like
plants, and may lead to the increased uptake of heavy
metals due to the persistence of these toxic metals in
the soil (Singh and Kalamdhad, 2011; Ojekunle et al.,
2016). Also, Chibuike and Obiora (2014) observed
that the combined effect of more than two heavy
metals in contaminated soil was as harmful as the
effect of the most toxic heavy metal.

3.2 Optimum culture medium for mycelial growth

In this study, three indigenous culture media
namely coconut water agar (CWA), corn grit
decoction agar (CGA), and potato sucrose agar (PSA)
as well as three commercial culture media namely
potato dextrose agar (PDA), sabaurud dextrose agar
(SDA), and malt extract agar (MEA) were evaluated
for optimum growth of the three Aspergillus species.
Figure 3 shows the mean mycelial growth of the three
Aspergillus species in indigenous and commercial
culture media.

As shown in Figure 3, A. oryzae (MK120548.1)

exhibited the highest mycelial growth in the
a a
b
.
1 8867
82l67 ::
—~ i c 1.16
E d Zi T Culture media
= 1 66£67 []arsa
S 5+|9 208 & []Bcwa
5 e [ c.coa
[+ D_PDA
'é B0
> ME!
2 | BB
APSA B.CW C.CGA DPDA ESDA F MESA

(a) Aspergillus

Mycelial growth (mm)

commercial culture medium PDA (89.00+1.00 mm)
although it is statistically comparable with MEA
(85.00£1.73 mm) and the least mycelial growth in
indigenous culture medium PSA (48.67+3.06 mm).
Conversely, A. terreus (MH047280.1) exhibited the
highest mycelial growth in indigenous culture medium
PSA (76.00£2.00 mm) while it had the least growth in
the commercial media MEA (37.67+2.52 mm).
Interestingly, A. flavus (MH864264.1) also exhibited
the highest mycelial growth in PDA (88.67+1.16 mm)
although it is statistically comparable with SDA
(88.33+1.53 mm). A. flavus (MH864264.1) exhibited
the least mycelial growth in MEA (47.67+2.08 mm).

The optimum culture medium for mycelial
growth of each of the three Aspergillus species is
considered in this study so as not to interfere with the
evaluation of their tolerance index. Luxuriant mycelial
growth of A. oryzae (MK120548.1) and A. flavus
(MH864264.1) was observed in potato dextrose agar
while A. terreus (MH047280.1) grew best in potato
sucrose agar as shown in Figure 3. Lopez et al. (2022)
elaborated on the components of potato
dextrose/sucrose agar relative to fungal growth in
which potato dextrose agar is used in culturing wide
range of fungi as it provides a rich source of
carbohydrates and significant amounts of vitamins and
minerals such as vitamin B6, potassium, phosphorus,
magnesium, iron and low amount of sodium essential
for many metabolic processes and growth. Also, it
provides a significant amount of protein as nitrogen
sources of various fungal species.

ab

4
g9
+
c 1
i
1 Culture media
a [e3k3 (17 [[]arsa
+ 4 |:| B_CWA
L] 208 I ccoa
4867 D.FDA
3?)6 B :so-
' | BBYiIN
PSA BCWA CCGA DPDA ESDA F MEA

(b) Aspergillus oryzae

Figure 3. The mycelial growth of (a) A. flavus, (b) A. oryzae, and (c) A. terreus in different culture media for the evaluation of optimum
culture medium. Values are expressed in mean+SD and means that do not share a letter are significantly different.
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a
b

— T b
é 7b T =
-~ + 7067 69 Culture_media
= 2 c + i []aesa
= T 1.16 : c R
3 ] Bcwa
> 53133 D Cc_cGa
= x [ |prpa
g e E_SDA
> | BV
=

P B.C CCGA DPDA ESDA F.MEA

(c) Aspergillus terreus

Figure 3. The mycelial growth of (a) A. flavus, (b) A. oryzae, and (c) A. terreus in different culture media for the evaluation of optimum
culture medium. Values are expressed in mean+SD and means that do not share a letter are significantly different (cont.).

3.3 Tolerance index of the three Aspergillus species
to Cd and Mn

The optimum culture medium for each of the
Aspergillus species was used to evaluate the tolerance
index to Cd and Mn. Table 2 shows the tolerance index
of the three Aspergillus species to Cd and Mn at 10, 100,
1,000, and 10,000 mg/kg concentrations. It can be
inferred from the table that at 10 mg/kg Cd, A. oryzae
(MK120548.1) and A. flavus (MH864264.1) exhibited
a high metal tolerance index value while A. terreus
(MHO047280.1) (0.66+0.02) showed moderate metal
tolerance to Cd. At 10 mg/kg Mn, A. flavus
(MHB864264.1) exhibited a remarkably high metal
tolerance index of 1.03+0.04. A. oryzae (MK120548.1)
exhibited a high metal tolerance index value of
0.97+0.02. However, A. terreus (MH047280.1) only
showed a moderate metal tolerance index value. At 100,

1,000, and 10,000 mg/kg of Cd, all Aspergillus species
showed very low to low metal tolerance.

Interestingly, at 100, 1,000, and 10,000 mg/Kg of
Mn, A. flavus (MH864264.1) exhibited a consistently
very high metal tolerance index while A. terreus
(MHO047280.1) exhibited a low to very low metal
tolerance index to Mn. A. oryzae (MK120548.1)
showed a high metal tolerance index only at 100 and
1,000 mg/kg of Mn. However, it showed very low
metal tolerance at10,000 mg/kg. Figure 4 shows the
mycelial growth of the three Aspergillus species grown
in optimum medium contaminated with Cd and Mn at
10, 100, 1,000, and 10,000 mg/kg concentrations, as
well as the trend of tolerance indexes of the three
Aspergillus species at increasing concentrations (10,
100, 1,000, and 10,000 mg/kg) of Cd and Mn.

Table 2. Tolerance index of the three Aspergillus species to Cd and Mn at various heavy metal concentrations

Heavy metals Microfungal species

*Tolerance index heavy metal concentration (mg/kg)

10 100 1,000 10,000
Cadmium (Cd) A. oryzae (MK120548.1) 0.92+0.06 0.18+0.04 0.00£0.00 0.00£0.00
A. terreus (MH047280.1) 0.66+0.02 0.30+0.04 0.04+0.01 0.00£0.00
A. flavus (MH864264.1) 0.92+0.04 0.05+0.01 0.00£0.00 0.00£0.00
Manganese (Mn) A. oryzae (MK120548.1) 0.97+0.02 0.89+0.02 0.85+0.01 0.16+0.02
A. terreus (MH047280.1) 0.63+0.01 0.36+0.02 0.00£0.00 0.00£0.00
A. flavus (MH864264.1) 1.03+0.04 1.02+0.07 1.10+0.04 1.22+0.06

*Tolerance index values are mean values that indicate: 0.00-0.39 - very low metal tolerance; 0.40-0.59 - low metal tolerance; 0.60-0.79 - moderate metal
tolerance; 0.80-0.99 - high metal tolerance; 1.00->1.00 - very high metal tolerance (Oladipo et al., 2018)

It is noteworthy that the observed tolerance
indices of A. terreus (MH047280.1) at 10 mg/kg to
100 mg/kg Cd coincide with the findings of Villalba-
Villalba and Gonzalez-Mendez (2021). Sule et al.
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(2022) found that A. flavus along with other
Aspergillus species such as A. niger, A. fumigatus, and
A. versicolor exhibited tolerance to heavy metals such
as Cd, Mn, and other heavy metals at different levels
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of concentrations with most of their isolates found to ~ observation can be attributed to heavy metal toxicity
tolerate at least up to 40 mg/kg of the heavy metals.  and its effect to fungal growth as discussed by
This is consistent with the observations of the present ~ Priyadarshini et al. (2021). They explained that
study, where most of the three Aspergillus speciesstill ~ excessive accumulation of heavy metal, like Cd,
showed considerable tolerance to Cd and Mn at  induces protein and nucleic acid damage, which may
concentrations of 10 mg/kg to 100 mg/kg only. This inhibit transcription and cell growth.
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Figure 4. (a) Mycelial growth of the three Aspergillus species in their respective optimum culture medium enriched with Cd and Mn at
varying concentrations; (b-c) Line graph showing the trend of the tolerance index of the three Aspergillus species to Cd and Mn at various
concentrations

Interestingly, however, the present study found Mn. A. flavus (MH864264.1) also showed a

that A. oryzae (MK120548.1) showed a consistently  consistently very high tolerance index of up to 10,000
high metal tolerance index of up to 1,000 mg/kg of  mg/kg of Mn. The result of the present study also
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coincides with the findings of Kumar and Dwivedi
(2020) that A. flavus CR500 tolerated Cd and Mn up
to 100 mg/L and 1,600 mg/L concentrations,
respectively. Heavy metal tolerance is the ability of an
organism, like fungi, to survive metal toxicity through
several mechanisms that serve as a direct response to
the toxic metals present. These can be attributed to
several mechanisms of metal tolerance adopted by
fungi (which vary among species), which include
enhanced metal efflux, suppressed influx,
extracellular metal sequestration and precipitation,
metal binding to cell walls, intracellular sequestration
and complexation, and production of intracellular or
extracellular enzymes (Oladipo et al., 2018).

3.4 Metal uptake of the three Aspergillus species to
Cd and Mn

In evaluating the metal uptake of Aspergillus
species to Cd and Mn, the mean percent uptake of
heavy metal was determined using equation 2. The
three Aspergillus species were grown in potato
dextrose broth (PDB), each with 10,000 mg/kg of Cd
and Mn. After ten (10) days of incubation, the mycelial
mats were harvested and subjected to heavy metal
analysis, and the results, which are presented in Table
3, were analyzed. Values in the table are percent
uptake or the equivalent mg/kg concentration out of
each heavy metal’s 10,000 mg/kg concentration (Cd
and Mn).

Table 3. Mean percent uptake of heavy metal Cd and Mn by the three Aspergillus species at a prepared concentration of 10,000 mg/kg of

heavy metal in PDB

Microfungal species

Mean percent uptake of heavy metal (% of 10,000 mg/kg)

Cadmium (Cd)

Manganese (Mn)

Aspergillus oryzae (MK120548.1)
Aspergillus terreus (MH047280.1)
Aspergillus flavus (MH864264.1)

5.37+1.17% or <654 mg/kg
3.07+0.47%" or <354 mg/kg
4.38+0.33% or <471 mg/kg

0.8520.23%° or <108 mg/kg
8.7821.19%* or <997 mg/kg
2.6620.26%" or <292 mg/kg

*Means that do not share a letter are significantly different

Interestingly, all Aspergillus species showed
uptake of heavy metals, with A. oryzae (MK120548.1)
exhibiting the highest mean percent uptake of
5.37£1.17% to Cd or equivalent to <654 mg/kg of Cd.
On the other hand, A. terreus (MHO047280.1) showed
the highest mean percent heavy metal uptake of
8.78+1.19% to Mn or equivalent to <997 mg/kg of
Mn. A. flavus (MH864264.1) showed considerable
mean percent heavy metal uptake to Cd and Mn.
Various growth-dependent or growth-independent
metabolic processes of living cells carry out heavy
metal uptake or metal accumulation in fungi.
However, even dead cells or polysaccharide secretions
may also be involved in metal sorption (Shakya et al.,
2016). Heavy metal uptake is affected by the
mechanisms of fungi (often varied across fungal
species) to resist heavy metal, which include
biosorption  capability,  bioaccumulation  and
compartmentalization, metal chelation, intracellular
formation of metal oxalates through secretions of
organic acids, and efflux transport for metal exclusion.
These mechanisms affect fungal species’ uptake
capability and capacity (Priyadarshini et al., 2021).
The observed high metal uptake of Mn by A.terreus
(MH047280.1), in the present study, can be related to
the findings of Saha and Kennedy (2019) in the first
reported relationship of Mn with medium components
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for utilization of sugar and production of itaconic acid
(a building block platform chemical) by A. terreus.

Similarly, Sandor et al. (2021) observed that Mn
ions in association with copper modulate the
morphology of A. terreus. This suggests that the high
Mn uptake of A. terreus can be associated with
formation of metal oxalates from organic acid
secretions from utilization of sugars although further
studies should be done to confirm this claim.
Interestingly, the present study also observed an initial
Cd uptake capability of A. oryzae (MK120548.1)
although several studies showed Cd uptake by other
several Aspergillus species like A. fumigatus, A. niger,
and A. versicolor but limited findings on A. oryzae (Al-
Garni et al., 2009; Doku and Belford, 2015; Soleimani
et al., 2016) suggesting more studies should be done to
determine the various uptake mechanisms and assess
the uptake potential of A. oryzae to biosorp Cd.

4. CONCLUSION

In conclusion, the landfill microfungal isolates
such as A. oryzae (MK120548.1), A. terreus
(MHO047280.1), and A. flavus (MH864264.1) showed
potential tolerance and metal uptake to Cd and Mn.
Of note, the tolerance of A. oryzae (MK120548.1), and
A. flavus (MH864264.1) in vitro to Mn is remarkable.
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Interestingly, A. oryzae (MK120548.1), and A. terreus
(MHO047280.1) showed considerable metal uptake of
Cd, and Mn, respectively. Regarding the optimum
culture media, A. oryzae and A. flavus showed prolific
growth in commercial medium potato dextrose agar
while A. terreus showed prolific growth in indigenous
medium potato sucrose agar. The soil sample collected
has permissible amounts of heavy metals for Cd, Mn,
Cu, Cr, and Ni while As, Pb, and Hg was not detected.
The initial findings of this study are important in
contributing to the discovery of the potential of landfill
microfungal Aspergillus species such as A. flavus, A.
terreus, and A. oryzae to tolerate and uptake Cd and
Mn. With these data, studies in conjunction with plants
can be made further to assess the mycoremediation
potential of these microfungal isolates, and their
tolerance and uptake to other heavy metals can be
explored. The findings of this study on the heavy metal
soil analysis to be within the permissible limits in soil
are a good indication of the status of the heavy metals
present in the landfill site. However, periodic
monitoring and a thorough and wholistic assessment
on the degree of soil contamination of the landfill site
(using Plnemerow, for example) should be done for
appropriate actions to be taken to prevent adverse
health effect to public.
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