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Aquatic pollution is caused by the rapid development in industrialization. Therefore,
using microorganisms to remediate industrial wastewater (IWW) is a green method
that would stop or lessen aquatic contamination. This work explores the secondary
metabolites generated by Bacillus sp. and Aspergillus niger that were identified from
the Wupa Wastewater Treatment Plant in Abuja, Nigeria. Using morphological and
molecular methods, the isolates were identified. Gas chromatography-mass
spectrometry (GC-MS) was used to analyze the secondary metabolites that the isolates
generated. The extracts were extracted using liquid-liquid extraction. Potato Dextrose
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Keywords Agar and Nutrient Agar was supplemented with three different concentrations of each
Aspergillus niger metal (5 to 80 mgL2) Aspergillus niger and Bacillus sp. were selected for their potential
Bacillus sp to remediate heavy metal. Additionally, peptone broth was added with various heavy
Secondary metabolites metal concentrations. By utilizing a UV spectrophotometer set at 600 nm to track the
Effluent development of biomass, the remediation potential was determined. The results
GC-MS revealed a diverse array of bioactive compounds, including Octadec-9-enoic acid

(27.16%), Butanoic acid (18.54%), Propanal, 3-methoxy- (9.33%), Oleoyl chloride
(10.64%), n-Hexadecanoic acid (10.59), 2,3-Butanediol (6.92%), Octadec-9-enoic acid
(16.28%) and other metabolites which have shown strong bioremediation potential
applications in biotechnology and environmental management. The maximum
potential for bioremediation was shown by Aspergillus niger and Bacillus sp., with
optical densities of 1.080 in 40 mg FeL* and 10 mg ZnL™, respectively. The importance
of wastewater ecosystems as sources of beneficial secondary metabolites and their
potential for heavy metal remediation are highlighted by this study.
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Introduction

many vital activities (Shah et al., 2024). Secondary
metabolites are not involved in growth, development, or

The exponential growth of the world’s population
along  with  urbanization and socioeconomic

development has resulted in the generation of billions
of tons of solid waste and wastewater every year
(Mateo-Sagasta et al., 2015). About 80% of the
wastewater flows back into the ecosystem without
being treated or reused, carrying a wide variety of
contaminants, including microorganisms, heavy metals,
and organic as well as inorganic compounds
(Nascimento et al., 2018; Bashir et al., 2020).

Microbial secondary metabolites include a wide
range of naturally produced compounds that perform
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reproduction; but support microbes living in their
environment (Choudoir, 2018). Secondary metabolites
also play an important role in physiological adaptation
and many of them inhibit the growth of competing
microbes (Yan et al., 2018). Microorganisms such as
fungi and bacteria are known to produce a variety of
secondary metabolites, which have significant
ecological roles and potential applications in industries
ranging from pharmaceuticals to agriculture (Svahn et
al.,, 2015; Al-Imara and Al-Gazzawy, 2020; Fouillaud &
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Dufossé 2022; Asiminicesei et al., 2024). Every day, new
molecules produced by microorganisms are discovered,
and their incredible diversity has not yet delivered all its
messages (Fouillaud & Dufossé 2022; Asiminicesei et al.,
2024). Microbes produce metabolites such as organic
acids, biosurfactants and polymeric substances which
are also used in bioremediation. Organic acids improve
the bioavailability, mobility and solubility of metals;
examples of organic acids include citric acids, malate
and acetic acids (Saha et al., 2021).

Aspergillus niger and Bacillus sp. are well-
documented producers of these metabolites, with A.
niger known for producing organic acids, enzymes, and
mycotoxins, while Bacillus sp. is recognized for its ability
to produce antibiotics and other bioactive compounds
(Al-lmara and Al-Gazzawy, 2020; Kiesewalter et al.,
2020; Yu et al., 2021). Bacterial species belonging to the
genus Bacillus can produce many secondary metabolites
with antimicrobial effects towards other bacteria such
as lipopeptides, polypeptides, macrolactones, fatty
acids, polyketides, and isocumarines (Mondal et al.
2017; Sani et al., 2024). Similarly, secondary metabolites
such as organic acids from A. niger improve metal
bioavailability and aid in detoxification processes (Saha
et al., 2021; Alghamdi et al., 2024). The features of the
influent and operating circumstances have an impact on
the diversity and composition of the microbial
population in treated water. The core bacterial
community in wastewater treatment plants is mainly
comprised of Proteobacteria, classified as b-
proteobacteria followed by g-proteobacteria and
genera of Dokdonella, and Zoogloea (Yasir, 2021).
Nitrospira is dominantly found in activated sludge, and
Arcobacter taxa are highly abundant in raw sewage. A
16S amplicon study of 14 urban wastewater treatment
plants in four countries (United States, Canada, China,
and Singapore) identified the bacterial genera
Arcobacter, = Aeromonas,  Corynebacterium, and
Clostridium in the majority of activated sludge, influent,
and effluent samples (Ye & Zhang, 2011).

Microbial bioremediation is an alternative strategy
with widespread benefits. Often microorganisms
metabolize the chemicals to produce CO2 or methane,
water and biomass (Sessitsch et al., 2013) Alternatively,
the contaminants may be enzymatically transformed
into metabolites that are less toxic or innocuous (Wu et
al., 2019). Yasir (2021) reported that wastewater
contains diverse microbes, and regular microbiological
screening at wastewater treatment plants is essential
for monitoring the wastewater treatment and
protecting environmental health.

The Wupa Wastewater Treatment Plant (WWTP) in
Abuja is a critical infrastructure for managing the city's
wastewater (lbrahim et al., 2024a). However, WWTP are
also complex microbial ecosystems where various
microorganisms interact, potentially leading to the
production of unique secondary metabolites (Carles et
al., 2022; Junkins et al., 2022). Understanding the types

of secondary metabolites produced by microorganisms
in such environments can provide insights into their
ecological roles and potential applications.

This study aims to isolate and identify A. niger and
Bacillus sp. from the Wupa WWTP and analyze their
secondary metabolites using gas chromatography mass
spectroscopy (GC—MS). The novelty of this research lies
in linking the identified metabolites to the heavy metal
remediation potential of these isolates—an area
scarcely reported for Nigerian wastewater ecosystems.
The findings are expected to enhance our understanding
of microbial diversity in wastewater environments and
demonstrate their potential contribution to sustainable
environmental management.

Materials and Methods

Study area
The study was carried out in Wupa WWTP Abuja,

Nigeria between September 2022 and January 2023. The
Wupa WWTP is situated at coordinates 723"N, 901E in
the Idu district of Abuja Municipal Area Council (AMAC)
(Figure 1). The effluent-receiving river, Wupa River, lies
behind the facility. It was built to handle effluent from
the Abuja Metropolis's Phases |, II, and lll (AMAC). It was
designed to handle the wastewater generated by
700,000 Population Equivalent (PE) and expandable to
1,000,000 PE, thus, the Plant can accommodate an
average dry weather inflow of 5,500 m3/h and a wet
weather inflow of 9,000 m3/h (Ibrahim et al., 2024b)

Sample collection

Wastewater samples were collected from the
Wupa WWTP, Abuja, following standard procedures.
The samples were transported to the laboratory under
aseptic conditions for microbial analysis.

Isolation and identification of Aspergillus niger and
Bacillus subtilis

Serial dilution and plating techniques were
employed to isolate fungi and bacteria from wastewater
samples. The plates were incubated at 30°C for 48-72 h.
Distinct colonies were selected and sub-cultured to
obtain pure cultures.

The molecular identification of A. niger was
achieved by ITS rDNA sequencing, after the species was
recognized morphologically through features including
conidial structure and colony look. Gram-staining,
biochemical analyses, and 16S rDNA sequencing were
used to identify Bacillus sp.

Characterization of secondary metabolites produced
by A. niger and Bacillus sp.

Fermentation of microbes in liquid medium

A 500 mL conical flask was filled with 250 mL of the
sterile medium, and a 4 mL agar disc cut from a two-day
A. niger isolate culture was used to inoculate the flask.
The A. niger isolate was cultured in a liquid medium that
included 1L of distilled sterile water at pH 8.5, 15 g of
malt extract, 5 g of bacteriological peptone, 5 g of
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Figure 1. Map of Federal Capital Territorry showing the location of Wupa WWTP (lbrahim et al.,2024a).

glucose, and 2% NaCl. After that, the flask was incubated
for 14 days at 28 °C on a shaker at 1000 rpm. The fungal
isolate was extracted from the crude filtrate using
muslin cloth filtration, and three extractions were
conducted using a 2:1 ethyl acetate to hexane ratio.
After eluting the precipitate with 1 mL of ethyl acetate,
the mixture was stored at 3 °C until GC-MS was used to
analyze the metabolites in it.

The method of Dusane et al., (2013) was followed
in the manufacture of secondary metabolites for Bacillus
species. Isolated bacteria were cultured for 48 h at 30 °C
and 120 rpm on a shaker. The secondary metabolites
generated were extracted according to standard
protocol (Al-Imara & Al-Gazzawy, 2020). Each microbial
culture was mixed with ethyl acetate in a 1:1 ratio, and
the mixture was agitated for 6 h using a magnetic stirrer.
After that, the samples were centrifuged at 5000 rpm for
10 min. The remaining material was dissolved in EtOH
following the collection of the ethyl acetate layer and its
drying at 50 °C in a rotary evaporator (Al-Imara & Al-
Gazzawy, 2020).

Gas Chromatography-Mass Spectrometry (GC-MS)
analysis of secondary metabolites

The chemical compounds present in metabolites
were determined using GC-MS. Using an Agilent
78908/5977A GC-MS detector, a 30 m x 250 um x 0.25
pm Hp-5MS capillary column filled with an adsorption
phase of (5% phenyl, 95% dimethylpolysiloxane) is
utilized. 1 mL per min of He was employed as the carrier
gas in the El mode of the mass detector. The oven was
intended to begin operating at 70 °C for 2 min, after
which it would increase by 16 °C per min to reach 250
°C. 290 °C was the operating temperature of the
injector. The chemicals were identified by matching
their mass spectra with those of the 2014 NIST Library

(Aliyu et al., 2024).

Screening of Bacillus sp. and A. niger Isolates for
potential to utilize heavy metal

For the reactivation of A. niger and Bacillus sp.
isolated from  Wupa wastewater, peptone
supplemented with varying quantities of manganese
(Mn) (0, 5, 10, and 20 mg/L), zinc (Zn) (0, 20, 40, and 80
mg/L), and iron (Fe) (0, 10, 20, and 40 mg/L) were used.
The control was a broth that was devoid of heavy
metals. A. niger and Bacillus sp., were all injected into
the control and heavy metal-supplemented broth. After
that, the cultures were incubated at 35°C. For eight
days, growth and remediation potential were observed
every two days by measuring biomass growth at 600 nm
with a UV spectrophotometer (Oziegbe et al., 2021).

Results and Discussion

Isolation and identification

From the wastewater samples, A. niger and B.
subtilis were successfully isolated and identified.
Morphological and molecular analyses confirmed their
identity, with ITS and 16S rDNA sequences showing high
similarity to reference strains. Molecular
characterization of organisms isolated from Wupa
WWTP Abuja is shown in Table 1. Sample B1 has 89.27%
similarity with Bacillus sp. (MN190154.1), sample F1 has
92.86% with A. niger (MK156708.1).

Table 1. Molecular Identification of Microbes isolated from

Wupa WWTP

Sample Base Accession % Nearness
ID pair number identical species
Bl 760 MN190154.1 89.27 Bacillus sp.
F1 600 MK156708.1 92.86 A. niger

Secondary metabolites characteristics from GC-MS
chromatograms of Bacillus sp. and Aspergillus niger

Secondary metabolites play a significant role in the
remediation of heavy metals in the environment (Asgari
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et al., 2017; Anjitha et al., 2021; Asiminicesei et al.,
2024). These metabolites have been shown to have
chelating properties, which enable them to bind to
heavy metal ions and facilitate their removal from
contaminated soil or water (Mondol et al., 2013). The
GC-MS chromatograms of Bacillus sp. produced
secondary metabolites are displayed in Figure 2 and
Table 2. These show the presence of bioactive molecules
that are physiologically significant, including propanal,
3-methoxy (9.33%), octadec-9-enoic acid (16.28%), and
butanoic acid (18.54%).
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Figure 1. Full-scan mode chromatograms of secondary
metabolites generated by Bacillus sp. using GC-MS.

On the other hand, Figure 3 and Table 3 display the
secondary metabolites that A. niger produces. These
include physiologically significant bioactive compounds
as n-Hexadecanoic acid (10.59%), Octadec-9-enoic acid
(27.16%), and Oleoyl chloride (10.64%).

Table 2. GC-MS chromatogram of Bacillus sp. used to identify
secondary metabolites

RT Name Area (%)
3.883 Butanoic acid 18.54
3.950 Propanal, 3-methoxy- 9.33
4,373 1,2,3,4-Cyclopentanetetrol, 1.16
(1.alpha.,2.beta.,3.beta.,4.alpha
4.608 Propanal, 3-methoxy- 2.23
4.692 1,2-Propanediol diformate 1.10
5.253 1,4-Pentanediol 1.78
5.489 Butanoic acid, butyl ester 1.33
6.345 2,5-Dimethyl-4-hydroxy-3(2H)- 1.81
furanone

6.879 Pentanoic acid, 2-hydroxy-4-methyl-, 2.92
(S)-

7.089 Ethanamine, N-ethyl-N-nitroso- 1.85

7.181 4H-Pyran-4-one, 2,3-dihydro-3,5- 5.67
dihydroxy-6-methyl-

15.480 n-Hexadecanoic acid 6.56

17.100 9,12-Octadecadienoic acid (Z,2)- 6.23

17.147 Octadec-9-enoic acid 16.28

17.323 Octadecanoic acid 4.27

19.749  Phenol, 3-pentadecyl- 3.82

19.967 Hexadecanoic acid, 2-hydroxy-1- 2.03
(hydroxymethyl)ethyl ester

21.175 Oleoyl chloride 8.33

21.233 Octadecenoic acid, 1,2,3-propanetriyl 2.03
ester, (E,E,E)-

21.316 Hexadecanoic acid, 2-hydroxy-1- 1.17
(hydroxymethyl)ethyl ester

23.801 Cholest-22-ene-21-ol, 3,5-dehydro-6- 1.55

methoxy-, pivalate
100.00

Propanal, 3-methoxy (commonly known as
methoxypropanal) can serve as a carbon source for
various microorganisms. (Chandra & Kumar, 2017)
Certain  bacteria and fungi can metabolize
methoxypropanal, breaking it down into simpler
compounds that can be used for cellular energy and
growth (Canak et al., 2019). This is particularly useful in
bioremediation processes where microbial metabolism
is harnessed to degrade environmental pollutants (Singh
et al., 2021). Octadec-9-enoic acid, commonly known as
oleic acid, plays several roles in bioremediation due to
its properties as a fatty acid (Ali & Szabd, 2023). Because
oleic acid possesses surfactant-like qualities, it can
lessen the surface tension that separates water from
hydrophobic materials like oils and hydrocarbons (Jain
etal., 2023; Alghamdi et al., 2024).
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Figure 2. Full-scan mode chromatograms of secondary
metabolites generated by A. niger using GC-MS.

Through the emulsification process, these
hydrophobic contaminants become more accessible to
microorganisms, facilitating their biodegradation
(Sharma & Arya, 2022; Sani et al., 2024).

Table 3. GC-MS chromatogram of A. niger used to identify
secondary metabolites

RT Name Area (%)
3.715 Propanal, 3-methoxy- 2.78
3.981 2,3-Butanediol, [R-(R*,R*)]- 6.92
4.723 Oxime-, methoxy-phenyl-_ 1.45
5.165 1,4-Butanediol 5 0.90
5.487 Butanoic acid, butyl ester 2.75
11.320 Diethyl Phthalate 1.42
13.237 Tetradecanoic acid 1.03
14.584 1,2-Benzenedicarboxylic acid, bis(2- 1.17
methylpropyl) ester
14.641 n-Pentadecanol 1.98
15.480 n-Hexadecanoic acid 10.59
17.100 9,12-Octadecadienoic acid (Z,2)- 9.35
17.148 Octadec-9-enoic acid 27.16
17.325 Octadecanoic acid 7.29
19.752  Phenol, 3-pentadecyl- 6.09
19.970 Hexadecanoic acid, 2-hydroxy-1- 3.23
(hydroxymethyl)ethyl ester

21.179 Oleoyl chloride 10.64
21.242  E,E,Z-1,3,12-Nonadecatriene-5,14-diol 2.17
21.320 Ethyliso-allocholate 1.46
23.803 Rhodopin 1.63

100.00

Oleic acid emulsifies pollutants, increasing their
surface area exposed to microbial activity and increasing
their bioavailability for breakdown (Sani et al., 2024).
Oleic acid is engaged in a variety of biological activities,
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such as signaling and defense systems, and it plays a
function in the structural integrity of cell membranes
(Torres et al., 2021). However, it can produce oily
coatings on the water surface when present in high
guantities, which reduces gas exchange between the
water and atmosphere (Sani et al., 2024). Because of the
inhibition of oxygen transfer, dissolved oxygen levels are
reduced, which can stress or even kill fish and other
oxygen-dependent aquatic creatures (Ali et al., 2022).

Butanoic acid and its microbial derivatives can
chelate heavy metals, potentially immobilizing them or
altering their bioavailability (Peng et al. 2014; Ayilara &
Babalola 2023). This chelation can reduce the toxicity of
heavy metals in the environment, facilitating
bioremediation (Deyo, 2005; Al-Hawash et al., 2018).
Even though butanoic acid was found in significant
amounts in this investigation, it can contribute to
freshwater acidification by reducing pH levels (Xu &
Jiang, 2011). Acidified water can be harmful to aquatic
life, especially fish, amphibians, and macroinvertebrates
that are sensitive to pH variations (Leduc et al., 2013).

2,3-Butanediol are organic compounds produced
by A. niger during heavy metal remediation in
wastewater. A. niger is a versatile fungus known for its
ability to degrade and detoxify various contaminants,
including heavy metals (Acosta-Rodriguez et al., 2018).
Therefore, it plays a role in the remediation of heavy
metals in wastewater (Song et al. 2019; Raji et al., 2023).
2,3-Butanediol is a type of alcohol produced by A. niger
that has also been shown to have metal chelating
properties (Ji et al., 2011). This organic compound can
bind to heavy metals and help neutralize their toxic
effects (Ji et al., 2011). Additionally, 2,3-Butanediol has
been found to enhance the growth and metabolic
activity of A. niger (Yue et al., 2023) potentially
increasing its efficiency in heavy metal remediation.

High bioremoval efficiency of heavy metals treated
with A. niger and Bacillus sp. reported by several authors
(Congeevaram, 2007; Tastan et al. 2010; Kumar et al.,
2010; Zareh et al., 2022; Qader & Shekha, 2023; Ibrahim
et al., 2024a, b, c) due the presence of secondary
metabolites. They have potential applications in various
fields, including the removal of heavy metals from
wastewater (Tsekova et al., 2010). Studies have shown
that A. niger can effectively remove zinc, lead, and
copper from water by immobilizing these metals on
their cell walls. The metals are then effectively
sequestered within the fungal biomass, thereby
reducing their concentration in the water (Zareh et al.
2022). Additionally, these fungi have been found to
produce enzymes that can chelate heavy metals, making
them less toxic and more easily removable from the
water. This enzymatic activity further enhances the
bioremediation capabilities of A. niger.

Bioremediation potentials of microbial isolates

A medium enriched with Fe, Zn, and Mn was used
to assess the bioremediation potential of two native
microbial isolates, A. niger and Bacillus sp. (Table 4).

Table 4. Biomass growth of A. niger and Bacillus sp. on selected
heavy metals

Isolate code Optical Density
Fe Zn Mn

AN 0.7132 0.7132 0.7132
ANA; 1.079¢ 1.077b 1.0632
ANA; 1.080¢ 1.079b 1.0642
ANA; 0.7122 0.7122 0.7042
BS 0.7112 0.7112 0.7112
BSA; 1.072b 1.079b 0.7302
BSA; 1.076b 1.080b 1.0632
BSA; 0.7102 0.7112 0.7102

According to Duncan's New Multiple Range Test, values in the same
group followed by the same letter did not differ significantly at p<0.05.
AN- Aspergillus niger, BS- Bacillus sp.

A1-10mg/L (Fe),20mgL (Zn), 5mg/L (Mn)

A2-20mg/L (Fe),40mgL (Zn), 10mg/L (Mn)

A3-40mg/L (Fe),80mg/L (Zn), 20mg/L (Mn)

NA-Not Applicable

Several authors indicated in their studies that
Aspergillus species and Bacillus species have tolerance
to array of heavy metals in varying concentrations
(Giovanella et al., 2017; Cai et al., 2019; Chen et al.,
2022; lbrahim et al., 2024a). In addition, the isolated
indigenous organisms showed different response to
heavy metal type and concentrations in this study as
confirmed by a similar study conducted in Nigeria
(Ndeddy & Babalola, 2017; Abioye et al., 2018; Oziegbe
et al., 2021). Mostly organisms that can survive and
remain active in extreme environments can be identified
and potentially targeted for bioremediation purposes
(Akob et al., 2007).

Optical Density (OD) was used to monitor microbial
growth to ascertain the bioremediation potential of the
test organisms (Oziegbe et al., 2021). During the
incubation days, the OD of the control medium was
consistently lower (p<0.05) than the Fe supplemented
medium at all concentrations, except for 40 mgFeL? in
the Bacillus sp. infested media (Table 4). This
demonstrates that the amount of heavy metal an
organism could tolerate, and use depended not just on
its concentration but also on how long it had been
incubating. Similar findings on the ability of Bacillus
megaterium, Entrobacter cloacae and Rhizopus
stolonifer to enhance the removal of Pb, Cd, and Ni from
contaminated broths with increase in incubation time
were reported (Nikhil et al., 2013; Njoku et al. 2020;
Oziegbe et al., 2021). A. niger has the maximum optical
density (1.080) at 20 mgFelL in Fe supplemented media.
There have been several reports on A. niger's capacity to
biosorb heavy metals, which allows it to tolerate
pollution, and its ability to adapt to contaminated
environments (Al-Dhabi et al., 2019; Ibrahim et al., 2023;
Ibrahim et al., 2024a, b). The fluctuating impact of A.
niger at 40 mg FeL'! and 10 mg FeL! in this investigation
may be attributed to the varying rates of enzymatic
activity at each Fe concentration. Some studies have
shown that A. niger exhibits some enzymatic pathways
through which pollutant is attacked and converted to
harmless products (Qader & Shekha, 2023; Robinson et
al., 2021). Basically, the rate of bioremediation process
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depends on the concentration of the contaminant and
the expression of some specific enzymes by the
organisms (Oziegbe et al., 2021). The increase in
biomass of all the setups could be because of tolerance
exhibited by the organism; these systems provide
favorable environment for microbial growth and
interaction with heavy metals (Ramya et al., 2021).
Biomass can facilitate the process of bioaccumulation,
where living organisms accumulate heavy metals within
their tissues (Shalaby et al., 2023). This accumulation
helps in removing metals from the water, effectively
reducing their concentration (Shoaib et al., 2011; Singh
et al., 2021). The biomass of Aspergillus species can
effectively adsorb heavy metals onto its surface, thus
reducing their concentration in the water (Shalaby et al.,
2023). The chelating and complexing abilities of
Aspergillus biomass components contribute to its
effectiveness in capturing and immobilizing heavy
metals (Ramya et al., 2021). According to More et al.
(2010), the process of bioaccumulating heavy metals in
solution by live fungal cells provides a more effective
way of absorbing harmful metals than does
decomposing biomass. Testing has been done to
determine if Aspergillus species can withstand elevated
levels of hazardous metals after they were separated
from contaminated areas (Shivakumar et al.,, 2011;

concentrations of heavy metals which could be specific
for one or a few metals (Nies, 2003; Piddock, 2006).
The OD at all concentrations for Mn was
statistically not significant (p < 0.05). In Mn
supplemented medium, A. niger has the highest optical
density (1.064) at 10 mgMnL? while Bacillus sp. also
recorded high OD (1.063) at 10mgMnL?®. Often
microorganisms metabolize chemicals to produce CO:
or methane, water and biomass (Sessitsch et al., 2013).
Alternatively, the contaminants may be enzymatically
transformed into metabolites that are less toxic or
innocuous (Wu et al., 2019). Microbial bioremediation's
ability to destroy the toxins allows for a more
environmentally friendly approach to remediation than
other strategies, such as landfill and dumping waste in
the sea (Yang & Wang, 2017; Wang et al., 2021). The
technigue of microbe populations increasing in number
while degrading a contaminant and decreasing prior
degradation appears more natural (Wang et al., 2021).
The minimum OD of 0.704 and 0.710 respectively was
exhibited by A. niger and Bacillus sp. was observed at 20
mgMnL? concentration medium respectively (Table 4).
This confirms that microbial biomass and species
possess varied biosorptive capabilities which depend on
concentrations of Mn (Malik, 2004; Fomina & Gadd,
2014). Biosorption is a physicochemical, metabolism-

Pandey & Banerjee, 2012;).

The biomass growth of microbial isolates and Zn
tolerance was shown in Table 4. Bacillus sp. had the
lowest OD at 80 mgZnL™. It showed a strong correlation
(p<0.05) with an OD of 0.711. However, Bacillus sp. at
40mgZnLhad the highest OD of 1.080. This shows that
the tolerance and utilization of heavy metal was not only
dependent on the heavy metal concentration but the
days of incubation of the organisms (Oziegbe et al.
2021). The study also agrees with the findings of similar
work (Kamika & Momba, 2013; Syed and Chinthala,
2015) who reported high remediation activity in Bacillus
spp. This could be attributed to the ability of Bacillus
spp., to exhibit robustness, adaptability, and diverse
metabolic capabilities, including its potential for metal
ion uptake (Syed & Chinthala, 2015). Various
mechanisms have been postulated for the development
of metal resistance in microorganisms (Syed &
Chinthala, 2015). All these techniques, however,
generally work to either actively pump out the metal
ions from the cell or to stop them from entering
(Kalpana et al., 2018). Similar findings on the ability of
Bacillus spp. to withstand heavy metals tolerance from
contaminated broths with increase in incubation time
were reported by (Das et al., 2014, 2016; Babar et al.,
2021; Khan et al., 2022) also confirmed that incubation
period of the test organisms increases the rate of
degradation of pollutants, the organisms could still be at
the exponential phase of their growth. The variability of
the test organisms towards heavy metal tolerance in this
study confirmed that the test organisms exhibited
several mechanisms to reduce the elevated

independent heavy metal uptake process based on cell
membranes (Fomina & Gadd, 2014). It works by using
substances that are negatively charged and found in cell
membranes. Importantly, the biomass used for
biosorption is usually non-living biomass, as this way,
the process precedes more efficiently than with living
microorganisms (Fomina & Gadd, 2014). The efficiency
of this strategy mainly depends on several parameters,
including surface properties, e.g., functional groups
present on the cell membrane, pH, temperature, or
electrostatic interactions (Zabochnicka-Swiatek, 2013;
Shamim, 2018; Tiquia-Arashiro, 2018).

Conclusion

This study successfully isolated and identified A.
niger and Bacillus sp. from the Wupa WWTP, Abuja, and
analyzed their secondary metabolites. The results
indicate that these microorganisms produce a diverse
array of bioactive compounds such as Propanal, 3-
methoxy (9.33%), Octadec-9-enoic acid (16.28%),
Butanoic acid (18.54%), n-Hexadecanoic acid (10.59%),
Octadec-9-enoic acid (27.16%), and Oleoyl chloride
(10.64%), underscoring the potential of wastewater
environments as reservoirs of valuable metabolites. In
the present study, the results showed that a varying
degree of Fe, Zn, and Mn tolerance by A. niger and
Bacillus sp. where A. niger recorded highest biomass
growth on Fe and Mn broth whereas Bacillus sp.
recorded highest biomsss growth for Zn. Microbial
isolates play a significant role in the solubilization and
mobilization of metal ions, enhancing their
bioavailability for subsequent uptake and sequestration
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by microbial biomass. Furthermore, the structural
complexity of the extracellular polysaccharides provides
numerous binding sites for heavy metals, contributing to
efficient biosorption processes. Future studies should
explore the scale-up and industrial applications of these
findings.
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