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Abstract

The global increase in human population has led to severe human activities like gold mining and
pharmaceutical industries which in turn alters the unique nature of the environment. This study was
carried out to ascertain the microbial composition of the wastewater samples collected from a gold mining
site and pharmaceutical site in Minna, Niger State, Nigeria. Wastewater samples were subjected to
microbial analysis using standard serial dilution and culture techniques, followed by biochemical
characterization of bacterial isolates and morphological identification of fungal isolates. The results obtained
shows higher microbial loads in gold mining wastewater compared to pharmaceutical effluent, with total
bacterial counts of 3.0 x 10* CFU/mL and 2.6 x 10* CFU/m L, respectively, and total fungal counts of 2.1
x 10* CFU/mL and 1.1 x 10* CFU/mL. Nine bacterial species were identified, including Gram-positive
isolates (Bacillus sp., Staphylococcus aureus, Micrococcus sp., Corynebacterium sp., and Enterococcus sp.)
and Gram-negative isolates (Pseudomonas sp., Enterobacter sp., Salmonella sp., and Escherichia coli).
Fungal isolates comprised five species: Mucor sp., Penicillium sp., Aspergillus sp., Fusarium sp., and
Rhizopus sp. The distribution of isolates varied across sites, with Salmonella and Enterobacter restricted to
mining wastewater, and Corynebacterium and E. coli restricted to pharmaceutical wastewater. The
coexistence of opportunistic and pathogenic microorganisms indicates significant environmental and public
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health risks, including the potential spread of antimicrobial resistance and mycotoxin contamination. These
findings underscore the urgent need for improved wastewater treatment and monitoring strategies to
mitigate pollution burdens from industrial and mining activities in Minna.

Keywords: Wastewater, Pharmaceutical; Microbial, Bacteria, Fungi

INTRODUCTION

Water performs unique and indispensable activities globally as is an important component of
living beings (Mohammed et al., 2020; Maishanu et al., 2022). There is an increasing different
anthropogenic activity that alters the health status of water ecosystems especially the freshwater
bodies (Mohammed et al., 2024). Urban population growth, industrialization, and intensive
farming have led to severe disturbance of drinking water across the world, resulting in limited
access to clean and safe drinking water (Adamu ef al., 2018a Adamu et al., 2022; Ibrahim et al.,
2024). The rise of urbanization and industrialization has left the environment exposed to
numerous pollutants which are toxic to living things (Mohammed et al., 2020a; Mohammed et al.,
2020).

Water pollution from industrial and mining activities has become a significant environmental
and public health concern in developing countries where rapid urbanization and weak
regulatory enforcement often exacerbate the problem (Edegbene et al., 2023). Wastewater
generated from industrial operations contains a wide range of chemical and biological
contaminants (Maishanu et al., 2022). Wastewater when discharged untreated, adversely impact
negatively on the aquatic ecosystems thereby posing health risks to human populations that
relies on these water bodies for domestic, agricultural, and recreational purposes (Ibrahim et al.,
2024).

One of the industrial and mining activities that pollutes freshwater ecosystem is gold mining and
pharmaceutical companies discharge or residues (Obi et al., 2025). Gold mining activities are
associated with the release of heavy metals, suspended solids, and chemical reagents used in
mineral extraction processes (Fashola et al., 2016). These pollutants alter the physicochemical
properties of water and create conditions that favor the proliferation of microbial communities,
some of which may be pathogenic (Obi et al., 2025). According to the World Health Organization
(WHO), pharmaceutical waste residues refer to all expired pharmaceuticals, unsealed syrups or
eye drops, or tubes of cream, ointment, all bulk loose tablets and capsules, as well as cold chain,
damaged unexpired pharmaceuticals that should have been stored in a cold chain but were not
(Ariffin & Zakili, 2019). Similarly, pharmaceutical industries generate effluents rich in organic
compounds, residual antibiotics, and other active pharmaceutical ingredients that not only
contribute to environmental pollution but also encourage the emergence of resistant microbial
strains, threatening public health and ecosystem stability (Obi et al., 2025).

Microorganisms such as bacteria and fungi serve as key indicators of water quality due to their
sensitivity to changes in environmental conditions (Mohammed & Adamu 2019, Adamu et al.,
2022). The presence of pathogenic species in wastewater represents a direct risk to human health,
while opportunistic microorganisms may play roles in biodegradation, nutrient cycling, and
pollutant transformation (Ibrahim et al., 2024). Wastewater from gold mining sites and
pharmaceutical industries often contains a complex mixture of organic and inorganic substances
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that can significantly alter the microbial ecology of the receiving environment (Aneyo et al., 2016).
In particular, such effluents can harbor pathogenic bacteria and fungi, some of which may
develop resistance to antimicrobial agents due to continuous exposure to chemical residues
(Wang et al., 2023).

In Minna, Niger State, gold mining and pharmaceutical activities are increasingly contributing to
wastewater discharge into the environment without adequate treatment. This poses a dual threat
contamination of nearby water bodies and the proliferation of potentially harmful
microorganisms (Gomes, 2024). Wastewater has been reported to introduce heavy metals,
residual antibiotics and other bioactive compounds that exert selective pressure on microbial
communities, fostering the growth of resistant bacterial and fungal strains (La Rosa et al., 2025).
Despite the potential risks, there is limited scientific data on the bacterial and fungal composition
of wastewater from these sites in Minna. The lack of such information hampers effective public
health interventions, environmental management, and policy development. Without proper
monitoring, untreated wastewater discharge may continue to endanger aquatic life, compromise
water quality, and pose serious risks to human health through direct contact or consumption of
contaminated water resources. Thus, this study was aimed to assess the bacterial and fungal
compositions of wastewater collected from gold mining site and a pharmaceutical site in Minna,
Niger State.

MATERIALS AND METHODS
Study Area

The study was carried out in the Department of Biology Laboratory, Ibrahim Badamasi
Babangida University Lapai, Niger State, Nigeria. Wastewater samples were collected from
pharmaceutical company discharge and gold mining sites in Minna Metropolis, Niger State,
Nigeria (Figure 1).
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Figure 1. Map showing the sampling points of wastewater in Minna Metropolis

Sample Collection
Wastewater samples were collected in 1litre plastic bottle, prior to sample collection, the plastic
bottles were washed with distilled water and rinsed three times with the wastewater (effluents)
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samples before collection. The samples were collected at the point of discharge by lowering the
sample containers and allowing the effluents to flow in, the bottles were tightly covered after
tilling (APHA 2017). Samples were collected weekly by composite sampling method. These
effluents transported to the laboratory in ice packed bags for microbial analyses.

Microbial Analysis of Wastewater Samples

Serial dilution of the samples was carried out using the procedure described by Cheesbrough
(2003). The pour plate method was employed and 1 mL of the wastewater sample was aliquoted
into a test tube containing 9ml of distilled water as a stock. Thereafter, 9 mL of distilled water
was measured into 6 other test tubes arranged serially and labelled and 1ml of the stock was then
aliquoted into the next test tube and 1 mL of that mixture was aliquoted into the next test tube;
this process was continued until the 6th test tube. 10! 10%and 10 were chosen as the dilution
factor. In each of the dilution 1ml was pipetted into petri dishes in duplicates.

For bacterial growth; 28.0g of nutrient agar was dissolved in 1000 mL of distilled water in a
corked conical flask and stirred until the agar had dissolved. For fungal growth; 39 g of
Sabouraud dextrose agar (SDA) was dissolved in 1000 mL of distilled water in a corked conical
flask and stirred till the agar had dissolved. The media were autoclaved 121°C for 15 minutes
according to manufacturer’s instruction. The media were allowed to cool down in a sterilized
chamber then poured into peri dishes containing the 1 mL diluents in the presence of a flame.
The bacterial culture dishes were incubated at 37°C for 24 hours whilst the fungi culture plates
were incubated at 25°C for 6 days.

Biochemical Characteristics of Bacterial Isolates

Bacterial colonies were enumerated using colony counting machine. The number of colonies on
the plate was multiplied by the reciprocal of the dilution factor, and a computation was
performed for 1 mL of the original sample (Cheesbrough, 2003). An average count was used to
produce the total count, and the results were reported as colony forming units per millilitre
(CFU/mL) of sample. Bacterial samples were further sub-cultured to obtain pure cultures using
nutrient agar. Furthermore, the pure culture of the bacteria isolates were subjected to various
biochemical test such as catalase, indole, citrate utilization, coagulase, methyl red, Voges
Proskauer, urease and sugar fermentation to ascertain the phenotypic characteristics of the
bacteria isolate (Ogodo et al., 2021).

Fungal Identification

SDA was used to subculture the initial fungal colonies. The SDA was prepared according to
manufacturer’s instructions; As 500 mg of mortar crushed ciprofloxacin was added into the agar
after it had been autoclaved at 121°C for 15 minutes to inhibit bacterial growth. The agar was
dispensed into sterile petri dishes in the presence of a flame. A sterile inoculating wire was used
to collect fungal colonies of interest and placed in the middle of the agar plate. Fungal colonies
were observed on SDA plates under normal room temperature. Each colony was observed with
the following criteria: colour, texture of colony, elevation, form, border/margin. The fungal
species were further characterised using morphological characteristic (Adamu et al., 2018b; Leber
& Burnham, 2023).
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RESULTS

The Mean bacteria count (CFU/mL) of waste water collected from Gold mining site and
Pharmaceutical site in Minna Niger State is shown in Table 1. The total bacterial count was highest
in the gold mining site (3.0 x 104 CFU/mL) and was lowest in the pharmaceutical site (2.6 x 104
CFU/ml). The total bacteria count is highest in the gold mining site (1.8 x 10* CFU/mL) and was
lowest in the pharmaceutical site (1.1 x 10+ CFU/mL). The total fungal count is highest in the
gold mining site (2.1 x 10* CFU/mL) and was lowest in the pharmaceutical site (1.1 x 10¢
CFU/mL).

The biochemical characteristics of bacterial isolates of wastewater collected from Gold mining
(GMS) and Pharmaceutical site (PMS) in Minna Niger State are presented in Table 2. A total of
tive (5) gram-positive bacterial species and four (4) gram negative bacterial species were isolated
from the wastewater. The gram-positive bacterial species are Bacillus sp., Staphylococcus aureus,
Micrococcus sp., Corynebacterium sp. and Enterococcus sp while the gram-negative bacterial species
are Pseudomonas sp., Enterobacter sp., Salmonella sp., and E. coli.

The morphological and microscopy characteristics of fungi isolates of wastewater collected from
gold mining site and pharmaceutical site in Minna Niger State is shown in Table 3. A total of five
(5) fungal species were isolated from the wastewater samples and the wastewater samples are
Mucor sp., Penicillium sp Aspergillus sp Fusarium sp., and Rhizopus sp. The Occurrence of each
isolate in wastewater from gold mining and pharmaceutical site in Minna Niger State is shown
in Table 4. Bacterial species such as Bacillus sp., Staphylococcus aureus, Micrococcus sp., Pseudomonas
sp., and Enterococcus sp. were present both in gold mining and pharmaceutical wastewater.
Enterobacter sp., and Salmonella sp. were present only in the gold mining wastewater while
Corynebacterium sp. and E. coli were only present in the pharmaceutical wastewater. All the
fungal species (Mucor sp., Penicillium sp., Aspergillus sp., and Rhizopus sp) were detected in the
gold mining wastewater except Fusarium sp. while in the pharmaceutical wastewater all the
fungal species (Penicillium sp Aspergillus sp Fusarium sp., and Rhizopus sp) were present except
Mucor sp.,

Table 1: Mean microbial count (CFU/mL) from gold mining site and pharmaceutical site in

Minna Niger State
Sample Total bacterial count Coliform count Total fungal count
Gold mining site 3.0 x 104 1.8 x 104 2.1 %104
Pharmaceutical 2.6 x 104 1.1 x 104 1.1 x 104

site
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Table 2: Biochemical characteristics of bacterial isolates of wastewater from gold mining site
and pharmaceutical site in Minna Niger State
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A + + - + o+ + + + + A A A Bacillus sp
B + + + - + + - - - AG A A Staphylococcus aureus
C + - - - + + - - A - A Micrococcus sp
D - - - - + - - + + A A - Pseudomonas sp
E - + - - - - + - - AG AG A Enterobacter sp
F - - - - + - - + A AG - Salmonella sp
G - - - + - - + A - A Corynebacterium sp
H - - - + + - - AG AG A Enterococcus sp
I - + - - - - + o+ - AG AG A E. coli

+ =Positive,- =Negative, A=Acid production, AG=Acid and Gas production.

Table 3: Morphological and microscopy characteristics of fungi isolates of wastewater
collected from gold mining site and pharmaceutical site in Minna Niger State

S/N Cultural Morphological Microscopy Probable
fungal isolate
1 Volvoty texture from mixed conidial Conidial heads are smaller and Mucor sp
head slightly polar splitting into delicate
columns
2 Large fluffy white colonies almost Non - septate branched hyphal  Penicillium sp
covering the whole surface enlarge at the apex to form
cornidophorex  they  produce
brownish black ceridia in chains.
3 Blue - green colonies of suede like Short- stiped conidiophores with
surface and density felt sores terminal vesicle and long chain at  Aspergillus sp
globose conidia
4 Colonies growing rapidly growing, Non-septate, microconidia, Fusarium sp
aerial mycelium white, becoming ellipsoidal to cylindrical, straight
purple, with  discrete  orange and curved, with terminal
sporodochia present with aerial chlamydospores, hyaline, smooth -
myecelium, walled,
5 Fast growing colonies forming hyaline Differentiated into stolons and Rhizopus sp
ariel hyphae, rhizoids are pigmented nodes with rhizoids and

with brownish sporangiophores

sporangiophores, sporangiophores
are short ellipsoidal with almost
pointed ends
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Table 4: Occurrence of each isolate in wastewater collected from gold mining site and
pharmaceutical site in Minna Niger State
Organisms Gold mining site Pharmaceutical site
Bacillus sp +
Staphylococcus aureus
Micrococcus sp
Pseudomonas sp

+
+
+

Enterobacter sp

+ + o+ + + o+

Salmonella sp

Corynebacterium sp

+
+

Enterococcus sp
E. coli

Mucor sp

Penicillium sp
Aspergillus sp

+ + +

Fusarium Sp

+ 4+ o+ o+

Rhizopus sp +

DISCUSSION

The results of this study revealed that the mean colony-forming unit (CFU/mL) of wastewater
samples collected from the gold mining and pharmaceutical sites in Minna, Niger State varied
considerably. The total bacterial count was highest in the gold mining site (3.0 x 10* CFU/mL)
and lowest in the pharmaceutical site (2.6 x 10* CFU/mL). Similarly, the total fungal count was
also higher in the gold mining site (2.1 x 10* CFU/mL) compared to the pharmaceutical site (1.1
x 10* CFU/mL). These findings indicate that the gold mining site harbours a greater microbial
load than the pharmaceutical site. The higher bacterial and fungal counts in the gold mining
wastewater could be attributed to the presence of organic matter and heavy metals that provides
a suitable growth medium for diverse microbial communities. Previous studies have shown that
effluents from mining operations contain suspended solids, organic matter, and trace metals that
select for resilient bacteria and fungi capable of tolerating harsh environments (Nkwunonwo et
al., 2020). Heavy metals such as arsenic, lead, and cadmium, commonly associated with gold
mining, not only contaminate water bodies but also exert selective pressure that fosters microbial
adaptation and proliferation (Igiri et al., 2018). On the other hand, the relatively lower microbial
load in the pharmaceutical wastewater could be linked to the presence of residual antibiotics and
chemical compounds in the effluents. Pharmaceutical effluents often contain antimicrobial
substances that suppress microbial growth, reducing colony counts compared to other industrial
wastewaters (Larsson, 2014). However, although the counts were lower, the microorganisms that
survive in such environments may develop resistance to antibiotics, raising public health
concerns (Kiimmerer, 2009). The higher fungal count in the gold mining site further supports the
observation that mining effluents provide favorable conditions for fungal growth. Fungi are
known to tolerate and metabolize heavy metals by bioaccumulation and biosorption, which
allows them to thrive in contaminated sites (Gadd, 2010). This may explain why the gold mining
site showed the highest fungal load. The differential microbial impacts of gold mining and
pharmaceutical effluents on the environment. While gold mining wastewater supports greater
microbial abundance, pharmaceutical wastewater, though with lower counts, may pose more
insidious risks by selecting for resistant microbial strains. These results align with earlier studies
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that stressed the importance of monitoring microbial communities in industrial wastewater as
indicators of pollution and public health risks (Olaniran et al., 2014).

The biochemical characterization of bacterial isolates from wastewater collected from gold
mining site and pharmaceutical sites shows the presence of both gram-positive and gram-
negative bacteria indicating a high level of microbial diversity and contamination. A total of five
gram-positive species (Bacillus sp., Staphylococcus aureus, Micrococcus sp., Corynebacterium sp., and
Enterococcus sp., and four gram-negative species Pseudomonas sp., Enterobacter sp., Salmonella sp.,
and Escherichia coli were identified. The occurrence of gram-positive bacteria, particularly, Bacillus
species, is consistent with reports that Bacillus thrives in harsh environmental conditions,
including wastewater effluents contaminated with heavy metals and organic pollutants (Singh &
Hiranmai, 2021). Staphylococcus aureus and Enterococcus species are well-documented
opportunistic pathogens, often associated with fecal contamination and hospital-acquired
infections (Vasconcellos et al.,, 2022). The presence of this bacterial species in pharmaceutical
wastewater could be linked to the improper disposal of organic residues and antibiotics, which
provide a selective environment for pathogenic and drug-resistant strains (Kiimmerer, 2009).

The gram-negative bacterial isolates identified Pseudomonas, Enterobacter, Salmonella, and E. coli
are of major public health concern. Pseudomonas species, for example, are resilient bacteria
commonly found in pharmaceutical and industrial effluents due to their metabolic versatility and
ability to degrade xenobiotic compounds (Perelomov et al., 2023). Enterobacter and E. coli are
classical indicators of fecal pollution and poor sanitation, suggesting contamination of the
wastewater with human or animal waste (Adefisoye & Okoh, 2017). Salmonella species are notable
for their role in enteric infections, and their presence in mining wastewater could indicate
environmental contamination and potential health risks to communities relying on nearby water
sources (Liu et al., 2018). The diversity of both pathogenic and opportunistic microorganisms in
the wastewater reflects the complex ecological impact of gold mining and pharmaceutical
activities in Minna. Mining effluents often contain heavy metals such as mercury, lead, and
cadmium, which not only alter microbial diversity but also enhance the persistence of resistant
bacterial strains through co-selection mechanisms (Fashola et al., 2016). Similarly, pharmaceutical
wastewater is a known reservoir of antimicrobial-resistant bacteria due to residual antibiotics and
other bioactive compounds discharged during drug production (Larsson, 2014). The findings
corroborate earlier studies that industrial effluents act as significant reservoirs of potentially
pathogenic microorganisms and antibiotic resistance genes (Berendonk et al., 2015).

The present study revealed that wastewater samples collected from gold mining and
pharmaceutical sites in Minna, Niger State, contained five fungal species Mucor sp., Penicillium
sp., Aspergillus sp., Fusarium sp., and Rhizopus sp. These fungal genera are commonly reported in
polluted aquatic environments, particularly those impacted by industrial effluents, due to their
adaptive capabilities and tolerance to toxic substances (Kirk et al., 2008; Gadd, 2010). The
occurrence of Mucor sp. and Rhizopus sp. suggests the presence of high levels of organic matter,
since these fungi are well known for their saprophytic nature and ability to degrade complex
organic substrates (Pouris et al., 2014). The presence of this fungal isolates in mining and
pharmaceutical wastewater may indicate a potential role in biodegradation processes, but also
raises health concerns, as some species of Mucor and Rhizopus are opportunistic pathogens
capable of causing mucormycosis in immunocompromised individuals (Richardson, 2009).
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Penicillium sp. and Aspergillus sp. were also prominent in the wastewater samples. These fungi
are ubiquitous in the environment and are often associated with soil, decaying matter, and
polluted water systems (Aneja, 2003), and their isolation from pharmaceutical effluent is not
surprising, as previous studies have shown that Aspergillus and Penicillium thrive in
environments rich in antibiotics and chemical residues, sometimes developing resistance to such
compounds (Aneja, 2003). However, the presence of Aspergillus and Penicillium poses a dual
challenge: while they have potential applications in bioremediation and enzyme production,
some species, such as Aspergillus fumigatus and Penicillium marneffei, are known to cause
opportunistic infections (Latgé, 2001). Furthermore, Fusarium sp. were also isolated and identified
in this study. Fusarium species are recognized for their ability to survive in extreme conditions
and are often associated with contaminated water sources (Nelson et al., 1994). Importantly,
Fusarium can produce mycotoxins such as fumonisins and trichothecenes, which have serious
implications for human and animal health (Nelson et al., 1994). The presence of Fusarium species
in wastewater environments suggests potential risks of toxin dissemination into nearby
agricultural fields or water bodies, especially if the wastewater is reused for irrigation without
treatment. These findings are consistent with studies conducted in similar industrial
environments in Nigeria and elsewhere, where Aspergillus, Penicillium, Mucor, Rhizopus, and
Fusarium were among the most frequently isolated fungal genera from untreated wastewater
(Oyeleke et al., 2008; Olawale et al., 2024).

CONCLUSIONS AND RECOMMENDATION

The coexistence of organisms such as Staphylococcus aureus, Enterococcus, E. coli, Pseudomonas sp.
Aspergillus, Penicillium, Mucor, Rhizopus, and Fusarium in untreated wastewater highlights the risk
of dissemination of waterborne diseases and antimicrobial resistance in the local population.
Also, the isolation of these organisms from wastewater highlights the pollution burden and
microbial risks associated with effluents from gold mining and pharmaceutical industries in
Minna. The microorganism identified were not only indicators of organic and chemical
contamination but also pose environmental and public health concerns due to their pathogenic
potential and ability to produce harmful metabolites. Thus, the isolation of these organisms
underscores the urgent need for improved wastewater treatment and monitoring strategies in
Minna to mitigate environmental and public health hazards.
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