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1. INTRODUCTION 

Palm oil production underpins the socioeconomic 

structure of tropical regions, particularly in Nigeria, where 

it furnishes vital employment, income, and sustenance for 

rural populations (Abdullah et al., 2018). However, one of 

its most pressing environmental pitfalls is the generation 

of untreated palm oil mill effluent (POME) a dark, organic-

rich wastewater that, if recklessly discharged, poses 

substantial risks to soil integrity and ecosystem health 

(Chin & Lim, 2019; Williams, 2018)  

Soil an immensely intricate and dynamic matrix supports 

critical functions including nutrient cycling, water 

filtration, and the proliferation of microbial communities; 

its health undergirds food security and overall ecosystem 

resilience (Nwachukwu et al., 2018). Discharging POME 

into such a vital system introduces high concentrations of 

biochemical oxygen demand (BOD), chemical oxygen 

demand (COD), fats, and suspended solids, which can 

fundamentally alter soil microbial ecology and 

physicochemical balance (Okorie & Ihejirika, 2021; Chin 

& Lim, 2019).  

Empirical studies in Nigeria reveal that while low levels of 

POME can stimulate heterotrophic bacterial growth and 

enzyme activity such as dehydrogenase and urease 

excessive application inhibits ammonium oxidizers and 

reduces microbial diversity, often favoring opportunistic 

fungi like Aspergillus and Fusarium (Okwute & Isu, 2007; 

Onwusi & Nwuche, 2017; Idoko et al., 2023). These 

microbial shifts have profound downstream effects, 

including impaired nutrient turnover, decreased soil 

fertility, and compromised agricultural productivity. 

The indiscriminate discharge of untreated Palm Oil Mill Effluent (POME) a dark, organic-rich wastewater poses serious 

threats to soil integrity and ecological health. This study investigates the microbial dynamics of POME-contaminated soils 

in Umuapu, Imo State, Nigeria. A total of eight (8) soil samples were collected from two depths (0–15 cm and 15–30 cm) 

using an soil auger from POME-contaminated sites. Microbial isolation was conducted using five standard culture media: 

Nutrient Agar, MacConkey Agar, Salmonella-Shigella Agar (SSA), Mannitol Salt Agar (MSA), and Sabouraud Dextrose 

Agar (SDA). Standard serial dilution and plate count techniques were employed to enumerate total heterotrophic bacteria 

and fungi. Bacterial isolates were purified and identified via Gram staining and biochemical profiling, while fungal species 

were characterized morphologically and microscopically. Results revealed Total Heterotrophic Bacterial Counts (THBC) 

ranging from 1.8 × 10⁵ to 6.0 × 10⁶ CFU/g, with Akano recording the highest and Ihie the lowest. Fungal counts ranged 

from 3.0 × 10⁵ to 6.0 × 10⁵ CFU/g, following a similar spatial pattern. Bacillus spp. emerged as the predominant bacterial 

genus (41.2%), followed by Escherichia coli and Staphylococcus spp. (each 23.5%), and Salmonella spp. (11.8%). Among 

fungi, Aspergillus spp. dominated (60%), followed by Mucor (30%) and Penicillium spp. (10%). POME contamination 

significantly disrupts soil microbial ecology, promoting the proliferation of pathogenic and opportunistic microorganisms. 

Urgent implementation of bioremediation strategies and stricter effluent discharge regulations is essential. This study 

provides critical insight into microbial shifts in POME-impacted soils, offering a foundational basis for sustainable waste 

management and soil health restoration relevant both nationally and globally. 
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In Umuapu, Ohaji where palm oil milling forms the 

backbone of local livelihoods the indiscriminate discharge 

of POME into soils has become a growing concern. The 

effluent not only loads soils with organic pollutants and 

nutrients but also introduces foreign microbial consortia 

that may outcompete indigenous microbes, disrupting 

plant–microbe symbioses and vital ecological processes 

(Chowdhury et al., 2019; Schamsuddin et al., 2020). 

Additionally, anaerobic breakdown of POME generates 

methane a greenhouse gas with approximately 28 times the 

warming potential of carbon dioxide over a 100-year 

period further exacerbating the environmental hazard (Ng 

et al., 2023) . 

Despite this growing body of knowledge, soil microflora 

dynamics following POME discharge in Umuapu remain 

unexplored. It is imperative to ascertain how effluent-

induced alterations influence microbial diversity, soil 

enzyme activity, and nutrient parameters. Such insights 

would not only guide eco-remediation strategies, but also 

inform stringent environmental management and 

sustainable agriculture initiatives. Consequently, this 

research seeks to elucidate the microbial and biochemical 

trajectories of Umuapu soils subjected to palm oil effluent 

exposure, thereby filling a critical gap in both regional and 

global environmental microbiology. 

2. MATERIALS AND METHODS 

2.1: Study Area 

The study area is located in Umuapu. It lies in the 

south/western part of Imo state. Imo state lies within 

latitudes 4°45'N and 7°15'N, and longitude 6°50'E and 

7°25'E, with an area of around 5,100 sq km while Umuapu 

has the coordinate of 5.25377° N, 6.88133° E. Their major 

means of livelihood is palm oil production, farming and 

garri processing. The Umuapu community is located in the 

ohaji/egbema local government and it is about four 

kilometers to the Rivers state boundary. 

2.2: Sample collection 

A total eight (8) Soil samples were collected with 

the aid of an auger from 0-15cm depth and 15-30cm depth 

in soil polluted with palm oil mill effluent and pristine soil 

was also  be collected as control sample into sterile 

polythene bags from  Umuapu, Ohaji  Egbema local 

government Area of Imo State, Nigeria. All samples were 

placed in an ice-cool chest and transported to the 

microbiology laboratory for analysis. Holding time of 

samples for microbiological analysis was less than 24 

hours after collection. 

 2.3 Sterilization of Materials 

In order to sterilise all of the materials (media and 

glassware) used in this research, they were  autoclaved for 

15 minutes at 121°C and 15 psi, or they were dipped into 

ethanol (70% alcohol), and burning was also required. The 

glassware, filter paper, normal saline, and all other 

material media utilised in this study were all sterilised in 

an autoclave at 121°C for 15 minutes at 15 psi. Throughout 

the bench work, aseptic procedures were consistently used. 

2.4 Preparation of Media for Microbial 

Analyses 

The media that were used for the isolation of 

microorganisms are Nutrient agar, MacConkey agar, 

Salmonella Shigella agar (SSA), Mannitol salt agar,,  

Sabouraud Dextrose agar (SDA) these different media 

were prepared according to manufacturer's specifications. 

2.5 Microbiological analysis 

2.5.1 Sample preparation  

Bulked soil samples from impacted and control 

sites were air- dried, ground, sieved through using a 2mm 

sieve to separate the soil from stone and stored at room 

temperature for 24 hours.  

2.5.2 Serial dilution  

One (1) gram of the various soil samples was 

aseptically weighed and measured into 9ml of sterile 

distilled water in test tubes to give the stock solution. The 

samples were mixed thoroughly and allow standing for 10 

minutes. From this initial dilution, a ten- fold serial 

dilution were carried in clean sterile test tube containing 

9mls of sterile distilled water (Sylvester et al., 2016).  

2.5.3 Plating procedures 

Exactly 1ml from the 10-3 and   10-5 dilutions of 

the various soil samples using pour plate onto freshly 

prepared nutrient agar plates MacConkey Agar, 

Salmonella-Shigella Agar (SSA), Mannitol Salt Agar 

(MSA), were incubated at 37oC for 24hrs.  

Similarly, the 10-3 and 10-5 dilutions of the various   soil 

samples using pour plate onto freshly prepared sabouraud 

dextrose agar (SDA) plates and were incubated at room 

temperature for 72hrs (Izah & Ohimain, 2016). 

2.6 Enumeration of total heterotrophic 

bacteria and fungi count 

This was performed using the pour plate method 

on nutrient agar and sabouraud dextrose agar in triplicate 

respectively. The plates were incubated at 37oC for 24 

hours for bacteria and 250C for 3-5 days for fungi culture. 

They were counted and reported as heterotrophic bacteria 

and fungi count (Eno et al., 2017). 

2.7 Isolation and characterization of isolates 

Pure bacterial isolates were obtained using 

streaking techniques and stored at 40 degree celsius on  

agar slant.  Individual colonies were identified by 

morphological and  biochemical techniques using the  

taxonomic  scheme  of  Bergey’s  manual  of Determinative 

Bacteriology (Holt et al., 1994).  Fungal isolates were 

examined macroscopically for pigmentation, diameter, 

colonial characteristics and microscopic examination of 

sexual and asexual reproductive structures like  sporangia 

,vegetative mycelia, nature of hyphae, arthrospore. 
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2.8 Identification of Bacteria and 

Characterization 

2.8.1: Gram Stain Reaction 

Gram staining was done as described by Cheesbrough, 

(2006); “A loopful of water was placed in a grease free 

sterile slide and then a portion of the organism was spread 

to make a smear. The smear was air dried and heat fixed. 

The smear was covered with crystal violet and allowed to 

stand for 60secs, the stain was washed off and excess water 

was drained. The smear was covered with Gram’s iodine 

and allowed to stand for 60secs. The excess iodine was 

drained off and rinsed gently. 75% alcohol was also used 

as a decolourizer and spread on the smear until the drops 

coming off the slide were a pale violet colour, for 20secs. 

The slide was washed gently with water. The smear was 

counterstained with safranin for 120secs. It was washed 

with water and the smear was allowed to blot dry. A drop 

of the immersion oil was placed on the smear and the slide 

was viewed under the microscope at the oil immersion 

objective. Gram positive cells appeared purple under the 

microscope and Gram negative cells appeared pink under 

the microscope. 

3. RESULTS AND DISCUSSION 

3.1: Microbial counts of soil samples obtained 

from palm oil mill industry in Umuapu Ohaji, 

Imo State, Nigeria 

The Total Hetrotrophic Bacteria Count (THBC) 

for palm oil mill soil samples obtained from palm oil mill 

industry in Umuapu Ohaji, Imo State, Nigeria ranged from 

180000CFU/g -6000000CFU/g. The highest bacterial 

count was recorded on the Akano community with the 

value of (6000000CFU/g) and the least was recorded in 

Ihie community with the value of (180000CFU/g). 

Meanwhile Total fungi count ranged from 300000CFU/g-

600000CFU/g. Akano palm oil mill industry had the 

highest total fungi count with the value of  (600000CFU/g) 

while the least was recorded at Ihie and Umudokoyi with 

the value of (300000CFU/g) respectively.

 

 

 

 
Fig 1: Microbial population in Palm Oil Mill Industry Soil Samples in Umuapu Ohaji, Imo State, Nigeria 

Keys: THBC Total Heterotrophic Bacteria Count, TFC:Total Fungi Count 

 

3.2: Frequency of Occurrence and 

Distribution of Bacterial Isolates in Palm Oil 

Effluent-Contaminated Soils in Umuapu, 

Nigeria 

Table 1 shows the frequency and distribution of 

bacterial isolates from palm oil effluent-contaminated soils 

in Umuapu, Nigeria. Bacillus spp. was the most prevalent 

(41.2%), followed by Escherichia coli and Staphylococcus 

spp. (each 23.5%), and Salmonella spp. (11.8%). ASS 

recorded the highest number of isolates (41.2%), while ISS 

had the lowest (5.9%). Salmonella spp. appeared only in 

ASS and ISS, indicating localized contamination. The data 

suggest varying degrees of bacterial presence across sites, 

likely influenced by effluent concentration and exposure 

duration.
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Table 1:  Frequency of Occurrence and Distribution of Bacterial Isolates in Palm Oil Effluent-Contaminated Soils in 

Umuapu, Nigeria 

Bacillus    7(41.2)    4  2   1     0 

Escherichia coli  4(23.5)    1  1    2     0 

Staphylococcus  4(23.5)    1  1     2    0 

Salmonella   2(11.8)    1  0       0    1 

 

Keys: ASS= Akano  soil sample,  USS1= Umudokoyi  soil sample, USS2= Umubuehi soil sample, ISS= Ihie soil sample. 

 

 

3.3: Frequency of Occurrence and 

Distribution of Fungal Isolates in Palm Oil

 Effluent-Contaminated Soils in 

Umuapu, Nigeria 

Table 2 presents the distribution of fungal isolates 

in palm oil effluent-contaminated soils in Umuapu, 

Nigeria. Aspergillus spp. was the most dominant (60%), 

followed by Mucor spp. (30%) and Penicillium spp. 

(10%). The highest fungal occurrence was observed in 

ASS (40%), with decreasing frequencies across USS1, 

USS2, and ISS.

 

 
Table 2: Frequency of Occurrence and Distribution of Fungal Isolates in Palm Oil Effluent-Contaminated Soils in 

Umuapu, Nigeria" 

Aspergillus    6(60)    3  1   1     1 

Mucor    3(30)    1  1    1     0 

Penicillium   1(10)     1  0     0    0 

Keys: ASS= Akano soil sample, USS1= Umudokoyi soil sample, USS2= Umubuehi soil sample, ISS= Ihie soil sample. 

 

 

4. DISCUSSION 

The quantification of microbial populations within 

palm oil mill effluent (POME)-impacted soils in Umuapu 

Ohaji reveals a pronounced heterogeneity in microbial 

density, underscoring the intricate interplay between 

effluent exposure and soil microbial ecology. The Total 

Heterotrophic Bacteria Count (THBC), spanning an 

extensive range from 1.8 × 10^5 to 6.0 × 10^6 CFU/g, 

signifies not only prolific bacterial proliferation but also 

spatial variability governed by site-specific 

physicochemical conditions. The notably elevated 

bacterial load at the Akano community (6.0 × 10^6 CFU/g) 

likely reflects intensified organic substrate availability and 

nutrient enrichment stemming from persistent POME 

discharge (Abdullah et al., 2018; Chin et al., 2017). Such 

microbial blooms corroborate prior findings that POME 

effluent creates a conducive milieu for heterotrophic 

bacteria, stimulating catabolic activity crucial for organic 

matter degradation (Foo et al., 2020). 

Conversely, the attenuated bacterial counts observed at the 

Ihie community (1.8 × 10^5 CFU/g) may be attributed to 

either lower effluent exposure or soil conditions less 

favorable for microbial expansion, including possible toxic 

metabolite accumulation or nutrient depletion (Chowdhury 

et al., 2019). This spatial heterogeneity echoes global 

studies on effluent-impacted soils, wherein microbial 

community structure and abundance fluctuate in 

Bacterial Isolates                Frequency (%)                                   Samples Locations 

                                                                                                  ASS              USS1       USS2     ISS 

Total                                               17(100%)                           7(41.2)           4(23.5)    5(29.4)    1(5.9) 

Fungal Isolates                   Frequency (%)                                   Samples Locations 

                                                                                                 ASS                USS1      USS2     ISS 

Total                                               10(100%)                           4(40.0)           2(20.0)    2(20.0)    1(10.0) 
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accordance with contamination gradients and 

environmental resilience mechanisms (Schamsuddin et al., 

2020; Idoko et al., 2023). 

The fungal population dynamics, with total counts ranging 

from 3.0 × 10^5 to 6.0 × 10^5 CFU/g, further illuminate 

the complex microbial ecology shaped by POME. The 

predominance of fungi in Akano soils underscores the 

pivotal role of filamentous fungi in biodegradation 

processes, particularly in recalcitrant organic compound 

mineralization and nutrient cycling within effluent-laden 

substrates (Onwusi & Nwuche, 2017; Nwachukwu et al., 

2018). The comparatively lower fungal counts in Ihie and 

Umudokoyi may signify either competitive microbial 

exclusion or environmental constraints limiting fungal 

proliferation. 

These findings advance our understanding of the microbial 

consortia dynamics in POME-contaminated soils, 

highlighting the dual role of microbial communities as 

both bioindicators of pollution and active agents of 

bioremediation. The substantial microbial biomass 

detected in Akano soils suggests potential for harnessing 

indigenous microbial populations in biotechnological 

applications aimed at effluent detoxification and soil 

restoration (Okorie & Ihejirika, 2021). Moreover, the 

spatial disparities underscore the necessity for localized 

management strategies to mitigate environmental impacts 

while fostering sustainable palm oil industry practices. 

The elucidation of bacterial community structure within 

palm oil effluent (POME)-contaminated soils at Umuapu, 

Nigeria reveals a distinctive microbial ecology shaped by 

effluent-induced environmental perturbations. The 

predominance of Bacillus spp. (41.2%) underscores its 

ecological resilience and metabolic versatility in 

hydrocarbon and organic pollutant-rich environments, 

corroborating its pivotal role in biodegradation and 

bioremediation processes (Onwusi & Nwuche, 2017; Foo 

et al., 2020). Bacillus species are renowned for their robust 

sporulation capacity and enzymatic arsenal, facilitating 

survival and functional dominance under adverse 

physicochemical conditions characteristic of POME-

contaminated soils (Idoko et al., 2023). 

The substantial presence of Escherichia coli and 

Staphylococcus spp. (each 23.5%) further delineates the 

intricate microbial dynamics, potentially reflecting fecal 

contamination and anthropogenic influences linked to 

industrial effluent discharge (Chin et al., 2017; Ahmad et 

al., 2019). These facultative anaerobes and opportunistic 

pathogens may exert competitive pressure on indigenous 

microbiota, influencing soil health and microbial 

succession trajectories. The detection of Salmonella spp. 

(11.8%), albeit at a lower frequency, is epidemiologically 

significant, highlighting the potential public health risks 

posed by POME effluent disposal, especially in agrarian 

communities reliant on soil for food production 

(Schamsuddin et al., 2020). 

Spatial distribution patterns reveal that the Akano soil 

sample (ASS) harbors the highest bacterial diversity and 

abundance (41.2%), likely attributable to localized effluent 

concentration gradients and prolonged exposure durations 

(Abdullah et al., 2018). Conversely, the Ihie soil sample 

(ISS) exhibited minimal bacterial recovery (5.9%), 

suggesting either less effluent impact or ecological factors 

constraining microbial proliferation. 

The mycological profile of palm oil mill effluent (POME)-

contaminated soils in Umuapu, Nigeria reveals a fungal 

community structure dominated by Aspergillus spp., 

comprising 60% of the isolates. This predominance aligns 

with the genus's well-documented saprophytic adaptability 

and enzymatic repertoire, enabling efficient degradation of 

complex organic compounds prevalent in POME-impacted 

environments (Raimi et al., 2021; Sharma & Gupta, 2019). 

Aspergillus species are instrumental in biotransformation 

processes, contributing significantly to organic matter 

turnover and nutrient cycling in contaminated soils, thus 

highlighting their ecological and biotechnological 

importance (Faria et al., 2017). 

The notable presence of Mucor spp. (30%) further 

underscores the fungal community’s complexity and 

resilience. Mucor species, recognized for their rapid 

colonization and opportunistic saprotrophic behaviour, can 

accelerate the decomposition of palm oil effluent 

constituents, thereby influencing soil organic matter 

dynamics and potentially enhancing bioremediation 

outcomes (Adeoye et al., 2020). The detection of 

Penicillium spp. at 10% frequency, although lower, 

signifies the presence of fungi known for secondary 

metabolite production, including antibiotics and enzymes 

that can modulate soil microbial interactions and effluent 

detoxification (Jones et al., 2018). 

Spatial distribution patterns indicate the highest fungal 

incidence in Akano soil samples (ASS), suggesting 

localized effluent accumulation and favorable 

microhabitat conditions promoting fungal proliferation. 

The relatively lower fungal occurrences in other sites 

reflect heterogeneity in effluent impact, soil 

physicochemical parameters, and microecological niches 

(Chin et al., 2017). 

5. CONCLUSION 

This study elucidates the profound influence of palm 

oil mill effluent (POME) on the microbial ecology of soils 

within Umuapu, Nigeria, revealing pronounced spatial 

heterogeneity in both bacterial and fungal communities. 

The predominance of resilient and metabolically versatile 

taxa such as Bacillus and Aspergillus underscores their 

critical roles in the biotransformation and natural 

attenuation of effluent-derived organic pollutants. 

Concurrently, the detection of opportunistic pathogens 

including Escherichia coli, Staphylococcus spp., and 

Salmonella accentuates the latent public health risks 

embedded within effluent-impacted environments, 

warranting vigilant environmental monitoring. 

The differential microbial abundances across sampling 

sites highlight the complex interplay between effluent 

load, soil physicochemical properties, and microbial 

adaptation strategies, reflecting the dynamic nature of 

microbial consortia in agro-industrial pollution contexts. 

These findings not only advance fundamental 

understanding of effluent-induced soil microbiomes but 

also accentuate the untapped potential of indigenous 

microbial assemblages in developing sustainable 

bioremediation frameworks. 

Strategic integration of microbial bioindicators and 
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ecologically informed management protocols is imperative 

to mitigate environmental degradation and safeguard soil 

health in palm oil-producing regions. Ultimately, this 

research contributes a critical, high-resolution microbial 

baseline indispensable for guiding policy, promoting 

environmental stewardship, and catalyzing innovative 

biotechnological applications globally. 

6. RECOMMENDATIONS 

1. It is imperative to implement targeted 

bioremediation strategies that leverage 

indigenous microbial consortia, particularly 

Bacillus and Aspergillus species, to enhance the 

in situ detoxification and restoration of POME-

contaminated soils. 

2. Additionally, establishing rigorous 

environmental monitoring protocols that 

integrate microbial bioindicators is essential for 

tracking effluent impact and ensuring proactive 

mitigation of public health risks associated with 

the proliferation of pathogenic bacteria.  

3. Furthermore, promoting site-specific effluent 

management policies that account for spatial 

heterogeneity in microbial dynamics and soil 

physicochemical variability will foster 

sustainable palm oil production practices aligned 

with principles of ecological resilience. 
 

7. CONTRIBUTIONS TO KNOWLEDGE 

This study elucidates the spatial heterogeneity and 

ecological complexity of microbial consortia in palm oil 

mill effluent (POME)-contaminated soils, advancing our 

understanding of effluent-driven microbial dynamics 

under varied physicochemical conditions. It uniquely 

highlights the dominance of resilient Bacillus and 

Aspergillus species as keystone taxa mediating 

biodegradation and bioremediation processes in 

hydrocarbon-laden substrates. Furthermore, it reveals the 

epidemiological significance of pathogenic bacteria within 

industrially impacted soils, underscoring public health 

implications. The research pioneers the integration of 

microbial community profiling as both a bioindicator and 

biotechnological asset for site-specific remediation 

strategies. By delineating microbial diversity patterns 

linked to effluent gradients, it establishes a foundational 

framework for sustainable environmental management in 

palm oil agro-industries. Collectively, these insights 

contribute substantively to microbial ecology, 

environmental toxicology, and bioremediation sciences 

globally. 
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