UNDER PEER REVIEW

UNDER PEER REVIEW

UNDER PEER REVIEW

Bioremediation Potential of Bacteria Isolated from Dumpsites in Keffi Metropolis, Nasarawa State, Nigeria

Original Research Article
UNDER PEER REVIEW

.     
.
              . 
                     
	.
..
UNDER PEER REVIEW

UNDER PEER REVIEW

.


ABSTRACT

	Heavy metals are resistant to degradation and can remain in the environment, posing long-term risks to human health. This study aimed to isolate and characterize bacteria capable of utilizing heavy metals from dumpsites within Keffi Metropolis. A total of forty-eight (48) soil samples were randomly collected from Babale, Yankari, Angwan Nepa, and Majema dumpsites, and transported to the Microbiology Laboratory of Nasarawa State University, Keffi, for bacteriological assessment using standard techniques. Atomic absorption spectrophotometer (AAS) was used to measure the amounts of the metals. The analysis confirmed the presence of diverse bacterial species across all sampled locations, including Klebsiella spp., Pseudomonas aeruginosa, and Bacillus spp. The prevalence data indicated that Klebsiella spp. was the most dominant (45.8%), followed by Pseudomonas spp. (39.5%) and Bacillus spp. (31.2%). When exposed to selected heavy metals at 0.05 mg/mL, Pseudomonas spp. showed the greatest resistance to ferric chloride and lead sulfate (21.0%), whereas Bacillus spp. exhibited notable tolerance to zinc sulfate and ferric chloride (20.0%). Regarding metal reduction potential, Bacillus spp. achieved the highest decrease in zinc (1.21 mg/mL) and lead (1.81 mg/mL), reflecting strong metabolic activity toward these metals. Pseudomonas spp. demonstrated the highest reduction in ferric chloride (1.11 mg/mL) along with a significant decrease in nickel (1.0 mg/mL), highlighting its role in iron and nickel detoxification. In contrast, Klebsiella spp. displayed weak reduction capabilities, with no significant activity against zinc and lead. Overall, the findings suggest that Bacillus spp. is particularly effective against zinc and lead contamination, making it a valuable candidate for bioremediation of heavy metal–polluted sites. Focus should therefore be directed toward metals that showed the highest bacterial utilization namely lead, ferric chloride, and zinc. Bioremediation remains a sustainable strategy for mitigating environmental heavy metal pollution, and future studies should explore advanced approaches for targeting these metals, considering their significant public health implications.
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1. INTRODUCTION

Heavy metals, sometimes referred to as "toxic metals," are metallic elements characterized by high density and high atomic mass (Shah, 2021). Their accumulation in soil and groundwater poses serious risks because they are non-biodegradable, persisting in the environment and causing long-term harm to living organisms, including humans. Heavy metal pollution has been associated with soil degradation, biodiversity loss, and ecological instability (Alengebawy et al., 2021). According to Mishra et al. (2018) and Engwa et al. (2019), these metals are highly hazardous and may exert mutagenic, genotoxic, and carcinogenic effects. Furthermore, exposure to heavy metals has been linked to neurological disorders, chronic diseases, and developmental delays in children (Anyanwu et al., 2018).
The increasing discharge of heavy metals into the environment is largely driven by rapid industrialization and urban expansion, making them significant priority pollutants (Anyanwu et al., 2018; Parida and Patel, 2023). Although trace levels of elements such as iron (Fe), copper (Cu), and zinc (Zn) are vital for microbial growth and metabolism, higher concentrations (particularly of cadmium (Cd), mercury (Hg), and lead (Pb)) are highly toxic, disrupting enzymatic activity, damaging nucleic acids, and impairing cellular structures (Rehman et al., 2018; Nnaji et al., 2023).
Traditional methods for remediating heavy metal pollution (such as chemical precipitation, ion exchange, and electrochemical processes) are often expensive, energy-demanding, and capable of generating secondary pollutants, making them unsustainable for long-term use (Saad et al., 2014). Furthermore, unlike organic contaminants, heavy metals cannot be thermally or biologically degraded, which limits the success of these conventional approaches and underscores the need for alternative solutions. Microorganisms, especially bacteria, have evolved diverse strategies that allow them to resist and detoxify heavy metals. These include efflux pumps that remove toxic ions, enzymatic modifications that alter metal forms, intracellular and extracellular sequestration using chelating compounds or metal-binding proteins, and biomineralization that converts metals into less harmful precipitates (Sandrin and Hoffman, 2017; Voica et al., 2016). Through these mechanisms, bacteria are able to adapt to and survive in contaminated environments while simultaneously facilitating the detoxification of pollutants. As such, metal-resistant bacteria provide a viable, eco-friendly, and cost-effective alternative to conventional remediation technologies, offering sustainable options for managing heavy metal–contaminated ecosystems (Saad et al., 2014).
Keffi Metropolis, located in Nasarawa State, has undergone rapid urbanization accompanied by increasing waste accumulation; however, the microbial communities within its dumpsites remain poorly studied. While previous research has documented heavy metal contamination in some areas of Nasarawa State (Madugu et al., 2020), little is known about the bacterial species in Keffi that can tolerate or metabolize these metals. Hence, this study aims to isolate and identify heavy metal–resistant bacteria from dumpsites in Keffi Metropolis and evaluate their potential application in bioremediation.

2. material and methods

2.1 Description of Study Area
The study was conducted in Keffi Metropolis, located in Nasarawa State, within the Middle Belt region of Nigeria. Geographically, Keffi lies at latitude 8°05′N and longitude 7°E. The town is situated at an elevation of about 850 meters above sea level, northwest of Lafia, the state capital. It is positioned approximately 53 km from Abuja, the Federal Capital Territory, and falls within the Guinea Savannah ecological zone of Nigeria (Akwa et al., 2007).

2.2 Sample Collection
Forty-Eight (48) refuge dump site soil sample were collected randomly from four dump sites namely: Babale, Yankari, Majema and Angwan NEPA dumpsites. The samples was collected using a shovel and was put in sterile sample bottles. After labelling, the sterile sample bottles were promptly transported to the Microbiology Laboratory of the Department of Microbiology, Nasarawa State University, Keffi, for bacteriological examination.
2.3 Culture Medium and Sample Preparation
The preparation of each bacteriological medium used in this study was carried out according to the manufacturer’s instructions. Sterilization was performed by autoclaving at 121 °C for 15 minutes. Additionally, 1 g of each soil sample was homogenized in 9 mL of peptone water and incubated at 37 °C for 18 hours.
2.4 Isolation of Bacteria
The overnight peptone water broth was streaked onto plates containing the prepared mineral salt medium and incubated at 37 °C and at ambient temperature for 24, 48, and 72 hours. The resulting bacterial growth was then sub-cultured to obtain pure colonies, which were preserved on nutrient agar slants for further use.
2.5 Identification and Characterization of Bacteria Isolate
For identification, distinct colonies obtained from additional sub-culturing on mineral salt agar were randomly selected and examined for cultural and morphological characteristics. Subsequently, Gram staining and a series of biochemical tests (including oxidase, catalase, Voges–Proskauer, methyl red, indole, and citrate utilization) were performed to further characterize the isolates.
2.6 Preparation of Heavy Metals Concentration
The selected metals were dissolved in distilled water to create a standard solution. Each metal was made with 100 mg l-1 of sterile water. The stock solution was diluted with sterile water to create solutions with different concentrations (0.1μg/ml). After that, the solutions were sterilised for 15 minutes at 121 °C (Karakagh et al., 2012).
2.7 Maximum Tolerance Concentration
Each bacterial isolate was inoculated into mineral salt broth supplemented with varying concentrations of heavy metals. The concentrations were determined based on the maximum tolerance level of each isolate. The tested concentrations of nickel chloride (NiCl₃), zinc sulfate (ZnSO₄), ferric chloride (FeCl₃), and lead sulfate (PbSO₄) ranged from 0.5 to 1.0 mg/mL, specifically 0.5, 0.7, 0.8, and 1.0 mg/mL. The prepared concentrations were used to inoculate the isolates individually in test tubes containing the broth, followed by incubation at 37 °C for 24 hours. Bacterial growth was assessed using a spectrophotometer at 600 nm, with nutrient broth containing the same concentration of heavy metals serving as the blank (Pandit et al., 2013).
2.8 Bioremediation Potentials of the Heavy Metals
Six conical flasks, each containing 100 mL of mineral salt broth, were supplemented with 100 mL of the heavy metal solution. The broth was sterilized by autoclaving at 120 °C for 15 minutes. Flasks B, C, D, and E were inoculated with the respective bacterial isolates, while flask A was left un-inoculated as the control. A mixed bacterial culture (MBC) containing the isolates were added to Flask F. The flasks were kept at room temperature. After 14 days of incubation, an atomic absorption spectrophotometer (AAS) was used to measure the amounts of cadmium, iron, lead, nickel, and zinc. Initial concentrations (control) and post-treatment concentrations were compared.
3. results and discussion
3.1 RESULTS
The cultural and morphological characteristics of bacterial species isolated from different dumpsites in Keffi Metropolis are presented in (Table 1). The distribution of isolates varied across the dumpsites. At Babale dumpsite, Klebsiella sp. had the highest occurrence (66.6%), followed by Pseudomonas sp. (58.3%), while Bacillus sp. had the lowest (41.6%). At Yankari dumpsite, Pseudomonas sp. and Klebsiella sp. were the most prevalent (40.6% each), followed by Bacillus sp. (24.0%). At Angwan Nepa dumpsite, Klebsiella sp. dominated (51.0%), followed by Pseudomonas sp. (20.0%) and Bacillus sp. (18.6%). At Majema dumpsite, Bacillus sp. was the most frequent (42.6%), followed by Pseudomonas sp. (34.3%) and Klebsiella sp. (24.0%) (Table 2).
The survival of isolates at 0.05 mg/mL heavy metal concentration is shown in (Table 3). Out of 19 Pseudomonas sp. isolates tested, 3 (15.7%) tolerated nickel chloride, 2 (10.5%) tolerated zinc sulfate, 4 (21.0%) tolerated ferric chloride, and 4 (21.0%) tolerated lead sulfate. Among 15 Bacillus sp. isolates, 2 (13.3%) tolerated nickel chloride, 3 (20.0%) survived zinc sulfate, 3 (20.0%) tolerated ferric chloride, and 2 (13.3%) tolerated lead sulfate. In contrast, survival among 22 Klebsiella sp. isolates was low: only 1 (4.5%) tolerated nickel chloride, and 1 (4.5%) tolerated zinc sulfate.
The effect of increasing heavy metal concentrations on survival is presented in (Table 4). For nickel, all 3 Pseudomonas sp. isolates survived at 0.5 mg/mL, 2 (66.6%) survived at 0.7 mg/mL, and 1 (33.3%) survived at 0.8 mg/mL. For Bacillus sp., both isolates survived at 0.5 mg/mL and 0.7 mg/mL. For Klebsiella sp., the single isolate tested survived at 0.5 mg/mL and 0.7 mg/mL. For zinc, 1 out of 2 Pseudomonas sp. isolates survived at 0.5 mg/mL. Among 3 Bacillus sp. isolates tested, all (100%) survived at 0.5 mg/mL, 2 (66.6%) survived at 0.7 and 0.8 mg/mL, and 1 (33.3%) survived at 1.0 mg/mL.
Heavy metal reduction by the isolates is summarized in Tables 5–8. For nickel reduction (Table 5), Pseudomonas sp. showed the highest reduction (1.00 mg/mL), followed by Bacillus sp. (0.95 mg/mL) and Klebsiella sp. (0.20 mg/mL). For zinc (Table 6), Bacillus sp. had the highest reduction (1.21 mg/mL), while Pseudomonas sp. reduced 0.41 mg/mL. For ferric chloride (Table 7), Pseudomonas sp. reduced 1.11 mg/mL, and Bacillus sp. reduced 1.01 mg/mL. For lead (Table 8), Bacillus sp. showed the highest reduction (1.81 mg/mL), followed by Pseudomonas sp. (1.65 mg/mL).
Table 1: Cultural, Morphological and Biochemical Characteristics of Bacteria Isolated from Soil Dumpsites in Keffi Metropolis
	Cultural 
Characteristics
	Morphological 
Characteristics 
	        Biochemical Characteristics
	                                             Inference 

	
	Gram stain 
	Shape    ONPG   UR     LYS      NT      H2S      CT 
	TDA   VP     MR    IND    MAL

	
	
	
	

	Pinkish colony
	 -
	Rod        +      -      +                  +          +       -  
	+       -      -     -     +                Klebsiella Sp

	MCA and pinkish
	
	
	

	Mucoid colonies
	
	
	

	on EMB agar
	
	
	                                            Pseudomonas

	Smooth flat 
	 -
	Rod         -      -      -      -      -      -
	+      -      -     -     -               Sp 

	Colonies and

	
	
	

	Greenish on NA 
	
	
	

	Bulk colonies and
	+
	Rod         +       +        +      -       +        + 
	+        +         +         +      +               Bacillus Sp

	Milkish on MRSA
	
	
	


*MCA = MacConkey agar, EMB = Eosin Methylene Blue, UR = Urease, LYS = Lysine, H2S = Hydrogen Sulphite: Ni = Nitrate; CT = Citrate; TDA = Phenylalanine deaminase; MRSA = De Man, Rogosa and Sharpe Agar, VP = VogesProskauer, IND Indole; MAL = Maltose; ONPG = Ortho-Nitrophenyl – β – D – GlactoPyranoside; - = Negative; +, = Positive.











Table 2:  Percentage Occurrence of the Bacteria Isolated from Dumpsites in Keffi 
	Number (%) of Bacteria Isolates

	Location 
	No of Sample 
	Pseudomonas sp
	Bacillus sp 
	Klebsiella sp 

	Babale
	12
	7 (58.3%)
	5 (41.6%)
	8 (66.6%)

	Yankari
	12
	5 (41.6% )
	3 (25.0%)
	5 (41.6%)

	Angwan Nepa
	12
	3 (25.0%)
	2 (16.6%)
	6 (50.0%)

	Majema
	12
	4 (33.3%)
	5 (41.6%)
	3 (25.0%)

	Total 
	48
	19 (39.5%)
	15 (31.2%)
	22 (45.8%)



Table 3: Survival of Different Bacterial Isolated from Dumpsite in Keffi on Selected Heavy Metals at Concentration of 0.05mg/ml
	Bacteria 

	No Tested 
	Survival Rate of (%) Isolates

	
	
	Nicl2
	ZnSO4
	FeCl3
	PbSO4

	Pseudomonas sp
	19
	3 (15%)
	2 (10.5%)
	4 (21.0%)
	4 (21.0%)

	Bacillus sp
	15
	2 (13.3%)
	3 (20.0%)
	3 (20.0%)
	2 (13.3%)

	Klebsiella sp
	22
	1 (4.5%)
	1 (4.5%)
	0 (0.0)
	0 (0.0)


Nickel Chloride (NiCh2), Zinc Sulphate (ZnSO4), Ferric Chloride (FeCl3) and Lead Sulphate (PbSO4).

Table 4: Effect of Selected Heavy Metals Concentration on Bacteria Isolates 
	Heavy Metals 
	Bacteria 
	No. Test 
	   Survival Rate (%) of Isolates

	
	
	
	0.5          0.7              0.8       1.0(mg/ml)

	Nickel 
	Pseudomonas 
	3
	3(100)    2(66.6)     0(0.0)      0(0.0)

	
	Bacillus 
	2
	2(100)    2(100)      0(0.0)    0(0.0)

	
	Klebsiella 
	1
	1(100)    1(100)      0(0.0)    0(0.0)

	
	
	
	

	Zinc 
	Pseudomonas 
	2
	1(80.0)    0(0.0)      0(0.0)     0(0.0)

	
	Bacillus 
	3
	3(100)     2(66.6)    2(66.6)   1(33.3)

	
	Klebsiella 
	1
	0(0.0)       0(0.00)   0(0.0)     0(0.0)

	
	
	
	

	Ferric 
	Pseudomonas 
	4
	2(50.0)      2(50.0)    1(0.0)   1(25.0)  

	
	Bacillus 
	3
	3(100)       2(66.6)    1(33.3) 0(0.0)

	
	Klebsiella 
	0
	0(0.0)        0(0.00)    0(0.0)    0(0.0)

	
	
	
	

	Lead
	Pseudomonas 
	4
	2(50.0)      1(25.0)    1(25.0)   1(25.0)  

	
	Bacillus 
	2
	2(100)       2(100)     2(100)    2(100)

	
	Klebsiella 
	0
	0(0.0)        0(0.00)    0(0.0)      0(0.0)



Table 5: Nickel Reduction by Bacteria Isolated from Dumpsite in Keffi
	Bacteria 
	Initial Concentration 
	        Mean Reduction
          (mg/ml ± SD)

	Pseudomonas 
	2.10 ± 0.01
	1.0 ± 0.10

	Klebsiella 
	2.10 ± 0.01
	0.95 ± 0.01

	Bacillus 
	2.10 ± 0.01
	0.20 ± 0.00


Data were expressed as mean ± SD

Table 6: Zinc Reduction by Bacteria Isolated from Dumpsite in Keffi
	Bacteria 
	Initial Concentration 
	        Mean Reduction
          (mg/ml ± SD)

	Pseudomonas 
	2.10 ± 0.1
	0.41 ± 0.02

	Bacillus 
	2.10 ± 0.1
	1.21 ± 0.01

	Klebsiella 
	2.10 ± 0.1
	0.0 ± 0.00


Data were expressed as mean±SD

Table 7: Iron Reduction by Bacteria Isolated from Dumpsite in Keffi
	Bacteria 
	Initial Concentration 
	       Mean Reduction
          (mg/ml ± SD)

	Pseudomonas 
	2.10 ± 0.01
	1.11 ± 0.06

	Bacillus 
	2.10 ± 0.01
	1.01 ± 0.01

	Klebsiella 
	2.10 ± 0.01
	0.9 ± 0.00


Data were expressed as mean±SD




Table 8: Lead Reduction by Bacteria Isolated from Dumpsite in Keffi
	Bacteria 
	Initial Concentration 
	      Mean Reduction
          (mg/ml ± SD)

	Pseudomonas 
	2.10 ± 0.01
	1.65 ± 0.12

	Bacillus 
	2.10 ± 0.01
	1.81 ± 0.08

	Klebsiella 
	2.10 ± 0.01
	0.0 ± 0.00


Data were expressed as mean±SD
		 
3.2 DISCUSSION 
In the present study, 48 soil samples were collected from various dumpsites within Keffi Metropolis and analyzed for the presence of heavy metal–utilizing bacteria. Although heavy metals such as nickel chloride (NiCl₂), zinc sulphate (ZnSO₄), ferric chloride (FeCl₃), and lead sulphate (PbSO₄) occur naturally in soil, they become toxic to humans, animals, and plants when present in high concentrations. Since heavy metals are non-biodegradable and indestructible, their pollution poses a significant environmental threat. Therefore, their removal from the environment is crucial, and certain bacteria that can tolerate and reduce heavy metals play an important role in this process. The occurrence of such microorganisms in the soil is an indication of heavy metal contamination (Martin & Griswold, 2009).
Heavy metal–resistant microorganisms have been widely reported across the globe. According to Mishra et al. (2018), Bacillus, Pseudomonas, Corynebacterium, Staphylococcus, and Escherichia coli species are among the bacteria capable of tolerating metals, while Tse and Adamu (2006) also recovered similar organisms from industrial effluents. In Nigeria, Bacillus, Pseudomonas, Corynebacterium, and Micrococcus species have likewise been shown to possess varying degrees of tolerance to heavy metals. The findings of the present study support these earlier reports, as Bacillus and Pseudomonas species demonstrated the strongest tolerance and metal-reducing capacity. Differences in bacterial communities across sampling sites are likely influenced by the type and concentration of heavy metals present in each contaminated environment (Singh et al., 2010).
Heavy metals exert harmful effects on the health of humans, animals, and plants. They can enter the human body through contaminated drinking water, polluted soil, or crops grown on contaminated land (Wuana & Okieimen, 2011; Andresen et al., 2018; Rai et al., 2019). Among them, lead, mercury, cadmium, and copper are particularly hazardous, posing significant threats to both environmental and public health. These metals tend to bioaccumulate and act as potent toxins (Yargholi & Azimi, 2008). In addition, microbes originating from heavy metal–polluted environments have been reported to contaminate food (Makut et al., 2014). Furthermore, many heavy metals directly damage DNA by forming adducts that result in chromosomal breakage (Wise et al., 2008; Chatterjee & Walker, 2017).
Heavy metal poisoning is more likely to occur when nearby water sources become contaminated through leaching from dumpsites, particularly during rainfall. Such water is often used for domestic and agricultural purposes. Cadmium toxicity, for instance, affects vital organs including the liver, kidneys, lungs, brain, bones, and placenta (Sobha et al., 2007). Studies in both humans and animals have shown that cadmium exposure can lead to skeletal damage, disruptions in calcium metabolism, kidney stone formation, and hypercalciuria.
Microorganisms play a vital role in both the biogeochemical cycling of heavy metals and the remediation of contaminated environments. They have developed various adaptive strategies to survive in soils polluted with toxic metals. Although conventional methods such as ion exchange, precipitation, reverse osmosis, electrochemical treatment, and evaporation are used to remove heavy metals, microbial remediation is often more cost-effective and efficient, especially at low metal concentrations (Zayed et al., 2014).
Although the bacterial species identified in this study show great potential for bioremediation, further research is required to fully elucidate their tolerance mechanisms and optimize their application in metal detoxification. Heavy metal pollution, exacerbated by rapid urbanization and industrialization, remains one of the most pressing environmental challenges worldwide.
4. Conclusion
This study isolated and identified heavy metal–tolerant bacteria from dumpsites in Keffi metropolis. From 48 soil samples, three genera (Klebsiella, Pseudomonas, and Bacillus) were identified. Klebsiella spp. showed the highest prevalence (45.8%), followed by Pseudomonas (39.5%) and Bacillus (31.2%). However, tolerance assays revealed that Bacillus and Pseudomonas exhibited superior survival and metal-reducing abilities across nickel, zinc, ferric, and lead, while Klebsiella showed poor tolerance and minimal reduction capacity. Notably, Bacillus achieved the highest reduction of lead (1.8 mg/L) and zinc (1.21 mg/L), while Pseudomonas was most effective against nickel (1.0 mg/L) and ferric (1.11 mg/L). These findings highlight Bacillus and Pseudomonas spp. as promising candidates for heavy metal bioremediation, whereas Klebsiella, despite its prevalence, appears less suitable for remediation purposes.
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