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ABSTRACT 
Waste dumpsites often act as reservoirs for diverse microorganisms and toxic heavy metals, thereby posing serious environmental and public health challenges. Continuous disposal of municipal and domestic wastes promotes the accumulation of heavy metals in soils, which can influence microbial diversity and encourage the development of resistance mechanisms. Understanding the resistance patterns of microorganisms inhabiting waste-impacted soils is therefore essential for evaluating ecological risks and improving waste management practices. This study investigated the heavy metal resistance of microorganisms isolated from waste dumpsites in Uyo metropolis using standard microbiological and analytical techniques. Soil samples were collected and analyzed for physicochemical parameters, including temperature and pH. Microbial populations were enumerated using appropriate culture media, while bacterial and fungal isolates were identified through morphological and biochemical characterization. The resistance of the isolates to selected heavy metals was assessed using varying metal concentrations. Results showed that the mean temperature and pH of the dumpsite soils ranged from 26–37 °C and 6.8–8.7, respectively. Total bacterial counts ranged from 4.70 × 10³ to 5.60 × 10³ CFU/g, while fungal counts ranged from 1.86 × 10³ to 2.13 × 10³ CFU/g. Bacterial isolates included Bacillus, Escherichia coli, Pseudomonas, Corynebacterium, Klebsiella, Proteus, Aeromonas, Micrococcus, and Staphylococcus aureus, while fungal genera comprised Fusarium, Aspergillus, Penicillium, Mucor, and Rhizopus. Pseudomonas and Escherichia coli were the most predominant bacterial isolates (16.87%), whereas Rhizopus was the most frequent fungal isolate (28.25%). All isolates exhibited varying levels of resistance to heavy metals (0.50–2.50 mg/L). The findings indicate that waste dumpsites harbor heavy metal resistant microorganisms, highlighting the need for proper waste segregation, recycling, and environmental monitoring to reduce contamination and associated health risks.
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INTRODUCTION 
Heavy metals often referred to as a group of metals whose atomic density  is greater  than 5 gcm3 are  natural components of the earth crust (Nies 2003 ). They are stable and persistent environmental contaminants which cannot be degraded but bioaccumulates  in soil and sediments (Awakama  et al.,2024, Anyakora et al.,2011). Proximity to emission sources and food are the major source of entry of these metals into living organisms. Some of these metals (Zinc and Iron) are required by these microorganisms as energy source and are essential which also  play significant role in redox processes  (Hussein et al., 2005).Alternatively , the non essential (Cadmium, Lead, Mercury) even at low concentration are harmful to the microorganism (Etuk et l.,2020a). However, both essential and non essential metals become harmful to man’s health at high concentration (Akpakpan et al., 2012).
The resistance determinant in bacteria from the soil , industrial wastes and clinical sources are found on the  plasmids .Plasmids are extra chromosomal genetic elements that are transferred from one cell to another through horizontal gene transfer (Akortha et al,. 2010) . Also they carry a variety of genes that confer antibiotic resistance  and increase the potential  to repair  DNA damage (Unaldi Coral et al,. 2005 ).However, microorganisms have developed mechanisms to tolerate their presence either  by reduction of metal ions or to use them as  terminal electron acceptors  in anaerobic respiration  (Awakama  et al.,2024, Abdelatey et al,.2011). Plasmid determined resistance to toxic metal  ions is a very useful selective marker for DNA molecules as  demonstrated  by many bacterial species  (Unaldi Coral et al,.2005).The heavy metals are significant as they are capable of  low crop production due to the risk of bioaccumulation and biomagnifications in the food chain (Etuk et al., 2020b).There is also  the  problem of surface and underground water contamination which is one of the  well known causes of  human diseases and deaths (Akpakpan et al., 2023; Yawo et al., 2025, Aghanwa et al., 2025), accounting for more than 14,000 daily worldwide (WHO, 2002). 
Understanding heavy metal resistance in microorganisms is important because such organisms can influence nutrient cycling, environmental contamination, and the spread of resistance genes. The presence of heavy metal resistant microorganisms suggests potential application in bioremediation technologies for cleaning contaminated soils, which could reduce the economic cost of environmental restoration (Shoeb,2006). 
This study aimed at determining the level of resistance of  isolated microorganisms  to some heavy metals , their effect on the microbial population as well  as health effect of  the Uyo metropolis residents around the  waste dumpsite . 

MATERIALS AND METHODS 
The wastes dumpsites is located at  Udo  Street  along Wellington Bassey  way, Uyo .  It  is one of the legal  wastes dumpsites  approved  by Akwa  Ibom  State  Government of  Nigeria . The wastes  contains  plastics , bottles ,  metallic scrapes , leather , iron , rubbers  and empty cans  etc.
Collection of Test Samples   
Soil samples were collected  from depths 0-15 cm  in sterile  polythene  bags. Triplicates samples  were obtained from  three locations  at a distance of 10 m apart within the dumpsites.
Determination  of  temperature and  pH
The temperature of the soil sample  was measured with the thermometer   while  the PH  of  the soil samples were measured  using  a digital precision model  S-25C pH with 1:1 of  water   to soil.
Isolation   and Identification of bacteria and fungi
The total viable  bacterial  and fungal counts  were  determined in the soil samples  using the standard  plate count method  (Cheesbrough, 2002). One gram of soil was added to 9ml of  de –ionized  water to form the stock , after which serial dilution of  the soil samples were  carried out using  de–ionized  water. Zero point one milliliter of each of the serially diluted soil samples were inoculated  on the surface  of the nutrient agar, blood agar , MacConkey agar  and Eosine  Methylene Blue  agar  in Petri dish  in duplicates  and incubated at 370C  for 24 hours . The inoculated plates were  sub cultured  to obtained pure isolates and the pure culture  isolates were sub-cultured in  nutrient  agar slant  and  stored   at 40C  in the refrigerator for further use. 
Preparation of some Heavy metals solution .
Stock solution of  the tested metals were prepared separately by dissolving 500 mg of  the following salts FeCl3 ,HgCl3 , ZnSO4  and  Pb(NO3)2    in 100ml  of de-ionized  water and then filtered with Whatman Filter paper of  0.2µm   and the different heavy metals were prepared from these solutions. (Essa et al,. 2012).
Test for Heavy metals resistance.
The modified method of  Mgbemena  et al ., 2012  was used . Here the Muller Hilton Agar  was  prepared with varying  concentrations  0.00, 0.50, 1.00, 1.50, 2.00.2.50 ,and 3.00 mg/l respectively for the different heavy metal compounds  of  Zinc (Zn 2+), Mercury (Hg 2+) , Lead (Pb 2+ ), and Iron (Fe 2+).  A loopful of  pure isolates  were collected  using sterile wire loop and streaked on the surface of  the heavy metal incorporated medium and incubated at 370C for 24 hours and  later observed for growth. The medium with only the isolates was used as control .
Results 
The mean temperature  and  PH ranged  from 24 to 38 0C and  6.0 to 8.2  respectively  as shown in Table 1 Table 2shows  the  mean total  bacteria  counts of  4.70 x10 3 to 5.60 x 103  Cfu/g and  fungal count  of 1.86 x103 to 2.13 x103    Cfu/g .
 Table 3   shows the bacterial isolates  to be   Bacillus , Pseudomonas, Aeromonas ,Escherichia coil , Micrococcus , klebsiella ,  Staphylococcus  aureus , Corynebacterium  and  Proteus While the fungal isolates  were  Penicillium , Aspergillus , Mucor , Fusarium  and Rhizopus . The most  prevalent  bacteria were   Escherichia coil   and Pseudomonas  (16.89%) while the least  was Proteus(7. 83%) .The most frequent fungi  isolates  was Rhizopus  (28.18% )  and the least was Penicillium  (15.00%) . 
The results  in Table 4 reveals the minimum inhibitory concentration of  bacterial isolates.  Staphylococcus aureus, Klebsiella  and  Aeromonas   species  had the highest value of 1.00mg/L against Lead.  Bacillus and  Klebsiella  species  displayed  the highest resistance  rate of 2.50mg/L  and 2.00mg/l against  iron   and  zinc respectively  while the highest resistance rate  of 2.00mg/L for   mercury  was displayed  by  Klebsiella and Micrococcus .
The   results of the resistance rate of  bacteria  to heavy metals is shown in Table 5.  Proteus species had the highest resistance rate of   90.00 %  for lead   while Klebsiella  had  the least of 35.00% against Zinc . Staphylococcus aureus and Corynebacteria    had the highest and  the least resistance  of  50.00 % and 16.67%  respectively  for  iron  . Lastly 78.00% and 33.33 resistance was shown against mercury  for Pseudomonas  species and Bacillus  respectively.
Table 1 Mean temperature (0C) and pH values of soil samples  
	Sampling location
	Temperature 0C
	pH

	A
	38
	8.2

	B
	24
	6.0

	C
	32
	6.9



Table 2 Mean  total  bacteria and fungi counts  from soil sample (Cfu/g x10-3)
	Sampling location
	Bacteria
	Fungi

	A
	5.60
	2.13

	B
	4.70
	1.86


    Key :A = Waste dumpsites ; B = control sites 

 Table 3 Frequency of occurrence of microorganisms  isolated from soil sample ( %)
	Bacteria  
	Frequency (%)

	Proteus specie                                                                     
	45 (7.83 )

	Klebsiella species                                                                
	56  (9.74)

	Corynebacterium  species                                                   
	57 (9.91)

	Staphylococcus aureus                                                          
	46(8.00)

	Bacillus  species                                                                    
	48 (  8.35)

	Micrococcus species                                                              
	75 (13.04)

	Escherichia coli                                                                    
	97 (16.87)

	Pseudomonas species                                                             
	97 (16.87)

	Aeromonas species                                                                
	54(9.39)

	Total
	575 (100)


	Total Fungi
	

	Rhizopus                                                                                 
	62(28.18)

	Mucor                                                                                      
	55 (25.00)

	Aspergillus flavus                                                                   
	36 (16.36)

	Penicillium                                                                              
	33 (15.00)

	Fusarium                                                                                 
	34 (15.45)

	Total                                                                                         
	220 (100)



Table 4: Result of minimum inhibitory concentration of  Heavy Metals on Bacteria isolates (mg/L)
	Bacteria  
	Iron
	Lead
	Zinc
	Mercury

	Proteus specie
	2.00                   
	0.50                         
	2.25                        
	1.50

	Klebsiella species
	2.00                   
	0.50                        
	2.00                         
	2.00

	Corynebacterium  species
	1.50                   
	0.50                        
	2.50                         
	0.50

	Staphylococcus aureus       
	2.00                    
	1.00                       
	1.50
	1.50

	Bacillus  species                  
	2.50                    
	0.50                      
	2.50                          
	1.50    

	Micrococcus species            
	1.50                    
	0.50                      
	1.00                          
	2.00

	Escherichia coli                    
	2.00  
	0.50
	1.00                         
	2.25

	Pseudomonas species
	2.50                     
	1.00                     
	2.50                          
	1.50

	Aeromonas species              
	2.00                      
	1.00
	1.50
	1.50



Table 5. : Prevalence of  Heavy  metal  resistance on Bacterial  isolates  from soil samples 
	Bacteria isolates              
	No. of bacteria  
	Iron  (Fe)       
	Zinc ( Zn)        
	Mercury   (Hg)        
	Lead (Pb)      

	Proteus species              
	10( 6.94 )         
	4(20.00)          
	8(40.00)
	6(60.00)               
	12(90.00)                      

	Klebsiella species           
	20(13.89)        
	4(20.00)         
	7(35.00)          
	11(55.00)                
	16(80.00)          

	Corynebacterium species
	12(8.33)         
	2(16.67)         
	5(41.67)           
	9(50.00)                  
	8(66.67)                                                                                                           

	Staphylococcus aureus     
	18(12.50)       
	7 (50.00)       
	8(53. 33)          
	6 (50.00)                
	15 (83.33)            

	Bacillus  species
	15(10.42)      
	3(20.00)        
	7(46.67)            
	5(33.33)                 
	11(73.33)        

	Micrococcus species
	20(13.89)     
	4(20.00)        
	8 (80.00)          
	12(60.00)              
	17(85.00)          

	Escherichia coli    
	15(10.42)      
	5(33.33)         
	6(40.00)           
	8(53.33)                
	12(80.00)            

	Pseudomonas
	14 (9.72)         
	8 (44.44)      
	9 (64.29)         
	11(78.57)               
	12 (85.71

	Aeromonas species             
	20(13.89)        
	5(25.00)        
	9(45.00)          
	12(60.00)              
	9(85.00)   

	
Total
	
144 (82.11)       
	
42(29.17)     
	
67(46.53)          
	
80(55.56)            
	
117 (81.25)



Discussion 
The bacterial counts observed in this study were higher than the fungal counts in all stations  This  may be attributed  to  the degree of  acidity (pH) ranges from 6.9- 8.2  and  temperature ranges 24 to 380C   which  favoured  the growth  and proliferation of  bacterial  over fungi. Most of  the bacteria grow at neutral  or slightly acidic PH and in support of the results of this study, this  agrees with the findings of  Obire et al., 2002 who reported  a  PH and  temperature  ranges  between 5.4 to7.9 and  27 to 28oC  respectively . Similarly,  Osunwoke  and  Kuforiji , 2012 reported  a pH value of  6.61 to 8.56 and temperature of  between 27 and  34oC .  The temperature  reported  falls within the mesophilic  range and hence most of  the isolated  bacteria  in this work  were  mesophiles  and soil commensals  which  lead to the high counts in both contaminated  and  non contaminated soil .The findings in this  study reveals the presence of  the genera  Proteus,  Klebsiella , Corynebacterium , Staphylococcus, Bacillus , Micrococcus , Pseudomonas, Escherichia  coli , and Aeromonas. Also fungi  genera  were Rhizopus     Penicillium    Fusarium ,  Mucor   and  Aspergillus . This findings is in agreement with    the  report of  Mgbemena   et al ., 2012 in which similar bacteria and fungi were isolated . The high counts of putrefying bacteria  (E.coli and Bacillus spp) reveals  that the wastes contains mostly organic products . The  predominant  fungi in this study were  Mucor and Rhizopus . These microorganisms  are  saprophytes   which feed on dead  organic remains   thereby removing them by decomposition  (Osunwoke and Kuforiji,2012). 
Most of  the microorganisms isolated in this work are pathogenic that may cause urinary tract infection , gastrointestinal diseases,  respiratory tract infection   and diarrhea (Chessbrough, 2002). The most predominant microorganisms were E.coli and Bacillus . The prevalence of Bacillus  may be possibly due to the presence of spore structure in the Bacilli group which enhances its  resistance  against heavy metals  and aid in their bio-removal of heavy metals from impacted environment. (Odukuna and Abah,,  2003) .
 The  minimum inhibitory concentration    of  the bacteria  subjected  to the heavy metals testing  revealed  high resistance to lead  with the highest MIC  value of 1. 00mg/L . This demonstrated the high level toxicity of   lead  to bacterial growth.  Moreover  some microorganisms (Klebsiella and Bacillus )  were able to tolerate iron and Zinc to 2.50mg/L. This findings is in agreement with the report of Hussein et al., (2005)  who reported that iron and zinc  are  essential to microbial growth  by acting as co-factors  in enzymatic  reactions  , hence zinc and iron are less toxic to microorganisms compared  to lead . The resistance rate was high for lead and mercury as showed  in  this study . This is in agreement with the reports of  Mgbemena et al.,2012 in Nigeria and Abdelately et al., 2011   in Egypt. This shows that heavy metal resistance in microorganism is a global  issue.
 The presence of lead in the air as a result of  incomplete combustion  from vehicles and generating sets especially in the urban areas  contribute to  the building up of  lead   in the atmosphere.  Lead poisoning could cause severe kidney  pain , loss of appetite , insomnia constipation  as well as brain damage due to long term exposure (Nsi et al., 2020; Momodu and Anyakora , 2010) This is a serious problem as an estimated population of over 140 million Nigerians migrate  to the urban cities  for  either short or long stay .Lead can be substituted  for calcium  in bone  causing skeletal  anomalies  especially in children   (Odokuna and Abah ,2003) 
 Plants grown in heavy metals contaminated soil absorbed  the heavy metals and  this gets to man when such plants are consumed either as drug or food (Anyakora et al.,2011 and WHO 2002 )  . The various types of  resistance mechanisms used by these microorganisms  include  transport  of   the toxic metal, differences in uptake  and  methylation  in response  to the heavy metals (Unaldi coral et al., 2005). Reports has showed that these mechanism  may be encoded by chromosomal  genes,  but more usually  loci  conferring  resistance  located on   plasmids  which help in the spread of resistance gene to divergent  bacterial by horizontal  gene transfer .(Akortha et al., and Abdelately et al., 2011 )    
	Report by Mgbemena et al. (2012)   showed  that there is a correlation  between  metal tolerance and antibiotics   resistance  in  bacteria  because of the  similarity  that  the resistance genes   to both (antibiotics  and heavy metals ) may  be located  closely   on the same plasmid in bacteria  and are thus more likely to be  transferred together  in the environment . With the increasing prevalence of antibiotic-resistant pathogenic bacteria, infectious diseases are becoming more expensive and difficult to treat. Infectious diseases are becoming more expensive and difficult to treat. Therefore, greater attention should be given to the excessive use of antibiotics in society. In addition, there is a need to be more conscious of other antimicrobial agents, such as heavy metals, which are often indiscriminately released into the environment, thereby contributing to the development and spread of microbial resistance.

Conclusion
This study demonstrates that waste dumpsites in Uyo metropolis harbor diverse bacterial and fungal populations with significant resistance to heavy metals such as lead, mercury, zinc, and iron. The high prevalence of metal-resistant microorganisms, including pathogenic species, indicates continuous exposure to heavy metal contamination and raises serious public health and environmental concerns. The findings suggest a strong link between improper waste disposal, microbial resistance development, and potential health risks to nearby residents. This study  therefore calls for  separation  and treatment of  wastes  to permissible limits  as to remove metal scraps  before disposal into the environment .This will drastically reduce  resistance in microorganisms  because  the effects  is not just on humans  but extend  to all other  forms of  life which depends on  microorganisms. 
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