



Bacteriological Assessment of Soils of Municipal Solid Waste Dumps of Choba, Rivers State 

ABSTRACT
The study analysed the bacteria associated with the soils of solid waste dump sites in Choba, Rivers State. The total heterotrophic counts of the bacteria present in the soils of the dump sites, their frequencies of occurrence and their lipolytic, cellulolytic and proteolytic potentials were determined; the bacterial isolates that showed zones of inhibition were also screened for their antibacterial activity against Staphylococcus aureus and Escherichia coli. A total of four soil samples were collected from four different dump sites in Choba. The samples were serial diluted up to 10-4 and 0.1ml spread on nutrient agar plates. The total heterotrophic bacteria counts for samples A, B, C and D were 2.8×106 cfu/g, 2.0 × 107 cfu/g, 4.3 × 106 cfu/g and 1.5 × 107 cfu/g respectively. The bacteria isolated with their frequencies of isolation were: Salmonella typhi (75%), Pseudomonas aeruginosa (50%), Shigella flexneri (25%), Escherichia coli (25%), Arthrobacter (50%), Klebsiella (25%), Acinetobacter (25%), Enterobacter (50%), Micrococcus (25%), Citrobacter (25%), Enterococcus faecalis (50%), Bacillus subtilis (25%), Staphylococcus (50%), and Serratia marcescens (50%). Salmonella typhi had the highest frequency of occurrence, being present in three soil samples. The cellulolytic, proteolytic and lipolytic potentials of the isolates were determined using appropriate media. Only Pseudomonas aeruginosa, Acinetobacter, Bacillus subtilis and Serratia marcescens tested positive to cellulose, protein and lipid hydrolysis. Bacillus subtilis exhibited antimicrobial activity during isolation and was tested against E. coli and S. aureus. The zones of inhibition observed against E. coli and S. aureus were 10mm and 15mm respectively. From the results of the analysis, it can be observed that large numbers of diverse species of bacteria are present in dump sites. The presence of pathogenic bacteria in these dump sites has made it imperative that measures be put in place to curtail the potential health hazards that these pathogens can cause.
1.0 INTRODUCTION
Solid wastes are non-gaseous materials arising from domestic, commercial, industrial and agricultural activities that are discarded as useless and unwanted (Ikebude, 2017). Solid wastes are of different types depending on their source. Waste sources are the areas where the waste originated. These include residential sources, industrial (hazardous and non-hazardous), commercial, institutional, agricultural, construction and demolition sources (Adejumo, 2014). These generate different types of solid wastes. The typical sources of wastes present in Choba are residential, industrial, commercial, institutional and agricultural. The types of solid wastes from these sources range from food wastes, paper and cardboard to batteries, oil and tires.
Dump sites are areas of lands where these solid wastes from different sources are indiscriminately disposed without environmental control (Tse and Adanu, 2012). Due to lack of environmental control, dump sites are very dangerous to health. They can cause disease outbreaks. A study conducted by Olanrewaju and Adepoju (2017) showed the relationship between cholera cases and waste dump sites. They observed that the major cases of cholera occurred in the areas close to waste dump sites. Another example of disease outbreak associated with dump sites is the plague outbreak in Surat, India which occurred due to the indiscriminate dump sites in the area coupled with poor waste treatment and the nonchalant attitude of the authorities in the maintenance of hygiene in the city (Sankoh et. al., 2014).
The rising antibiotic resistance has led to the search for new drugs by scientists. Successes have been recorded in this area by researchers. An example is seen in the recent discovery of an antibiotic, teixobactin which is active against Gram positive bacteria and which according to Rawal and Butani (2016), has the potential to make a huge influence on public health. This antibiotic is one of the many antibiotics produced by soil microbes. It is produced by a bacteria discovered in the soil, Eleftheria terrae, and has shown great promise against many drug-resistant strains such as methicillin-resistant Staphylococcus aureus. Similarly, novel enzymes-producing bacteria have been isolated from soil samples. These enzymes have valuable applications in biotechnology. Soil exhibits a high microbial diversity which aids in the maintenance of soil health; the microbes present all have niches in their habitat. Some of these roles they play can add value to man’s life and therefore, should be observed and harnessed by researchers.
The area of study, Choba is a town in Obio-Akpor local government area in Port Harcourt, a major centre of economic activities located in Rivers State. As an introduction to this study, the problem will be stated. The aim and objectives of the study, the significance, the scope and limitations of the study will also be stated.
Dump site is a traditional method of waste disposal (Oshoma et. al., 2017). It is the method of choice for the disposal of solid wastes in Choba. Here, the wastes are deposited in designated areas on streets and on the road, where they compile before they are taken away by the sanitation agency workers; this improper disposal of solid wastes poses a serious threat to both the environment and to human health (Williams and Hakam, 2015).
This is because dump sites contain large amounts of microorganisms which threaten the quality of the air, ground water, surface water and soil of the area; illnesses such as typhoid and cholera can be contracted from the ingestion of such contaminated water. Also, given the climate of the area, which is rainy in almost all the months of the year, water run-off from these dumps carry debris exposing the residents of the area to pathogenic microbes and increasing their risks of contracting illnesses; this problem is compounded by flooding in the area. These dump sites also serve as perfect breeding grounds for pests like rats which act as vectors of diseases.
Industrialization and development have resulted in the overpopulation of urban areas; this in turn has led to increased waste production and dumping that occupy land space. Microorganisms help in the degradation of these wastes by using them as nutrient sources for their metabolic activities, thus, making land available. Deliberate degradation of wastes can be carried out if the specific organism that can decompose a particular waste is known. An application of this can be seen in bioremediation, where specific groups of microorganisms are used to clean polluted areas.
There has been global increase in resistance to antimicrobial drugs. This has created a public health problem of potentially crisis proportions (Hogg, 2005). This also includes the emergence of strains of bacteria that are resistant to antibiotics formerly used to treat the diseases caused by such pathogens. In searching for new antibiotics, screening microorganisms through relatively rapid and simple methods is important.
It is generally acknowledged that microorganisms are extremely important in the degradation of wastes. This is because a variety of substrates exist in the wastes which serve as nutrient sources for the microorganisms. Bacteria break down these wastes using a variety of enzymes. As part of its objectives, this study will identify the bacteria involved in breaking down and utilizing cellulose, proteins and lipids as nutrient sources; these molecules are hydrolysed by bacteria using the enzymes cellulase, protease and lipase respectively. This is important because these enzymes have different applications of use by man. They are well known for their use in the manufacture of detergents, where proteases are added to enhance the removal of protein stains, lipase to remove fatty stains and cellulase to enhance cloth colour and soften soils for easy removal. These enzymes also have other applications such as their use as biocatalysts and in industries such as textiles, brewing and agricultural industries. They also have applications in medicine. It is therefore, important that the bacteria that produce these useful enzymes be identified so that they can be cultivated for the large-scale production of these enzymes.
Waste dumps are home to a large number and variety of bacteria. Some of these bacteria are pathogenic and pose serious threats to the quality of health of the inhabitants of the area. Improper waste disposal is still practiced in Choba where some of these dump sites are located in streets close to residents’ homes. Therefore, there is need to check for the presence of these pathogens in the soils of the sites. This will serve as an impetus for the creation of awareness to follow proper waste disposal methods.
It is well known that microorganisms exist in complex interactions in nature. These interactions could be positive or negative. Negative interactions can occur when the population of microorganisms in a given area is much, such as, in dump sites. Overpopulation could cause scarcity of nutrients leading to antagonism between the organisms. Such antagonism can be seen in the production of antimicrobial substances by some bacteria. These bacteria could be novel antibiotic producers with the potential of producing antibiotics suitable for use in healthcare. There is therefore, need to identify these organisms.
The scope of this study is limited only to Choba in Rivers state. Different microorganisms exist in dump sites but this study focuses only on the bacteria found in the soil of the dump sites. Four samples are to be analysed from four different dumps in the area. This study is limited to only achieving the objectives stated above.
The limitation of this study to only the stated area is because it would be too great a scope to cover more than one study area. The study also focuses on bacteria and refrains from analysing other microorganisms because all bacterial colonies observed in each of the four samples will be analysed and identified, and as such, it would be too cumbersome to include other microorganisms that would also be present in equally large numbers and variety within the short period available for the project.
2.0 MATERIALS AND METHODS
2.1 Description of the Study Area
Choba is a locality within Obio-Akpor local government area of Rivers state. Obio-Akpor is located between latitudes 4○45’N and 4○60’N and longitudes 6○50’E and 8○00’E. The sampling sites were dump sites located within Choba, where the residents of the area dispose their domestic and household wastes. Four different dump sites were sampled.
2.2 Sample Collection
Soils from four different dump sites in the area were collected in sterile polythene bags from a depth of 20cm. The samples were transported to the laboratory immediately for analysis.
2.3 Isolation of Bacteria from the Samples
The samples were serial diluted up to 10-4 using sterile distilled water as diluent. 0.1ml from dilution 10-4 was plated on nutrient agar using spread plate method. The plates were inverted and incubated at 35○C for 24 hours. The colonies formed were counted to determine the total heterotrophic bacteria count. Bacterial isolates that had zones of inhibition around them were noted.
2.4 Identification of isolates
Individual colonies were sub-cultured on nutrient agar plates and stored in nutrient agar slants. From the stored cultures, the isolates were sub-cultured for biochemical tests. The following biochemical tests were performed on the isolates:
2.4.1 Gram staining: In this procedure, smears of pure isolates of the cultures were made on slides with a loopful of water. The slides were flooded with crystal violet, left for one minute and rinsed with water. Next, Gram’s iodine was poured on the slides, left for one minute and rinsed. Next, ethanol was poured on the slides, left for 30 seconds and rinsed with water. Lastly, the slides were flooded with safranin, left for 30 seconds and rinsed. The slides were air dried and examined under the microscope.
2.4.2 Sugar fermentation tests: Sucrose, glucose and lactose fermentation tests were carried out. The materials for the test included test tubes, Durham tubes, conical flasks, peptone (basal medium), the sugars and bromochresol purple (indicator). The procedure involved dissolving peptone and the sugar in the appropriate volume of water in the conical flask and the addition of the indicator into the conical flask. Next, Durham tubes were dropped into test tubes and the content of the conical flask was dispensed into the test tubes. After autoclaving, the test tubes were inoculated with pure cultures of the isolates and incubated at 35○C for 48 hours. A change in colour from purple to yellow indicated a positive result. Presence of bubbles in the inverted Durham tubes also indicated production of gas.
2.4.3 Triple Sugar Iron Agar Test (TSIA) test: The procedure for the test involved the inoculation of triple sugar iron agar slants. The inoculation involved the stabbing of the agar’s butt with the isolate and making a smear of the organism on the agar’s slant. The tubes were incubated at 35○C for 24 hours. A positive result for gas production was indicated by cracks in the agar, and by the separation of the agar from the sides or bottom of the tube. Positive results for hydrogen sulphide production were indicated by blackening of the butt of the medium. Also, yellow colour in the slant or butt indicated acidity while red colour in the slant or butt indicated alkalinity.
2.4.4 Indole Test: The procedure involved inoculation of peptone water medium with the isolates and incubation at 35○C for 48 hours. Kovac’s reagent was added to the tubes at the end of the incubation period. Positive results were indicated by the formation of a red top layer. A pale top layer indicated a negative result. 
2.4.5 Methyl Red – Voges Proskauer test (MR-VP): In carrying out this biochemical test, the MRVP medium was inoculated with the isolates and incubated at 35○C for 48 hours. At the end of the incubation period, the content of the tube was divided and shared into another sterile empty test tube.
Methyl Red test: One tube was used for the methyl red test. Here, methyl red was added to the tubes and a bright red colour indicated positive results.
Voges – Proskauer test: The second tube was used for Voges-Proskauer test. Here, α-naphthol and potassium hydroxide were added to the tubes. The gradual formation of a red colour indicated positive result.
2.4.6 Citrate test: Simmon’s citrate agar slant was used to perform this test. The medium was inoculated with the isolates and incubated at 35○C for 48 hours. Change in colour of the medium from green to blue indicated a positive result.
2.4.7 Catalase test: For this test, a loopful of hydrogen peroxide was dropped on a slide and a smear of pure cultures of the isolates was made. Effervescence shown by the formation of bubbles indicated a positive result.
2.4.8 Oxidase test: Filter papers were soaked with the reagent, tetra-methyl-para-phenylenediamine dihydrochloride and an applicator stick was used to emulsify portions of the filter papers with the isolates. The organisms that took up the colour of the reagent (turned purple) were positive for the test. 
Based on the morphology of the isolates and the results of the biochemical tests, the bacterial isolates were identified using Bergey’s Manual of Determinative (Bergey and Holt, 2000).
2.5 Determination of Cellulolytic Potential
The bacterial isolates were screened for cellulolytic potential using carboxymethylcellulose medium. The medium was prepared according to the manufacturer’s instructions and the isolates were streaked on its surface. The plates were incubated at 35○C for 24 hours and flooded with Congo red, counterstained with NaCl. The isolates that had zones of clearance around them were taken as positive.
2.6 Determination of Proteolytic potential
Protein (casein) degrading ability of the isolates was determined using skim milk agar. The medium was prepared according to the manufacturer’s instructions and the isolates streaked on its surface. The plates were incubated at 35○C for 24 hours and the isolates that had zones of clearance around them were taken as positive for casein degradation.
2.7 Determination of Lipolytic Potential 
Lipid hydrolysis test was done to determine the lipolytic potential of the isolates. Olive oil was incorporated into nutrient agar and the isolates streaked on the agar. The isolates with zones of clearance around them were taken as positive for lipid hydrolysis.
2.8 Rapid Screening for Antibiotic Production
The method used was adopted from Rafiq et. al. (2018). The bacterial isolate that had a zone of inhibition around its colony was tested for antibiotic production against the test organisms, Escherichia coli and Staphylococcus aureus using agar well diffusion method. The test organisms were stock cultures preserved on agar slants. Biochemical tests were performed on the organisms to ensure their purity. The test organisms were swabbed on Mueller-Hinton agar plates and wells bored on the plates using a sterile cork borer 6mm in diameter. The isolates were inoculated in nutrient broth and incubated for 24 hours. They were centrifuged at 4000 rpm and their supernatants were poured into the wells on Mueller-Hinton agar plates. After 24 hours of incubation, the diameters of the zones of inhibition observed were measured.
RESULTS AND DISCUSSION
3.1 Results
The results of total heterotrophic bacterial counts are shown in Table.1. The total heterotrophic bacterial counts for samples A, B, C and D were 2.8×106 cfu/g, 2.0 × 107 cfu/g, 4.3 × 106 cfu/g and 1.5 × 107 cfu/g respectively. Soil sample B had the highest count while soil sample A had the lowest count.
Table 2 shows the results of the biochemical tests performed on the isolates. A total of 14 isolates were gotten from the soil samples, out of which only five were Gram positive. All the isolates were catalase positive except one. From the sugar fermentation tests performed on the isolates, only three were non-glucose fermenting organisms. 
After biochemical tests were performed on the isolates, the bacteria identified as shown in Table 3 were; Salmonella typhi, Pseudomonas aeruginosa, Shigella flexneri, Escherichia coli, Arthrobacter, Klebsiella, Acinetobacter, Enterobacter, Micrococcus, Citrobacter, Enterococcus faecalis, Bacillus subtilis, Staphylococcus and Serratia marcescens.
Table 1: Heterotrophic bacterial count obtained for each soil sample
	                                Sample
	              Total bacterial count (cfu/g)

	                                 Soil A
	                           2.8 × 106

	                                 Soil B
	                           2.0 × 107

	                                 Soil C
	                           4.3 × 106

	                                 Soil D
	                           1.5 × 107



Table 2: Biochemical characteristics of the isolates
	Isolates
	Gr
	Cm
	Suc
	Lac
	Glu
	       TSIA  Agar test

	Ind
	MR
	VP
	Cat
	Cit
	Oxid

	
	
	
	
	
	
	Slant
	Butt
	Gas
	H2S
	
	
	
	
	
	

	B1
	 -
	rod
	  -
	  -
	  +
	   B
	  A
	  -
	  +
	  -
	 +
	  -
	 +
	  -
	   -

	B2
	 -
	rod
	  -
	  -
	  -
	   B
	  B
	  -
	  -
	  -
	  -
	  -
	 +
	 +
	  +

	B3
	 -
	rod
	  -
	  -
	  +
	   B
	  A
	  +
	  -
	 +
	 +
	  -
	 +
	  -
	   -

	B4
	 -
	rod
	  -
	  +
	  +
	   A
	  A
	  +
	  -
	 +
	 +
	  -
	 +
	  -
	   -

	B5
	 +
	rod
	 +
	  -
	  -
	   B
	  B
	  -
	  -
	 -
	  -
	  -
	 +
	  -
	   -

	B6
	 -
	rod
	  -
	  +
	  +
	   A
	  A
	  +
	  -
	 -
	  -
	 +
	 +
	 +
	   -

	B7
	 -
	cocci
	  -
	  -
	  -
	   B
	  B
	  -
	  -
	 -
	  -
	  -
	 +
	 +
	   -

	B8
	 -
	rod
	  -
	  +
	  +
	   A
	  A
	  +
	  -
	 -
	  -
	 +
	 +
	 +
	   -

	B9
	 +
	cocci
	  -
	  -
	  +
	   B
	  A
	  -
	  -
	 -
	  -
	  -
	 +
	 +
	  +

	B10
	 -
	rod
	 +
	  +
	  +
	   B
	  A
	  +
	 +
	 -
	 +
	  -
	 +
	 +
	   -

	B11
	 +
	cocci
	 +
	  +
	  +
	   A
	  A
	  -
	  -
	 -
	  -
	 +
	  -
	  -
	   -

	B12
	 +
	rod
	 +
	  -
	  +
	   B
	  A
	  -
	  -
	 -
	  -
	 +
	 +
	 +
	   -

	B13
	 +
	cocci
	 +
	  +
	  +
	   A
	  A
	  -
	  -
	 -
	  -
	 +
	 +
	 +
	   -

	B14
	 -
	rod
	 +
	  -
	  +
	   B
	  A
	  -
	  -
	 -
	  -
	 +
	 +
	 +
	   -



Key: Gr = Gram reaction; Cm = Cell morphology; Suc = Sucrose; Lac = Lactose; Glu = Glucose; TSI = Tripe Sugar Iron; H2S = Hydrogen sulphide; Ind = Indole; MR = Methyl Red; VP = Voges-Proskauer; Cat = Catalase; Cit = Citrate; Oxid = Oxidase; A = Acidic; B = Alkaline
Table 3: Suspected bacteria present in the samples
	                                Isolates
	                    Suspected bacteria

	                                   B1
	                     Salmonella typhi

	                                   B2
	                 Pseudomonas aeruginosa

	                                   B3
	                       Shigella flexneri

	                                   B4
	                        Escherichia coli

	                                   B5
	                          Arthrobacter

	                                   B6
	                            Klebsiella

	                                   B7
	                        Acinetobacter

	                                   B8
	                        Enterobacter

	                                   B9
	                         Micrococcus

	                                   B10
	                          Citrobacter

	                                   B11
	                    Enterococcus faecalis

	                                   B12
	                        Bacillus subtilis

	                                   B13
	                        Staphylococcus

	                                   B14
	                     Serratia marcescens



The frequencies of occurrence of the isolates were observed and the results are shown in Table 4. The bacteria isolated with their frequencies of isolation were: Salmonella typhi (75%), Pseudomonas aeruginosa (50%), Shigella flexneri (25%), Escherichia coli (25%), Arthrobacter (25%), Klebsiella (25%), Acinetobacter (25%), Enterobacter (50%), Micrococcus (25%), Citrobacter (25%), Enterococcus faecalis (50%), Bacillus subtilis (25%), Staphylococcus (50%) and Serratia marcescens (50%). Salmonella typhi had the highest frequency of occurrence (75%), as it was observed to be present in three samples out of the four samples analysed. The table also shows the bacterial diversity of the samples. Sample B had the highest diversity of bacterial isolates as eight different genera were isolated from the sample while soil sample C had the least bacterial diversity with only three bacteria genera isolated from the sample.
Table 4 Bacteria isolated and their frequencies of isolation
	Bacterial      isolates
	      Soil A
	      Soil B
	      Soil C
	      Soil D
	Frequencies of isolation (%)

	Salmonella typhi
	         +
	          +
	           -
	          +
	         75

	P. aeruginosa
	         +
	          +
	           -
	           -
	         50

	Shigella flexneri
	         -
	          +
	           -
	           -
	         25

	Escherichia coli
	         -
	          +
	           -
	           -
	         25

	Arthrobacter
	         -
	          +
	           -
	          +
	         50

	Klebsiella  
	         -
	          +
	           -
	           -
	         25

	Acinetobacter
	         -
	          +
	           -
	           -
	         25

	Enterobacter
	         -
	          +
	           -
	          +
	         50

	Micrococcus
	         -
	          -
	          +
	           -
	         25

	Citrobacter  
	         -
	          -
	          +
	           -
	         25

	E. faecalis
	         +
	          -
	           -
	          +
	         50

	Bacillus subtilis
	         -
	          -
	           -
	          +
	         25

	Staphylococcus
	         -
	          -
	          +
	          +
	         50

	S. marcescens  
	         +
	          -
	           -
	          +
	         50



Key: + = Presence of isolate in the soil sample                     - = Absence of isolate in the soil sample
Table 5 shows the results of the tests carried out to determine the cellulolytic, proteolytic and lipolytic potential of the isolates. Isolates B14, B2, B7 and B12 (identified as Serratia marcescens, Pseudomonas aeruginosa, Acinetobacter, and Bacillus subtilis respectively) hydrolysed all three molecules while isolate B1 (Salmonella typhi) hydrolysed none of the molecules. Isolates B3, B10 and B11 (identified as Shigella flexneri, Citrobacter and E. faecalis respectively) hydrolysed all except lipid. Isolates B5 and B9 (Arthrobacter and Micrococcus) hydrolysed all except cellulose while isolate B13 (Staphylococcus) hydrolysed all except protein. Isolates B4, B6 and B8 (E. coli, Klebsiella and Enterobacter respectively) hydrolysed only cellulose.
Table 5: Proteolytic, cellulolytic and lipolytic potential of the isolates
	Bacterial isolates
	        Cellulose test                         
	           Lipid test                         
	  Protein test (Casein)

	Salmonella typhi                                
	                 -
	                 -
	                  -

	P. aeruginosa                 
	                 +
	                 +                                         
	                 +

	Shigella flexneri                                
	                 +
	                 -
	                 +

	Escherichia coli                                
	                 +
	                 -
	                 +

	Arthrobacter
	                  -
	                 +
	                 +

	Klebsiella
	                 +
	                 -
	                 -

	Acinetobacter  
	                 +
	                 +
	                 +

	Enterobacter                                      
	                 +
	                 -
	                 -

	Micrococcus
	                  -
	                 +
	                 +

	Citrobacter
	                 +
	                 -
	                 +

	Enterococcus faecalis                        
	                 +
	                 -
	                 +

	Bacillus subtilis                                  
	                 +
	                 +
	                 +

	Staphylococcus
	                 +
	                 +
	                 -

	Serratia marcescens                           
	                 +
	                 +
	                 +



During isolation of the organisms from soil samples on nutrient agar plates, zones of inhibition were observed around colonies of isolate B14 (identified as Bacillus subtilis). The isolate was tested against E. coli and S. aureus. It showed antibacterial activity against the two test organisms as deduced from the formation of zones of inhibition. However, as shown in Table.6, the zone of inhibition of S. aureus (15 mm) was wider than the zone of inhibition of E. coli (10 mm).
Table.6: Antibacterial activity of the isolate that showed antibiotic production against S. aureus and E. coli
	         Bacterial isolate           
	Zone of inhibition for S. aureus (mm)        
	Zone of inhibition for E. coli (mm)                       


	          Bacillus subtilis                                        
	                        15
	                       10



Discussion
From the results of total heterotrophic bacterial counts, soil sample B had the highest count. This can be attributed to the characteristics of the dump site from which the sample was obtained. The dump was larger and foul smelling than the other dump sites. It was filled with wastes of different kinds and in different stages of decomposition, thereby, providing a higher amount of organic matter for bacterial use.
The bacteria isolated from the dump sites were Salmonella typhi, Pseudomonas aeruginosa, Shigella flexneri, Escherichia coli, Arthrobacter, Klebsiella, Acinetobacter, Enterobacter, Micrococcus, Citrobacter, Enterococcus faecalis, Bacillus subtilis, Staphylococcus and Serratia marcescens. Similar bacteria have been reported in other studies by Oshoma et. al. (2017), Eleanya et. al. (2017), Adejumo, (2014) and Nwakanma et. al. (2018) to be present in soils of waste dumps. Sample B had the highest diversity of bacterial isolates as eight different genera of bacteria were isolated from the sample. This can be attributed to the same reasons why it had a higher heterotrophic bacterial count. Salmonella typhi had the highest frequency of occurrence as it was the only bacterium isolated from three samples out of the four samples analysed.
The cellulose-, lipid-, and casein-hydrolyzing properties of the isolates were determined. From, the results, Serratia marcescens, Pseudomonas aeruginosa, Acinetobacter and Bacillus subtilis hydrolysed all three molecules. The results of this analysis is in consistence/consistent with the work of other researchers such as Hombalimath et. al. (2012) who reported the bacterium Micrococcus as lipolytic, Alhamdani et. al. (2016) who reported the bacteria Pseudomonas aeruginosa and Acinetobacter as having lipolytic activity, Patagundi et. al. (2014) who reported Bacillus subtilis as having cellulolytic activity and Hamid et. al. (2018) who reported Pseudomonas as having proteolytic activity. Zones of inhibition were observed around the colonies of isolate B12 during isolation indicating antimicrobial activity. The isolate identified as Bacillus subtilis was tested against E. coli and S. aureus to determine its antibacterial effect on the two bacteria. The diameters of the zones of inhibition formed were 10 mm and 15 mm respectively. This result shows that the isolate had a stronger antibacterial activity against S. aureus. The inhibitory effect of B. subtilis on E. coli and S. aureus has been reported by several researchers. Ozabor and Fadahunsi (2019) determined the antimicrobial activity of B. subtilis against some pathogens including E. coli and S. aureus. They also reported antibacterial activity. However, the zone of inhibition of E. coli was 11 mm while the diameter of the zone of inhibition of S. aureus was 10 mm.
Conclusion
From the results obtained in this study, it can be seen that soils, naturally, harbour large numbers of bacteria. In particular, soils of waste dump sites are home to large numbers of bacteria of various species. These organisms during the course of their metabolic activities (example, enzyme production) are responsible for the decomposition of the wastes present in these dump sites. This is of importance to the environment, man, animals and even plants as the decomposition of these wastes result in the release of nutrients into the soil which are essential for plants’ growth. Given the tons of wastes generated since the inception of life on earth, the importance of their ability to degrade wastes cannot be over emphasized as without decomposition, the earth’s surface would be littered with wastes and even the bodies of dead plants and dead animals.
However, these bacteria also have the potential to pose serious health issues. This is because some of these organisms are serious pathogens that cause serious illnesses in man. As seen from the results, most of the bacteria isolated in this study are pathogenic. Their presence in dump sites that are close to residential buildings pose a serious threat to the health of the residents. This is because they can percolate into ground water thereby contaminating the water and causing health problems when such water is drunk. The dump sites are also home to vectors such as rodents which come in contact with these pathogens. These vectors can transfer these pathogens to the residents through contamination of their food and water.
From the results, it can also be observed that diverse species of bacteria are present in dump sites. The diversity of bacteria present in these dumps implies that novel bacteria that have not been discovered also exist in these sites. These novel bacteria also have their niches in the environment; these activities have the potential of being invaluable to man. An example of this is the discovery of novel antibiotic producing bacteria.
Recommendations 
(i)  The continuous screening of environments by researchers is encouraged as this can lead to the discovery of enzymes of novel bacteria that can be used to deliberately degrade wastes in bioremediation. An example is the use of alkane hydroxylases from the obligate hydrocarbon-degrading bacteria Alcanivorax borkumensis to clean up oil spills in the environment (Broojimans et. al., 2009).
(ii) The presence of pathogenic bacteria in these dump sites has made it imperative that measures be put in place to curtail the potential health hazards that these pathogens can cause. One measure involves the use of engineered sanitary landfills sited away from residential areas instead of dump sites (Eleanya et. al., 2017). The engineered landfills reduce the potential of these pathogens leaching and contaminating the ground water. Another measure involves treating wastes before disposal. Other measures that can be adopted include recycling, composting and incineration.
(iii) Given the rising rate of antibiotic resistance, the discoveries of novel antibiotic producing bacteria are of immense importance to healthcare. It is therefore, recommended that continuous screening of bacterial environments for different functions be carried out by researchers using not just cultural (isolation and cultivation) methods, but also using screening of metagenomic libraries to detect viable but non-culturable novel antibiotic-producing bacteria and the use of isolation chips (ichips) to discover the novel bacteria by culturing them within their soil environment (Piddock, 2015).
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