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Abstract: This study was designed to isolate and characterize the microflora associated with selected solid 

waste dump sites in Okitipupa Local Government Area (LGA) of Ondo State, Nigeria. Solid waste samples 

were collected in triplicates from ten (10) dump sites in Okitipupa LGA at two-week interval for three 

months using a random sampling procedure while culture method is used to isolate the bacteria. The 

standard method of ASTM-D5231-92 was employed to determine the quantity and composition of wastes. 

The most prevalent waste was food or green wastes, which ranged from 39.40% to 19.50%, while 

polythene materials were the least with a range of 5.20% to 0.90%. The mean bacterial counts ranged from 

9.2 x 106 to 4.6 x 106 cfu. Colonial morphology and biochemical identifications of the bacteria from the 

samples revealed Serratia sp. Pseudomonas aeruginosa, Proteus mirabilis, Bacillus sp, E. coli and 

Actinomycetes. Respiratory reactions may be induced in individuals. It is then concluded that, to lower the 

health risks linked to microflora in solid waste dumpsites, Municipal Solid Waste (MSW) facilities should 

have regular inspections, clean and disinfect surfaces and equipment, make sure workers wear protective 

gear, and follow proper waste management and disposal practices. 
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INTRODUCTION  

aste is defined as any substance 

that is discarded by an individual, 

home, or entity. Waste is a 

complex amalgamation of several 

substances, with only a small number of 

them being intrinsically detrimental to health 

(Abdel-Shafy and Mansour, 2018). The 

broad production, ever-increasing quantities 

of, and sustainable dispersal of solid wastes 

are the subject of significant worldwide 

concern. The vast differences in composition 

and the complexity that accompany them 

necessitate a significant amount of effort to 

collect, process, and dispose of them in an 

environmentally favourable manner 

(Masebinu et al., 2017; Liu et. al., 2019; 

Gelan 2021).  

Worldwide, there are numerous factors 

contributing to the increasing volume of 

solid refuse generated. As national incomes 

increase, countries generate more wastes, 

rising levels of prosperity, rapid 

urbanization, and population growth have all 

contributed to an increase in the amount of 

garbage produced per person. Additionally, 

waste management is frequently managed by 

local administrations that possess inadequate 

financial, operational, and managerial 

resources in the majority of municipalities 

(Bruna, 2023). At least 33 percent of the 

2.01 billion tonnes of municipal solid 

garbage produced annually worldwide is not 

managed in an environmentally favourable 

manner (World Bank, 2024). The average 

amount of waste produced per individual per 

day worldwide is 0.74 kilograms, with a 

range of 0.11 to 4.54 kilograms (World 

Bank, 2024). Presently, Nigeria generates 

40,959 tonnes of municipal solid waste per 

day, which totals 14.95 MT annually (Africa 

Check, 2019). It is anticipated that Nigeria 

will generate 54.8 MT of solid waste in 2030 

and 107 MT in 2050 (Africa Check, 2019). 

Global waste generation rates may rise to 20 

billion tonnes annually by 2050 unless 

immediate action is taken on numerous 

waste management fronts. This number is 

still increasing in most countries of the 

world (Kaza et al., 2018). 

Open dumping of municipal solid waste is 

prevalent in African countries, including 

Nigeria. Open dumping is the most 

affordable choice for low-income nations 

with solid waste collection below 50%, and 

approximately 95% of the collected waste is 

disposed of haphazardly at different 

dumping sites (Ohwoghere-Asuma and 

Aweto, 2013; Janet and Kelechi, 2016; 

Gelan, 2021). Multiple studies have shown 
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that in many towns, municipal solid wastes 

are indiscriminately disposed of in open 

areas, including major residential areas, 

roadsides, drainage areas, rivers, riversides, 

and forests. This practice has resulted in the 

introduction of dangerous substances, such 

as heavy metals, into the water and soil 

ecosystems (introducing various harmful 

substances, such as heavy metals, into the 

soil and water compartments (Ogwueleka, 

2009; Sankoh and Yah, 2013; Hailemariam 

and Ajeme, 2014; Kebede et al., 2016).  This 

method allows waste to be easily accessed 

by scavengers and animals, and the 

production of pollutants is not monitored. 

Municipal Solid Waste (MSW) is regarded 

as an important source of microorganisms 

and a significant "microbial pool", the 

organic content in MSW supplies the 

necessary nutrients for the microbiological 

proliferation of microorganisms, which are 

primarily responsible for the breakdown of 

waste to render it safe and stable (Janet and 

Kelechi, 2016; Wang et al., 2017)  

Household garbage can transfer contagious 

pathogenic microorganisms to the 

environment by direct contact, inhalation, 

ingestion, or indirect contact via the food 

chain (Fernández-García et al., 2016; 

Marquez et al., 2016; Ghazaei 2022)  

Solid wastes are sometimes burnt so as to 

decrease the amount of garbage and its 

ability to spread disease. However, 

unregulated burning can release harmful 

substances such as Polychlorinated dibenzo-

p-dioxins (PCDDs) and polychlorinated 

dibenzofurans (PCDFs) along with other 

pollutants (Hossain et al., 2011). In 2016, 

approximately 1.6 billion tons of carbon 

dioxide (CO2) equivalent greenhouse gas 

emissions were produced from the treatment 

and disposal of solid waste. This accounted 

for 5 percent of global emissions and was 

determined based on factors such as the 

volume of garbage generated, its 

composition, and the methods used for waste 

management. This is mostly caused by the 

practice of depositing waste in open dumps 

and landfills without implementing landfill 

gas collection systems. Approximately half 

of all emissions are attributed to food waste. 

As a matter of fact, and without any changes 

in the industry, it is projected that solid 

waste-related emissions will rise to 2.38 

billion tons of CO2-equivalent per year by 

2050 (GBAC, 2023) 

Municipalities frequently encounter 

numerous challenges stemming from limited 

financial resources, improper coordination, 

and the intricate nature of municipal solid 

waste that surpasses the capacity of the local 

government to manage (Sujauddin et al., 

2008). The composition of municipal solid 

trash varies considerably between 

municipalities and countries. The extent of 

diversity mostly relies on factors such as 

lifestyle, economic conditions, waste 

management policies, and industry 

composition. The volume and composition 

of municipal solid waste are crucial factors 

in determining the proper treatment and 

management of these wastes. The provision 

of such information is crucial and valuable 

for the establishment of a municipal facility 

that converts solid waste into electricity 

(World Bank, 2024). 

Securing funding for solid waste 

management systems poses a substantial 

difficulty, particularly when it comes to 

covering continuing operational expenses 

rather than initial capital investments. It is 

crucial to consider operating costs from the 

outset. The operating expenses for integrated 

waste management, which includes 

collection, transport, treatment, and disposal, 

typically surpass $100 per tonne in high-

income countries. Low-income countries 

allocate a smaller amount of money to waste 

operations, often around $35 per tonne or 

more. (Lisa and Frank, 2018; World Bank, 

2024). This study was therefore designed to 

isolate and characterize the microflora 

associated with selected solid waste dump 

sites in Okitipupa Local Government Area 

(LGA) of Ondo State, Nigeria Additionally, 

it aimed to evaluate the potential health 

effects of this microflora on both the 

environment and humans.  

 

 

7086 



 

Nigerian Journal of Microbiology, December, 2024 

Available online at www.nsmjournal.org.ng 

Adeyemo and Demehin, 2024                            Nigerian Journal of Microbiology, 38(2): 7085 - 7095 

MATERIALS AND METHODS 

Study Area: Okitipupa Local Government 

Area was created in 1974 in Ondo state, 

Nigeria.  Okitipupa Local Government 

headquarters is located in Okitipupa 

township with a university, Olusegun Agagu 

University of Science and Technology 

(OAUSTECH). The Local Government Area 

lies between longitude 4o 31’and 4o 55’E of 

the Greenwich Meridian and between 

latitudes 6o 48 and 6o 28N of the Equator as 

shown in Figure 1. 

Sample Collection: A random sampling 

method was used, with field visits for 

sample collection followed by laboratory-

based methods for processing. Okitipupa 

LGA was chosen as the study area. Solid 

waste samples were collected from a variety 

of open solid waste disposal sites. One (1) 

kilogram of solid wastes was collected with 

sterile shovel from each open waste 

dumpsite in sterilized polythene bags 

throughout the ten locations in triplicates 

every two (2) weeks for eighteen (18) weeks 

from various locations in the LGA. The 

locations are; Okitipupa, Igodan, Okunmo, 

OAUSTECH, Ayeka, Sabo, Ikoya, Erinje, 

Idepe, and Igbodigo as shown in Figure 1 

above. All samples were properly labelled 

and transferred to the laboratory for analysis 

within three (3) hours after collection. 

Characterization of solid waste: 

Quantification/composition of waste was 

determined by a standard method of ASTM-

D5231-92 (ASTM, 2008). American Society 

for Testing Materials (ASTM) has termed 

this technique as ASTM-D5231-92 standard 

technique for the analysis of the MSW 

composition (Worrell and Vesilind, 2011). 

This step involves determining the quantity 

and composition of solid wastes generated 

over a given period. It helps in 

understanding waste generation patterns, 

estimating waste management requirements, 

and planning appropriate waste management 

strategies.  

Isolation of Bacteria: Bacteria isolation 

from the solid wastes was done on nutrient 

agar at 37°C for 24 h. Pure colonies were 

then obtained and stored. Gram staining and 

biochemical tests were performed for the 

confirmation and identification of bacteria 

species using the methods described by 

Manandhar and Sharma (2018). 

 

RESULTS AND DISCUSSION  

The composition of MSW in this research is 

as shown in Table 1. The observed 

composition of MSW varies considerably 

across municipalities and countries. The 

extent of difference mostly relies on factors 

such as lifestyle, economic conditions, waste 

management rules, and industry composition 

(Africa Check, 2019). 

 

Table 1: Quantification of MSW in location sites across Okitipupa LGA 
Parameters (%) Okitipupa Igodan Okumo OAUSTECH Ayeka Sabo Ikoya Erinje Idepe Igbodigo 

Paper 12.50 21.40 18.30 20.50 17.50 33.20 16.80 16.30 38.30 37.40 

Plastic  10.20 9.70 8.10 7.50 6.40 7.20 8.30 6.70 9.60 11.30 

Metal 15.40 4.10 4.70 15.10 5.30 5.70 15.20 27.40 6.30 4.70 

Food Wastes  25.20 39.40 36.50 31.50 29.30 38.40 27.50 28.20 24.70 19.50 

Glass 12.40 4.50 7.40 5.70 18.40 3.30 18.50 7.70 9.40 10.20 

Polythene Bags  2.70 1.40 3.50 5.20 1.70 1.60 2.00 1.80 3.40 0.90 

Wood 7.40 3.70 7.80 4.10 3.00 2.30 1.90 2.00 1.80 2.80 

Textile 6.70 7.50 7.50 1.70 11.90 2.10 1.50 1.90 4.70 10.20 

Others  7.50 8.30 6.20 8.70 6.50 6.20 8.30 8.00 1.80 3.00 

Total 100 100 100 100 100 100 100 100 100 100 

 

Key MSW=, LGA=, OAUSTECH= 
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Figure 1: Map of Okitipupa LGA showing sample collection sites 

 

Waste disposal in Okitipupa is still largely 

random and uncontrolled, and large 

quantities of waste go uncollected. It was 

found that, although MSW collection 

services owned by private organizations is 

available for the residents in the areas 

surveyed, majority of the residents are not 

taking the advantage of the services due to 

unwillingness to pay for these services. Oral 

discussion with inhabitants on the 

management of garbage collected by MSW 

collection agencies indicated that in most of 

these places, there is a lack of adequate 

treatment or dumping procedures for the 

collected wastes. On the contrary, the most 

prevalent method was the incineration of 

rubbish in open dumpsites. 

This is why most residents have also opted 

for open and indiscriminate dumping of 

wastes at every available space. This same 

trend has also been reported by other 

researchers in subsharan Africa and across 

the globe (Agbefe et al., 2019; Ayeleru et 

al., 2020; Domingo and Manejar, 2021; 

Muheirwe et al., 2023). Waste 

characterization revealed that food and green 

wastes account for the highest waste 

generated across the various locations 

ranging from 39.40% in Igodan to 19.50% at 

Igbodigo. This research finding aligns with 

that of World bank that stated that food and 

green waste accounted for 44% of the global 

waste composition in her research and that 

food and green waste is the largest waste 

produced across the countries of the world 

(World Bank, 2024). It has been reported 

that the content of waste varies depending 

on economic levels, which is indicative of 

different consumption patterns(World Bank, 

2024) . In high-income countries, the 

proportion of food and green waste is 

relatively low, making up just 32 percent of 

the total garbage. On the other hand, these 

countries produce a larger amount of dry 

waste that has the potential to be recycled, 

such as plastic, paper, cardboard, metal, and 

glass, which accounts for 51 percent of the 

waste. Fifty three percent of food waste and 
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fifty seven percent of green waste are 

produced by middle- and low-income 

countries. As economic development levels 

decline, the proportion of organic waste 

increases as also revealed by the result of 

this finding where larger proportion of the 

wastes across all the sampled locations are 

green or food wastes (UNEP, 2024).  

Biochemical characterization of bacterial 

isolates from MSW  

A total of six (6) bacterial isolates were 

recorded in this research work. Bacterial 

isolates identified via cultural and 

biochemical characteristics included 

Actinomycetes (33.3%) which occurred 

most frequently among the isolates, followed 

by others – Serratia sp. (25%), 

Pseudomonas aeruginosa (16.7%), Proteus 

mirabilis (8.3%), Bacillus (8.3%) and E. coli 

(8.3%).  

The mean bacterial counts isolated from 

solid waste dump sites across the LGA are 

as shown on Table 2, while the results of 

biochemical tests for the characterization of 

the bacteria are as shown on Table 3. 

 

Table 2: Total heterotrophic counts (THC) of bacterial isolates from solid waste samples 

Key: OAUSTECH = Olusegun Agagu University of Science and Technology.  

 

Table 3: Biochemical Characteristics of the Bacterial isolates from the MSW 
Isolate 
code 

Gram 
stain 

Shape Spore Capsule Catalase Oxidase Glucose Lactose Mannitol Xylose Coagulase Probable 
organism 

SD 1  + R + - - - - - + - - Actinomycetes 

SD 2 - R - - + - + - - + - Serratia sp. 
SD 3 - R - - + - + + + - - Pseudomonas 

aeruginosa 

SD 4 - R - - + - + - - + - Proteus 
mirabilis 

SD 5 + R - - + - + - + - - Bacillus 

subtilis 
SD 6 - R - - + - + + + + - E. coli 

Key: - (negative), + (positive), R (Rod) 

 

Extensive literature coverage exists 

regarding the health ramifications associated 

with specific bacteria isolated from 

municipal solid wastes, including Serratia 

sp., Pseudomonas aeruginosa, Proteus 

mirabilis, Bacillus sp., E. coli, and 

actinomycetes.  According to reports, while 

the majority of Pseudomonas species are 

saprophytic, low-virulent organisms, P. 

aeruginosa and others are recognized 

globally as significant human pathogens 

capable of causing severe nosocomial, 

healthcare-associated, and (less often) 

community-acquired infections that 

significantly contribute to morbidity and 

mortality (Hilmar and Harald, 2010; Fair 

and Tor, 2014). Penicillin-resistant strains of 

P. aeruginosa are notorious for providing 

protection against disinfectants and 

antibiotics via the biofilms produced 

(Odumosu et al., 2013). Reportedly, the 

bacterial species are capable of acquiring 

resistance genes that confer resistance to a 

variety of antibiotics that are frequently 

employed in the treatment of infections 

(Kityamuwesi et al., 2015. Mishandling of 

Locations  Mean bacterial counts (Cfu/ml) 

Okitipupa 5.2 × 106 

Igodan, 9.2 × 106 

Okunmo 6.8 × 106 

OAUSTECH 6.6 × 106 

Ayeka 5.6 × 106 

Sabo 8.6 × 106 

Ikoya 5.4 × 106 

Erinje 5.8 × 106 

Idepe 4.6 × 106 

Igbodigo 5.6 × 106 
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pharmaceuticals and antibiotics in MSW 

facilities poses a potential hazard by 

facilitating the growth and dissemination of 

antibiotic-resistant strains of Pseudomonas 

aeruginosa (Nikokar et al., 2013; Khosravi 

et al., 2017; Zheng et al., 2019). Other 

potential health complications encompass 

respiratory ailments, dermatological 

irritations, ocular infections, gastrointestinal 

disruptions, and systemic infections, as 

previously documented by Sadikot et al. 

(2005) and Barbier et al. (2013). In close 

proximity communities, the existence of 

Pseudomonas aeruginosa within MSW 

facilities may also present a hazard. 

Community members may potentially be 

exposed to the bacteria and develop 

infections or other health complications if 

the bacteria contaminate the surrounding 

environment, including air and water sources 

(Al-Khatib et. al., 2015) 

Escherichia coli isolated from municipal 

solid wastes in this research is in line with 

the reports of multiple researchers who have 

also isolated Escherichia coli from 

municipal solid waste (Costa et al., 2006; 

Sáenz et al. 2004; Paulshus et al. 2019). 

Some species of the bacterium E. coli, which 

is frequently encountered in the intestines of 

both humans and animals, are capable of 

causing illness if ingested. Foodborne 

illnesses, including diarrhea, abdominal 

cramps, and vomiting, have been associated 

with E. coli (Huang et al., 2006; Majowicz 

et al., 2014). Additionally, occupational 

hazards resulting from water and airborne 

infections have been reported by health 

workers involved in solid waste 

management. (Kretchy et al. 2015; Kretchy 

et al. 2020; Tack et al. 2020). Vector 

infestations may result from improper solid 

waste management, including the attraction 

of flies, rodents, and cockroaches. These 

vectors may carry E. coli bacteria on their 

bodies, which they subsequently disseminate 

to other regions. This reduces the likelihood 

of E. coli transmission to humans and 

animals via direct contact or through the 

contamination of food and water sources.  

In their investigation, Oshoma et al. (2017) 

isolated Serratia sp., Bacillus, 

Pseudomonas, and E. coli from landfill sites; 

which is consistent with the findings in this 

study. However, certain Serratia species are 

innocuous and comprise a normal 

component of the human microbiota, others 

are capable of inducing infections and 

presenting health hazards. Infections caused 

by Serratia can give rise to various clinical 

manifestations, including but not limited to 

pain, fever, chills, redness, edema, and 

sepsis, mortality, and respiratory distress 

(Casolari et al., 2005; Yoon et al., 2005; 

StewartGreco et al., 2012). Bacillus subtilis 

is responsible for bacteremia, endocarditis, 

pneumonia, and septicemia, among other 

infections. However, immunosuppression of 

the host and high-dose inoculation are 

required prior to B. subtilis infection, as the 

pathogen typically exploits opportunities to 

invade hosts (Muzumdar et al., 2011; 

Kityamuwesi et al., 2015; Tsonis et al., 

2018). The isolation of actinomycetes from 

solid residues in India and China, 

respectively, by Namrata et al. (2012) and Yi 

et al. (2017), is consistent with the results 

obtained in this study. Actinomycetes are 

indispensable for the decomposition of 

organic matter in municipal solid wastes. 

Although, actinomycetes generally aid in the 

decomposition of waste materials and the 

promotion of nutrient recycling, their 

presence in solid waste may have adverse 

health effects, including the production of 

secondary mycotoxins that are potentially 

toxic to humans (Lapalikar et al., 2012; 

Cserháti et al., 2013). Prior studies have 

documented that these toxins have the 

potential to induce carcinogenic effects and 

cause liver damage, kidney dysfunction, and 

neurotoxicity (Tuan et al., 2003; Adeyemo et 

al., 2018; Greeff-Laubscher et al., 2018).  

Shin-Hee et al. (2005) isolated Proteus 

mirabilis from retail meat waste sites in 

Oklahoma, while Zhongjia et al. (2021) also 

isolated Proteus mirabilis from Belgian 

broiler carcasses of retail and human stool. 

These findings aligns with the results of this 

research. Proteus sp. are commonly found in 

the intestines of humans and other animals, 
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and are also widely distributed in the 

environment. Nevertheless, the species P. 

mirabilis is frequently found to be a 

pathogen in urinary tract infections in 

humans, particularly in cases of catheter-

associated bacteriuria in patients with long-

term catheterization. Additionally, it is more 

frequently detected in the stools of patients 

with diarrheal disease compared to healthy 

patients (Sabbuba et al., 2003). In addition, 

P. mirabilis has been implicated in 

nosocomial infections in 

immunocompromised persons, such as 

bloodstream infection, cystitis, 

pyelonephritis, prostatitis, neonatal 

meningoencephalitis, empyema, and 

diarrheal illness (Sabbuba et al., 2003; 

Jacobsen et al., 2008).  

 

CONCLUSION 

The bacteria associated with solid waste 

dump site in Okitipupa metropolis had been 

presented in this study. As a result of no 

functional sanitary landfill in Okitipupa 

metropolis, indiscriminate dumping of 

untreated solid waste can pose significant 

risks to both human health and the 

environment. Although, solid waste has a 

beneficial effect on the soil microflora and 

enzymatic activities, it is crucial to clean, 

sort and perhaps treat the wastes before 

disposing them off in order to minimize the 

health risks connected with waste dumping. 

This study has provided valuable insights 

into the bacterial communities associated 

with solid wastes in the dumpsites.

 

REFERENCES  

Abdel-Shafy, H.I. and Mansour, M. S. M. 

(2018) Solid waste issue: Sources, 

composition,  disposal, recycling, 

and valorization. Egyptian Journal of 

Petroleum. 27(4):1275–1290,                

Adeyemo, B.T., Tiamiyu, L.O., Ayuba, 

V.O., Musa, S., Odo, J. 

(2018). Effects of dietary mixed 

aflatoxin B1 and fumonisin B1 on 

growth performance and 

haematology of juvenile Clarias 

gariepinus catfish. Aquaculture. 491:

190–196. 

Africa Check (2019). What a waste: fact-

checking four claims about Nigeria’s 

garbage problem -  Africa Check. 

Agbefe, L. E., Lawson, E. T., and Yirenya-

Tawiah, D. (2019). Awareness on 

waste segregation  at source and 

willingness to pay for collection 

service in selected markets in Ga 

West  Municipality, Accra, Ghana. 

Journal of Material Cycles and 

Waste management 21:905–914.  

Al-Khatib, I. A., Kontogianni, S., Nabaa, H. 

A., and Al-Sari, M. I. (2015). Public 

perception of  hazardousness caused 

by current trends of municipal solid 

waste management. Waste 

Management, 36: 323-330. 

American Society of Testing and Materials 

(ASTM, 2008). Committee D-34 on 

Waste  Management.  Standard test 

method for determination of the 

composition of unprocessed 

municipal solid waste. ASTM 

International, 2008.  

Ayeleru, O. O., Dlova, S., Akinribide, O. J., 

Ntuli, F., Kupolati, W. K., Marina, P. 

F. et al.  (2020). Challenges of 

plastic waste generation and 

management in sub-Saharan Africa: 

A  review. Waste 

Management 110:24–42. 

Barbier, F., Andremont, A., Wolff, M., 

L. Bouadma, L., (2013). Hospital-

acquired pneumonia  and ventilator-

associated pneumonia: recent 

advances in epidemiology and 

management. Current Opinion in 

Pulmonary Medicine 9:216-228.  

Bruna, A. (2023). Global waste generation - 

statistics and facts.  

https://www.statista.com/topics/4983

/waste-generation-worldwide/ 

Casolari, C., Pecorari, M., Fabio, G., 

Cattani, S., Veturelli, C., Piccinini, 

L., et al. (2005). A  simultaneous 

7091 

https://africacheck.org/fact-checks/reports/what-waste-fact-checking-four-claims-about-nigerias-garbage-problem
https://africacheck.org/fact-checks/reports/what-waste-fact-checking-four-claims-about-nigerias-garbage-problem
https://africacheck.org/fact-checks/reports/what-waste-fact-checking-four-claims-about-nigerias-garbage-problem
https://www.researchgate.net/journal/Journal-of-Material-Cycles-and-Waste-Management-1611-8227?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Material-Cycles-and-Waste-Management-1611-8227?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.statista.com/topics/4983/waste-generation-worldwide/
https://www.statista.com/topics/4983/waste-generation-worldwide/


 

Nigerian Journal of Microbiology, December, 2024 

Available online at www.nsmjournal.org.ng 

Adeyemo and Demehin, 2024                            Nigerian Journal of Microbiology, 38(2): 7085 - 7095 

outbreak of Serratia 

marcescens and Klebsiella 

pneumonia in a neonatal intensive 

care  unit. Journal of Hospital 

Infections 61:312–20.  

Costa, D.; Poeta, P.; Sáenz, Y.; Vinué, L.; 

Rojo-Bezares, B.; Jouini, A.; 

Zarazaga, M.; Rodrigues,  J. and 

Torres, C. (2006). Detection 

of Escherichia coli harbouring 

extendedspectrum β- lactamases of 

the CTX-M, TEM and SHV classes 

in faecal samples of wild animals in 

Portugal. Journal of Antimicrobial 

Chemotherapy 58: 1311–1312. 

Cserháti, M.; Kriszt, B.; Krifaton, C.; 

Szoboszlay, S.; Háhn, J.; Tóth, S.; 

Nagy, I. and Kukolya,  J. 

(2013). Mycotoxin-degradation 

profile 

of Rhodococcus strains. International 

Journal of   Food Microbiology 

166: 176–185. 

Domingo, S. N., and Manejar, A. J. A. 

(2021). An analysis of regulatory 

policies on solid waste Management 

in the Philippines: Ways 

forward. PIDS Discussion Paper 

Series. NO. 2021-02. 

Fair, R.J. and Tor, Y. (2014). Antibiotics 

and bacterial resistance in the 21st 

century. Perspectives in Medicinal 

Chemistry. 6:25–64. pmid:25232278. 

Fernández-García, L., Blasco, L., Lopez, M., 

Bou, G., García-Contreras, R., 

Wood, T., et al.  (2016). Toxin-

antitoxin systems in clinical 

pathogens. Toxins, 8:227.  

GBAC. (2023). Financing Waste 

Management. 

https://ecagbac.org/financing-waste-

management/   

Gelan, E. (2021). Municipal solid waste 

management practices for achieving 

green architecture concepts in Addis 

Ababa, 

Ethiopia. Technologies, 9(3):48. 

Ghazaei, C. (2022). Advances in the study of 

bacterial toxins, their roles and 

mechanisms in  pathogenesis. 

Malaysian Journal of Medical 

Science 29(1):4-17.  

Greeff-Laubscher, M., Beukes, I., Marais, 

G.J. and Jacobs, K. (2018). The 

occurrence of  mycotoxigenic fungi 

in abalone feed in South 

Africa. African Journal of Marine 

Science. 40:383–394. 

Hailemariam, M., and Ajeme, A. (2014). 

Solid waste management in Adama, 

Ethiopia: Aspects  and 

challenges. International Journal of 

Environmental and Ecological 

Engineering, 8(9): 670-676. 

Hilmar, W. and Harald, S. (2010). Chapter 

170 - Pseudomonas spp., 

Acinetobacter  spp.  and 

miscellaneous Gram-negative bacilli. 

Editor(s): Jonathan Cohen, Steven 

M. Opal,  William G. Powderly, 

Infectious Diseases (Third 

Edition),Mosby, Pages 1704-1727. 

Hossain, M.S., Hein, L., Rip, F. and 

Dearing, J. (2013). Integrating 

ecosystem services and  climate 

change responses in coastal wetlands 

development plans for Bangladesh. 

Mitig  Adapt Strat Glob 

Change.doi:10.1007/s11027-013-

9489-4. 

Huang, D.B., Nataro, J.P., DuPont, H.L., 

Kamat, P.P., Mhatre, A.D., 

Okhuysen, P.C. and Chiang T. 

(2006). Enteroaggregative 

Escherichia coli is a cause of acute 

diarrheal illness: A meta-

analysis. Clinical Infectious Disease. 

43(5):556-63. 

Jacobsen, S.M., Stickler, D.J., Mobley, 

H.L.T. and Shirtliff, M.E. (2008).  

Complicated catheter- associated 

urinary tract infections due to 

Escherichia coli and Proteus 

mirabilis.  Clinical 

Microbiology. Reviews21:26-59.  

Janet, O.W. and Kelechi, H. (2016). 

Microorganisms associated with 

dump sites in Port Harcourt 

Metropolis, Nigeria. Journal of 

7092 

https://ecagbac.org/financing-waste-management/
https://ecagbac.org/financing-waste-management/


 

Nigerian Journal of Microbiology, December, 2024 

Available online at www.nsmjournal.org.ng 

Adeyemo and Demehin, 2024                            Nigerian Journal of Microbiology, 38(2): 7085 - 7095 

Ecology and the Natural. 

Environment 8(2):9–12.  

Kaza, S.; Yao, L.C.; Bhada-Tata, P. and Van 

Woerden, F. (2018). What a Waste 

2.0: A Global  Snapshot of Solid 

Waste Management to 2050. Urban 

Development; © Washington, DC: 

World Bank. 

http://hdl.handle.net/10986/30317. 

License: CC BY 3.0  IGO. 

Kebede, A. A., Olani, D. D., Edesa, T. G., 

and Damtew, Y. T. (2016). Heavy 

metal content and physicochemical 

properties of soil around solid waste 

disposal sites. American Journal of 

Scientific and Industrial 

Research, 7(5): 129-139. 

Khosravi, A.D., Motahar, M. and Montazeri, 

E. A. (2014). The frequency of 

class1 and 2 integrons in 

Pseudomonas aeruginosa strains 

isolated from burn patients in a burn 

center of Ahvaz, Iran. PLoS One, 12, 

Article e0183061. 

Kityamuwesi, R., Muwaz, L., Kasangaki, A., 

Kajumbula, H. and Rwenyonyi, C. 

M. (2015).  Characteristics of 

pyogenic odontogenic infection in 

patients attending Mulago Hospital, 

Uganda: A cross-sectional 

study. BMC Microbiology 15:46. 

Kretchy, J. P., Dzodzomenyo, M., Ayi, I., 

Dwomoh, D., Agyabeng, K., 

Konradsen, F. and  Dalsgaard. A. 

(2020) Risk  of faecal pollution 

among waste handlers in a resource-

deprived coastal peri-urban 

settlement in Southern Ghana. PLoS 

One.15(10):e0239587.  

Kretchy, J. P., Dzodzomenyo, M., 

Rheinlander, T., Ayi, I., Konradsen, 

F., Fobil, J. et al. (2015). Exposure, 

protection and self-reported 

occupational health problems among 

solid  waste handlers in a large 

coastal peri-urban community in 

Ghana. International Journal of 

Public Health and 

Epidemiology 4(2):121–128. 

Lapalikar, G. V.; Taylor, M. C.; Warden, A. 

C.; Scott, C.; Russell, R. J. and 

Oakeshott, J. G. (2012). 420H2-

dependent degradation of aflatoxin 

and other furanocoumarins is 

widespread  throughout 

the Actinomycetales. PLoS One, 7, 

e30114. 

Lisa, Y. and Frank, V. W. (2018). Financing 

and Cost Recovery for Waste 

Management  Systems. 

https://elibrary.worldbank.org/doi/10

.1596/978-1-4648-1329-0_ch5.  

Liu, J.; Li, Q.; Gu, W. and Wang, C. (2019). 

Generation of municipal solid waste 

in China:  Evidences from 

Provincial Data. International 

Journal of Environmental Research 

and  Public Health, 16:1717. 

Majowicz, S.E., Scallan, E., Jones-Bitton, 

A., Sargeant. J. M., Stapleton, J., 

Angulo, F. J., Yeung,  D. H. and Kirk 

M. D. (2014). Global incidence of 

human shiga toxin-producing 

Escherichia coli infections and 

deaths: A systematic review and 

knowledge synthesis. Foodborne 

Pathogenic Diseases 11(6):447-55.  

Manandhar S and Sharma S (2018). 

Practical Approach to Microbiology, 

Forth. Kathmandu:  National Book 

Center, 

Marquez D, Orejas R, Portillo F (2016). 

Toxin-antitoxins and bacterial 

virulence. FEMS  Microbiol 

Rev. 40(5):592–609.  

Masebinu, S.O.; Akinlabi, E.T.; Muzenda, 

E.; Aboyade, A.O.; Mbohwa, C.; 

Manyuchi, M.M.;  Naidoo, P. A 

(2017). Review on Factors affecting 

Municipal Solid Waste Generation. 

In  Proceedings of the 2nd 

International Engineering 

Conference (IEC 2017) Federal 

University of Technology, Minna, 

Nigeria.  

Muheirwe F, Kihila J.M, Kombe W.J and 

Campitelli A (2023) Solid waste 

management  regulation in the 

informal settlements: A social-

7093 

http://hdl.handle.net/10986/30317
https://elibrary.worldbank.org/doi/10.1596/978-1-4648-1329-0_ch5
https://elibrary.worldbank.org/doi/10.1596/978-1-4648-1329-0_ch5


 

Nigerian Journal of Microbiology, December, 2024 

Available online at www.nsmjournal.org.ng 

Adeyemo and Demehin, 2024                            Nigerian Journal of Microbiology, 38(2): 7085 - 7095 

ecological context from Kampala 

city,  Uganda. Front 

Sustain. 4:1010046.  

Muzumdar D, Jhawar S, Goel A. (2011). 

Brain abscess: an overview. Int J 

Surg. 9:136–144. 

Namrata, D. Jariwala and Christian, Robin 

A. and Gaurang, N. Rana, (2012). 

Quantitative  Analysis of 

Actinomycetes from Municipal Solid 

Waste. The IUP Journal of Life 

Sciences 6 (1):49-55.  

Nikokar, I., Tishayar, A., Flakiyan, Z., 

Alijani, K., Rehana-Banisaeed, S. 

(2013). Antibiotic resistance and 

frequency of class 1 integrons among 

Pseudomonas aeruginosa, isolated 

from burn patients in Guilan, Iran. 

Iranian Journal of Microbiology 5: 

36-41. 

Odumosu, B.T., Adeniyi, B.A., R. Chandra, 

R. (2013). Analysis of integrons and 

associated gene cassettes in clinical 

isolates of multidrug resistant 

Pseudomonas aeruginosa from 

Southwest Nigeria. Annal of Clinical 

Microbiology and 

Antimicrobial, 12: 29. 

Ogwueleka, T. (2009). Municipal solid 

waste characteristics and 

management in Nigeria. Journal of 

Environmental Health Science and 

Engineering, 6(3): 173-180. 

Ohwoghere-Asuma O., and Aweto, K. E. 

(2013). Leachate characterization 

and assessment of  groundwater 

and surface water qualities near 

municipal solid waste dump site in 

Effurun,  Delta State, 

Nigeria. Journal of Environment and 

earth Science, 3(9): 126-134. 

Oshoma, C. E., Igbeta, B. and Omonigho, S. 

E. (2017). Analysis of 

microbiological and physiochemical 

properties of top soil from municipal 

dumpsites in Benin City. Journal of 

Applied Sciences and Environmental 

Management, 21(5): 985-990. 

Paulshus, E.; Kühn, I.; Möllby, R.; Colque, 

P.; O’Sullivan, K.; Midtvedt, T.; 

Lingaas, E.;  Holmstad, R.; Sørum, 

H. (2019). Diversity and antibiotic 

resistance among Escherichia 

coli populations in hospital and 

community wastewater compared to 

wastewater at the receiving 

urban treatment plant. Water 

Resources 161: 232–241. 

Sabbuba N.A., Mahenthiralingam E, Stickler 

D.J., (2003). Molecular 

epidemiology of Proteus mirabilis 

infections of the catheterized urinary 

tract. Journal of Clinical 

Microbiology  41(11):4961-5.  

Sadikot, R.T., Blackwell, T.S., 

Christman,J.W., Prince, A.S.(2005).  

Pathogen-host interactions  in 

Pseudomonas aeruginosa 

pneumonia. American journal of 

respiratory and critical  care 

medicine171 (2005): 1209-1223. 

Sáenz, Y.; Brinas, L.; Dominguez, E.; Ruiz, 

J.; Zarazaga, M.; Vila, J.; Torres, C. 

(2004)  Mechanisms of resistance in 

multiple-antibiotic-

resistant Escherichia coli strains of 

human, animal, and  food 

origins. Antimicrobial Agents and 

Chemotherapy 48: 3996–4001. 

Sankoh, F. P., and Yan, X. (2013). Problems 

of solid waste management in 

developing urban cities: a case study 

of Freetown, Sierra Leone. American 

Journal of Environmental 

Protection, 2(5): 113-120. 

StewartGreco V.S., Brown E.E., Parr C, 

Kalab M, Jacobs M.R., Yomohovian 

R.A., et al. (2012).   Serratia 

marcescens strains implicated in 

adverse transfusion reaction form 

biofilms in  platelet concentrates 

and demonstrate reduced detection 

by automated cultures. Vox 

Sang. 102(3):212–20. 

Sujauddin, M., Huda, S. M., and Hoque, A. 

R. (2008). Household solid waste 

characteristics and  management 

in Chittagong, Bangladesh. Waste 

Management, 28(9): 1688-1695. 

7094 



 

Nigerian Journal of Microbiology, December, 2024 

Available online at www.nsmjournal.org.ng 

Adeyemo and Demehin, 2024                            Nigerian Journal of Microbiology, 38(2): 7085 - 7095 

Shin-Hee Kim, Cheng-I Wei, Haejung An 

(2005). Molecular Characterization 

of Multidrug- Resistant Proteus 

mirabilis Isolates from Retail Meat 

Products. Journal of Food 

Protection, 68(7):1408-1413.   

Tack D.M., Ray L., Griffin P.M., Cieslak 

P.R., Dunn J, Rissman T, Jervis R, 

Lathrop S, Muse A,  Duwell M, 

Smith K, Tobin-D'Angelo M, Vugia 

D.J., Zablotsky Kufel J, Wolpert B.J, 

Tauxe  R, Payne DC (2020). 

Preliminary Incidence and Trends of 

Infections with  Pathogens 

Transmitted Commonly Through 

Food - Foodborne Diseases Active 

Surveillance  Network, 10 U.S. 

Sites, 2016-2019. MMWR Morbidity 

and Mortality  Weekly 

Report 69(17):509-514. 

Tsonis I, Karamani L, Xaplanteri P, 

Kolonitsiou F, Zampakis P, 

Gatzounis G, Marangos M, 

Assimakopoulos S.F.(20180.  

Spontaneous cerebral abscess due 

to Bacillus subtilis in an 

immunocompetent male patient: A 

case report and review of literature. 

World J Clin Cases. 26;6(16):1169-

1174.  

Tuan N.A., Manning B.B., Lovell R.T., 

Rottinghaus G.E. (2003). Responses 

of Nile tilapia  (Oreochromis 

niloticus) fed diets containing 

different concentrations of 

moniliformin or  fumonisin 

B1. Aquaculture. 217:515–528. 

UNEP, 2024: Global Waste Management 

Outlook 2024 | UNEP - UN 

Environment Programme. 

Wang, X, Pan S, Zhang Z, Lin X, Zhang Y, 

Chen S (2017) Effects of the feeding 

ratio of food  waste on fed-batch 

aerobic composting and its microbial 

community. Bioresource Technology 

224:397- 404.  

World Bank (2024). What a waste 2.0. A 

Global Snapshot of Solid Waste 

Management to 2050.               

https://datatopics.worldbank.org/wha

t-a-waste/trends_in_solid_waste 

management.html  

Worrell, W. and Vesilind, P. (2011): Solid 

Waste Engineering. – SI Version. 

Nelson Education. 

Yoon H.J., Choi J.Y., Park Y.S., Kim C.O., 

Kim J.M., Yong D.E., et al.(2005) 

Outbreaks  of Serratia 

marcescens bacteriuria in a 

neurosurgical intensive care unit of a 

tertiary care  teaching hospital: A 

clinical, epidemiological and 

laboratory perspective. American 

Journal of Infection 

Control. 33:595–601.  

Zheng Pang, Renee Raudonis, Bernard R. 

Glick, Tong-Jun Lin, Zhenyu Cheng 

(2019): Antibiotic  resistance in 

Pseudomonas aeruginosa: 

mechanisms and alternative 

therapeutic strategies, 

 Biotechnology Advances 37: 1 (177 – 

192).  

Zhongjia Yu, Marie Joossens, Anne-Marie 

Van den Abeele, Pieter-Jan Kerkhof, 

Kurt Houf  (2021). Isolation, 

characterization and antibiotic 

resistance of Proteus mirabilis from 

Belgian broiler carcasses at retail and 

human stool. Food Microbiology 96: 

103724. 

  

7095 

https://www.unep.org/resources/global-waste-management-outlook-2024
https://www.unep.org/resources/global-waste-management-outlook-2024
https://www.unep.org/resources/global-waste-management-outlook-2024
https://datatopics.worldbank.org/what-a-waste/trends_in_solid_waste%20management.html
https://datatopics.worldbank.org/what-a-waste/trends_in_solid_waste%20management.html
https://datatopics.worldbank.org/what-a-waste/trends_in_solid_waste%20management.html

