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Abstract Article History 
Background: The risk of exposure to harmful agents by healthcare workers, patients, and the surrounding 

communities, as well as environmental contamination due to the improper disposal of medical waste, remains 

a global challenge. 

Aim: This study was conducted to assess the knowledge and practices of healthcare workers regarding medical 
waste management in Nasarawa State, Nigeria, focusing on issues such as categories, problems related to 

medical waste, and procedures for handling and disposal. 

Study Design and Duration: The study was a descriptive cross-sectional questionnaire-based study 

conducted on healthcare workers between September 2024 to October2024. 
Methodology: A questionnaire-based study involving 422 healthcare workers was designed having both open-

ended and closed-ended items that were divided into three parts as follows: part A: sociodemographic 

characteristics of the respondents; part B: knowledge of respondents about medical waste management; part 

C practice of respondents regarding medical waste management. Data obtained from this study were analysed 
using the chi-square test and the Fisher’s Exact test. 

Results: The study revealed a good level of knowledge of waste management (95.0%) among the 422 

healthcare workers studied. Chi-square analysis revealed that age group (χ² = 86.95, P < 0.05), staff category 

(χ² = 81.57, P < 0.05), level of education (χ² = 197.68, P< 0.05), years in practice (χ² = 90.87, P < 0.05) and 

prior training on healthcare waste management (χ² = 195.54, P < 0.05) were all significantly associated with 

knowledge levels. In contrast, gender was not statistically associated with knowledge (χ² = 0.78, P > 0.05). 

Conclusion: Although this study revealed a good knowledge of waste management among participants, there 

are discrepancies in the training, practice of waste management and the absence of waste management and 
disposal systems in some facilities. There is a need for adequate awareness and training for healthcare workers, 

especially health attendants and waste handlers. Furthermore, sufficient funding and strict regulations are 

needed to mitigate the health hazards related to improper healthcare waste management. 
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Introduction 
The World Health Organization (WHO) reported that 15% of 

medical waste generated is considered hazardous material that 

may be infectious or cause other forms of harm to humans, 

animals and the environment. An estimated 16 billion 

injections are administered worldwide annually; however, not 

all the needles and syringes are properly disposed of after use 

(WHO, 2024; Cirstea et al., 2025). Waste can be defined as 

any substance, material, or object that is no longer in use and 

is disposed of or is intended to be disposed of (National 

Environmental Standards and Regulations Enforcement 

Agency [NESREA], 2021). Medical waste, on the other hand, 

is the term used to describe waste produced from healthcare 

and similar activities that may pose a risk of infection or may 

prove hazardous as a large amount of these wastes are 

generated during diagnosis, treatment or immunization 

(Padmanabhan & Barik, 2019; Dwivedi et al., 2021; Janik-

Karpinska et al., 2023). The World Health Organization 

(WHO) has classified medical waste into eight categories 

based on their physical and chemical properties as thus: 

General waste (Non-hazardous), infectious waste, 
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pathological waste, sharps, chemical waste, pharmaceutical 

waste, cytotoxic waste, radioactive waste (WHO, 2024). 

Globally, waste continues to be a growing challenge. This 

problem is amplified by growing trends in consumption, 

production patterns, and modernisation (Agamuthu & Babel, 

2023). Roland (2020) reported that about 19,864.03 kg/day of 

waste is generated in Nigeria, with the North Central and North 

East accounting for the highest rates. Handling of waste in 

landfills, the operation of defective incinerators and 

indiscriminate dumping usually leads to the contamination of 

the soil, air, and water, leading to local, regional, and global 

pollution (Abubakar et al., 2022). Medical care plays an 

important role in the life and well-being of society; this critical 

care eventually leads to the generation of waste that poses a 

great challenge (Aworh et al., 2022). Waste generated from 

these health facilities, if not properly managed, may pose a risk 

to the healthcare workers, waste handlers, the community, and 
to a large extent the environment. Therefore, waste requires 

specific treatment and management before its final disposal 

(Mathur et al., 2012). In many developing countries, including 

Nigeria, the actual amount of healthcare waste, its 

composition, segregation, and disposal are not properly 

defined and documented by practitioners, even though 

guidelines on the safe handling and disposal of healthcare 

waste exist (Desta & Abera, 2017; Oyekale & Oyekale, 2017). 

In Nigeria, the National Environmental Standards and 

Regulations Enforcement Agency (NESREA) is saddled with 

the responsibility for the protection of the environment, 

biodiversity conservation, and sustainable development. The 

agency also sees to matters of enforcement of environmental 

standards, regulations, rules, laws, policies, and guidelines 

(NESREA, 2021). Medical waste poses significant health risks 

to hospital workers, patients, and the general public. Workers 

who handle medical waste without proper knowledge and 

practices are at risk of exposure to infectious diseases, needle 

injuries, and chemical hazards. These wastes can adversely 

affect the environment if improperly handled and disposed of. 

Proper knowledge and practices of medical waste management 

can help prevent water and soil contamination, reduce 

greenhouse gas emissions and protect local wildlife. 

Furthermore, improper handling and disposal of medical waste 

can be costly to hospitals. 

  

Proper knowledge and practices of medical waste management 

could help reduce costs associated with waste management, 

including storage, transportation, and disposal. 

 

Methods 
Study Area, Sites and Population 
Nasarawa State is located in the North Central region of 

Nigeria. It is situated along coordinates 8°32′ N and 8°18′ E 

with a total area of 27,1117 km2 (10,470 sq km) comprising 13 
local Government Areas. The State’s estimated population 

stands at 2.8 million based on projections by the National 

Population Commission [NPC] (NPC, 2006; NBS, 2016). It is 

bounded in the North by Kaduna State, in the West by Abuja 

(FCT), in the South by Kogi and Benue, and in the East by 

Taraba and Plateau states (Figure 1). It lies within the Guinea 

Savannah region and has a tropical climate (Akwa et al., 2007; 

Sufiyan et al., 2020). The study sites were five hospitals within 

the state, while the sample population were healthcare workers 

in the selected hospitals within the state who were willing to 

participate

 
Figure 1: Map of Nasarawa State (Agidi et al., 2018).
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Study Design and Duration 
The study was a cross-sectional questionnaire-based study 

conducted on healthcare workers between September 2024 to 

October 2024. The questionnaire contained both open-ended 

and closed-ended items that were divided into three parts as 

follows: part A: sociodemographic characteristics of the 

respondents; part B: knowledge of respondents about medical 

waste management and part C: practice of respondents in 

respect of medical waste management. The knowledge score 

was determined by evaluating nine questions that assessed 

knowledge. Each correct response was awarded 1 point and 0 

point for incorrect response. The maximum total score was 8 

points while the minimum was 0. Scores of 0-4 (noted to be 

less than or equal to 50%) were regarded as poor level of 

knowledge while 5-8 (above 50%) was regarded as good level 

of knowledge.  

Inclusion criteria  
Healthcare workers (clinical) in the selected health facilities 

who were willing to participate in the study during the study 

period were included. 

Exclusion Criteria 
Non-clinical staff and clinical staff who did not agree to 

participate were excluded 

 

Sample Size and Sampling Method 
A sample size of 422 was determined to be sufficient for this 

study. This calculation was based on a previous report that 

57.8% of the hospital workers possess a good knowledge 

towards medical waste management (Musa et al., 2023) using 

the formula described by Sapra (2022) as follows; 

N = Z²pq/ d²  

Where,  

N= Sample size  

Z= Statistics for a level of 95% confidence interval= 1.96 

P = prevalence rate of 57.8%. (Musa et al., 2023).  

d = level of significance (allowable error) = 5% or 0.05  

q= 1-p  

Thus, 

N= (1.96)2 x 0.578 x (1-0.578)/(0.05)2 

N = 3.8416 x 0.578 x 0.422/0.0025 

N = 0.937027706/0.0025 

N = 374.8 ≈ 375  

However, actual sample size = Calculated sample size + 10% 

attrition rate. But a 10% Attrition rate = 37.5   

Therefore, the actual sample size = 375 + 37.5 = 412.  
This was rounded up to 422 

N = 422 

A convenience sampling method was used to collect data from 

various healthcare healthcare workers. 

 

Data Analysis 
The data obtained was analyzed using Statistical Package for 

Social Sciences (SPSS) version 27. Statistical significance 

association between qualitative variables was assessed using 

the Chi-square and Fisher’s exact test at 95%. 

 

Results 
Sociodemographics of the respondents 
The frequency and percentage of respondents for each variable 
are represented in Table 1. Regarding age, 128(30.3%) were 

aged 30-39 years representing the highest age group for 

respondents followed by 110 (26.1%) for those aged 20-29, 

108(25.6%) for those aged 40-49 years with the least being 

76(18.0%) for those aged 50-59 years. The gender variable 

shows that 265(62.8%) of the respondents were male, while 

157(37.2%) were female. On the category of healthcare 

workers, 165(39.0%) were Medical Laboratory Scientists, 

81(19.2%) were Nurses, 69(16.4%) were Pharmacists, 

48(11.4%) were Physicians, 34(8.1%) were Health attendants 

and 25(5.9%) were Cleaners. Regarding the educational status 

of the respondents, 305(72.3%) had tertiary education 

qualifications, 65(15.4%) were secondary school holders, 

32(7.6%) were primary school certificate holders, while 

20(4.7%) didn’t possess any formal educational certificate. 

The years of working experience of respondents shows that the 

majority of respondents 245(58.1%) had been working for 2 to 
10 years, while 152(36.0%) had been working for more than 

10 years and 25(5.9%) had been working for less than 2 years. 

Finally, 350(82.9%) had training on waste management while 

72(17.1%) did not have any form of training on waste 

management. 

 

Table 1. Sociodemographic characteristics of respondents 

Variables Perimeter  Frequency 

(n=422) 

Percentage 

(%) 

Age 20-29 110 26.1 

 30-39 128 30.3 

 40-49 108 25.6 

 50-59 76 18.0 

    

 Gender Male 265 62.8 

 Female 157 37.2 

    

Staff 

Category 

Physician 48 11.4 

 Nurse 81 19.2 

 Medical 
Laboratory 

Scientist 

165 39.0 

 Pharmacist 69 16.4 

 Health 
Attendant 

34 8.1 

 Cleaners 25 5.9 

    

Level of 

Education 

Primary 32 7.6 

 Secondary 65 15.4 

 Tertiary 305 72.3 

 Non-formal 20 4.7 

    

Years in 

Practice 

<2 25 5.9 

 2-10 245 58.1 

 >10 152 36.0 

    

Training on 

Healthcare 

Waste 

Management 

Yes 350 82.9 

 No 72 17.1 
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Assessment of knowledge of participants regarding 

healthcare waste management 
Concerning the knowledge of participants in relation to waste 

management, 48.3% had knowledge of the national healthcare 

waste management policy in Nigeria, 62.8% had a waste 

management plan in their facility, 58.3% had instructive 

posters placed on walls in their facility, 91.0% disagreed with 

collecting all waste types in the same receptacle, 97.9% 

disagreed with discarding healthcare waste alongside 

municipal waste, 87.7% had proper knowledge on disposal of 

infectious waste, while 95.7% had knowledge on the disposal 

of general waste. Finally, 98.3% were knowledgeable on the 

harmful effects of indiscriminate disposal of hospital waste 

(Table 2).

 

Table 2: Knowledge of participants on healthcare waste management 

Variables Response  Frequency (n=422) Percentage (%) 

Is there a national healthcare 

waste management policy in 

Nigeria 

Yes  204 48.3 

 No  27 6.4 

 Not sure 191 45.3 

Is there a waste Management Plan 

in your Facility? 

Yes  265 62.8 

 No  50 11.8 

 Not sure 107 25.4 

 Is there Instructive Posters on 

Healthcare Waste Management? 

Yes  246 58.3 

 No  67 15.9 

 Not sure 109 25.8 

All types of waste should be 

collected in one receptacle? 

Yes  38 9.0 

 No  384 91.0 

Healthcare waste should be 

discarded in same bin with 

municipal waste? 

Yes  9 2.1 

 No  413 97.9 

Appropriate PPE should be used 

when handling waste? 

Yes  419 99.3 

 No  3 0.7 

Infectious waste should be stored 

in black waste bin? 

Yes  52 12.3 

 No  370 87.7 

General waste should be stored in 

yellow bins? 

Yes  18 4.3 

 No  404 95.7 

Indiscriminate disposal of hospital 

waste could be harmful  

Yes  415 98.3 

 No  7 1.7 

Overall good knowledge    95.0%⁎ 

 
⁎The overall good knowledge, was determined by classifying each knowledge-based question as having a correct or incorrect 

response and then taking the mean percentage of all the correct responses across the knowledge items.  

Assessment of healthcare waste management practices by 

respondents  
The participants were assessed on their level of practice of 

waste management revealing that 53.1% had instructive 

posters in their facility, 75.1% disposed waste in specified 

containers, 70.6% disposed sharps in puncture-proof 

containers, majority 84.8% used PPE while working and 

handling waste. Furthermore, 56.4% used wheelbarrow, 
41.7% used plastic/metal drums, while a few 9.0% used plastic 

bags as the means of transporting waste. Regarding the 

methods of waste treatment, 72.0% used autoclaving, 19.0% 

used chemical methods while 9.0% were not sure of the 

methods used in their facility. In addition, 59.2% used 

incinerator as means of final waste disposal, 34.6% used 

landfill and 6.2% used open dumping. Also, 39.6% of the 

respondents reported having a needle prick or broken 

glassware injury. Finally, a majority 97.6% of respondents 

reported incidence regarding waste when they occur (Table 3). 

 

The association between the sociodemographic variables of 

participants and knowledge of waste management was 

assessed revealing that 62.6% of respondents demonstrated 

good knowledge of healthcare waste management, while 

37.4% had poor knowledge. The Chi-square analysis revealed 
that age group (χ² = 86.95, P < 0.05), staff category (χ² = 81.57, 

P < 0.05), level of education (χ² = 197.68, P < 0.05), years in 

practice (χ² = 90.87, P < 0.05) and prior training on healthcare 

waste management (χ² = 195.54, P < 0.05) were all 

significantly associated with knowledge levels. In contrast, 

gender was not statistically associated with knowledge (χ² = 

0.78, P> 0.05). This is represented by Figures 2, 3, 4, 5 and 6 

respectively. 
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Table 3. Healthcare waste management practices by respondents  

Variable  Practice  Frequency  Percentage (%) 

Are there instructive 

posters in your facility? 

Yes  

 
 

224 53.1 

 No  198 46.9 

Dispose waste in specified 

containers always 

Yes  317 75.1 

 No  105 24.9 

Sharp wastes are disposed 

in puncture-proof 

containers  

Always  298 70.6 

 Sometimes  82 19.4 

 Never  42 10.0 

Wearing of appropriate 

PPE while handling waste  

Always  358 84.8 

 Sometimes  59 14.0 

 Never  5 1.2 

Modes of waste 

transportation 

Wheelbarrow  238 56.4 

 Plastic/metal 

drums  

176 41.7 

 Plastic bags  8 1.9 

Waste treatment methods Autoclaving  304 72.0 

 Chemical  80 19.0 

 Not sure  38 9.0 

Method of final waste 

disposal  

Incinerator  250 59.2 

 Landfill  146 34.6 

 Open dumping  26 6.2 

Have you had a needle-

prick/broken glassware 

injury before? 

Yes  

 
 

No 

167 

 
 

225 

39.6 

 
 

60.4 

Do you report incidence 

regarding waste when they 

occur? 

Yes  

 
 

No 

412 

 
 

10 

97.6 

 
 

2.4 

Personal protective equipment (PPE). 

 

Bivariate analysis on the association between participants sociodemorgraphic characteristic and knowledge of 

healthcare waste management 

 
Figure 2. Association between knowledge of waste management and age group of participants 
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Figure 3. Association between knowledge of waste management and staff category 

 

 
Figure 4. Association between knowledge waste management and level of education 

 
Figure 5. Association between knowledge of waste management and years of experience 
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Figure 6. Association between knowledge of waste management and training. 

 

Discussion  
Sociodemographics of the respondents 
The current study revealed that majority of the respondents 

knew about healthcare waste management. Out of the 422 

respondents 128(30.3%) were aged 30-39 years representing 

the highest age group for respondents followed by 110 (26.1%) 

for those aged 20-29, 108(25.6%) for those aged 40-49 years 
with the least being 76(18.0%) for those aged 50-59 years. 

Interestingly, knowledge of healthcare waste management 

increased markedly with age, with respondents aged 40 years 

and above demonstrating the highest levels of awareness. 

Similar trends have been reported within and outside Nigeria 

(Ekanem et al., 2021; Uloma et al., 2022; Musa et al., 2023; 

Udayanga et al., 2023; Woromogo et al., 2020). 

 

The gender variable shows that 265(62.8%) of the respondents 

were male, while 157(37.2%) were female. This is similar to 

reports by Amaike et al. (2025), Mboi et al. (2024), in Nigeria 

and Afesi-Dei et al. (2023) in Ghana. Furthermore, 

Sahiledengle (2019) reported males to be higher compared to 

females and Bizuneh et al. (2024) among operation room 

personnel in a tertiary hospital in Ethiopia. 

  

On the contrary, females dominated the healthcare workforce 
interviewed in Port Harcourt, Nigeria (Abah & Ogbonna, 

2024) with a percentage of 64.9% against the male 35.1%, and 

78.6% against 21.4% reported by Elizabeth et al. (2025) in 

Enugu, Nigeria. In a similar study, 67% female was reported 

against males in Yaoundé (Woromogo et al., 2020); Also 

73.3% females against 26.7% males were recorded in Sweden, 

and 89.5% females against 10.5% males in Hungary (Uloma 

et al., 2022). Similarly, Udayanga et al. (2023) in Siri Lanka 

reported that women accounted for 58.6% of respondents, 

while Khaled & Ali (2022) reported a higher percentage of 

females (73.7%) compared to males (26.3%) among 

respondents in Iraq. These findings concur with the World 

Health Organisation (WHO, 2020) report which stated that 

women account for 67% of the global health and social care 

workforce. However, the disparity in our study could be 

because more males participated compared to females.  
 

On the category of healthcare workers, 165(39.0%) were 

Medical Laboratory Scientists, 81(19.2%) were Nurses, 

69(16.4%) were Pharmacists, 48(11.4%) were Physicians, 

34(8.1%) were Health attendants and 25(5.9%) were Cleaners. 

Interestingly, Haifete et al., 2016 reported a higher 80.0% 

number of respondents among the ward assistants and 100% 

among cleaners. 

 

The number of respondents with respect to their professional 

cadre depends largely on the type of health facility, availability 

and willingness to participate in the study. This trend has been 

reported by several authors (Gupta et al., 2016; Mugabi,  et al., 

2018; Musa et al., 2023; Abah & Ogbonna, 2024; Elizabeth et 

al., 2025). 

 

Regarding the educational status of the respondents, 

305(72.3%) had tertiary education qualifications, 65(15.4%) 
were secondary school holders, 32(7.6%) were primary school 

certificate holders, while 20(4.7%) didn’t possess any formal 

educational certificate. This is in tandem with report by Abah 

et al. (2023) where 75.3% of participants possed a tertiary 

certificate.  

 

Similarly, Uchechukwu et al. (2017) reported tertiary 

certificate holders to be 71.3%, while Ekanem et al. (2021) 

reported 88%. 

 

The years of working experience of respondents shows that the 

majority of respondents 245(58.1%) had been working for 2 to 

10 years, while 152(36.0%) had been working for more than 

10 years and 25(5.9%) had been working for less than 2 years. 

This is in conformity to the reports by Ekanem et al. (2021), 

Udayanga et al. (2023) and Akkajit et al. (2023). Conversely, 
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Uloma et al. (2022), Musa et al. (2023) and Abah & Ogbonna 

(2024) reported that majority of respondents in their study 

were less than 5 years in service. 

 

Majority 350(82.9%) of respondents in this study had training 

on waste management while 72(17.1%) did not have any form 

of training on waste management. There is a high probability 

for health facilities that train their staff on healthcare waste 

management to handle waste safer, prevent occupational 

hazards and help infectious disease control compared to those 

without training (Oyekale & Oyekale, 2017; Afesi-Dei et al., 

2023; Bannour et al., 2024). In Kenya, Njagi et al. (2012) 

opined that health and safety in healthcare waste management 

was not included in most of the curricula for training health 

professionals that participated in their study, but that most of 

them acquired this through on the job training from seminars 

and informally through organized talks at their place of work. 
Training has been proven to be a major determinant of 

knowledge and practice of healthcare waste management, as 

trained respondents are more knowledgeable than their 

untrained counterparts (Ekanem et al., 2021; Bannour et al., 

2024). 

 

Knowledge of the respondents regarding healthcare waste 

management 
The outcome of the study revealed that 95.0% of respondents 

demonstrated good knowledge of healthcare waste 

management. Professional category significantly influenced 

knowledge in this study. Medical laboratory scientists 

(86.7%), physicians (77.1%), nurses (76.5%) and pharmacists 

(60.9%) recorded the highest levels of good knowledge, while 

health attendants (32.4%) and cleaners (20.0%) had the lowest. 

Overall, 48.3% had knowledge of the national healthcare 

waste management policy in Nigeria, 62.8% of the 
respondents had a waste management plan in their facility, 

58.3% reported having instructive posters on 

healthcare waste management in their facility, 94.1% had a 

good knowledge on waste segregation. This is in agreement 

with reports by Haifete et al. (2016), Ekanem et al. (2021), 

Musa et al. (2023) and Abah & Ogbonna (2024). In general, 

the knowledge of healthcare waste management is affected by 

several factors, these include inadequate or complete absence 

of training and awareness, the professional category of 

healthcare staff (such as medical laboratory 

scientist/technicians, nurses and doctors compared to 

attendants and waste disposers). Also, the availability of 

resources like proper segregation tools, use of technology and 

the presence and effectiveness of facility level management 

systems and policies have been shown to influence waste 

practices (Salubi et al., 2022; Musa et al., 2023; Udayanga et 

al., 2023). 
 

Practice of the respondents regarding healthcare waste 

management 
On the aspect of practice, 75.1% disposed waste in specified 

containers always, 70.6% disposed sharps in puncture-proof 

containers, 84.8% of respondents wore appropriate personal 

protective equipment (PPE) while handling waste always. 

Furthermore, on the method of final waste disposal, 59.2% 

used incinerator, 34.6% used landfill while 6.1% used open 

dumping.  

Only 39.6% of respondents have had a needle-prick/broken 

glassware injury before. Instructively, 97.6% report incidence 

regarding waste when they occur. In variance to the current 

study, Abah & Ogbonna (2024) reported that 35.1% of the 

respondents know about the correct waste disposal practice 

which is lower than that obtained in our study. Also, Kenny & 

Priyadarshini (2021), in their review demonstrated a heavy 

reliance on basic, low tech healthcare waste disposal 

techniques, their negative impacts and that the lack of clear 

knowledge and practices has led to toxic and sometimes 

hazardous waste exposed to the general public. 

 

Limitations 
We could not carry out on the spot assessment to ascertain 

correctness of some of the response gotten in this study. 

 

Conclusion 
Healthcare waste remains a global challenge. The risks of 

exposure to hazardous substances and environmental 

contamination are higher in low income areas. The WHO 
declares that several reasons exist for inadequate health care 

waste services. These include limited legal frameworks (e.g. 

policies, regulations, guidelines), lack of awareness about the 

health hazards related to healthcare waste, inadequate training 

in proper waste management, absence of waste management 

and disposal systems, insufficient financial and human 

resources and low priority. Many countries either do not have 

appropriate regulations or do not monitor and enforce them. 

Although this study revealed a statistically significant 

association between good knowledge and practice of waste 

management among participants with regards to level of 

education, prior training and years of practice, there are 

discrepancies in the training, practice of waste management 

and the absence of waste management and disposal systems in 

some facilities. There is a need for adequate awareness and 

training for healthcare workers, especially health attendants 

and waste handlers. Furthermore, sufficient funding and strict 
regulations are needed to mitigate the health hazards related to 

improper healthcare waste management.  

 

Ethical Approval 
Ethical clearance for this research was obtained from the 

Nasarawa State Ministry of Health (NHREC Protocol number: 

18/06/2017) in line with the Declaration of Helsinki on the 

conduct of biomedical research involving human subjects. 

  

Acknowledgments 
Sincere gratitude goes to the management of the Nasarawa 

State Ministry of Health for permitting us to carry out this 

research and to all the participants. 

 

Funding 
This study was self-sponsored by the authors. 

 

Competing Interests 
The authors have declared that there are no existing competing 

interests.   

 

Authors’ Contributions 
This work was carried out in collaboration among all authors. 

All authors read and approved the final manuscript. 

 

https://doi.org/10.54117/nrxw8q59


Available: https://doi.org/10.54117/nrxw8q59   Research article 

513 

 

References 
Abah, A. E., & Ogbonna, D. A. (2024). Knowledge, attitude and 

practice of paramedics towards health care waste in Port 

Harcourt, Nigeria. Bio Research Journal/Bio- Research, 22(2), 

2342–2351. https://doi.org/10.4314/br.v22i2.3 

Abubakar, I. R., Maniruzzaman, K. M., Dano, U. L., AlShihri, F. S., 
AlShammari, M. S., Ahmed, S. M. S., Al-Gehlani, W. A. G., 

&Alrawaf, T. I. (2022). Environmental Sustainability Impacts of 

Solid Waste Management Practices in the Global 

South. International journal of environmental research and 
public health, 19(19), 12717. 

https://doi.org/10.3390/ijerph191912717. 

Afesi-Dei, C., Appiah-Brempong, M., & Awuah, E. (2023). Health-

care waste management practices: The case of Ho Teaching 
Hospital in Ghana. Heliyon, 9(4), e15514. 

https://doi.org/10.1016/j.heliyon.2023.e15514. 

Agamuthu, P., & Babel, S. (2023). Waste management developments 

in the last five decades: Asian perspective. Waste management & 
research: the journal of the International Solid Wastes and Public 

Cleansing Association, ISWA, 41(12), 1699–1716. 

https://doi.org/10.1177/0734242X231199938 

Agidi, V., Hassan, S., Baleri, T., & Yilgak, J. (2018). Effect of inter-
annual rainfall variability on precipitation effectiveness in 

Nasarawa State, Nigeria. Journal of Geography Environment and 

Earth Science International, 14(1), 1–21. 

https://doi.org/10.9734/jgeesi/2018/40005. 
Akkajit, P., Romin, H., Assawadithalerd, M., & Al-Khatib, I. A. 

(2020). Assessment of Knowledge, Attitude, and Practice in 

respect of Medical Waste Management among Healthcare 

Workers in Clinics. Journal of Environmental and Public Health, 
2020, 1–12. https://doi.org/10.1155/2020/8745472 

Akwa, V. L., Binbol, N. L., Samaila, K. L., & Marcus, N. D. (2007). 

Keffi. In Geographical perspective of Nasarawa State (p. 503). 

Onaive Printing and Publishing Company Ltd. 
Amaike, C., Olomojobi, O. V., Olusona, I., Omoworare, G. E., Olu-

Osayomi, O., & Ononuju, S. (2025). Healthcare waste 

management in southwest Nigeria: a cross-sectional study among 

healthcare workers in a private tertiary hospital. PAMJ - One 
Health, 16(12), 1–9. https://doi.org/10.11604/pamj-

oh.2025.16.12.44192 

Aworh, M.K., Kwaga, J.K.P., Okolocha, E.C. (2022). Assessment of 
healthcare waste management practices among healthcare 

workers at two hospitals in Abuja, Nigeria. Sokoto Journal of 

Veterinary Sciences, 20(Special): 153 – 163. DOI: 

http://dx.doi.org/10.4314/sokjvs. v20i5.17 
Bannour, R., Cheikh, A. B., Bhiri, S., Ghali, H., Khefacha, S., Rejeb, 

M. B., & Laatiri, H. S. (2024). Impact of an educational training 

about healthcare waste management on practices skills of 

healthcare workers: a prexperimental study in a tertiary Tunisian 
hospital. Antimicrobial Resistance and Infection Control, 13(1), 

122. https://doi.org/10.1186/s13756-024-01446-w 

Bizuneh, Y. B., Ferede, Y. A., Berhe, Y. W., Alemu, W. M., & 

Zeleke, T. G. (2024). Assessment of knowledge, attitude, and 
practice regarding medical waste management among operation 

room personnel in a tertiary hospital. Annals of medicine and 

surgery (2012), 86(9), 5065–5071. 

https://doi.org/10.1097/MS9.0000000000002212 
Cirstea, I., Radu, A., Tit, D. M., & Bungau, G. S. (2025). Healthcare 

waste toxicity: From human exposure to toxic mechanisms and 

management strategies. Journal of Xenobiotics, 15(5), 155. 

https://doi.org/10.3390/jox15050155 
Desta, D. A., & Abera, K. (2017). Healthcare Waste Composition and 

Generation Rate in Menellik II Referral Hospital, Addis Ababa, 

Ethiopia: A Cross-Sectional Study. International Journal of 

Sustainability Management and Information Technologies. 3:2. 
10-19. doi: 10.11648/j.ijsmit.20170302.11 

Dwivedi, G., Prakash, S., Prakash, G., Singh, R., Anand, D., Mishra, 

R.R., Anand, D., & Mishra, R. (2021). A study on the knowledge, 

attitude and practice among health care personnel in secondary 

care hospital of Prayagraj district. International Journal of 

Community Medicine and Public Health, 8, (4): 1-6. 

Ekanem, A. M., Ijezie, A. E., Undie, M. U., Etuk, J. J., David, A. E., 

Peter, O. I., Paul, U. M., & Agwu, C. E. (2021). Assessment of 
knowledge and practices of healthcare waste management among 

health workers in a general hospital in southern Nigeria. Ibom 

Medical Journal, 14(1), 34-40. 

Elizabeth, U. O., Justin, A. I., & Chukwudi, J. O. (2025). Assessment 
of Healthcare Waste Management Practices Compliance among 

Health Workers in Enugu State University Teaching Hospital, 

Enugu. Ibom Medical Journal, 18(4), 663–669. 

https://doi.org/10.61386/imj.v18i4.807 
Gupta, N. K., Shukla, M., & Tyagi, S. (2017). Knowledge, attitude 

and practices of biomedical waste management among health 

care personnel in selected primary health care centres in 

Lucknow. International Journal of Community Medicine and 
Public Health, 3(1), 309–313. https://doi.org/10.18203/2394-

6040.ijcmph20151582 

Haifete, A. N., Amukugo, H. J., & Iita, H. (2016). Knowledge, 

attitude and practice of healthcare workers on waste segregation 
at two public training hospitals. European Journal of 

Pharmaceutical and Medical Research, 3(5), 674-689. 

http://hdl.handle.net/11070/1959 

https://nigerianstat.gov.ng/elibrary/read/474 
Janik-Karpinska, E., Brancaleoni, R., Niemcewicz, M., Wojtas, W., 

Foco, M., Podogrocki, M., & Bijak, M. (2023). Healthcare 

Waste-A Serious Problem for Global Health. Healthcare (Basel, 

Switzerland), 11(2), 242. 
https://doi.org/10.3390/healthcare11020242 

Kenny, C., & Priyadarshini, A. (2021). Review of Current Healthcare 

Waste Management Methods and Their Effect on Global 

Health. Healthcare (Basel, Switzerland), 9(3), 284. 
https://doi.org/10.3390/healthcare9030284 

Khaled, S. J., & Ali, W. A. (2022). Assessment of knowledge, 

attitudes, and practices of medical waste management for 

healthcare providers in government hospitals in Basra, southern 
Iraq. International Journal of Health Sciences, 3040–3056. 

https://doi.org/10.53730/ijhs.v6ns4.9863 

Mathur, P., Patan, S., Shobhawat, S. (2012). Need of Biomedical 

Waste Management System in Hospitals - An Emerging issue - A 
Review. Curr World Environ.7(1):117-124 

DOI:http://dx.doi.org/10.12944/CWE.7.1.18 

Mboi, S., Iyama, W., Onyiri, C., Dollah, C., Ikoli, D., Amachree, V., 

& Nimame, P. (2024). Perception of Hospital Waste Management 
among Health Personnel in Rivers West Senatorial District, 

Rivers State. International Journal of Research and Innovation 

in Applied Science, IX(IX), 689–698. 

https://doi.org/10.51584/ijrias.2024.909061 
Mugabi, B., Hattingh, S., & Chima, S. C. (2018). Assessing 

knowledge, attitudes, and practices of healthcare workers 

regarding medical waste management at a tertiary hospital in 

Botswana: A cross-sectional quantitative study. Nigerian journal 
of clinical practice, 21(12), 1627–1638. 

https://doi.org/10.4103/njcp.njcp_270_17 

Musa, S., Aliyu, A., Ikwuka, A. O., & Udeh, F. C. (2023). Knowledge 

and Practice of Healthcare Waste Management among Healthcare 
Workers at Yusuf Dantsoho Memorial Hospital 

(YDMH), Kaduna, Nigeria. European Journal of Clinical Medici

ne, 4(2), 31-36. https://doi.org/10.24018/clinicmed.2023.4.2.249 

National Environmental Standards and Regulations Enforcement 
Agency (Establishment) Act, 2007 National Environmental 

(Healthcare Waste Control) Regulations, 2021. 

https://www.nesrea.gov.ng/wp content/uploads/2022/03/Healthc

are_Waste_Regulation.pdf. Accessed March 2024 
National Population Commission (NPC) (2006) Nigeria National 

Census: Population Distribution by Sex, State, LGAs and 

Senatorial District: 2006 Census Priority Tables (Vol. 3).  

http://www.population.gov.ng/index.php/publication/140-popn-
distri-by-sex-state-jgas-and-senatorial-distr-2006 

https://doi.org/10.54117/nrxw8q59
https://doi.org/10.4314/br.v22i2.3
https://doi.org/10.3390/ijerph191912717
https://doi.org/10.1016/j.heliyon.2023.e15514
https://doi.org/10.1177/0734242X231199938
https://doi.org/10.9734/jgeesi/2018/40005
https://www.google.com/search?q=https://doi.org/10.11604/pamj-oh.2025.16.12.44192
https://www.google.com/search?q=https://doi.org/10.11604/pamj-oh.2025.16.12.44192
https://doi.org/10.4314/sokjvs.v20i5.17
https://doi.org/10.1097/MS9.0000000000002212
https://doi.org/10.18203/2394-6040.ijcmph20151582
https://doi.org/10.18203/2394-6040.ijcmph20151582
https://nigerianstat.gov.ng/elibrary/read/474
https://doi.org/10.3390/healthcare11020242
https://doi.org/10.53730/ijhs.v6ns4.9863
http://dx.doi.org/10.12944/CWE.7.1.18
https://doi.org/10.51584/ijrias.2024.909061
https://doi.org/10.24018/clinicmed.2023.4.2.249
https://www.nesrea.gov.ng/wp content/uploads/2022/03/Healthcare_Waste_Regulation.pdf.%20Accessed%20March%202024
https://www.nesrea.gov.ng/wp content/uploads/2022/03/Healthcare_Waste_Regulation.pdf.%20Accessed%20March%202024
http://www.population.gov.ng/index.php/publication/140-popn-distri-by-sex-state-jgas-and-senatorial-distr-2006
http://www.population.gov.ng/index.php/publication/140-popn-distri-by-sex-state-jgas-and-senatorial-distr-2006


Available: https://doi.org/10.54117/nrxw8q59   Research article 

514 

 

National Bureau of Statistics (NBS). Population 2006-2016". Nation

al Bureau of Statistics.  

Njagi, A. N., Oloo, A. M., Kithinji, J., & Kithinji, J. M. (2012). 

Knowledge, attitude and practice of Health-Care waste 
management and associated health risks in the two teaching and 

referral hospitals in Kenya. Journal of Community Health, 37(6), 

1172–1177. https://doi.org/10.1007/s10900-012-9580-x 

Nwachukwu, N.C., Orji, F.A & Ugbogu, O.C. (2013). Health Care 
Waste Management – Public Health Benefits, and the Need for 

Effective Environmental Regulatory Surveillance in Federal 

Republic of Nigeria. In: Current Topics in Public Health. 

Doi.10.5772/53196 
Oyekale, A. S., & Oyekale, T. O. (2017). Healthcare waste 

management practices and safety indicators in Nigeria. BMC 

Public Health, 17(1), 740. https://doi.org/10.1186/s12889-017-

4794-6 
Oyekale, A.S., & Oyekale, T.O. (2017). Healthcare waste 

management practices and safety indicators in Nigeria. BMC 

Public Health. 17:740. DOI 10.1186/s12889-017-4794-6. 

Padmanabhan, K. K., & Barik, D. (2019). Health Hazards of Medical 
Waste and its Disposal. Energy from Toxic Organic Waste for 

Heat and Power Generation, 99–118. 

https://doi.org/10.1016/B978-0-08-102528-4.00008-0 

Parida, A., Capoor, M. R., & Bhowmik, K. T. (2019). Knowledge, 
attitude, and practices of Bio-medical Waste Management rules, 

2016; Bio-medical Waste Management (amendment) rules, 2018; 

and Solid Waste Rules, 2016, among health-care workers in a 

tertiary care setup. Journal of laboratory physicians, 11(4), 292–
299. https://doi.org/10.4103/JLP.JLP_88_19 

Roland, C. A. (2020). Assessment of healthcare facilities location and 

medical waste generation and handling in Nigeria. Journal of 

Public Health and Epidemiology, 12(1), 50–62. 
https://doi.org/10.5897/jphe2020.1204 

Sahiledengle, B. (2019). Self-reported healthcare waste segregation 

practice and its correlate among healthcare workers in hospitals 

of Southeast Ethiopia. BMC Health Services Research, 19(1), 
591. https://doi.org/10.1186/s12913-019-4439-9 

Salubi, L. I., Maitanmi, J. O., Olowolafe, A. S., & Ademola, S. A. 

(2022). Knowledge, attitude, and factors influencing health care 

(HCW) waste management among nurses in selected hospitals in 

Abeokuta, Ogun State. International Journal of Advance 

Research in Medical Surgical Nursing, 4(2), 46–57. 

https://doi.org/10.33545/surgicalnursing.2022.v4.i2a.98 

Sapra, R.L. (2022). How to Calculate an Adequate Sample Size? In: 
How to Practice Academic Medicine and Publish from 

Developing Countries? Springer, Singapore. 

https://doi.org/10.1007/978-981-16-5248-6_9 

Sufiyan, I., Mohammed, K., Bello, I., & Zaharadeen, I. (2020). 
Impact of Harmattan Season on Human Health in Keffi, 

Nasarawa State, Nigeria. Matrix Science Medica, 4(2), 44. 

https://doi.org/10.4103/mtsm.mtsm_1_20 

Uchechukwu, E. E., Babatunde, I. O., & Anne, C. N. (2017). 
Investigating knowledge, attitude and health care waste 

management by health workers in a Nigerian tertiary health 

institution. Global Journal of Health Science, 9(4), 222. 

https://doi.org/10.5539/gjhs.v9n4p222 
Udayanga, L., Sahana, L., Perera, A., Ranasinghe, K., & Ranathunge, 

T. (2023). Knowledge, perceptions and practices on healthcare 

waste management and associated occupational health hazards 

among healthcare professionals in the Colombo District, Sri 
Lanka: a cross-sectional study. Frontiers in public health, 11, 

1215648. https://doi.org/10.3389/fpubh.2023.1215648 

Uloma, A.A., Benjamin, N., & Kiss, I. (2022). Knowledge, Attitude 

and Practice of Healthcare Workers Towards Medical Waste 
Management: A Comparative Study of Two Geographical Areas. 

Journal of Waste Management and Disposal, 5:101 

World Health Organisation (2020). Value gender and equity in the 

global health workforce. https://www.who.int/activities/value-
gender-and-equity-in-the-global-health-workforce 

World Health Organization: WHO. (2024b). Health-care waste. 

https://www.who.int/news-room/fact-sheets/detail/health-care-

waste. 
Woromogo, S. H., Djeukang, G. G., Moussa, F. E. Y., Antaon, J. S. 

S., Kort, K. N., & Tebeu, P. M. (2020). Assessing Knowledge, 

Attitudes, and Practices of Healthcare Workers regarding 

Biomedical Waste Management at Biyem-Assi District Hospital, 
Yaounde: A Cross-Sectional Analytical Study. Advances in 

Public Health, 2020, 1–7. https://doi.org/10.1155/2020/2874064 

 

 

https://doi.org/10.54117/nrxw8q59
file:///C:/Users/ISMAILA/Desktop/National Bureau of Statistics
file:///C:/Users/ISMAILA/Desktop/WASTE%20MANAGEMENT/Population 20062016%22
file:///C:/Users/ISMAILA/Desktop/WASTE%20MANAGEMENT/National Bureau of Statistics
file:///C:/Users/ISMAILA/Desktop/WASTE%20MANAGEMENT/National Bureau of Statistics
https://doi.org/10.1007/s10900-012-9580-x
https://doi.org/10.1186/s12889-017-4794-6
https://doi.org/10.1186/s12889-017-4794-6
https://doi.org/10.1016/B978-0-08-102528-4.00008-0
https://doi.org/10.4103/JLP.JLP_88_19
https://doi.org/10.5897/jphe2020.1204
https://doi.org/10.1186/s12913-019-4439-9
https://doi.org/10.1007/978-981-16-5248-6_9
https://doi.org/10.4103/mtsm.mtsm_1_20

