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Abstract
Inadequate management and disposal of healthcare waste (HCW) in Nigeria 
has raised serious concerns due to its pernicious impact on human and 
environmental safety. The study assesses sustainable HCW management 
practices among hospital workers within a large hospital in Owerri, Imo State. 
In doing this, the study predicted the likelihood of being trained on 
sustainable management of HCW based on workers' occupation, years of 
experience and common waste disposal methods. Also, the study measured 
prevalent HCWs in order to ascertain their main dimensions. Data collection 
for the study involved cross-sectional survey of workers in the selected 
hospital. Logistic regression was applied in predicting the likelihood of being 
trained on sustainable management of HCW, based on three categorical 
predictors: Occupation, years of experience and common waste disposal 
methods. Also, principal component analysis (PCA) was applied in 
ascertaining key dimensions of eight prevalent HCWs. Results indicate that 
while code-colored bins are not readily available, HCW segregation was 
significantly related to occupation in the hospital. Regression model for 
predicting being trained on sustainable HCW management was statistically 
significant, ÷2 (11) = 21.184, p = .032. PCA of prevalent HCWs in the hospital 
point towards a two-dimension structure: low risk waste that do not require 
treatment and special waste needing treatment and cautious management. 
The study recommends providing multi-purpose HCW treatment systems, 
which can integrate recycling of general waste and incineration of special 
waste.

1. Introduction

Any unwanted material that may not be of tangible use to the present owner is 

usually regarded as waste. On that note, the generation of waste materials is 

inevitable in any human activity, regardless of spatiotemporal, economic and 

social intricacies. In hospitals, various categories of waste are produced as 

workers try to improve health conditions of patients and visitors to the health 

facility. Due to its hazardous nature, management and disposal of healthcare 

waste (HCW) should carryout out sustainably, so as to reduce environmental 
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health and safety impacts . Sustainable management of HCW means that 

concepts like reduce, reuse, recycling, incineration and life-cycle 

assessment (LCA) are applied in the collection, segregation, storage, 

transportation, treatment and disposal of waste materials generated from 

hospitals . Due to thenature of activities that take place in hospitals, sharps 

(needles, syringes etc.), used bandages/pads/gloves/plasters/gauze, body 

tissues, drugs, chemicals, fecal/urinary/blood remains, tubing, plastic/glass 

bottles and disposable materials/cartons as the predominant waste types 

generated. Furthermore, HCW generated in hospitals can be categorized as 

infectious, pathological, radioactive, sharps, pharmaceutical, genotoxic, 

laboratory, vaccine and general wastes. According to the World Health 

Organization , over 80% of HCW can be categorized as general waste with 

less than 20% covering other types of waste which are deemed hazardous to 

human health and environment. In terms of quantity,annual generation of 

HCW in Africa is estimated at over 280,000 tons, generated from about 

67,000 healthcare centers. . Also, about 5 million human fatalities are 

attributable to mismanagement of HCW worldwide 

Due to its relevance to sustainability, it has been identified that providing 

adequate training for medical personnel enhances their sustainable waste 

management practices . Poor training on sustainable HCW management 

practices means that waste reduction, reuse and recycling may not be widely 

practiced, leading to most waste materials being disposed in landfills and 

open dumps . Furthermore, health workers' gender, level of education and 

type of occupation can significantly affect their knowledge on sustainable 

HCW management, especially during a pandemic like COVID-19 .In 

assessing waste management in several tertiary hospitals in Jos-Nigeria,  

ascertained that segregation of healthcare was not well-practiced because 

different categories of waste are usually lumped together and disposed 

incongruously. Moreover, waste segregation in Nigerian healthcare facilities 

is hampered by lack of training on sustainable waste management practices, 

nonexistence of waste separation at source, lack of color coding of waste 

bins, absence of waste data, among other factors . Evaluation of HCW 

practices among health workers in Ife-Nigeria and found out that burying, 

burning (incineration), and communal bin were the predominant waste 

disposal methods, with most of them preferring burning and burying. Similar 

practices have been identified in Ghana where assessment of HCW disposal 

practices in medical facilities identified open dumping, burning and burying 
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as the main waste disposal method, with about 50% of study respondents 

disposing HCW in open dumps .

Concerns have been raised on the dangers caused by inadequate 

management and disposal of HCW in southeast Nigeria . This is because 

mismanagement of HCW could exacerbate infectious diseases, pollute the 

natural environment while initiating chronic health disorders and deformities . 

Also, there are significant potential of harm for hospital workers from 

contaminated food, water, air, human tissue and sharps which can have 

serious health implications . Also, the harmful nature of HCW makes the 

method of disposal very pertinent, especially as it concerns human health 

and environmental safety. Therefore, this study aims at assessing waste 

management techniques among hospital workers within a large hospital in 

Owerri, Imo State. In doing this, the study predicted the likelihood of being 

trained on sustainable management of HCW based on workers' occupation, 

years of experience and common waste disposal methods. Also, the study 

measured prevalence HCWs in order to ascertain their main dimensions.

2. Methods

The study was carried out in a large hospital located within Owerri municipal 

area, Imo State, Nigeria. The hospital has a 700-bed capacity, catering for 

patients in various areas of medicine. First established as a drug dispensary 

in 1903 during the colonial era, it metamorphosed into a district hospital 

which later became a general hospital for Owerri city and its environs. In 

terms of research design, cross-sectional survey was adopted for data 

collection from workers in the hospital where the study was conducted. On 

that note, study respondents were working in different sections of the hospital 

and comprised of the following categories: doctors, laboratory scientists, 

cleaners, nurses and administrative/clerical workers. Field visitations and 

interactions with hospital officials indicated that there are about 5000 

employees in the medical facility, including contract and casual workers. 

Random sampling technique was used in determining the sample size of 240 

workers, based on sample of proportion representing about 5% of the study 

population . Out of the sample size of 240 who were given questionnaires in 

order to provide data for the study, 234valid mail questionnaires were 

retrieved and used for analysis. In addition, good research ethics were 

applied in the study; informed and voluntary consent, non-injury and 

confidentiality were fully observed during data collection. In order to validate 
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the research questionnaire, a pilot study was carried out so as to experience 

how respondents felt about the research questions. Also a few corrections 

were made thereby improving the questionnaire. Data collection took about 2 

months to complete.

2.1 Measures

In order to predict the likelihood of workers being trained on sustainable 

management of healthcare waste (HCW), three categorical predictors were 

applied as independent variables in model: Occupation (Doctor, Lab 

scientist, Cleaner, nurse and admin/clerical), years of experience (less than 1 

year, 1-5 years, 6-10 years, 11-15 years and more the 15 years) and common 

waste disposal method (incineration, burying, communal bin). The essence 

of applying these variables was due to their relevance in sustainable HCW 

management which has been identified in literature.

In measuring the dimensions of prevalent HCWs, eight constructs of HCW 

categories (pharmaceutical waste, sharps [needles/syringes/knives] waste, 

pathological waste, general waste, radioactive waste, genotoxic waste, 

laboratory waste and vaccine waste) were applied. These constructs were 

derived from literature where they were identifiedas the main categories of 

waste generated in medical facilities.

2.2.Data analysis

IBM SPSS version 21.0 software application was applied in coding datasets 

and also running statistical analysis for the study.

2.2.1. Logistic regression

Binomial logistic regression was used in predicting the likelihood of being 

trained on sustainable management of HCW. This is because logistic 

regression has the capacity to predict the outcome of a dichotomous 

dependent variable by approximating logarithm of the odds (log-odds) of 

independent variables in the model . In the present study, the question 

predicted was: Have you been trained on sustainable management of HCW? 

Response: Yes (1) or No (0). In order to carry out a viable logistic regression, 

there are several conditions that must be met: mutually exclusive dependent 

dichotomous variable, one or more mutually exclusive continuous/nominal 

variables, a sample size of more than 100 and lack of multicollinearity 

between the independent variables . Logistic regression modelling a 
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binomial variable Y with two independent variables, X  and X  will have a logit 1 2

link function as follows:

logit(Y) = log p/(1-p) = â  + â X + â X  + å                                   (1)b 0 1 1 2 2

Where:

b = base of the logarithm; p = probability of the success for binary response; 

â  = model intercept (constant); â  and â  = parameters of the model for X  and 0 1 2 1

X  respectively; å = errors.2

2.2.2 Principal component analysis

Data collected on eight variables of prevalent HCW were analyzed using 

principal component analysis (PCA), in order to establish their main 

components and structural dimensions. PCA was applicable because the 

variables are ordinal in scale, sample size is large (n = 234) and there was 

tolerable correlation between most variables within the dataset. In terms of 

sample adequacy, Kaiser-Meyer-Olkin (KMO) Measure of Sampling 

Adequacy was applied where values of 0.6 or more (scores range from 0 to 1) 

point towards sampling appropriateness. In terms of aptness for dimension 

reduction, Bartlett's test of Sphericity was valid because it calculates the level 

of significance (indicating appropriateness) of the dataset for PCA . 

Components to be retained were determined using a combination of 

Eigenvalue-one Criterion , Scree plot test and structural interpretability 

(based on Varimax rotation method) . Results of the PCA's retained 

component matrix (showing their factor loadings and respective 

communalities) were then interpreted and discussed.

92

______Assessment of Sustainable Healthcare Waste Management Practices______



Table . Socio-demographic data of hospital workers in the study 
(n = 234)

2.3 Socio-demographics
Socio-demographic information of the study respondents are shown 
in Table 1.
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In terms of gender, about 53% of the study respondents were males. 

Cleaners were the highest respondents at 31.2%. This was followed by lab 

scientists and nurses at 24.4% and 21.4%, respectively. Doctors comprised 

16.7% of the study respondents while administrative/clerical workers 

comprised the least percentage of respondents at 6.4%. In terms of years of 

experience, 6-10 years had the most percentage of respondents at 33.8%. 

Workers with 11-15 years' experience comprised about 22% of the study 

respondents while 1-5 years category covered 19.7%. Workers with less 

than 1 year experience covered 15.4% while more than 15 years comprised 

9% of the study respondents.

Results

Table 2 shows results on cross-tabulation between respondents' occupation 

and the extent they use code-colored waste bins. The results indicate that 

most of the respondents (over 70%) do not use code-colored waste bins at 

all, with cleaners and nurses having the highest frequencies under this 

category with 22.2% and 18.4% respectively. However, association between 

extent of respondents' use of code-colored waste bins and their occupation 

was not statistically significant, p = .252.
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Results in Table 3 shows cross-tabulation between respondents' extent of 

healthcare waste (HCW) segregation and their occupation. The results 

indicate that more than half (about 60%) of the study respondents segregate 

their HCWs, often and very often, with cleaners having the highest 

percentage (24.4%). Furthermore, the relationship between the extent 

respondents segregate waste and their occupation, was statistically 

significant, p = .032. 
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In predicting whether or not workers have been trained on sustainable HCW 

management, respondents' occupation, years of experience and waste 

disposal methods were applied as independent variables in a logistic 

regression. In the first place, the variables used in the model all had 

responses that were mutually exclusive. In testing for multicollinearity among 

the categorical independent variables, Variance inflation factor (VIF) and 

coefficients of tolerance of the variables are shown in Table 4. 

Collinearity statistics for the three categorical predictors show that tolerance 

values are all above 0.9 while VIF values are under 1.6, indicating that there 

are no multicollinearity issues among the variables. Overall model fitness of 

the logistic regression in Table 5 shows that the model was statistically 

significant, ÷2 (11) = 21.184, p = .032. Furthermore, the logistic regression 

model was not a poor fit as shown by the Hosmer and Lemeshow Test which 

was statistically non-significant, ÷2 (8) = 4.117, p < .846. 
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Classification table for the regression model shown in Table 6 indicates that 

65% of the cases were accurately classified at a probability cut off of .500. 

The results show that 82.1% of workers who have been trained on 

sustainable HCW management were accurately predicted by the model 

while 37.1% of workers who have not been trained on sustainable HCW 

management were also accurately predicted by the model.

Parameter estimates of the logistic regression model in Table 7 indicate that 

only the reference category under "occupation" was statistically significant in 

predicting the likelihood of workers being trained on sustainable HCW 

management (Admin/clerical: Wald ÷2 (4) = 8.046, p = .011). Also, only one 

category under "years of experience" was statistically significant (11-15 

years: Wald ÷2 (1) = 1.039, p = .038) in the model; the log odd coefficient 

value (B column) was positive implying an increasing log odd. In addition, 

only the communal bin category under "Disposal method" was statistically 

significant, Wald ÷2 (1) = 2.134, p = .044.
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Based on parameter estimate results in Table 7, the odds of workers with 11-

15 years' experience being trained on sustainable HCW management is 

3.580 (95% CI,1.804 to 9.652) times more than those with 1 year experience. 

Under HCW disposal methods, the odds of workers who mainly dispose 

HCW in communal bins being trained on sustainable HCW management is 

1.7 (95% CI, .834 to 3.467) times more than those who mainly dispose HCW 

in open dumps.

Dimensions of prevalent HCWs 

In identifying the main dimensions of prevalent HCWs in the hospital studied, 

PCA was applied on eight HCW variables (Pharmaceutics, Sharps, 

Pathological, General, Radioactive, Genotoxic, Laboratory and Vaccine 

wastes). These variables were applied in the PCA due to their relevance in 

literature . 

A sample size of 234 was deemed appropriate for the PCA; overall Kaiser-

Meyer-Olkin (KMO) measure of sampling adequacy was 0.667 while 

individual KMO values ranged between 0.502 and 0.734. Furthermore, 

Bartlett's test of sphericity in Table 8 was statistically significant, ÷2 (28) = 

155.732, p < .001, which justified carrying out PCA.
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According to extraction loadings of the PCA shown in Table 9, only the first 

two components had eigenvalues more than one (41.86% cumulative of total 

variance explained), pointing towards retaining two components. Also, the 

scree plot (see Figure 1) supports the viability of retaining two components 

given that the line deflects at the second component.  On that note, two 

components were retained; component loadings (emboldened) and their 

respective communalities are shown in Table 10. This is because the rotated 

component matrix, facilitated by Varimax rotation gave the simple structure 

required for interpreting the PCA. According to Table 10, Pharmaceutics, 

Sharps, Pathological and General wastes are strongly loaded to component 

1, with respective values of .716, .691, .576 and .498. Similarly, Radioactive, 

Genotoxic, Laboratory and Vaccine wastes are strongly loaded to 

component 2, with respective values of .482, .278, .808 and .662.
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Discussion

Study results show that most of the respondents (over 70%) do not use code-

colored waste bins at all. This may be attributable to unavailability of these 

bins in this hospital, as well as poor training on sustainable healthcare waste 

(HCW) management, which has been identified in literature . Furthermore, 

unavailability of color-coded bins may be the reason for the non-significant 

relationship between occupation and use of code-colored waste bins. 

Results also show that more than half (about 60%) of the study respondents 

segregate their HCWs, which was statistically significant in relation with 

occupation. Segregation of waste is importance to sustainable HCW 

management as posited by . 

Regression results on predicting whether or not workers have been trained 

on sustainable HCW management based on respondents' occupation, years 

of experience and waste disposal methods was statistically significant, 

indicating that the variables are a good fit in the model. This is in line with 's 

logistic model for predicting waste management practices. Furthermore, 

non-significance of the Hosmer and Lemeshow Test, as well as accuracy 

prediction in the classification table also points toward the viable of the 

regression model as posited by . Model parameter estimates indicates that 

“occupation" was statistically significant implying that being trained on 

sustainable HCW management may depend on designation in the hospital. 

This is in line with the findings of Shekoohiyan et al. (2022) on knowledge 

variation on sustainable HCW management. Also, “11-15 years” under years 

of experience was statistically significant. This is because the odds of 

workers with 11-15 years' experience being trained on sustainable HCW 

management is 3.580 times more than those with 1 year experience, as 

shown in Table 5. This finding could also indicate that imbibing sustainable 

HCW management practices increases with higher experience in the 

hospital. Furthermore, communal bin disposal of HCW was the only 

statistically significant category under disposal method, indicating that waste 

disposal may be lacking in terms of sustainable practices. Alharbi et al. 

(2021) also identified HCW disposal in open dumps among health workers in 

Saudi Arabia, attributable to poor sustainable waste training and lack of 

regulatory frameworks. In addition, results indicate that the odds of workers 

who mainly dispose HCW in communal bins being trained on sustainable 

HCW management is 1.7 times more than those who mainly dispose HCW in 

open dumps. This finding is in line with Ngwuluka et al. (2009), Afolabi et al. 
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(2018) and Egbenyah et al. (2021) on incongruous HCW disposal in Nigeria 

and Ghana, where hospital workers do not treat nor segregate waste 

materials which may be burned, buried or eventually disposed in open 

dumps. 

PCA results indicate that there are two dimensions of prevalent HCWs in the 

hospital studied, as explicated by the two components retained. The four 

variables that are strongly load to component 1 (Pharmaceutical, Sharps, 

Pathological and General wastes) are mainly HCW that do not require too 

much treatment before disposal. This finding is line with World Health 

Organization findings that majority of waste generated in hospitals (about 

80%) are not very toxic in terms of handling and storage (WHO, 2018). 

However, these waste categories have been identified as also being 

detrimental to human health due to possible of contamination of 

environmental parameters like air, water and soil (Doylo et al., 2019). 

Component 2 of the PCA also has four variables that are strongly to it 

(Radioactive, Genotoxic, Laboratory and Vaccine wastes). The four HCWs 

under this dimension may be described as those require special handling 

and treatment before disposal. Therefore, management of HCW under this 

dimension should consider their hazardous nature, in order to reduce 

environmental and human health impacts. This aligns with Ezedike et al. 

(2020) and Alharbi et al. (2021) on the need for sustainable management of 

waste of different sources and streams. Therefore, it is not unexpected that 

Luo et al. (2021) identified the necessity training hospital workers on 

sustainable waste management techniques, due poor waste segregation 

and indiscriminate HCW disposal in Nigeria (Ngwuluka et al. 2009; Oli et al., 

2016).

Conclusion

The study has assessed sustainable healthcare waste (HCW) management 

practices among hospital workers in Owerri, Imo State, by predicting the 

likelihood of being trained on sustainable management and also determining 

the dimensions of prevalent HCWs. Results indicate that code-colored bins 

are not available in the hospital studied. Furthermore, many workers in the 

healthcare facility studied segregate HCW generated, depending on 

occupation in the hospital. Furthermore, regression model for predicting 

being trained on sustainable HCW management was statistically significant, 

indicating that occupation, experience and waste disposal method were 
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fitting variables in the model. Also, PCA of eight variables on prevalent HCWs 

in the hospital studied pointed towards a two-dimension structure: low risk 

waste that do not require treatment and special waste needing treatment and 

cautious management.

Based on the study's key findings, it recommended that code-colored waste 

bins are provided in various sections of the hospital. This will go a long way in 

ensuring that waste is separated at source, thereby fostering sustainable 

HCW management. More training activities using a more practical approach 

to sustainable HCW management should be provided. This is because 

practical trainings are more explicit in imbibing the principles of sustainable 

HCW management. Also, more effort should be made in providing multi-

purpose HCW treatment systems in large hospitals. These treatment 

systems can integrate recycling of general waste and incineration of special 

waste which may be hazardous when disposed in communal bins and dump 

sites.

104

______Assessment of Sustainable Healthcare Waste Management Practices______



REFERENCES

Abanyie, S. K., Amuah, E. E. Y., Douti, N. B., Amadu, C. C., & Bayorbor, M. 

(2021). Healthcare waste management in the Tamale Central Hospital, 

northern Ghana. An assessment before the emergence of the COVID-

19 pandemic in Ghana. Environmental Chal lenges ,  5 .  

https://doi.org/10.1016/j.envc.2021.100320

Afolabi, O. T., Aluko, O. O., Afolabi, B. K., & Fehintola, F. O. (2018). 

Healthcare waste management practices and risk perception of 

healthcare workers in private healthcare facilities in an urban community 

in Nigeria. African Journal of Environmental Science and Technology, 

12(9), 305–311.

Alharbi, N. S., Alhaji, J. H., & Qattan, M. Y. (2021). Toward sustainable 

environmental management of healthcare waste: a holistic perspective. 

Sustainability, 13(9), 5280.

Campion, N., Thiel, C. L., Woods, N. C., Swanzy, L., Landis, A. E., & Bilec, M. 

M. (2015). Sustainable healthcare and environmental life-cycle impacts 

of disposable supplies: a focus on disposable custom packs. Journal of 

C l e a n e r  P r o d u c t i o n ,  9 4 ,  4 6 – 5 5 .  

https://doi.org/https://doi.org/10.1016/j.jclepro.2015.01.076

Doylo, T., Alemayehu, T., & Baraki, N. (2019). Knowledge and Practice of 

Health Workers about Healthcare Waste Management in Public Health 

Facilities in Eastern Ethiopia. Journal of Community Health, 44(2), 

284–291. https://doi.org/10.1007/s10900-018-0584-z

Egbenyah, F., Udofia, E. A., Ayivor, J., Osei, M.-M., Tetteh, J., Tetteh-

Quarcoo, P. B., & Sampane-Donkor, E. (2021). Disposal habits and 

microbial load of solid medical waste in sub-district healthcare facilities 

and households in Yilo-Krobo municipality, Ghana. PLOS ONE, 16(12), 

e0261211. https://doi.org/10.1371/journal.pone.0261211

Emetumah, F. C., Azuwike, O. D., & Okoye, A. C. (2017). Management of 

Workplace Risks and Hazards using a Safety Consciousness 

Framework. International Journal of Health, Safety and Environments 

(IJHSE), 3(7), 134–141.

Emetumah, F., Okoye, P., & Okoye, C. (2020). Sustainable Approach in the 

Assessment of Safety and Environmental Regulatory Compliance 

During Mining Activities. Journal of Human Ecology, 72(1–3), 104–115. 

https://doi.org/10.31901/24566608.2020/72.1-3.3278

Ezedike, C., Ohazurike, E., Emetumah, F. C., &  Ajaegbu, O. 

105

______Assessment of Sustainable Healthcare Waste Management Practices______



O. (2020). Health-seeking behavior and waste management practices 

among women in major urban markets in Owerri, Nigeria.  AIMS Public 

Health, 7(1), 169–187. https://doi.org/10.3934/publichealth.2020015

Ezeudu, O. B., Ezeudu, T. S., Ugochukwu, U. C., Tenebe, I. T., Ajogu, A. P., 

Nwadi, U. V, & Ajaero, C. C. (2022). Healthcare Waste Management in 

Nigeria: A Review. Recycling, 7(6), 87.

Harrell, F. E. (2015). Binary Logistic Regression. In Regression Modeling 

Strategies With Applications to Linear Models, Logistic and Ordinal 

Regression, and Survival Analysis (2nd ed., pp. 219–274). 

https://doi.org/10.1007/978-3-319-19425-7_10

Kaiser, H. F. (1974). An index of factorial simplicity. Psychometrika, 39(1), 

31–36. https://doi.org/10.1007/BF02291575

Kasier, H. F. (1960). The application of electronic computers to factor 

analysis. Educational and Psychological Measurement, XX(1), 

141–151.

Luo, O. D., Carson, J. J. K., Sanderson, V., & Vincent, R. (2021). Training 

future healthcare sustainability leaders: Lessons learned from a 

Canadian-wide medical student community of practice. The Journal of 

C l i m a t e  C h a n g e  a n d  H e a l t h ,  4 ,  1 0 0 0 6 6 .  

https://doi.org/https://doi.org/10.1016/j.joclim.2021.100066

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.

Ngwuluka, N., Ochekpe, N., Odumosu, P., & John, S. A. (2009). Waste 

management in healthcare establishments within Jos Metropolis, 

Nigeria. African Journal of Environmental Science and Technology, 

3(12).

Abanyie, S. K., Amuah, E. E. Y., Douti, N. B., Amadu, C. C., & Bayorbor, M. 

(2021). Healthcare waste management in the Tamale Central Hospital, 

northern Ghana. An assessment before the emergence of the COVID-

19 pandemic in Ghana. Environmental Chal lenges ,  5 .  

https://doi.org/10.1016/j.envc.2021.100320

Afolabi, O. T., Aluko, O. O., Afolabi, B. K., & Fehintola, F. O. (2018). 

Healthcare waste management practices and risk perception of 

healthcare workers in private healthcare facilities in an urban community 

in Nigeria. African Journal of Environmental Science and Technology, 

12(9), 305–311.

106

______Assessment of Sustainable Healthcare Waste Management Practices______



Alharbi, N. S., Alhaji, J. H., & Qattan, M. Y. (2021). Toward sustainable 

environmental management of healthcare waste: a holistic perspective. 

Sustainability, 13(9), 5280.

Campion, N., Thiel, C. L., Woods, N. C., Swanzy, L., Landis, A. E., & Bilec, M. 

M. (2015). Sustainable healthcare and environmental life-cycle impacts 

of disposable supplies: a focus on disposable custom packs. Journal of 

C l e a n e r  P r o d u c t i o n ,  9 4 ,  4 6 – 5 5 .  

https://doi.org/https://doi.org/10.1016/j.jclepro.2015.01.076

Doylo, T., Alemayehu, T., & Baraki, N. (2019). Knowledge and Practice of 

Health Workers about Healthcare Waste Management in Public Health 

Facilities in Eastern Ethiopia. Journal of Community Health, 44(2), 

284–291. https://doi.org/10.1007/s10900-018-0584-z

Egbenyah, F., Udofia, E. A., Ayivor, J., Osei, M.-M., Tetteh, J., Tetteh-

Quarcoo, P. B., & Sampane-Donkor, E. (2021). Disposal habits and 

microbial load of solid medical waste in sub-district healthcare facilities 

and households in Yilo-Krobo municipality, Ghana. PLOS ONE, 16(12), 

e0261211. https://doi.org/10.1371/journal.pone.0261211

Emetumah, F. C., Azuwike, O. D., & Okoye, A. C. (2017). Management of 

Workplace Risks and Hazards using a Safety Consciousness 

Framework. International Journal of Health, Safety and Environments 

(IJHSE), 3(7), 134–141.

Emetumah, F., Okoye, P., & Okoye, C. (2020). Sustainable Approach in the 

Assessment of Safety and Environmental Regulatory Compliance 

During Mining Activities. Journal of Human Ecology, 72(1–3), 104–115. 

https://doi.org/10.31901/24566608.2020/72.1-3.3278

Ezedike, C., Ohazurike, E., Emetumah, F. C., & Ajaegbu, O. O. (2020). 

Health-seeking behavior and waste management practices among 

women in major urban markets in Owerri, Nigeria.  AIMS Public Health, 

7(1), 169–187. https://doi.org/10.3934/publichealth.2020015

Ezeudu, O. B., Ezeudu, T. S., Ugochukwu, U. C., Tenebe, I. T., Ajogu, A. P., 

Nwadi, U. V, & Ajaero, C. C. (2022). Healthcare Waste Management in 

Nigeria: A Review. Recycling, 7(6), 87.

Harrell, F. E. (2015). Binary Logistic Regression. In Regression Modeling 

Strategies With Applications to Linear Models, Logistic and Ordinal 

Regression, and Survival Analysis (2nd ed., pp. 219–274). 

https://doi.org/10.1007/978-3-319-19425-7_10

Kaiser, H. F. (1974). An index of factorial simplicity. Psychometrika, 39(1), 

31–36. https://doi.org/10.1007/BF02291575

107

______Assessment of Sustainable Healthcare Waste Management Practices______



Kasier, H. F. (1960). The application of electronic computers to factor 

analysis. Educational and Psychological Measurement, XX(1), 

141–151.

Luo, O. D., Carson, J. J. K., Sanderson, V., & Vincent, R. (2021). Training 

future healthcare sustainability leaders: Lessons learned from a 

Canadian-wide medical student community of practice. The Journal of 

C l i m a t e  C h a n g e  a n d  H e a l t h ,  4 ,  1 0 0 0 6 6 .  

https://doi.org/https://doi.org/10.1016/j.joclim.2021.100066

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.

Ngwuluka, N., Ochekpe, N., Odumosu, P., & John, S. A. (2009). Waste 

management in healthcare establishments within Jos Metropolis, 

Nigeria. African Journal of Environmental Science and Technology, 

3(12).

Nie, L., Qiao, Z., & Wu, H. (2014). Medical waste management in China: A 

case study of Xinxiang. Journal of Environmental Protection, 2014.

Oli, A. N., Ekejindu, C. C., Adje, D. U., Ezeobi, I., Ejiofor, O. S., Ibeh, C. C., & 

Ubajaka, C. F. (2016). Healthcare waste management in selected 

government and private hospitals in Southeast Nigeria. Asian Pacific 

J o u r n a l  o f  T r o p i c a l  B i o m e d i c i n e ,  6 ( 1 ) ,  8 4 – 8 9 .  

https://doi.org/https://doi.org/10.1016/j.apjtb.2015.09.019

Oyeka, C. A. (2013). An introduction to applied statistical methods (9th ed.). 

Nobern Avocation Publishing Company.

Ranjbari, M., Shams Esfandabadi, Z., Shevchenko, T., Chassagnon-Haned, 

N., Peng, W., Tabatabaei, M., & Aghbashlo, M. (2022). Mapping 

healthcare waste management research: Past evolution, current 

challenges, and future perspectives towards a circular economy 

transition. Journal of Hazardous Materials, 422, 126724. 

https://doi.org/https://doi.org/10.1016/j.jhazmat.2021.126724

Reno, J. (2015). Waste and Waste Management. Annual Review of 

Anthropology, 44(1), 557–572. https://doi.org/10.1146/annurev-anthro-

102214-014146

108

______Assessment of Sustainable Healthcare Waste Management Practices______



Shekoohiyan, S., Parsaee, F., & Ghayour, S. (2022). Assessment of 

knowledge, attitude and practice about biomedical waste management 

among healthcare staff of Fasa educational hospitals in COVID-19 

pandemic. Case Studies in Chemical and Environmental Engineering, 

6, 100207. https://doi.org/https://doi.org/10.1016/j.cscee.2022.100207

Shlens, J. (2005). A Tutorial on Principal Component Analysis. 

https://www.cs.cmu.edu/~elaw/papers/pca.pdf

Tabachnick, B. G., & Fidell, L. S. (2007). Using Multivariate Statistics 5. In 

Boston: Pearson Allyn and Bacon. https://doi.org/10.1037/022267

Udofia, E. A., Fobil, J. N., & Gulis, G. (2015). Solid medical waste 

management in Africa. African Journal of Environmental Science and 

Technology, 9(3), 244–254.

WHO. (2018). Health-care waste. https://www.who.int/news-room/fact-

sheets/detail/health-care-waste

109

______Assessment of Sustainable Healthcare Waste Management Practices______


