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Environmental Burden of Healthcare Waste Incineration Emissions on Surrounding Communities: A Geospatial Analysis





Abstract
	Medical waste mismanagement remains a significant global public health concern, particularly within resource-limited healthcare systems where inadequate infrastructure and weak policy enforcement persist. This study examined healthcare workers’ demographic characteristics, familiarity with medical waste, types of waste generated, and perceptions of training adequacy, policy effectiveness, environmental initiatives, and associated health risks. A total of 251 healthcare workers participated in a cross-sectional survey. Results indicated that the largest age cohort was 36–40 years (26.3%), the majority were female (57.8%), and most had a tertiary education (62.1%). Nearly half of the respondents reported being familiar with medical waste, and all facilities surveyed generated infectious waste, sharps, and general waste. Although 53.8% perceived staff training as adequate, a considerable proportion expressed concerns about the effectiveness of existing policies and current waste management practices. Notably, 57.1% perceived the health risks linked to medical waste as high or very high. Overall, the findings underscore persistent gaps in training, policy implementation, and environmental oversight, emphasizing the need for strengthened capacity-building programs, enhanced regulatory compliance, and the integration of sustainable, facility-level waste management initiatives to reduce adverse health and environmental outcomes.
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1. Introduction 
Medical waste encompasses all materials discarded during the diagnosis, treatment, or immunization of human beings or animals and includes a wide spectrum of potentially hazardous substances such as infectious materials, sharps, chemicals, and pathological waste (World Health Organization [WHO], 2018). When improperly handled, these wastes represent a major source of environmental and public health threats. Numerous studies have linked inadequate medical waste management to increased risks of hospital-acquired infections, occupational injuries, community-level disease transmission, groundwater contamination, and long-term ecological degradation (Harhay et al., 2009). These risks are exacerbated in healthcare systems that are rapidly expanding but lack the corresponding infrastructure, technology, and human resources required to manage the escalating waste burden safely.
In many low- and middle-income regions, the rapid growth of healthcare facilities, changing disease epidemiology, and increased use of disposable medical products have contributed to unprecedented increases in both the volume and complexity of medical waste. However, improvements in waste segregation, storage, transportation, treatment, and disposal have not kept pace with these demands. This mismatch has resulted in significant operational and environmental vulnerabilities, placing both healthcare workers and surrounding communities at heightened risk.
Healthcare workers occupy a central position in the medical waste management chain. Their level of knowledge, perceptions, attitudes, and adherence to standard operating procedures critically determine the efficiency and safety of waste handling practices. Research has demonstrated that consistent training, awareness of health risks, and positive safety culture significantly enhance compliance with institutional policies and global best practices (Udofia et al., 2017). Conversely, deficiencies in knowledge and training, coupled with inadequate supply of protective equipment and weak institutional support, often translate into unsafe practices such as poor segregation, improper disposal, and inconsistent use of protective gear.
Although numerous policies and regulatory frameworks have been developed to guide safe medical waste handling, persistent gaps remain in their implementation and monitoring. Weak enforcement mechanisms, inadequate funding, fragmented oversight, and limited environmental initiatives have been reported widely across healthcare systems, especially in resource-constrained settings. As a result, the presence of policies does not always equate to effective practice on the ground.
Against this backdrop, understanding healthcare workers’ familiarity with medical waste, the types of waste generated, and their perceptions regarding training adequacy, policy effectiveness, environmental initiatives, and health risks becomes crucial for identifying systemic weaknesses. This study provides timely and contextually relevant evidence that can inform policy adjustments, strengthen capacity-building programs, and support the design of sustainable institutional practices. By assessing both awareness and perceptions, the study aims to bridge the gap between existing guidelines and real-world practices, contributing to improved public health protection and enhanced environmental stewardship.

2. Material and Methods 
2.1 Study Area
Jalingo is the capital city of Taraba State, Nigeria, situated in the north-eastern region of the country at approximately latitude 8.9°N and longitude 11.4°E. The city encompasses a mix of urban and peri-urban settlements and serves as a central administrative, commercial, and cultural hub for the state. It hosts various government institutions, educational establishments, and healthcare facilities, making it a focal point for social and economic activities.
The climate in Jalingo is tropical, with distinct wet and dry seasons and an average annual temperature ranging from 23°C to 33°C. The population is ethnically diverse, including groups such as the Fulani, Mumuye, and Jukun, reflecting a rich cultural heritage. Economically, residents are engaged in commerce, agriculture, small-scale industries, and public services.
Jalingo’s healthcare infrastructure includes primary health centers, general hospitals, and a teaching hospital, which collectively generate a variety of medical wastes, including infectious, chemical, sharps, and pathological waste. The city’s combination of high population density, active healthcare services, and limited waste management resources makes it an appropriate site for studying healthcare waste management practices. Examining medical waste generation and disposal in Jalingo provides valuable insights into occupational exposure risks, environmental challenges, and the effectiveness of policy implementation in similar urban centers across northeastern Nigeria.
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Figure 1 Map of the Study Area
2.2 Study Population and Sampling
The study population comprised healthcare workers across all cadres (doctors, nurses, laboratory technicians, waste handlers, and support staff) in selected healthcare facilities in Jalingo. A purposive sampling technique was employed to select facilities with varying levels of healthcare services (primary, secondary, and tertiary) to ensure representativeness. Within each facility, stratified random sampling was used to recruit participants proportionally from different professional categories, resulting in a total sample size of 251 respondents. This approach ensured the inclusion of all key stakeholders involved in medical waste handling and management.
2.3 Data Collection
By integrating pilot testing, reliability assessment, standardization, and ethical oversight, the study ensured that the collected data were high-quality, credible, and generalizable, forming a robust foundation for subsequent analysis and interpretation. A descriptive cross-sectional research design was adopted for this study, as this approach is well-suited for assessing the prevalence of knowledge, attitudes, and practices within a defined population at a single point in time. The design enabled the systematic collection of data reflecting healthcare workers’ familiarity with medical waste, perceptions of training adequacy, policy effectiveness, and associated health risks, while allowing for efficient comparison across different demographic subgroups. Cross-sectional surveys are widely recognized for their utility in public health research, particularly in evaluating institutional performance and identifying operational gaps within healthcare systems. The study sample consisted of 251 healthcare workers, representing a diverse mix of professional categories, including clinical staff, nursing personnel, laboratory technicians, and support staff who routinely interact with medical waste in the course of their duties. A stratified sampling approach was employed to ensure adequate representation across key demographic characteristics such as age, sex, religious affiliation, and educational attainment. Stratification helped to minimize sampling bias and enhance the generalizability of findings by ensuring that the sample mirrored the heterogeneous nature of the healthcare workforce.
2.4 Quality Assurance and Control
To ensure the validity, reliability, and credibility of the data, the following measures were applied: The questionnaire was adapted from validated studies and subjected to pilot testing to enhance content validity. Ambiguous items were revised based on participant feedback. Internal consistency was measured using Cronbach’s alpha, with a value ≥0.70 considered acceptable for all major constructs, ensuring reliable and reproducible measurements. Research assistants were trained in data collection procedures, ethical considerations, and participant engagement to reduce interviewer bias. Standard operating procedures (SOPs) ensured uniform administration of the questionnaire across facilities.
2.5 Ethical Oversight and Confidentiality
Informed consent was obtained from all participants, and responses were anonymized and securely stored. Ethical procedures minimized potential response bias, supporting the validity of the study.
2.6 Operational Standardization
Key variables such as waste types, levels of familiarity, and policy effectiveness were clearly defined and applied consistently across all sites, ensuring accurate measurement and enhancing both internal and external validity.
2.7 Instrument to obtain reliable descriptive estimates
Data were collected using a structured, self-administered questionnaire developed specifically for this study to obtain reliable descriptive estimates and ensure comprehensive coverage of all relevant dimensions of medical waste management. The instrument was designed to capture information across several key domains, including respondents’ demographic characteristics, level of familiarity with medical waste, types of waste generated within their facilities, and perceptions of training adequacy, policy effectiveness, the existence of environmental initiatives, and perceived health risks associated with improper waste handling. The questionnaire consisted of both closed-ended and Likert-scale items to facilitate standardized responses and enable consistent measurement across participants. These structured formats allowed for efficient quantification of perceptions, attitudes, and practices while minimizing respondent burden. The instrument was reviewed by subject-matter experts in environmental health and healthcare management to ensure clarity, relevance, and content validity. Before full deployment, the questionnaire underwent a pilot test with a small subset of healthcare workers to refine wording, improve item flow, and ensure that questions were easily understood and contextually appropriate. The final version of the instrument demonstrated strong face validity and was deemed suitable for assessing the multi-dimensional factors influencing medical waste management practices in healthcare settings. Its structured design enabled the systematic collection of high-quality data necessary for generating accurate descriptive statistics and informing evidence-based recommendations.
2.8 Data Analysis
Data collected from the questionnaires were checked for completeness, cleaned, and entered into IBM SPSS Statistics version 26 for analysis. Both descriptive and inferential statistical techniques were employed to summarize and interpret the findings. Frequencies and percentages were calculated to describe respondents’ demographic characteristics, levels of education, religion, and familiarity with medical waste. Cumulative percentages were used to illustrate the distribution and trends within each variable, providing insights into the general patterns of medical waste knowledge, perceptions of policy effectiveness, and health risk awareness. 
Tables and charts were used to present data clearly, facilitating visual interpretation of key trends. 
2.9 Analysis of Waste Management Practices
Respondents’ reports on the types of medical waste generated were analyzed using frequency counts and percentages to identify the most commonly generated waste streams (e.g., infectious waste, sharps, chemical waste). Perceptions of policy effectiveness, current practice effectiveness, and environmental initiatives were similarly summarized using descriptive statistics to assess attitudes and institutional practices. 
2.10 Comparative Analysis
Where applicable, the study compared findings across demographic groups (e.g., educational level, professional cadre) to identify potential differences in awareness, perceptions, or adherence to medical waste management practices.  Cross-tabulations and cumulative percentage calculations provided an understanding of how variables such as training, education, or professional role influenced familiarity with medical waste and adherence to guidelines. 
2.11 Interpretation and Inference
Descriptive results were interpreted in relation to existing literature and national guidelines to assess the alignment between reported practices and recommended standards (Adewumi et al., 2019; WHO, 2018). Trends in health risk perception and policy effectiveness were analyzed to identify gaps between knowledge, policy, and practice, guiding the formulation of actionable recommendations. All analyses were performed at a 95% confidence level, and results were presented using tables, charts, and narrative summaries to enhance clarity and facilitate discussion in the context of previous studies in Nigeria and globally.
3. Results
Table 1: Age of Respondents
	Age (years)
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	20–25
	22
	8.8
	8.8
	8.8

	26–30
	41
	16.3
	16.3
	25.1

	31–35
	62
	24.7
	24.7
	49.8

	36–40
	66
	26.3
	26.3
	76.1

	41–45
	33
	13.1
	13.1
	89.2

	Above 45
	27
	10.8
	10.8
	100.0

	Total
	251
	100.0
	100.0
	–


Table 1 shows the age distribution of the 251 respondents in the study. The largest age group is 36–40 years, comprising 26.3% of respondents. This is followed by 31–35 years (24.7%) and 26–30 years (16.3%). The younger group (20–25 years) comprises 8.8% of the sample. Respondents aged 41–45 years account for 13.1%, while those above 45 years represent 10.8%. 
Table 2: Sex of Respondents
	Sex
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Female
	145
	57.8
	57.8
	57.8

	Male
	106
	42.2
	42.2
	100.0

	Total
	251
	100.0
	100.0
	–


Table 2 presents the gender distribution of the 251 respondents.
Females constitute the majority, with 145 respondents (57.8%). Males account for 106 respondents (42.2%).  The cumulative percent indicates that females make up 57.8% of the total, and adding males brings the total to 100%.
Table 3: Level of Education of Respondents
	Education Level
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Higher Institution
	156
	62.1
	62.1
	62.1

	Secondary School
	60
	23.9
	23.9
	86.0

	Primary School
	19
	7.6
	7.6
	93.6

	Informal Education
	16
	6.4
	6.4
	100.0

	Total
	251
	100.0
	100.0
	–


Table 3 presents the educational levels of the 251 respondents. The majority, 156 respondents (62.1%), have attained higher institution education. This is followed by 60 respondents (23.9%) with secondary school education, 19 respondents (7.6%) with primary school education, and 16 respondents (6.4%) with informal education. The cumulative percentages show that higher education is the most common, and all education levels together account for 100% of the sample.
Table 4: Familiarity with Medical Waste
	Familiarity
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Very Familiar
	81
	32.3
	32.3
	32.3

	Familiar
	122
	48.6
	48.6
	80.9

	Slightly Familiar
	47
	18.7
	18.7
	99.6

	Not Familiar
	1
	0.4
	0.4
	100.0

	Total
	251
	100.0
	100.0
	–


Table 4 shows the respondents’ familiarity with medical waste. Most respondents, 122 (48.6%), reported being familiar, while 81 respondents (32.3%) were very familiar. A smaller group, 47 respondents (18.7%), were slightly familiar, and only 1 respondent (0.4%) reported being not familiar at all. The cumulative percentages indicate that nearly all respondents have some level of familiarity with medical waste, highlighting a generally high awareness among the sample.
Table 5: Types of Medical Waste Generated
	Waste Type
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Infectious Waste
	251
	100.0
	100.0
	100.0

	Sharps
	251
	100.0
	100.0
	100.0

	Chemical Waste
	229
	91.2
	91.2
	91.2

	Pathological Waste
	203
	81.0
	81.0
	81.0

	General Waste
	251
	100.0
	100.0
	100.0


Table 5 presents the types of medical waste generated according to the respondents. It shows that all respondents (251; 100%) reported infectious waste, sharps, and general waste. Chemical waste was generated by 229 respondents (91.2%), while pathological waste was reported by 203 respondents (81.0%). This indicates that while most medical facilities produce all major types of waste, chemical and pathological wastes are slightly less prevalent compared to infectious, sharps, and general waste. 
Table 6: Adequacy of Staff Training
	Response
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Strongly Agree
	57
	22.7
	22.7
	22.7

	Agree
	78
	31.1
	31.1
	53.8

	Neutral
	33
	13.1
	13.1
	66.9

	Disagree
	46
	18.3
	18.3
	85.2

	Strongly Disagree
	37
	14.7
	14.7
	100.0

	Total
	251
	100.0
	100.0
	–


This table summarizes respondents’ opinions on a given statement. The largest group, 78 respondents (31.1%), agreed, while 57 respondents (22.7%) strongly agreed. 33 respondents (13.1%) were neutral, 46 respondents (18.3%) disagreed, and 37 respondents (14.7%) strongly disagreed. Overall, the majority of respondents (53.8% cumulative) had a positive response (agree or strongly agree), indicating general support or agreement with the statement.
Table 7: Policy Effectiveness Perception
	Response
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Strongly Agree
	77
	30.7
	30.7
	30.7

	Agree
	95
	37.8
	37.8
	68.5

	Neutral
	29
	11.6
	11.6
	80.1

	Disagree
	30
	12.0
	12.0
	92.1

	Strongly Disagree
	20
	8.0
	8.0
	100.0

	Total
	251
	100.0
	100.0
	–


Table 7 presents respondents’ perceptions of policy effectiveness. The majority of respondents viewed the policy positively, with 95 (37.8%) agreeing and 77 (30.7%) strongly agreeing, totaling 68.5% cumulative in agreement. A smaller portion, 29 respondents (11.6%), were neutral, while 30 (12.0%) disagreed and 20 (8.0%) strongly disagreed. Overall, the table indicates that most respondents perceive the policy as effective.

Table 8: Environmental Initiatives
	Response
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Yes
	87
	34.7
	34.7
	34.7

	No
	164
	65.3
	65.3
	100.0

	Total
	251
	100.0
	100.0
	–


Table 8 shows respondents’ involvement in environmental initiatives. A minority, 87 respondents (34.7%), reported participating in such initiatives, while the majority, 164 respondents (65.3%), indicated they do not participate. This suggests that engagement in environmental initiatives among the respondents is relatively low.
Table 9: Perceived Health Impact
	Response
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Very High
	40
	16.0
	16.0
	16.0

	High
	102
	41.1
	41.1
	57.1

	Moderate
	58
	23.1
	23.1
	80.2

	Low
	33
	13.2
	13.2
	93.4

	No Impact
	18
	7.2
	7.2
	100.0

	Total
	251
	100.0
	100.0
	–


Table 9 presents respondents’ perceptions of the health impact of the issue under study. The largest group, 102 respondents (41.1%), perceived the impact as high, while 40 respondents (16.0%) rated it as very high, making a cumulative 57.1% who see a significant health effect. 58 respondents (23.1%) considered the impact moderate, 33 (13.2%) viewed it as low, and 18 respondents (7.2%) felt there was no impact. Overall, the table indicates that most respondents perceive the health impact as moderate to very high.
Top of Form
Bottom of Form

Table 10: Effectiveness of Current Practices
	Response
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Very Effective
	54
	21.5
	21.5
	21.5

	Effective
	91
	36.3
	36.3
	57.8

	Neutral
	38
	15.1
	15.1
	72.9

	Ineffective
	46
	18.3
	18.3
	91.2

	Very Ineffective
	22
	8.8
	8.8
	100.0

	Total
	251
	100.0
	100.0
	–


Table 10 presents respondents’ views on the effectiveness of current practices. The majority perceived the practices positively, with 91 respondents (36.3%) rating them as effective and 54 respondents (21.5%) as very effective, totaling 57.8% cumulative in positive responses. 38 respondents (15.1%) were neutral, while 46 (18.3%) considered the practices ineffective and 22 (8.8%) very ineffective. Overall, the table indicates that more than half of the respondents view the current practices as effective, though a notable portion still finds them lacking.
4. Discussion
This study revealed that most healthcare workers in the sample possess considerable familiarity with medical waste, corroborating findings from other Nigerian settings where high awareness and knowledge levels among health workers have been reported (Sidney‑Nnebue et al., 2022). Similar to our findings, Adewumi et al. (2019) found that awareness of medical waste issues was prevalent; however, the adequacy of practical training often lagged behind theoretical knowledge—a pattern also noted in Kaduna where knowledge did not consistently translate into best practice, especially among lower‑cadre staff such as waste handlers (Musa et al., 2023). These parallels indicate a recurring challenge in Nigerian healthcare contexts: knowledge alone is insufficient without continuous, occupation‑specific training and supportive supervision.
Consistent with our results showing diverse types of medical waste generated, studies in Nigeria report similar variability in waste streams and the need for improved segregation and disposal practices (Adekemi & Michael, 2024). Despite awareness, implementation of guidelines remains inconsistent; for example, compliance with national healthcare waste management guidelines was found to be suboptimal in Abakaliki, with facility implementation scores lagging behind individual knowledge (Ituma et al., 2024). This mirrors our observation that while policy awareness exists, the operationalization of waste management practices at the facility level remains weak.
Perceptions of policy effectiveness in our study were largely positive, though a substantial minority disagreed—highlighting the perceived gap between policy existence and practical enforcement. This is supported by literature showing that Nigeria’s national healthcare waste management policy, while a significant step, has seen uneven implementation across facilities, particularly outside tertiary settings (Oludotun Sowande et al., 2012). Such findings indicate that policy formulation alone is insufficient without mechanisms for monitoring, enforcement, and resource allocation.
The high perceived health risks related to medical waste in our findings reflect global and Nigerian experiences of occupational exposure concerns (Omoleke et al., 2021). Studies at the primary healthcare level in northwest Nigeria demonstrate that inadequate management practices increase exposure risks for workers and communities, especially in low‑resource settings (Omoleke et al., 2021). Similarly, research from Lagos and other urban centres highlights persistent issues with waste segregation and disposal, further underscoring the public health implications of suboptimal waste management systems (Awodele et al., 2016)
While over half of our respondents rated current practices as effective, notable proportions viewed them as ineffective—indicating mixed satisfaction with operational practices. This duality echoes the broad pattern seen across Nigeria, where pockets of good practice exist alongside systemic weaknesses in infrastructure, funding, and training (Abubakar & Emigilati, 2022). 
Overall, the results of this study reinforce existing evidence from Nigeria that effective medical waste management requires not only improved training and awareness but also institutional investments, consistent guideline implementation, and institutional enforcement structures to bridge the gap between policy and practice.
5. Conclusion
This study demonstrates that healthcare workers in Jalingo possess a substantial level of awareness and familiarity with medical waste management, reflecting a foundational understanding of safe practices. However, significant gaps remain in training adequacy, environmental initiatives, and the practical implementation of existing policies, indicating that knowledge does not always translate into consistent or safe practices at the facility level.
The findings highlight the diversity of medical waste types generated across healthcare facilities, including infectious, sharps, chemical, and pathological waste, emphasizing the critical need for effective segregation, handling, and disposal systems. While respondents generally perceive current policies and practices as moderately effective, the limited adoption of facility-level environmental initiatives and inconsistencies in policy enforcement suggest systemic challenges that may exacerbate occupational health risks and environmental hazards.
To address these challenges, healthcare institutions must prioritize:
Capacity-building and regular training for all cadres of healthcare workers to ensure knowledge is consistently applied in practice. 
Investment in infrastructure, including adequate waste segregation containers, personal protective equipment, and environmentally sustainable disposal systems. 
Strict enforcement and monitoring of policies, coupled with supportive supervision to bridge the gap between policy formulation and operational compliance. 
Promotion of sustainability initiatives, such as waste minimization, recycling, and safe disposal, to mitigate environmental impacts. 
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