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Abstract
Solid waste is inevitable, but the bone of contention is poor management, occasioned by swift
population increase, urbanization, and development, multiplying waste volume in society. Therefore, the
study explored the geospatial distribution of solid waste dumpsites in Nsukka Urban, Enugu state.
Leveraging the Theory of Planned Behavior (TPB) and Community-Based Participatory Research (CBPR),
this research investigates the socio-environmental dynamics and community engagement related to
waste management practices. Using Global Positioning System (GPS) waypoints and QGIS (Quantum
Geographic Information System) software, version 3.40.1, a total of 57 waste disposal sites were
identified (33.3% authorized and 61.4% unauthorized sites), with a high concentration in the northeastern
part. Interviews with local waste disposal workers and residents were conducted to identify, gather, and
analyze data on waste disposal practices and concentration at the dumpsites. The spatial analysis
explored using Nearest Neighbor Analysis (NNA) revealed a clustered pattern of open waste disposal
sites (Rn = 0.47). There were clear signs of poor waste management, including littered waste and delays
in waste evacuation. Factors influencing indiscriminate waste disposal include the distance of
dumpsters, inadequate sanitation facilities, non-compliance with waste evacuation monthly payments,
inconsistency in sanitation dues collection, and inadequate funding. The study recommends placing
additional dumpsters in areas lacking them and using Geographic Information Systems in planning to
enhance sustainable waste management practices.

Introduction
Sustainable waste management efforts are made much more arduous by the global increase in waste
generation (Mor and Ravindra, 2023). This is because, as population is increasing, the quantity of waste
produced on daily bases has upsurged exponentially. The global average waste production is 0.74
kg/Cap/day, with rates varying across countries (Mor and Ravindra, 2023). Due to rising urbanization and
increasing population, the world's yearly waste generation is expected to total 3.40 billion tonnes by
2050 (Omotayo, 2024).In most African cities, solid waste management presents a formidable challenge.
Up to 90% of waste is openly dumped and often burned, producing harmful substances that impact
public health and the environment (Mebratu, 2022). 

Urban areas are proliferating, with the highest annual increase rate globally at 3.5%, yet waste
management infrastructure, particularly in slums and rural areas, is not keeping pace (UNICA, 2009). less
than half of solid waste are collected and 95% are disposed indiscriminately at dumping sites
(Hoornweg and Bhada-Tata, 2018). The increasing use of ICT and technology, particularly computers and
mobile phones, is leading to a significant e-waste stream in Africa, resulting in no waste management
capacity and causing both municipal and e-waste to be disposed of at dump sites (UNECA, 2009).  

Solid waste disposal sites, often located on the outskirts of urban areas, are home to flies, mosquitoes,
and rodents, which become child sources of contamination because of their incubation and growth.
These organisms spread disease that impact the population's health, which has its natural defenses in a
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formative and creative state (Abul, 2010). The pollution caused by waste from street vendors is
particularly evident in the central business districts of cities in developing nations (Grangxabe et al.,
2024).  Despite significant waste recycling potential, only a small fraction is processed, with informal
waste pickers playing a major role in resource recovery from these sites (Li et al., 2022; Hidalgo-Crespo
et al., 2023). 

In Nigeria, municipal solid waste is primarily disposed of through open spaces, waterways, or burn piles
due to insufficient waste collection coverage and limited access to centralized facilities (Ezeah and
Roberts, 2014; Nnaji et al., 2020; Inem et al., 2021). Nigeria's waste management is poor and difficult
throughout the process (Nwosu and Chukwueloka, 2020). Nigeria generates daily solid waste of 0.43-
0.66 kg/capital/day and annually over 32 million tons, with only a fraction collected particularly from
households, local industries, artisans, and traders (Orhorhoro and Oghoghorie 2019; Bakare, 2020).

 Illegal waste dumpsites in Nigerian cities are a result of a feeble waste management system, causing
aesthetic loss, environmental harm, disease spread, and pollution (Nnaji, 2015; Momodu et al., 2011).
Improper waste collection for final disposal result in health issues like typhoid fever, cholera, dysentery,
skin disease, malaria, hepatitis, and guinea horn disease, and can also cause epidemic outbreaks
(Bassey et al., 2006). Current cholera outbreak in Nigeria is a good example as at least 1528 suspected
cases and 53 casualties was reported between January to June 24, 2024, within 30 states in Nigeria,
according to the Nigeria Centre for Disease Control and Prevention (NCDC) (Nigeria Health Watch, 2024).
The disposal of solid waste in Nigeria has been a protracted issue. However, the application of GIS and
Remote Sensing Technologies has significantly enhanced the modalities to spatially identify the best
locations for waste disposal sites, expediting the planning process and reducing operational
costs(Onuigbo and Bello, 2014, Kaoje et al., 2016). 

In Enugu state, Onyishi et al. (2023) revealed significant deficiencies in waste management in Enugu
Metropolis, including inadequate collection, transfer, separation, and disposal, and minimal recycling
efforts. Nsukka urban in Enugu State has witnessed rapid population and economic growth over the last
two decades (Eze, 2021). This has increased the generation of heterogeneous solid wastes dumped in
open spaces across the city due to lack of efficient waste collection and disposal infrastructure (Ugwu,
2018). The Enugu State Waste Management Authority (ESWAMA) in Nsukka, struggles to manage the
large volume of waste generated, and despites the concerted efforts of the agency, the challenges
appear unabated (Nwosu et al., 2017; Nnaji, 2015). As of 2012, only one of the two collection trucks was
functional (Nnaji et al., 2021). The inability to handle the volume of waste has led to delays in evacuating
waste at temporary dumpsites.

Numerous studies on waste management practices in Nigeria, including Nsukka abound in literature
(Popoola et al., 2016; Ugwu and Echiegu, 2018; Nnaji et al., 2020). However, the spatial dimension of
open dumpsites in Nsukka urban is limited in literature, which aroused the interest for this study. The
study examined the geospatial distribution of open waste dumpsites in Nsukka urban. The study aims to
identify authorized and unauthorized waste dumpsites, analyse spatial waste disposal patterns, and
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pinpoint areas with the highest concentration of open dumpsites.Leveraging on the Theory of Planned
Behavior (TPB) and Community-Based Participatory Research (CBPR), this research investigates the
socio-environmental dynamics and community engagement related to waste management practices.
Understanding geospatial factors associated with existing dumpsites through GIS, leveraging on these
theories could expedite identification of alternative safer disposal options for sustainable waste
management (Asafa, 2022). This study is crucial and apt as it provides practical insights to develop
comprehensive strategies to addressing the complex issues of open waste disposal in the Nsukka
urban.

The Research Hypothesis

1. There is no significant difference between the distribution (or pattern) of open waste dump sites
and a random distribution (pattern)in Nsukka urban. 

1.7.1 Overview of the Study Area

The research area is Nsukka Urban, located in southeast Nigeria between 06° 18' and 07° 06' north and
06° 52' and 07° 54east (Ezeide et al., 2017). As an urban area, it is bordered to the north by Eden,
ObolloAfor, and Opi (an archaeological site) (Okereke et al., 2022). Its population is 309,633, comprising
149,241 males and 160,392 females (NPC, 2006, Nnaji et al., 2021). It has an average temperature of
about 27˚C (80˚F) and a typical vegetation of rain forest (Nnaji et al., 2021). The study area is home to
the main campus of the University of Nigeria, being the first indigenous university in the country, founded
by the late Dr. Nnamdi Azikiwe in 1960 (Okereke et al., 222), primarily inhabited by civil servants,
students, traders, and farmers (Nnaji et al., 2021). 

The problem of solid waste management is a critical concern in Nsukka (Nnaji et al., 2021).Households
commonly use various types of waste containers, including plastic, polythene bags, cartons, metal
containers, and drums (Nnaji et al., 2021). However, iinadequate waste services and disposal facilities
lead to issues like open dumping in urban areas like Nsukka Urban in Nigeria, Onyeka (2011) emphasized
the widespread issue of uncoordinated street refuse dumping, which poses environmental threats to
building facilities and public health in Nsukka. The current state of solid waste management in Nsukka
urban is worrisome as wastes are seen dumped at the heart of the town. Map of Enugu showing the
study area and map of Nsukka urban are in figure 1 and 2.

2.2 TheoreticalConcept 

This study employs the Theory of Planned Behavior (TPB) and Community-Based Participatory Research
(CBPR) to holistically examine and address the spatial and social dynamics of waste disposal in Nsukka
urban

2.2.1. The Theory of Planned Behavior (TPB)
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The Theory of Planned Behavior (TPB), proposed by Ajzen (1991), offers a comprehensive framework for
understanding human behavior, particularly in the context of waste disposal. According to TPB, an
individual's behavior is influenced by their intention to perform the behavior, which, in turn, is shaped by
three main factors: attitude towards the behavior, subjective norms, and perceived behavioral control.

Attitude towards the behavior encompasses the individual's positive or negative evaluation of the
behavior. It extends to one’s belief on something. In the context of waste disposal, attitudes may
include perceptions of the environmental impact of open waste disposal, concerns about health
risks associated with improper waste management, and considerations related to the aesthetics of
waste disposal sites (Ajzen, 1991).

Subjective norms refer to the perceived social pressures to perform or not perform the behavior. For
waste disposal, subjective norms could include the influence of family, friends, and community
members who may approve or disapprove of open waste disposal practices. These social pressures
can significantly impact an individual's intention to engage in proper waste disposal practices
(Ajzen, 1991).

Perceived behavioral control relates to the individual's perceived ease or difficulty in performing the
behavior. Factors such as access to waste disposal facilities, knowledge about proper waste
disposal methods, and the availability of alternative disposal options can influence perceived
behavioral control. Individuals who perceive waste disposal to be within their control are more likely
to engage in proper disposal practices (Ajzen, 1991).

Community-Based Participatory Research (CBPR)

Community-Based Participatory Research is a collaborative approach to research that involves
community members throughout the research process. It emphasizes the importance of involving
community stakeholders as equals in the research process to ensure that the outcomes are relevant and
beneficial for the community. Integrating the Community-Based Participatory Research (CBPR)
approach, this framework ensures that the research process is inclusive and collaborative, engaging
community members as active partners. CBPR enhances the application of TPB by ensuring that
community insights and perspectives inform the identification, mapping, and analysis of waste disposal
sites. This approach not only enriches the data with local knowledge but also fosters community
empowerment by involving them in the research process, thereby increasing the likelihood of sustainable
outcomes (Israel et al., 1998).By integrating the Theory of Planned Behavior (TPB) and Community-
Based Participatory Research (CBPR) into the conceptual framework, this study aims to
comprehensively understand the spatial and social dynamics of waste disposal in Nsukka urban. This
approach facilitates the development of targeted interventions that are effective and rooted in the needs
and realities of the community. By ensuring that the study's findings and recommendations are
practically applicable, this integrated approach contributes to improved environmental health and
enhanced community well-being in urban landscapes

Methodology
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3.1 Study Design

The study employed a combination of Geographic Information Systems (GIS), Global Positioning System
(GPS) waypoints, and interviews to gather and analyze data on waste disposal practices and dumpsites
within Usukka urban. Leveraging on the Theory of Planned Behavior (TPB) and Community-Based
Participatory Research (CBPR), this research investigates the socio-environmental dynamics and
community engagement related to waste management practices.

Method of Data Collection

A combination of secondary and primary data was employed. The secondary data include data from
books, journal articles, map, newspapers and other internet documents. The primary data  were gathered
through observation and interview with waste disposal workers and Nsukka residents. The essence was
to gather firsthand information into the operational aspects and societal impacts of waste disposal sites
in Nsukka Urban. Geographical coordinates of various open waste disposal dumpsites were recorded
using the GPS Waypoint app. This method ensured precise location tracking of each site within Nsukka
Urban. Simultaneously, photographs of these sites were taken to show at a glance the physical
conditions and surroundings of the dumpsites. 

Data Analysis

Coordinates gathered from the field were imputed into an Excel spreadsheet as preliminary data, which
included critical details such as legality, precise coordinates, and descriptions of the locations. This
dataset was then converted into a comma-separated values (CSV) file format to facilitate further
processing with QGIS (Quantum Geographic Information System) software (Flenniken et al., 2020). Once
imported into QGIS, the data in CSV format was transformed into a shapefile for detailed spatial
analysis. The digital base map of Nsukka Urban, sourced and digitized from satellite imagery based on
OpenStreetMap (OSM) standards, was used within QGIS. Spatial analyses were performed, involving
creating a distance matrix to evaluate the proximity between sites and e6mploying the area
measurement tool to determine the total square kilometres of the study area. Nearest Neighbour
Analysis (NNA) was adopted to evaluate the spatial distribution(pattern) of dumpsites in Nsukka Urban.
The formula for NNA is:

 Rn =2(D) * √N/A, 

where:

Rn represents the Nearest Neighbour Index

D is the mean distance between the nearest dump sites in square kilometres,

N is the number of points (dump sites),

A is the study area. 
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According to ESRI, If the index (average nearest neighbor ratio) is less than 1, the pattern exhibits
clustering. and if the index is greater than 1, the trend is toward dispersion. Therefore 

𝑅n >1: If the index is greater than 1, it suggests a dispersed pattern. This means dumpsites are
spaced out more than if they were randomly placed.

𝑅𝑛 =1: An index of exactly 1 indicates a random distribution — the dumpsites are neither clustered
nor evenly spread out.

𝑅𝑛<1: If the index is less than 1, it implies a clustered pattern. Dumpsites are grouped closer
together than one would expect in a random distribution

This statistical approach was used to address the stated hypothesis. Two separate maps were produced
to present the overall and legal/illegal distributions of waste dumps in Nsukka Urban. Additionally, a
heatmap was generated to visualize and pinpoint areas with high concentrations of dumpsites.

Results and Discussion
Classifications of Waste Disposal Sites

A total of 57 waste disposal sites was identified across Nsukka Urban (Table 1). Of these, 19 are
authorized sites officially recognized and regulated by Enugu State Waste Management Authority
(ESWAMA), Nsukka branch, while 38 are unauthorized, indicating a significant challenge in managing
urban waste effectively as the unauthorized are more in number than approved sites. The unauthorized
sites are initiated by the residents who took advantage of undeveloped land andopen spaces close to the
road. Most of the illegal dumpsitesare very close to residential houses and people staying in such
locations may be prone to malarial, cholera and mosquitoes.The coordinates, status and locations of
these dumpsites are included in Table 1.

Table 1: Classification of Solid Waste Disposal Sites in Nsukka Urban
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DUMPSITES LATITUDE LONGITUDE STATUS LOCATION 

1 6°51'21.36" 7°23'42.59" ILLEGAL UNIVERSITY RD1

2 6°50'52.07" 7°23'44.62" LEGAL AKU RD

3 6°50'28.74" 7°24'9.43" LEGAL ECHARA RD

4 6°51'16.21" 7°24'12.71" ILLEGAL MOUKA RD2

5 6°51'22.12" 7°24'18.71" ILLEGAL ODENIGWE 1

6 6°51'16.13" 7°24'16.78" ILLEGAL ODENIGWE RD 2

7 6°51'13.34" 7°24'39.38" ILLEGAL HIL TOP RD 1

8 6°51'12.31" 7°24'46.32" ILLEGAL HIL TOP RD 2

9 6°51'31.13" 7°24'41.95" ILLEGAL HIL TOP FENCE 1

10 6°51'33.87" 7°24'42.49" ILLEGAL HIL TOP FENCE 2

11 6°51'37.80" 7°24'43.34" LEGAL AKINTOLA HOSTEL UNN

12 6°51'47.98" 7°24'49.01" LEGAL BESIDE STUDENT AFFAIRS UNN

13 6°51'54.56" 7°24'44.16" ILLEGAL VERTERNARY DEPARTMENT UNN

14 6°52'0.37" 7°24'38.20" ILLEGAL BESIDE ABUJA BULDING UNN

15 6°51'52.43" 7°24'26.60" LEGAL CONTAINER UNN

16 6°51'43.75" 7°24'36.79" LEGAL BESIDE EKPO REF UNN

17 6°51'43.85" 7°24'17.30" LEGAL GS BUILDING UNN

18 6°51'39.11" 7°24'30.38" LEGAL GEOGRAPHY DEP. UNN

19 6°50'25.78" 7°23'28.23" LEGAL TECTANUS RD

20 6°52'06.14" 7°24'11.52" ILLEGAL ENI NJOKU HOSTEL UNN

21 6°51'18.91" 7°23'34.74" LEGAL PRISON RD

22 6°51'25.05" 7°23'56.53" LEGAL UNN MARKET RD

23 6°50'52.03" 7°23'53.90" ILLEGAL BEHIND PEACE PARK

24 6°51'18.29" 7°24'8.08" ILLEGAL MOUKA RD1

25 6°51'20.40" 7°23'0.44" LEGAL NSK-ONITSHA RD1

26 6°51'37.42" 7°23'8.93" ILLEGAL NSK-ONITSHA RD2

27 6°50'56.05" 7°23'18.83" ILLEGAL BESIDE ST TERESE RD

28 6°52'21.19" 7°24'31.52" ILLEGAL ODIM RD 1 UNN
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29 6°52'18.74" 7°24'31.43" ILLEGAL ODIM RD 2 UNN

30 6°52'11.08" 7°24'31.59" ILLEGAL ODIM RD 3 UNN

31 6°52'9.15" 7°24'31.11" ILLEGAL ODIM RD 4 UNN

32 6°50'50.57" 7°23'18.64" LEGAL NEW ANGLICAN RD

33 6°51'24.26" 7°24'37.33" ILLEGAL HITOP RD 3

34 6°50'52.95" 7°24'6.68" ILLEGAL ORBA RD 1

35 6°50'13.72" 7°22'12.41" LEGAL IKENGA JUCTION

36 6°50'40.77" 7°21'53.09" ILLEGAL IBEGWA ANI RD

37 6°50'47.76" 7°22'24.26" ILLEGAL AGU EHERA PR SCHOOL

38 6°50'33.96" 7°24'23.29" LEGAL UMUCHE RD

39 6°49'50.52" 7°24'26.50" ILLEGAL AMULA RD (ENUGU RD)

40 6°51'50.81" 7°23'18.14" ILLEGAL OBOLO IDAH RD

41 6°52'22.86" 7°23'58.08" LEGAL BEHIND FLAT JOINT

42 6°51'50.68" 7°23'45.47" ILLEGAL UNN RD

43 6°52'44.61" 7°24'19.82" LEGAL NKPUR JUNCTION

44 6°52'38.99" 7°23'58.80" ILLEGAL ONUHI RD

45 6°49'42.19" 7°24'25.05" ILLEGAL ENUGU RD 1

46 6°50'20.10" 7°21'58.24 ILLEGAL NIBO RD

47 6°52'12.05" 7°24'6.00" ILLEGAL UNN BOYS HOSTEL

48 6°50'42.42 7°21'42.60" ILLEGAL IBEGWA ANI RD 2

49 6°52'6.80" 7°23'10.64" ILLEGAL OBOLO-IDAH RD1

50 6°52'10.12" 7°23'10.98" ILLEGAL OBOLO-IDAH RD2

51 6°52'10.12" 7°23'58.87" ILLEGAL OBUKPA RD1

52 6°52'56.83" 7°23'54.17" ILLEGAL OBUKPA RD2

53 6°50'57.51 7°25'43.59" ILLEGAL UNN GATE 3

54 6°50'58.35" 7°23'36.67" LEGAL BISHOP SHANAHAN HOSPITAL

55 6°52'39.04" 7°24'30.02" ILLEGAL BESIDE EJUONA PR SCH

56 6°52'9.20" 7°23'54.52" LEGAL UNN GATE 2

57 6°52'9.64" 7°23'59.97" ILLEGAL UNN PG HOSTEL
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Spatial Distribution of Solid Waste Dump Sites

The spatial distribution of waste dumpsites is in Figures 3 and 4. The entire waste dumpsites are
indicated with purple points (fig. 3), while the authorised and unauthorised dumpsites are marked with
green and red colours, respectively (fig. 4). The dumpsites were found more in the north-eastern part of
Nsukka urban, probably in accordance with the general trend of urbanization and where population was
higher. As long as people live there, waste will inevitably be produced, but abuse of it is the bone of
contention. By implication, areas with a higher density of dumpsites are likely to have higher trash
volumes, and their inhabitants are likely to have greater issues connected to poor waste management.
For example, compared to other communities, the” Ihe” and “Owerri Nsukka” communities with the most
dumpsites may suffer more, especially if these dumps are not cleared promptly.Consequently, a spatial
database that visually represents the distribution and status of waste disposal sites for sustainable
planning and development is paramount.

Statistical Analyzing of the Distribution (Pattern) of Waste Dump Sites

To ascertain the spatial arrangement of waste dumpsites across Nsukka Urban, a Nearest Neighbour
Analysis (NNA) was conducted. This statistical approach was employed to address hypothesis 1 that
states that “there is no significant difference in the distribution of open waste dumpsites across the
Nsukka urban area.”.The formula used is:

Rn =2(D) * √N/A.

Where:

Rn represents the Nearest Neighbor Index

D is the mean distance between nearest dump sites in square kilometers,

N is the number of points (dump sites),

A is the area of the study in square kilometers.

Determination of Average Distance (D):Distance of each dumpsite to the nearest dumpsite are shown in
table 2.

Table 2: The Proximity of Each Waste Disposal Site to its Closest Neighbor
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S//N DUMPSITES DUMPSITES DISTANCE (KM)

1 UNIVERSITY ROAD 1 PRISON ROAD 0.25

2 AKU ROAD BEHIND PEACE PARK 0.28

3 ECHARA RD UMUCHE ROAD 0.45

4 MOUKA ROAD 2 ODENIGWE ROAD 2 0.12

5 ODENIGWE 1 ODENIGWE ROAD 2 0.19

6 ODENIGWE ROAD 2 MOUKA ROAD 2 0.12

7 HIL TOP ROAD 1 HIL TOP ROAD 2 0.22

8 HIL TOP ROAD 2 HIL TOP ROAD 1 0.22

9 HIL TOP FENCE 1 HIL TOP FENCE 2 0.09

10 HIL TOP FENCE 2 HIL TOP FENCE 1 0.09

11 AKINTOLA HOSTEL UNN HIL TOP FENCE 2 0.12

12 BESIDE STUDENT AFFAIRS UNN VERTERNARY DEPARTMENT UNN 0.25

13 VERTERNARY DEPARTMENT UNN BESIDE STUDENT AFFAIRS UNN 0.25

14 BESIDE ABUJA BULDING UNN VERTERNARY DEPARTMENT UNN 0.26

15 CONTAINER UNN GS BUILDING UNN 0.39

16 BESIDE EKPO REF UNN GEOGRAPHY DEP UNN 0.24

17 GS BUILDING UNN CONTAINER UNN 0.39

18 GEOGRAPHY DEP UNN BESIDE EKPO REF UNN 0.24

19 TECTANUS ROAD NEW AGLICAN ROAD 0.82

20 ENI NJOKU HOSTEL UNN UNN BOYS HOSTEL 0.25

21 PRISON RD UNIVERSITY ROAD 1 0.25

22 UNN MARKET RD MOUKA ROAD 1 0.41

23 BEHIND PEACE PARK AKU ROAD 0.28

24 MOUKA ROAD 1 MOUKA RD2 0.16

25 NSK-ONITSHA ROAD 1 NSK-ONITSHA ROAD 2 0.58

26 NSK-ONITSHA ROAD 2 OBOLO IDAH ROAD 0.50

27 BESIDE ST TERESE ROAD NEW AGLICAN ROAD 0.17

28 ODIM ROAD 1 UNN ODIM ROAD 2 UNN 0.08
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29 ODIM RD 2 UNN ODIM ROAD 1 UNN 0.08

30 ODIM ROAD 3 UNN ODIM ROAD 4 UNN 0.06

31 ODIM ROAD 4 UNN ODIM ROAD 3 UNN 0.06

32 NEW AGLICSN ROAD BESIDE ST TERESE ROAD 0.17

33 HITOP ROAD 3 HIL TOP FENCE 1 0.25

34 ORBA ROAD 1 BEHIND PEACE PARK 0.39

35 IKENGA JUCTION NIBO ROAD 0.48

36 IBEGWA ANI ROAD IBEGWA ANI ROAD 2 0.33

37 AGU EHERA PR SCHOOL IBEGWA ANI ROAD 0.98

38 UMUCHE ROAD ECHARA ROAD 0.45

39 AMULA RD (ENUGU ROAD) ENUGU ROAD 1 0.26

40 OBOLO IDAH ROAD NSK-ONITSHA ROAD 2 0.50

41 BEHIND FLAT JOINT OBUKPA ROAD 1 0.39

42 UNN ROAD UNN GATE 2 0.63

43 NKPUR JUNCTION BESIDE EJUONA PR SCH 0.36

44 ONUHI ROAD BEHIND FLAT JOINT 0.50

45 ENUGU ROAD 1 AMULA ROAD (ENUGU ROAD) 0.26

46 NIBO ROAD IKENGA JUCTION 0.48

47 UNN BOYS HOSTEL PG HOSTEL 0.20

48 IBEGWA ANI ROAD 2 IBEGWA ANI ROAD 0.33

49 OBOLO-IDAH ROAD 1 OBOLO-IDAH RD2 0.10

50 OBOLO-IDAH RD2 OBOLO-IDAH RD1 0.10

51 OBUKPA ROAD 1 PG HOSTEL 0.04

52 OBUKPA ROAD 2 ONUHI ROAD 0.57

53 UNN GATE 3 HIL TOP ROAD 2 1.82

54 BISHOP SHANAHAN H AKU ROAD 0.31

55 BESIDE EJUONA PR SCH NKPUR JUNCTION 0.36

56 UNN GATE 2 OBUKPA ROAD 1 0.14

57 PG HOSTEL OBUKPA ROAD 1 0.04
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  SUM = 18.30

      MEAN = 0.3

The average nearest neighbor distance was calculated to be 0.3 kilometers. This measurement shows
the average proximity of each waste disposal site to its closest neighbor.

Number of Waste Disposal Sites (N): A total of 57 dumpsites were identified, including authorized and
unauthorized. 

Extent of the Study Area (A): The spatial extent covered was 92 square kilometers of urban space,
setting the boundaries for the NNA.

Substituting the values:

Rn = 2 * 0.3 * √57/92

Rn = 0.6 * √0.61

Rn = 0.6 * 0.78

Rn = 0.47

Since Rn of 0.47 is approximately 0.5, the pattern of waste dump sites indicates a clustered pattern. The
NNA of 0.5, is significantly below 1, meaning that the waste disposal sites within Nsukka Urban are not
randomly or uniformly distributed but are clustered which could informed reasons why most residents
discard wastes indiscriminately. From observation, most of the waste dumps are concentrated in the
northeastern part. This clustering pattern could be the influenceof accessibility/proximity, urbanizing
nature of the region and the high population density in the northern parts of the area.

4.4: Concentrationof Solid Waste Dumpsites

Figure 5 shows the intensity and hotspots where waste dump sites are highly concentrated. The areas,
depicted with intense coloration on the heatmap, represents critical hotspot zones where waste heaps
are higher. This could be linked to the urbanizing nature of these areas and the high population density,
particularly in the northeastern part of Nsukka urban. Location with highest concentration of waste
dumps is Ihe Nsukka, followed by Owere Nsukka. Since bulk of the dump sites are in these locations, the
residents might equally be bearing much impacts from these dump sites which are inimical to human
health compare to other locations and these could affect the socioeconomic life of the residents.
Despite the high demand for accommodation in Nsukka urban, most people prefer    eco-friendly
environment irrespective of the price of rentage. While some due to poverty, opt to location where
accommodation is affordable, and bear waste impacts, and probably spending more on drugs and
hospital bills unwittingly. Sustainable waste management practices could prevent environmental
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degradation and illnesses, ensuring the safety of residents and reducing the impact of poor waste
manage

From observation, many of these sites are sited alarmingly close to residential areas, where the
proximity of waste accumulation leads to direct exposure to health hazards for the inhabitants. The
presence of waste in such close quarters to homes not only facilitates the spread of disease vectors
such as rodents and insects but also contributes to air and water pollution that could affect broader
ecological systems.Moreover, a recurring issue noted was the obstruction of drainage channels by
improperly disposed waste. This mismanagement exacerbates flooding risks during the rainy season,
leading to potential property damage and increasing the risk of waterborne diseases. Someheaps of
wastes were burned openly, further diminishes the aesthetic value of the community and negatively
impacting the life of residents. The compelling photographs of these waste dump sites depicting the
conditions of the examined sites are in plate 1 to 3.

These images depict waste heaps alongside the routine activities of the community, highlighting the
urgency for addressing waste management as a critical component of urban planning. 

Interviews conducted with local waste management officials and residents shed light on the operational
challenges and societal impacts of current waste practices. Waste management personnel reported
issues such as inadequate resources for proper waste processing and irregular service schedules, which
hinder effective management.Furthermore, most residents do not comply to their monthly financial
obligation towards sanitation. From the community perspective, residents expressed concerns over
health issues arising from the proximity of dumpsites to their homes. They lamented on unpleasant odor
and an increase in pest-related problems, which they directly attributed to waste at dumpsites. Feedback
from these interviews suggests a sensitive lapse between the waste management services provided and
the needs of the community. This gap underscores the necessity for a participatory approach in waste
management planning that includes community feedback to ensure that services meet local needs for
sustainable waste management.

Conclusion
The geospatial analysis of waste disposal sites in Nsukka Urban, Enugu State, Nigeria was examined.
The study revealed a significant concentration of both authorized and unauthorized dumpsites.The
untheorized dumpsites (67%) were more than the authorized dumpsites (33%). Arbitrary dumping of
wastes by the residents is occasioned by some factors like inadequate dumpsters, far distances of
officially approved dump sites and unwillingness of some who do not want to stress themselves to those
legal waste dumpsites.

The findings show a pronounced clustered waste disposal sites, particularly in the northeastern parts of
the urban area, which are heavily influenced by urbanization and high population density. Since the
Nearest Neighbor Analysis is less than 1 (RN = 0.47), the distribution (pattern) of dumpsites is
clustered.This spatial clustering is indicative of systemic inefficiencies in waste management



Page 15/27

infrastructure and highlights areas where intervention is critically needed.Indiscriminate disposal of
wastes and poor management of dumpsites poses serious environmental and public health risks. These
risks include the spread of disease through vectors such as rodents and insects, and the contamination
of air and water resources, which significantly impacts the well-being of the people in Nsukka urban. The
study highlights the negative impact of waste on the community, emphasizing the need for
comprehensive waste management strategies.The integration of spatial data with community insights
has provided a robust foundation for understanding the challenges and dynamics of waste management
in Nsukka Urban. It is evident that the current waste management practices are insufficient to meet the
needs of the growing urban population and do not comply with sustainable waste management
practices. Consequently, the study therefore suggests the following:

Additional dumpsters should be prioritized and strategically placed to shorten the commute to disposal
locations. The government should establish modern landfill sites and waste recycling centres, utilizing
recycling opportunities to reduce waste, engage youth, and generate income.Waste management laws
and regulations should be strictly enforced to discourage indiscriminate dumping. Awareness campaign
is essential to educate the public on the health and environmental risks of improper waste disposal.
Utilizing Geographic Information Systems (GIS) and other spatial tools to continuously update the
database of waste disposal sites and monitor changes in waste patterns will support effective
management.By adopting these recommendations, Nsukka urban can move towards sustainable waste
management practices that enhance life and environmental quality.
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Plates 1 to 3 are available in the Supplementary Files section.

Figures

Figure 1

Enugu state showing the Study Area
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Figure 2

Nsukka Urban
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Figure 3

Geospatial distribution of the entire solid waste dump sites in Nsukka Urban
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Figure 4

legal and illegal dumpsites within Nsukka Urban.
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Figure 5

Heatmap Depicting Dumpsites Concentration in Nsukka Urban.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

plate1.png

plate2.png

plate3.png

https://assets-eu.researchsquare.com/files/rs-8260552/v1/be0b061ca0d978817b33d947.png
https://assets-eu.researchsquare.com/files/rs-8260552/v1/4bb4810eebe09fc272d794a0.png
https://assets-eu.researchsquare.com/files/rs-8260552/v1/d9785554b1025102a8f294de.png

