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Abstract: Municipalities face the greatest difficulty in implementing an efficient and effective waste
collection system, especially in informal settlements with limited spatial planning. Illegal dumping is
exacerbated by the proliferation of informal settlements and the lack of adequate waste management
services provided by municipalities. A geographic information system (GIS) provides decision
makers with a framework for analyzing and simulating a wide variety of spatial problems, including
waste management issues. The purpose of this study is to map areas susceptible to illegal dumping
and to determine why the community dumps there. The data were collected qualitatively via a
questionnaire using a purposeful sampling technique, and SPSS 28.0 was used to analyze the data.
The accessibility of streets and the availability of vacant land affected the location and concentration
of illegal dumping in the test area. The lands within a buffer zone of 250 to 500 m of populated
areas are the most vulnerable. The majority of residents have individual garbage receptacles, while a
minority of 43.18% do not. A total of 52 dumpsites were identified inside the red zone of the model,
suggesting a strong likelihood of illegal dumping activities. Hence, the community continues to
have difficulties in effectively managing garbage disposal, compelling them to resort to alternative
methods of waste disposal.

Keywords: waste management; indiscriminate disposal; informal settlement; poor spatial

1. Introduction

Illegal waste disposal is a significant problem in several regions globally, particularly
in townships and informal settlements, where garbage presents economic, social, and
environmental hazards [1–3]. Waste collection is a crucial component of every nation’s
waste management infrastructure. Therefore, the act of disposing of garbage without
proper collection is considered illegal. Moreover, the primary factors contributing to illegal
dumping are the expansion of the population and urbanization, which contribute to a rise
in waste production and the establishment of unauthorized disposal locations [4–6]. South
Africa is experiencing rapid development but is facing challenges related to illegal dumping
due to inadequate waste management services provided by municipalities [7–9]. Therefore,
it is crucial to identify the prevalence of illegal dumping locations in order to incentivize
governments to offer waste management services to all residential areas and households,
irrespective of their housing style, under their jurisdiction. Mutisya and Yarime [10] state
that unlawful dumping is driven by various factors, with population growth being a
significant contributor. This is further exacerbated by the increase in informal settlements,
leading to a rapid expansion of these settlements. The South African government has made
an integrated solid waste management strategy one of their priorities, seeking to identify
a national environmental strategy to reduce costs from environmental degradation and
health risks [11].
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Furthermore, it should be noted that informal settlements in developing nations,
such as Kenya, Uganda, and South Africa, are susceptible to the unlawful disposal of
garbage in close proximity to access roads and walkways [12,13]. One of the primary
causes of illegal dumping is population growth coupled with the rapid expansion of
informal settlements [14]. Thus, urbanization leads to a lack of affordable and suitable
housing options as a result of substantial migration. As a result, migrants are compelled
to construct and reside in informal communities situated on unoccupied property, thus
experiencing a dearth of essential facilities and services [15]. Zhou et al. [4] and Liu et al. [5]
report that the majority of pollution in developing countries is a result of inadequate
waste management systems and the proliferation of informal settlements. It is evident
from the literature that low-income areas receive inferior services compared to affluent
suburbs [14,16,17]. As a result, waste is observed piled up next to waste skips, which
eventually becomes dispersed throughout the environment of poor communities [18].
Inadequate waste removal services, which are primarily caused by delays in the collection
of waste by the mandated municipality; the lack of a formal waste removal system in
informal settlements due to a lack of roads; an insufficient number of skips; and travel
distance from houses to a designated disposal container, are the primary contributors to
illegal refuse dumping [14,19].

The greatest challenge facing municipalities worldwide is how to have an effective
and efficient waste collection service, especially in informal settlements which lack spatial
planning. Irrespective of the waste management method being used, waste must first be
collected. Waste collection must be planned in such a way as possible to minimize cost
and time by considering socio-economic, environmental, and land use factors [20]. The
use of technologies such as geographic information systems (GISs) and remote sensing
has gained momentum as it has yielded successful results in parts of the world, including
countries such as Australia, Japan, and Malaysia [21–24]. Nonetheless, a small but growing
number of developing countries have started to make use of these technologies in an
effort to solve some waste-related problems such as limited landfill space, irregular waste
collection, and illegal dumping. Illegal dumping exists over a large range, particularly
on the African continent, and the use of these technologies promises a pivotal and lasting
waste management solution [25].

Consequently, many communities, including the Joe Slovo Park (Cape Town, South
Africa) informal settlement, are left even more vulnerable to illegal dumping. Therefore,
illegal dumping is a worldwide problem that needs to be addressed by implementing GISs
and other technologies. A GIS is a multifunctional technology used for the purpose of
gathering, organizing, examining, and retrieving both geographical and non-spatial data.
GISs provide the capability to effectively assist in the resolution of waste management
problems. GISs have the potential to address this knowledge gap through the use of
existing analytical techniques to comprehensively monitor and map illegal dumping sites.
However, GISs have not gained momentum in South Africa because of many limitations
in municipalities. In addition, the resources needed for GISs are not aligned with the
overall municipal objectives, and the solutions are not designed to fit the problems at hand.
Furthermore, GISs being seen as an expensive luxury and technically difficult to use results
in them becoming an isolated function rather than a fully integrated decision tool to be
utilized to comply with government legislation regarding service delivery.

Informal settlements exhibit significant instances of illegal waste disposal and un-
controlled communal dumping. Despite several years of education and awareness initia-
tives, street litter remains a substantial contributor to the mismanagement of solid waste,
especially in developing nations. Therefore, inadequate waste management strategies
necessitate additional research. However, the majority of impoverished areas do not re-
ceive regular waste disposal services [26]. Hence, there is a need to promote innovation,
especially in low-income countries, to effectively combat the proliferation of unlawful
dumping [19,27]. The utilization of GISs in waste management planning and practices
is severely restricted in South Africa, despite its potential to provide a diverse range of
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efficient management strategies, including route planning for waste collection and exercises
for selecting sites for transfer stations, landfills, and waste collection points [28]. The initial
stage in enhancing the effectiveness of waste management endeavors and perhaps discour-
aging the growth of illegal dumpsites is to accurately chart the geographical arrangement
of illegal waste disposal locations.

Therefore, illegal dumping has become a major issue for the municipality of Cape
Town, South Africa. This study seeks to map the areas that are vulnerable to illegal dumping
and obtain the views of the community as to why they are dumping in those areas. Thus,
the subsequent questions arise: (1) What is the geographical pattern of illegal dumping
in Joe Slovo Park? (2) Which open spaces are prone to illegal disposal? The objective of
this study is the identification of illegal dumping sites and areas that are susceptible to
illegal waste disposal using ArcGIS. This research aims to enhance the knowledge of the
geographical distribution of unlawful dumping in the Joe Slovo Park informal community
in Cape Town, South Africa, by exploring the use of GISs in waste management.

2. Methodology
2.1. Study Area

Joe Slovo Park is a large, dense informal settlement found in Joe Slovo in the Western
Cape Province, located centrally in Philippi township in Cape Town, South Africa, with
coordinates −34◦1′5.57′′ S and 18◦35′9.03′′ E (see Figure 1 below). Joe Slovo Park is
bordered by a railway line and Philippi Station to the north, Parkway Drive to the west,
the R300 to the south, and the Philippi Police Academy to the east. Joe Slovo Park is
located 23 km southeast of Cape Town’s Central Commercial District and approximately
1.7 km away from the Philippi commercial core, which can be reached in about 20 min by
walking. According to Drivdal [29], Joe Slovo Park consists of 6124 households that are
made up of 15,011 people. The area comprises 99.17% Black African people, 52.7% men,
and 47.25% women. The settlement was established in 1999, and the origin of its name
comes from the Joe Slovo Park War that occurred in 1998–1999, which means that the Joe
Slovo Park informal settlement is 20 years old today [29]. Moreover, this community is
distinguished by substandard housing, restricted infrastructure, and demanding living
circumstances. Illegal dumping is rampant in Joe Slovo Park to the extent that even when
the government has service delivery challenges like overflowing sewage, they attribute it
to illegal waste dumping.

2.2. Research Materials and Methods

The study used a quantitative tool and spatial analysis to determine the distribution
and susceptibility of spatial areas in terms of illegal dumping. A quantitative approach
was chosen because it is cost-effective and faster. However, the quantitative technique can
be limited in its pursuit of concrete statistical relationships, which can lead to the study
overlooking broader themes and relationships. Thus, through the use of quantitative data,
the study uncovered the spatial dynamics of illegal dumping in the Joe Slovo Park informal
settlement. Furthermore, it enables the study to uncover and conclude a phenomenon;
for example, in this case, the study maps the spatial distribution of illegal dumping and
models all the susceptible illegal dumping areas in the Joe Slovo Park informal settlement
to assist in monitoring and managing illegal dumping.

The utilization of a GIS enables the investigation to appreciate and derive inferences
about a phenomenon; in this instance, it produces maps that show the spatial arrangement
of illegal dumping areas. Jimoh et al. [30] developed a geodatabase conceptual model to
outline the methodology used for the use of GISs in mapping the spatial distribution of
illegal dumping to aid in the planning of illegal waste management. A conceptual model
is a database created to combine various types of datasets that represent a real-world
phenomenon, and it describes pertinent information and methods that can be implemented
in a GIS, as shown in Figure 2. In addition, a conceptual modeling procedure facilitates a
better comprehension of the methodology’s flow [31–33]. The coordinates of the dumping
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sites were obtained with the handheld global positioning system (GPS) receiver to provide
the most accurate coordinates. Photographs were taken as evidence to reveal and illustrate
the environmental and health impacts of illegal dumping in the study area.

Sustainability 2024, 16, x FOR PEER REVIEW 4 of 18 
 

 
Figure 1. The study area of Joe Slovo Park informal settlement. 

2.2. Research Materials and Methods 
The study used a quantitative tool and spatial analysis to determine the distribution 

and susceptibility of spatial areas in terms of illegal dumping. A quantitative approach 
was chosen because it is cost-effective and faster. However, the quantitative technique can 
be limited in its pursuit of concrete statistical relationships, which can lead to the study 
overlooking broader themes and relationships. Thus, through the use of quantitative data, 
the study uncovered the spatial dynamics of illegal dumping in the Joe Slovo Park infor-
mal settlement. Furthermore, it enables the study to uncover and conclude a phenomenon; 
for example, in this case, the study maps the spatial distribution of illegal dumping and 
models all the susceptible illegal dumping areas in the Joe Slovo Park informal settlement 
to assist in monitoring and managing illegal dumping. 

The utilization of a GIS enables the investigation to appreciate and derive inferences 
about a phenomenon; in this instance, it produces maps that show the spatial arrangement 
of illegal dumping areas. Jimoh et al. [30] developed a geodatabase conceptual model to 
outline the methodology used for the use of GISs in mapping the spatial distribution of 
illegal dumping to aid in the planning of illegal waste management. A conceptual model 
is a database created to combine various types of datasets that represent a real-world phe-
nomenon, and it describes pertinent information and methods that can be implemented 
in a GIS, as shown in Figure 2. In addition, a conceptual modeling procedure facilitates a 
better comprehension of the methodology’s flow [31–33]. The coordinates of the dumping 
sites were obtained with the handheld global positioning system (GPS) receiver to provide 
the most accurate coordinates. Photographs were taken as evidence to reveal and illustrate 
the environmental and health impacts of illegal dumping in the study area. 

Figure 1. The study area of Joe Slovo Park informal settlement.

Sustainability 2024, 16, x FOR PEER REVIEW 5 of 18 
 

 
Figure 2. Flow chart and methodology adopted. 

2.2.1. Method of Data Collection 
Primary Data 

A field survey was carried out in order to identify the existing locations of the 
dumpsites within the study area. In addition, to confirm and observe the expansion and 
distribution of illegal dumping, a secondary dataset obtained from the City of Cape Town 
was used. The study area was demarcated using the main roads, Omuramba Road, Free-
dom Way, and Democracy Road, to create a cadastral boundary. Furthermore, both Free-
dom Way and Democracy Road were used as the main access roads in and out of the Joe 
Slovo Park informal settlement. Most of the streets run perpendicular to these roads, mak-
ing them useful reference points. Photographs were taken as evidence to reveal and illus-
trate the environment and health impacts of illegal dumping in the study area. Further-
more, some of the streets were not easily accessible due to the streets being small and the 
clustering of shacks along the street; hence, a total of 52 illegal dumpsites were located, all 
varying in size and waste composition. 

Questionnaire Survey 
A qualitative technique was administered using a purposive sample methodology. A 

purposive sampling method involves selecting individuals or groups who possess infor-
mation or expertise related to a specific phenomenon or units of interest for a particular 
goal. Therefore, the households of the Joe Slovo Park informal settlement were the key 
groups of interest when administering the surveys in the form of an open-ended ques-
tionnaire during March 2022. This was to help determine how much the residents know 
about the environmental impact caused by the illegal dumping of solid waste. 

Sampling Size 
The sample size for data collection was determined using Slovin’s formula. 

Figure 2. Flow chart and methodology adopted.



Sustainability 2024, 16, 1429 5 of 17

2.2.1. Method of Data Collection
Primary Data

A field survey was carried out in order to identify the existing locations of the dump-
sites within the study area. In addition, to confirm and observe the expansion and distribu-
tion of illegal dumping, a secondary dataset obtained from the City of Cape Town was used.
The study area was demarcated using the main roads, Omuramba Road, Freedom Way,
and Democracy Road, to create a cadastral boundary. Furthermore, both Freedom Way
and Democracy Road were used as the main access roads in and out of the Joe Slovo Park
informal settlement. Most of the streets run perpendicular to these roads, making them
useful reference points. Photographs were taken as evidence to reveal and illustrate the
environment and health impacts of illegal dumping in the study area. Furthermore, some
of the streets were not easily accessible due to the streets being small and the clustering of
shacks along the street; hence, a total of 52 illegal dumpsites were located, all varying in
size and waste composition.

Questionnaire Survey

A qualitative technique was administered using a purposive sample methodology. A
purposive sampling method involves selecting individuals or groups who possess informa-
tion or expertise related to a specific phenomenon or units of interest for a particular goal.
Therefore, the households of the Joe Slovo Park informal settlement were the key groups
of interest when administering the surveys in the form of an open-ended questionnaire
during March 2022. This was to help determine how much the residents know about the
environmental impact caused by the illegal dumping of solid waste.

Sampling Size

The sample size for data collection was determined using Slovin’s formula.

n =
N

1 + Ne2 ,

with a 95% confidence interval. Therefore, the margin of error is 0.05%. According to
Slovin’s formula, n = number of samples, N = total population, and e = margin of error.
Also, all the data collected during surveys were stored in a Microsoft Excel 2019 spreadsheet.

2.2.2. Data Analysis

ArcMap 10.8, which is one of the core applications in ArcGIS Desktop (ArcGIS Pro),
was utilized to perform all GIS operations. ArcMap enables the display and exploration of
GIS datasets for a specified region, as well as the assignment of symbols and the creation of
map layouts for printing and publication. ArcMap is also used to create and edit datasets.
It represents geographic data as a collection of layers and other map elements. In addition,
ArcMap, along with ArcGIS Pro, is one of the two principal desktop GIS applications used
to perform a vast array of common GIS tasks as well as user-specific tasks. Spatial analysis
tools were used for the proximity analysis, e.g., using the Euclidean distance to determine
the proximity of illegal dumping to roads and houses; a multi-criteria decision analysis
(MCDA) and an analytical hierarchical process (AHP) were used to model predictions of
potential areas prone to illegal dumping. The selection of these methods was based on the
incorporation of various factors that can play a significant role in the process of analyzing
spatial patterns and predicting illegal dumping.

Multi-Criteria Decision Analysis (MCDA) and Analytical Hierarchical Process (AHP)

The multi-criteria decision analysis (MCDA) approach used in this study is the ana-
lytical hierarchy process (AHP). The method of the AHP is one of the most used methods
in decision-making processes, developed by numerous scholars [34–36]. Szabo [37] also
notes that the AHP is undoubtedly among the most often applied multi-criteria decision
models. The selection of these methods was based on the incorporation of various factors
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that can play a significant role in the process of analyzing spatial patterns and predicting
illegal dumping. The AHP was used to model predictions of potential areas susceptible to
illegal dumping in the Joe Slovo Park informal settlement. In addition, the advantage of
the AHP is that it takes into account a decision maker’s intuitive knowledge in an analyti-
cal decision [34,35,38,39]. Likewise, Szabo [37] corroborates that, as an MCDA approach,
applying the AHP allows for the exploration of different scenarios, an evaluation of the
outcomes of prioritization, and a selection of the strategic objectives, for example, in sus-
tainable waste management, the selection of a landfill site, optimum transport routes, and
municipal collection points. Leal [40] reveals that, despite its wide applicability, the AHP
has some limitations; it requires a very large number of comparisons to make a decision.
This drawback hinders its application to important issues in making an informed decision.
To overcome these limitations, a simplified version of the AHP was used, which was in-
troduced by Leal [40] and called the express AHP (EAHP), in which a very low number
of pairwise comparisons are required compared to the conventional AHP developed by
Saaty [34]. The AHP-based methodology was carried out with the aim of identifying and
modelling predictions of potential areas susceptible to illegal dumping. In this study, the
hierarchy included the goal, categories, and factors, where the importance of all categories
was compared pairwise against the goal, while the importance of all factors was compared
pairwise against their respective categories.

At each level of the hierarchy, a comparison in pairs of structure elements is carried out,
where the preferences of the decision maker are expressed using a Saaty scale of relative
importance levels [34]. The scale contains 5 levels and 4 sub-levels in the range of 1 to 9
(Table 1), where 1 means “equally important”, 3 indicates “slightly more important”, 5
shows “significantly importantly more important”, 7 signifies “strongly more important”,
and 9 means “extremely more important” [34,41].

Table 1. Saaty Scale. Source: Leal [40].

Intensity of Importance Definition

1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extreme importance

The assessments of the relative importance of the elements from each level of the
hierarchical structure are applied for the calculation of the local criteria, sub-criteria, and
alternatives [38,41,42]. After that, the overall priorities of the alternatives are synthesized.
The total priority of each alternative is calculated with the sum of local priorities, which
are weighted with the weights of elements from higher levels. Thereafter, a pairwise
comparison matrix, “A”, is developed using equation 1 below by means of computing.

A1×n =
[
aij

]
1×n, j = 1, . . . , n (1)

Equation (1) calculates the criteria involved in the problem and the choice of the
criteria [38].

Furthermore, Sasikumar et al. [38] and Taherdoos [43] state that in order to validate
the results of the AHP, the consistency of each comparison matrix is computed by the
consistency index (CI) and consistency ratio (CR), given in Equations (2) and (3):

CI =
λmax − n

n − 1
(2)

CR = CI/RI (3)
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where n and λmax denote the size of the matrix and its eigenvalue. The judgment consis-
tency is tested by the CR, which is obtained by dividing the CI by the random index (RI),
as given in Table 2. The CR is satisfactory if it is below 0.10 [34,41].

Table 2. RI values based on matrix size. Source: Sasikumar et al. [38].

n 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

Data Analysis for Questionnaire

In this research, the data collected were analyzed using the IBM Statistical Package for
the Social Sciences (SPSS) Statistics 28.0 software and presented using pie charts, tables, and
graphs, accompanied by a brief discussion of the visual presentation to reveal the nature of
the problem of solid waste and the impact of illegal dumping on the overall environment.
The findings gathered from the interviews are presented in a descriptive form.

3. Results and Discussion
3.1. Spatial Distribution of Illegal Dumping Areas

Figure 3 represents all the illegal dumpsites mapped for the years 2019 and 2022
in the Joe Slovo Park informal settlement. A total of 21 dumpsites were observed for
both 2019 and 2022. The locations of the dumpsites for 2019 are represented by orange
rectangles, while the green circles represent all the illegal dumpsites for 2022. Moreover,
Figure 3 illustrates the spatial extent and distribution of illegal dumping in the Joe Slovo
Park informal settlement. Figure 3 also demonstrates the density and clustering of illegal
dumpsites in certain parts of the area as compared to other areas. It is also noted that most
of the illegal dumpsites are situated along the roadside and behind the houses that are
along the road; thus, proximity is a concern.
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The map reveals that the vulnerability of these areas to informal settlements is gen-
erally high or significant, with dumpsites also visible in the field. Regarding factors that
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make areas susceptible to illegal dumping, the local context of spatial planning may play
an important role. The map (Figure 3) depicts the changes in illegal dumping sites from
2019 to 2022; in 2019, there were more illegal dumping sites, but in 2022, the local gov-
ernment installed skips (bins) in those locations (green in Figure 3). Using the various
criteria and constraints of the ArcGIS Network Analyst, various routing solutions were
created. A heuristic approach (Dijkstra’s algorithm) was used to generate routing solutions.
This method takes the location of large bins into account. The optimal solution (Figure 3)
corresponds to a distance of 500 m traveled by the garbage truck, as opposed to the current
distance of one kilometer. According to Karimi et al. [24], when evaluating the susceptibil-
ity of inhabitants to illegal dump sites, it is crucial to consider the spatial distributions of
reserve areas and the maturity of the neighboring roadway network, since these factors
may have more significance than the length of railways. The findings of the research
revealed that the allocation of locations for irregular garbage disposal is not a random
process but rather influenced by factors like the proximity of highways and buildings, land
use patterns, and the physical characteristics of the area. The primary determinants that
held the utmost importance were the ease of access and close proximity to a given location,
along with the potential to effectively hide the dumping of waste materials. The presence of
unlawful dumping is observable in areas situated behind shacks and along roadways. The
observable alterations in the ecosystem and their consequential effects inside Joe Slovo Park
are brought to light. Furthermore, in their study, Karimi et al. [24] suggest that the spatial
distributions of reserve lands and the level of development of neighboring roads may have
a greater impact when measuring the susceptibility of inhabitants to illegal dumping sites
compared to the length of railways. The findings substantiate the notion that the process
of delineating unlawfully disposed garbage may effectively aid the local government and
the community in addressing the predicament of illicit dumping while also facilitating the
monitoring of its recurrence in Joe Slovo Park. The observable alterations in the ecosystem
and their consequential effects in Joe Slovo Park are brought to light.

The photographs taken during the field research, as seen in Figure 4, demonstrate the
widespread occurrence of illegal dumping next to roads and behind makeshift dwellings.
This demonstrates the dynamic transformation of and impact on the ecosystem of Joe Slovo
Park. According to Ichinose and Yamamoto [12], trash that is left unattended, particularly
in open areas, leads to the buildup of waste, resulting in disease outbreaks and unpleasant
smells. Considering the aforementioned, this leads to a decline in the environmental
aesthetic and a lack of appeal.

The majority of inhabitants, accounting for 56.82%, own garbage cans that are supplied
by the municipality, whilst 43.18% do not have access to such provisions. A follow-up
question was posed regarding the disposal of waste by those without bins or garbage bags,
as they lack the means for temporary storage (bins). In addition, those who have access to
bins reside in informal settlements (RDP houses), whereas those who use plastic bags reside
in unplanned settlements (shacks). Consequently, in the unplanned settlements, it was
discovered that waste collection varies, and while residents must send their trash to waste
containers, some opt to place their trash next to their homes for waste collectors to collect.
In addition, some residents described the distribution of disposable domestic plastic bags,
but only to those who are friends with trash collectors. Therefore, waste collection is a
crucial component of every waste management system, as the lack of a collection system
in Nepal’s informal settlements exacerbates the waste problem [44]. This is the situation
in Joe Slovo Park’s unplanned settlement, where residents claim the municipality does
not provide enough plastic bags for waste disposal, and waste pickers sell disposable
domestic plastic bags. As a result, it has been observed that they dispose of trash along
the street illegally. This information explains the occurrence of the orange-colored illegal
dump sites depicted in Figure 3. The respondents stated that they do not have access
to these waste containers, so they dump trash next to them for the waste collector to
collect. According to Tadesse et al. [45], waste dumping in open spaces increases when
there is an inadequate supply of waste containers in an area and a long distance to those
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containers. The respondent(s) further explained that the municipal plastics are not supplied
regularly, and the people responsible for the distribution of the plastics sometimes decide
to distribute them at an extra cost than usual, which becomes a problem since the majority
of the residents are unemployed. Therefore, it remains a challenge for the community to
dispose of waste in a suitable manner, which forces them to adopt other ways of disposing.
In the absence of waste containers, this can be the leading cause of illegal dumping in
unplanned communities.
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3.2. Proximity Evaluation of Illegal Dumping

This study considered a number of variables, including distance from buildings,
proximity to existing road networks, proximity to water sources, slope steepness, and
elevation. According to Saaty [34], each criterion was broken down into sub-criteria and
assigned a suitability rating value between one and nine. The study confirmed that the
proximity of roads and buildings, land use, and topography affect the distribution of illegal
waste disposal sites. Accessibility, proximity to a site, and the capacity to conceal waste
disposal were the most important considerations.

GIS techniques demonstrate how the local geographical conditions of the study area
influence the gradient of waste dumping vulnerability. The most vulnerable lands are those
within buffer zones of 250 to 500 m from built-up areas (Figures 5 and 6). Additionally, from
the results of the proximity study on regions exhibiting a high vulnerability to unlawful
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dumping, these regions are specifically situated inside the confines of the settlement.
Moreover, the results from the proximity analysis show that areas that have a slope that is
greater than 30% are less susceptible to illegal dumping compared to areas that have a slope
of 0,8%, which are very susceptible (Table 3). This is in line with a study by Karimi et al. [24],
whereby their results showed that the road density observed in the identified probable
illegal disposal locations varied between 0.098 km/km2 and 0.251 km/km2. The data
analysis revealed several significant characteristics. The location and density of illegal
dumping in the test area were affected by the accessibility of streets and the availability of
vacant land. It was discovered that the majority of individuals reside in formal settlements
(RDP houses), while others reside in unplanned settlements (shacks). This is in contrast
with Figure 6, which demonstrates that the areas most susceptible to illegal dumping are
those on the settlement’s eastern side that lack spatial planning and are characterized by
shacks. People without garbage bins reported dumping near the N7 freeway and, in some
cases, behind their homes for waste collectors to collect (Figures 5 and 7). This is in contrast
to another study [46] that showed that French citizens do not use wastebaskets; rather,
they empty their garbage into large municipal skips. The residents do not have access to
municipal waste containers, and there are no nearby open skips.

Table 3. Shows the Joe Slovo Park informal settlement’s slope of area and suitability.

S.No Slope Suitability New Values Remark

1 0–8% S5 5 Very highly suitable
2 8–15% S4 4 Highly suitable
3 15–22% S3 3 Suitable
4 22–30% S2 2 Low suitability
5 >30% S1 1 Not suitable
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Moreover, according to Polasi [18], the level of education correlates with the level of
comprehension regarding the repercussions of illegally dumping waste in open spaces.
Each point was labeled according to whether it fell within the predicted areas on the
printed layout. The analysis revealed that 52 dumpsites were in the red zone of the model,
indicating that illegal dumping is highly likely in this area. There were 27 sites in the yellow
zone, indicating that dumpsites are probable in this region with moderate risk. The 14 open
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dump sites appear to be located relatively far from the outer settlement, indicating that
the collection systems are concentrated primarily in the outer settlement. In addition, the
twenty sites with containers and ground dumping suggest that these sites have insufficient
containers and may need additional containers to eliminate or reduce ground dumping.
Jakiel [27] examined the changes in the location and timing of irregular waste disposal sites
in a natural reserve over a span of 22 years. The investigation revealed that the distribution
of irregular waste disposal sites is not random but rather controlled by factors such as
proximity to roads and buildings, land use, and topographic position. The primary factors
of significance were the accessibility and proximity of a location, together with the capacity
to conceal waste disposal. A more effective approach to evaluating the vulnerability of
residents to unlawful dumping sites might include analyzing the spatial patterns of open
areas and the surrounding road network.

3.3. The Demographic Profile of Joe Slovo Park Informal Settlement

This study administered questionnaires to households in Joe Slovo Park’s informal
settlement to find out the nature of their waste management issues at the level at which
the community understands and identifies solid waste management in their area. The
majority of the participants (32.31%) ranged between the ages of 30 and 39 years, as
shown in Figure 8. This shows that most of the community members of Joe Slovo Park’s
informal settlement are middle-aged. Therefore, it is safe to state that the Joe Slovo Park
community is mostly dominated by respondents between the ages of 30 and 39, followed
by respondents between the ages of 40 and 49. In addition, 56.92% of the participants
in this study were females, whilst the other 43.08% were males. This basically means
that there are more females than males in Joe Slovo Park’s informal settlement. Similarly,
Mbonambi [47] indicates that the overall statistics of South Africa report more females
than males. Therefore, as a result, most households are headed by females, with one of the
reasons being that men generally migrate to work in other cities.
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Research on illegal waste disposal has revealed that the occurrence of illegal dumping
is primarily linked to the level of advancement in waste removal systems, the expenses
associated with legal waste disposal, the efficacy of monitoring and penalties, and the
overall public awareness and acceptance of illegal dumping within society. The information
above correlates with what was found by Hanfman [48]: an insufficient supply of waste
containers in an area and a long distance to those containers increase waste dumping
in open spaces. Therefore, this can be a major cause of illegal dumping in unplanned
settlements due to the lack of access to waste containers. Therefore, a crucial step in every
waste management system is waste collection, as it was found in Nepal that a lack of
collection systems throughout an informal settlement worsens the waste situation [49].
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3.4. Residents Who Have Access to Waste Disposal (Bins)

The participants were asked whether they have bins for waste disposal. A significant
93.85% of the respondents reported not having bins in their homes, while the remaining
6.15% stated that they had purchased bins because the municipality only provides plastic
bags (Figure 9). According to the observations collected in this study, it was discovered that
Joe Slovo Park’s inadequate solid waste management is primarily due to improper disposal
practices, including the absence of waste bins. According to Ichinose and Yamamoto [12]
and UNEP [50], one of the main causes of the prevalence of illicit waste disposal is the
absence of waste bins, which prompts individuals to seek alternative methods of disposal.
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The participants were asked about their disposal method in the absence of a bin. Out
of the households surveyed, a significant majority of 75.4% (Table 4) reported utilizing
municipal plastic bags and depositing them in designated green municipal containers
(refer to the photos in Figure 4). Conversely, a smaller proportion of 13.8% admitted
to discarding their garbage in open spaces, as depicted in Table 4. The respondents
elaborated that the municipal plastics are not consistently provided, and the individuals in
charge of distributing them occasionally choose to distribute them at an additional expense
compared to usual. This poses a problem as the majority of the residents are unemployed.
Hence, the community continues to have difficulties effectively managing garbage disposal,
compelling them to resort to alternative methods of waste disposal. However, 75.4% of
the respondents who reported using a container stated that it becomes inaccessible over
weekends due to being locked. The reason for the container being closed exclusively over
weekends is still unclear.

Table 4. If no, where do you dispose of your waste?

Frequency Percent Valid Percent Cumulative Percent

Valid

3 4.6 4.6 4.6

Open space 9 13.8 13.8 18.5

Plastic and burn waste 1 1.5 1.5 20.0

Plastic and container 49 75.4 75.4 95.4

Plastic and open space 2 3.1 3.1 98.5

Use my own plastic and
throw it in an open space 1 1.5 1.5 100.0

Total 65 100.0 100.0
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3.5. The Perception of Illegal Dumping Impacts on the Environment and Health in Joe Slovo Park’s
Informal Settlement

The key findings indicate that solid waste management in Joe Slovo Park’s informal
settlement remains poor. This was observed after 98.46% of the respondents clearly stated
that waste is lying all over the area and has the potential to affect the environment as well
as health. According to the participants, they reported instances of unpleasant odors that
have a negative impact on air quality, as well as incidents of rats entering households and
the presence of flowing water in pedestrian walkways due to obstructed drainage systems
(as shown in Figure 10a). These issues are believed to be caused by waste materials being
carried by wind and then accumulating near water pipes, as illustrated in Figure 10b.
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The respondents claimed to experience bad smells that affect the quality of air, rodents
getting into houses, and gray water overflow in walking passages because of blocked drains
as a result of indiscriminate solid waste disposal. Ichinose and Yamamoto [12] state that
waste that is lying around, especially in open spaces, results in piles, causing outbreaks
of diseases as well as a health nuisance in the form of bad odors. This observation is in
line with a study conducted by Monroe and Krasny [51], who stated that the emergence
of informal settlements may exaggerate social and environmental problems and impede
sustainable development. An enhanced understanding of informal development may,
therefore, be key to future success in its effective management.

4. Conclusions

In this study, the use of a GIS was applied to identify illegal dumping sites as well
as areas that are susceptible to illegal waste disposal. Through the use of a GIS in waste
management, this research explores the spatial distribution of illegal dumping in Joe
Slovo Park’s informal community in Cape Town, South Africa. Significant numbers of
illegal disposal sites are strategically positioned in close proximity to highways and behind
residential properties situated along major thoroughfares, giving rise to concerns over their
vicinity. This is interlinked with the questionnaire results, which revealed that about 93.85%
of respondents reported that they did not have bins in their homes, and only 6.15 percent
reported buying bins because the municipality only provided plastic bags. Among the
factors that influence the prevalence of illegal dumping are the level of advancement in
waste removal systems, the costs associated with legal waste disposal, the effectiveness
of monitoring and sanctions, and the level of public acceptance and awareness of illegal
dumping. By utilizing a GIS to manage waste in Joe Slovo Park’s informal community
in Cape Town, South Africa, it is possible to discover the geographical distribution of
unlawful dumping.
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