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Abstract

Several review studies have addressed the implications of improper waste management
on urban livability conditions at large, but we still do not have an overall picture of the
link between poor waste management in Sub-Saharan countries and short- and long-
term health impacts. Considering that Sub-Saharan Africa is the location of 19 of the
50 biggest dumpsites in the world, it is important to better understand what we do and
do not know so far about this public health-waste management link. This study, there-
fore, provides an overall understanding of health risks associated with improper waste
disposal in Sub-Saharan Africa, with a focus on air, water and soil pollution. Employing a
systematic review approach, this study utilized academic databases, including PubMed,
ScienceDirect, and Google Scholar, to identify and analyze 27 relevant articles, covering
eight Sub-Saharan countries. The review was undertaken by categorizing trends and
characteristics under themes of solid waste disposal practices, pollution consequences,
and reported health problems. The results showed that air pollution, which was the most
widely studied in Sub-Saharan Africa, accounted for 155 deaths /100,000 people. Water
pollution has led to outbreaks of cholera, typhoid, and diarrhea, especially in communi-
ties near waste sites, while contaminated soil poses long-term risks, including for cancer
and developmental harm. The findings also revealed that children, waste workers, and
communities living near dumpsites are the most vulnerable. Despite growing evidence
of harm, gaps remain in our understanding of chronic and long-term effects due to a
lack of longitudinal data and inconsistent methodologies to measure health effects. The
study also identified inconsistency in distance-based exposure metrics, as studies used
varying distances of residents from waste sites to measure health outcomes. Finally, it
highlights the urgent need for improved waste infrastructure, clear landfill siting guide-
lines, and long-term epidemiological studies to inform health-focused waste policies in
Sub-Saharan Africa.
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1. Introduction

At the current rate of rapid urbanization and population growth, Sub-Saharan Africa
may soon lead globally in terms of waste generation [1]. This means that communities
across this thriving region will increasingly face exposure to waste pollution through air,
water, and soil pathways, possibly with growing public health implications. So far, research
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on the risks to public health posed by poor waste management in Sub-Saharan Africa has
been limited.

Past studies have shown some specific environmental conditions, such as air pollution
from the presence of landfills, which often led to respiratory conditions [2—4]. Other than
these limited studies, most studies we reviewed about Sub-Saharan countries largely fo-
cused on consequences of disposal methods that are typically characterized by widespread
open dumping, uncontrolled landfilling, and indiscriminate open burning [5]. These im-
proper waste disposal practices were attributed to municipal institutional challenges, such
as limited financial resources, inadequate planning, ineffective enforcement of regulations,
and a lack of technology and expertise [6—10].

While several review studies addressed the implications of improper waste manage-
ment on urban livability conditions as a whole, what we do not yet have is an overall review
of past academic studies that clarifies an interconnection between three major pollution
sources from poor waste management (e.g., soil, air, water) and short- and long-term health
impacts [11,12]. Existing reviews that attempted to connect solid waste and health either
focused on specific health conditions or specific places [12,13], without a unifying analytical
framework that connects environmental pollution with health outcomes in Sub-Saharan
Africa. Examining which health impacts were studied and how they have been reported in
various parts of the region can help us better understand the trends and characteristics of
solid waste—health studies in Sub-Saharan Africa. In particular, understanding what we
know so far can enhance our global knowledge of the solid waste-health dilemma.

This paper, therefore, aims to critically review relevant past studies that examined
the impacts of improper solid waste disposal practices on public health in Sub-Saharan
African countries. It seeks to examine trends and characteristics of past research on solid
waste management and public health, with a focus on air, water, and soil pollution. This
discussion allows us to identify key knowledge gaps. Finally, we discussed some ideas
that may help improve target areas in solid waste management studies. In the following
sections, we first cover methodology. This is followed by the Section 3, which is divided
into sections covering air, water, and soil pollution. In the ensuing Section 4, we elaborate
on the implications of these findings with a focus on better understanding the overall health
impacts of poor solid waste management.

2. Methodology

This paper employs the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework (Figure 1) to ensure a systematic and rigorous review of
the impacts of improper solid waste disposal practices on public health in Sub-Saharan
Africa. An extensive search was conducted using academic databases such as PubMed,
ScienceDirect, and Google Scholar. The search focused on identifying relevant English
language articles published between 2010 and 2024. The 20102024 span is a critical period
during which Sub-Saharan Africa witnessed a marked acceleration in urban population
growth and solid waste generation. According to UN-Habitat [10] and the World Bank [9],
urbanization in the region has intensified since 2010, with urban populations projected to
triple between 2010 and 2050. This rapid demographic shift has placed increasing pressure
on waste management systems, contributing to widespread informal and unsafe waste
disposal practices such as open dumping, burning, and unmanaged landfilling.

Boolean operators such as “AND” and “OR” were used to combine keywords like
“solid waste disposal and public health,” “impacts of waste management on health,”
“health risks of open dumping,” “landfills and human health,” “air pollution from waste
disposal,” and “waterborne diseases and waste disposal.” Our inclusion criteria included

https://doi.org/10.3390 /waste4020013


https://doi.org/10.3390/waste4020013

Waste 2026, 4, 13

30f19

Identification

peer-reviewed articles in English about Sub-Saharan African countries that link improper
waste disposal to health outcomes.

Records identified from databases:

> Records excluded as
PubMed (n = 28), Science Direct (n =
duplicates

269), Google scholar (n = 6290) (1=38)
n=

(Total n = 6587)

Screening

Eligibility

By itic/abstract Records excluded
=610) > (n = 6499)
Records excluded
Assessed for eligibility > (n=23)
n=
(n=>50)

Included

Studies included in the review
(n=27)

Figure 1. PRISMA flow diagram summarizing the study selection [14].

The initial search identified 6587 articles. Following the removal of 38 duplicates,
6549 articles remained. Titles and abstracts of these records were screened, leading to a total
of 50 full-text articles that were reviewed for eligibility. A total of 27 most relevant articles
were finally selected for review. The selected studies represented eight Sub-Saharan African
countries: Nigeria, Ghana, Sierra Leone, Cameroon, Senegal, Uganda, South Africa, and
Sudan. Nigeria accounted for the largest number of studies (11), reflecting its researchers’
strong commitment to public-health-related waste management issues.

From the selected articles, data were systematically extracted to ensure comprehen-
sive coverage of relevant information. Data extraction was performed manually using a
standardized template to record key details, including study locations, population demo-
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graphics, types and sources of pollution, concentration levels of pollutants, health impacts,
and study methodologies. A narrative synthesis was then conducted. Articles were cat-
egorized into pollution types (air, water, and soil) and corresponding health impacts. A
comparative analysis was performed to highlight common and unique health risks in
different countries, considering variations in waste management practices, infrastructure,
and governance levels. To reduce bias, data were cross-validated by the authors.

3. Results
3.1. Health Impacts of Poor Waste Disposal Resulting from Air Pollution

According to the Health Effects Institute [15], a Boston-based independent research
organization, past studies on air pollution and health in Africa have focused largely on
respiratory impacts within a short-term framework. Whereas short-term impacts might be
seen in symptoms such as asthma, long-term exposure may trigger more diverse health
outcomes, such as ischemic heart disease, lung cancer, chronic obstructive pulmonary
disease (COPD), pneumonia, stroke, type II diabetes, and adverse birth outcomes.

This understanding poses a great concern over the future of Sub-Saharan Africa, as
the World Health Organization (WHO) [16] reported that people in Sub-Saharan Africa
were exposed to high PMj; 5 levels that significantly surpass its Air Quality Guideline of
5 ug/m3. The Health Effects Institute [17] has established a connection between air pollu-
tion, improper waste disposal practices, and public health problems in Sub-Saharan Africa.
Air pollution contributes to 155 deaths/100,000 people annually, which is much higher
than the global average of 85.6 deaths/100,000 [18]. Most Sub-Saharan countries were
classified as unhealthy or hazardous in terms of air quality. In 2019, for example, Nigeria
and Cameroon were among the world’s 10 worst countries in terms of PM; 5 exposure,
with annual averages of 70.4 pg/m> and 64.5 pg/m?3, respectively [15]. Statistics South
Africa reported 13,579 deaths in the country due to chronic lower respiratory diseases in
2018 [18]. Table 1 presents the Sub-Saharan African countries with the highest PM; 5-linked
mortality and concentration levels in 2019.

Table 1. Top Sub-Saharan Africa Countries with the Highest PM; 5-Linked Deaths and PM; 5 Levels
in 2019 (Compiled from the Health Effects Institute [15]).

Total Number of Annual Average PM; 5 Lowest-Highest PM; 5

Country PM, 5-Linked Deaths (ug/m3) Range (ug/m?)
Nigeria 68,500 704 55.7-84.2
South Africa 25,800 23.0 19.9-27.5
Sudan 16,600 43.0 35.2-50.1
Ghana 12,500 33.2 29.8-38.5
Democratic Republic of the Congo 11,000 28.9 24.1-33.7
Cameroon 10,200 64.5 51.6-78.3
Ethiopia 9000 227 18.5-26.9

Considering this air pollution concern, we found that the 13 most relevant studies
were published from 2010 to 2024. These studies focused on Nigeria, Ghana, Cameroon,
Sudan, and South Africa (Table 2). These studies mainly linked air pollution to improper
waste management in terms of distance from residence to landfills [19-23] or waste-burning
sites [24-26]. Some studies examined the relationship between pollutant exposure and
respiratory health outcomes and occupational risks, especially for waste management
workers [27-30].
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Table 2. Health Impacts of Poor Waste Disposal in Relation to Air Pollution.
Study Location Study Participants Pollution Health Impacts References
Health impacts from waste burning
Led to 1.1 million premature deaths
. . annually from stroke, heart disease, lung
Africa General PM; 5 from open burning cancer and chronic,/acute [31]
respiratory disease
Abuja (Nigeria) 150 individuals involved in waste burning Waste burning Led to C9ugh’ itchy eyes and [24]
respiratory problems
Khartoum State (Sudan) 844 residents near open burning sites Toxic gases from waste burning Led to respiratory problems [25]
- 170 residents with chronic exposure to solid . . Led to adverse respiratory, neurological
Lagos (Nigeria) waste burning €O and NO; from solid waste burning and musculoskeletal health symptoms [26]
Health impacts resulting from living near landfill sites
Durban (South Africa) Children living near landfill sites High PM, 5 levels 23 children found with lung impairment [19]
L Residents living near landfill sites ) . Higher incidence of respiratory disorders
Lagos (Nigeria) (within 200 m) Landfill proximity (frequent sneezing, cough, sore throat) [20]
. . 100 residents living near (100-500 m) and far ~ Odor, bioaerosols and biological agents Led to respiratory distress, eye irritation,
Limpopo (South Africa) (1-2 km) from uncontrolled landfills from landfill sites flu, body weakness [21]
Sagnarigu municipality (Ghana) 130 residents near Gbalahi landfill Odor, dust, and smoke from the site High prevalence O.f URTI, eye infection, [22]
and nostril congestion
Yaoundé (Cameroon) Residents near Nkolfoulou landfill CH,O and H,S, PM, 5 and PM; Increased cancer risks [23]

Occupational exposure to waste-related air pollution and health impacts

Workers’ concerns about COVID-19
exposure. Increased risk of respiratory

Accra Exposure to hazardous waste, dust and . ) .

60 waste management workers . . . infection, injury and exposure to [27]

(Ghana) potential infectious materials .

hazardous substance due to improper
waste handling
. . . . . . High prevalence of chronic cough
Durban (South Africa) 102 informal waste pickers at landfill sites Airborne particulate matter [28]
and wheeze

Johannesburg (South Africa) 361 waste recyclers at two landfill sites Waste chemical residue and dust Led to persistent F:ough, bfeathlessness [29]

and rapid breathing
Lagos (Nigeria) 200 waste pickers Dust and smoke from waste burning Eye frritation, breathing difficulty, asthma [30]

and persistent coughing
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The methodologies used in these studies share some common approaches. Pollutant
concentrations, including PM; 5, carbon dioxide, methane, and hazardous gases, were
regularly measured near waste burning sites. For example, Waleed et al. [25] in Sudan
and Igibah et al. [24] in Nigeria showed that increasing particulate matter levels were
connected to a rise in respiratory diseases. On the other hand, Abiola et al. [20] in Nigeria,
Njoku et al. [21] in South Africa, and Tijani et al. [22] in Ghana employed quantitative
surveys and health record analyses to identify the incidences of respiratory and eye-related
disorders among communities residing close to landfills. Gumede and Savage [19] in
South Africa and Feuyit et al. [23] in Cameroon employed proximity and geospatial studies
to show that people who lived near dumpsites had greater health risks as a result of
intensified exposure to emissions from landfills. To analyze health risks to which waste
workers are exposed, occupational health assessments were carried out by Mensah-Akoto
and Matsui [27] in Ghana, Oyelola et al. [30] in Nigeria, and Dalasile and Reddy [28] in
South Africa.

Several trends and characteristics emerge in discussing the link between poor waste
management and public health issues. The primary pollution source was attributed to
open burning, which significantly contributed to 29% of PM; 5 emissions into the air.
Open burning was responsible for approximately 1.1 million premature deaths annually
in Africa [31]. In Abuja, Nigeria, among those involved in the burning process, Igibah
et al. [24] found a troubling association with cough, watery/itchy eyes and respiratory
problems (e.g., breath shortness, asthma). The smoke contained carbon monoxide, carbon
dioxide and methane. This pattern of morbidity is reinforced by findings from Khartoum
State, Sudan, where the frequency of exposure to burning events was a key factor associated
with a higher incidence of asthma and other chronic respiratory conditions among residents
living near household waste burning sites [25].

Most studies consistently found significant correlations between the proximity of
residences to landfills and public health problems. Those communities living closest to
landfills experienced the greatest health risks. Studies from Nigeria, South Africa, and
Ghana consistently showed that proximity to landfills significantly increased exposure
to airborne pollutants like PM; 5 and the prevalence of respiratory and related health
problems. For example, Abiola et al. [20] found that residents living within 200 m of
landfills in Lagos, Nigeria, reported substantially higher rates of respiratory symptoms,
including frequent coughing, sneezing, and sore throat, compared to those 5 km away
from landfills. Similar trends were observed in South Africa, where Njoku et al. [21] re-
ported that 78% of residents within 100-500 m of landfill sites experienced heightened
levels of eye irritation, flu, and fatigue compared with those 1-2 km away. Further ev-
idence from Durban, South Africa, showed that landfill proximity is associated with
elevated PM; 5 concentrations and measurable physiological effects, including lung im-
pairment among exposed children [19]. In Ghana, Tijani et al. [22] likewise documented
the significantly higher prevalence of upper respiratory tract infections, eye infections,
and nasal congestion among communities residing within 2 km of inadequately managed
landfill sites.

Two studies made slightly different approaches to the public health impacts on res-
idents living near landfills. One in Yaoundé, Cameroon, looked at a specific volatile
carcinogen compound, formaldehyde (CH,0O), and found it to be present at a higher rate
than the daily maximum safe limit [23]. The other investigated long-term health risks from
municipal solid waste combustion emission exposure in Lagos, Nigeria [26]. It found the
adverse respiratory, neurological, and musculoskeletal health symptoms among residents
with prolonged residence duration (>11 years) to be cumulative.
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Another type of study is related to occupational safety and health, highlighting waste
workers as one of the most vulnerable groups affected by poor solid waste management
systems in Sub-Saharan Africa. We found four studies that specifically explored health
impacts on individuals with waste-related jobs. Mensah-Akoto and Matsui [27] examined
waste management workers’ safety concerns during the COVID-19 pandemic in Ghana.
Their study examined the extent to which increased health risks posed challenges to safety
perceptions and daily practices of waste collectors. It showed that about 58% of the re-
spondents were concerned about their safety during the COVID-19 pandemic. Oyelola
et al. [30] showed that waste pickers in Lagos, Nigeria, experienced eye irritation, asthma
and persistent coughing that was directly linked to exposure to smoke from dumpsite
burning and dust. In Durban, South Africa, Dalasile and Reddy [28] found a relatively
high prevalence of chronic cough and wheezing among informal waste pickers at a landfill
site. Tlotleng et al. [29] also assessed the prevalence of acute respiratory symptoms among
361 waste recyclers at two landfill sites in Johannesburg, South Africa. A high prevalence
of respiratory symptoms (e.g., persistent cough, breathlessness and rapid breathing) was
reported among those exposed to chemicals (66.4%) and airborne dust (96.6%). These occu-
pational studies demonstrate that exposure to dust, smoke, chemical residues, infectious
materials, and particulate matter forms a critical pathway through which waste workers
disproportionately experience adverse health effects, underscoring the need for improved
occupational health protection and regulatory oversight.

Some studies examined the duration of air pollution exposure. Feuyit et al. [23] in
Cameroon and Waleed et al. [25] in Sudan linked long-term exposure to landfill emis-
sions with cancer risks and respiratory impairment. Feuyit et al. [23] assessed continuous
exposure to emissions from the Nkolfoulou landfill and found that formaldehyde levels
exceeded safe limits, with cancer risk estimates above acceptable thresholds, indicating
serious long-term health risks. Similarly, Waleed et al. [25] examined the effects of frequent
household waste burning and reported a high prevalence of asthma and other respiratory
conditions among residents exposed weekly or more frequently. This study highlighted
how the habitual nature of exposure, compared to one-time incidents, contributes to deteri-
orating respiratory health. These long-term studies offer a more in-depth understanding of
the cumulative risks associated with chronic exposure to air pollutants. Igibah et al. [24] in
Nigeria highlighted short-term health impacts, including cough, itchy eyes, and breathing
difficulties, that were due to acute exposure to landfill emissions.

3.2. Health Impacts of Poor Waste Disposal Resulting from Water Pollution

Water pollution due to improper waste disposal practices is a critical issue in several
Sub-Saharan African countries. Our review examined 10 studies on this topic in Nigeria,
Sierra Leone, Cameroon, Ghana and Uganda (Table 3). Across all five countries, water
pollution was found to be primarily driven by household solid waste, untreated sewage,
open dumping, and open defecation. In Nigeria, the severe contamination of surface and
groundwater sources was linked to widespread dumping of solid waste and open defeca-
tion, with about 60 million people lacking access to basic drinking water services [32]
and 25% of the population practicing open defecation [33]. Similar patterns were ob-
served in Sierra Leone, where water pollution is described as a major environmental chal-
lenge [34], and in Cameroon, where poor urban waste management compromised water
quality [35].

According to the Nigeria Centre for Disease Control and Prevention [36], cholera
outbreaks remain endemic, with 111,062 suspected cases and 3604 deaths between January
and July 2021. Between 29 October 2021 and 30 April 2022, a total of 6652 suspected cholera
cases were reported in Cameroon, including 134 deaths [37]. In Ghana, 76% of households
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were at risk of consuming water contaminated with fecal matter [38]. The Ghana Health
Service recorded 1726 suspected cholera cases, 131 confirmed cases, and 16 deaths in
32 districts during the 2024 cholera outbreak in the country [39]. According to the National
Environment Management Authority (NEMA), Uganda experienced a water pollution
crisis primarily caused by industrial runoff, sewage, and chemical contaminants. Diarrhea
is one of the leading causes of death among children in Uganda, claiming the lives of
33 children each day [40].

The water pollution-health studies we reviewed primarily focused on four thematic
areas. First, some articles focused on distance to waste sites to examine impact levels
of waterborne diseases, revealing that residents living near waste disposal areas faced
a higher risk of diarrhea, cholera, and malaria. Second, some studies examined how
poor waste management practices directly contributed to water contamination and the
spread of waterborne illnesses. Third, a few studies showed how open dumping fueled the
proliferation of vector-borne and waterborne diseases. Lastly, some research examined the
impact of landfill leachate on groundwater quality, highlighting the long-term health risks
posed by heavy metal contamination, leading to chronic health issues.

The methodologies these studies employed were diverse, ranging from field sampling
and lab analysis to survey-based epidemiology and risk modeling. Some studies relied on
environmental sampling and laboratory-based water quality testing to detect pollutants.
Although the studies employed diverse approaches, their collective findings converge on
similar public health risks.

Survey-based studies from Sierra Leone [41] and Ghana [42] used structured ques-
tionnaires and spatial proximity mapping to show a strong correlation between proximity
to waste sites and the prevalence of waterborne diseases. Across these settings, residents
located closest to dumpsites consistently reported higher incidences of diarrhea, cholera,
typhoid, and malaria. In Freetown, households situated within 50 m of the Granville Brook
dumpsite experienced substantially more diarrhea and cholera cases than those farther
away. Similarly, in urban Ghana, respondents who lived less than five minutes from final
disposal sites contracted markedly higher rates of malaria (75%) and cholera (67%), whereas
no cholera cases were found among those residing 10-15 minutes away. These patterns
suggest that proximity to waste sites is a strong predictor of exposure to contaminated
water and disease vectors.

Another common trend was the link between water contamination and poor waste
management. In Buea, Cameroon, Nkubh et al. [43] conducted a cross-sectional study among
250 residents and found an association between improper waste disposal and waterborne
diseases (e.g., diarrhea, dysentery, cholera, typhoid fever). In Uganda, Kwesiga [44] con-
ducted an epidemiological data analysis of hospital records and public health surveillance
data to establish statistical correlations between contaminated water and a cholera out-
break. The study identified 61 confirmed cholera cases that affected 183 individuals during
a five-month cholera outbreak period due to sewage contamination of the drinking water.

A few studies examined the link between specific diseases and dump sites. In the Bek-
warra Local Government Area of Nigeria, Kwun et al. [45] showed that 51% of 158 recorded
malaria cases were linked to open dumping, where stagnant water in open dump sites
served as breeding grounds for mosquitoes. In Kassena-Nankana Municipality of Ghana,
Issahaku [46] showed that malaria, diarrhea, and typhoid affected residents due to open
defecation and improperly managed waste disposal practices.

Four studies looked at the health effect of leachate contamination of groundwater in
Nigeria and Ghana. In Nigeria, Alao et al. [47] investigated the impact of dumpsite leachate
plumes on groundwater quality and found elevated levels of heavy metals that exceeded
World Health Organization (WHO) standards. The mean concentrations of lead (Pb) and
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cadmium (Cd) in sampled hand-dug wells were 1.049 mg/L and 0.381 mg/L, respectively,
while chromium (Cr) reached 1.042 mg/L. These values surpass the WHO'’s permissible
limits for drinking water, which are 0.01 mg/L for lead, 0.003 mg/L for cadmium, and
0.05 mg/L for chromium. In the River State of Nigeria, Afolabi et al. [48] assessed the
human health risks associated with the leachate contamination of groundwater and found
the presence of chromium (0.006 mg/L), nickel (0.06 mg/L), and lead (0.008 mg/L) to
exceed WHO standards. In Abuja, Nigeria, Enitan et al. [49] conducted health risk assess-
ments using Hazard Quotient (HQ) and Lifetime Cancer Risk (LCR) models to evaluate
potential long-term health effects from exposure to heavy metals in water and found that
water samples taken at landfill sites had high cancer risks for communities relying on
this water source for domestic purposes. The study highlighted that children might be
more susceptible to this heavy metal contamination over time. Boateng et al. [50] simi-
larly found significant health risks in their leachate samples from the Oti landfill site in
Kumasi, Ghana, including lead, cadmium, mercury, chromium, and iron exceeding WHO
standards for drinking. The heavy metal pollution index indicated that contamination
with hazard index values at certain sites exceeded safe limits. Leachate-related groundwa-
ter contamination is more extensively documented in Nigeria and Ghana, due partly to
data availability.

Despite methodological differences, the studies reviewed consistently highlight three
interconnected issues: high levels of water contamination, multiple exposure pathways,
and heightened vulnerability among children and populations living near waste sites.

Table 3. Health Impacts of Poor Waste Disposal in Relation to Water Pollution.

Study Location Study Participants Pollution Health Impacts References
Diseases—water contamination link and distance factor
Asokore-Mampong 150 residents in 5 and ngh P revalence.of.
- . Water channel malaria and typhoid in
Municipality 10-15 min from . . . [42]
. banks pollution residents living less than
(Ghana) dumpsites 5 min from dumpsi
psites
Freetown 631 residents within Groundwater pollution Waterborne diseases
(Sierra Leone) 50 m and beyond from waste disposal in including diarrhea [41]
from dumpsite open land and drains and cholera
Health impacts from water contamination and poor waste management
- Drinking water
Kasese District 183 residents contaminated by Cholera outbreak [44]
(Uganda)
fecal matter
Prevalence of
Buea Contamination from waterborne diseases
250 households . such as diarrhea, [43]
(Cameroon) wastewater disposal
dysentery, cholera and
typhoid fever
Specific diseases linked to dump sites
Bekwara Local Clogged drains with
Government Area 400 residents stagnant water 158 re.corded [45]
. . malaria cases
(Nigeria) bred insects
Kassena Nankana Pollution from open Prevalence of malaria
Municipality 152 households defecation and diarrhea and tvphoi d, [46]
(Ghana) waste disposal yp
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Table 3. Cont.
Study Location Study Participants Pollution Health Impacts References
Health impacts from leachate contamination of groundwater
Heavy metal (lead) Elevated carcinogenic
Abuja (Nigeria) Residents near landfill contamination of risks, especially [49]
surface water among children
. Residents relying on ~ Groundwater with high Suggesting potential
Kumasi . .
ground-water levels of lead, cadmium, health risks for the local [50]
(Ghana) . . . .
near landfill chromium and iron population
Kaduna 108 re51dent§ within a Leachate pollut.ed Risks of heavy
(Nigeria) 200 m of six open groundwater with metal poisoning [47]
dumpsites heavy metals
Presence of chromium,
Rivers State (Nigeria) Residents around three nickel and lead in No significant [48]

abandoned landfills

groundwater exceeding
WHO limits

carcinogenic risk

3.3. Health Impacts of Poor Waste Disposal Resulting from Soil Pollution

Soil pollution has posed growing environmental and public health concerns for coun-
tries where unregulated waste disposal is prevalent. In Sub-Saharan Africa, the problem
is widespread, with heavy metals like lead, cadmium, mercury, and arsenic present at
landfills with e-waste [51]. Many of these contaminants are classified as carcinogenic by the
International Agency for Research on Cancer (IARC), doubling cancer burden between 2008
and 2030 in Sub-Saharan Africa [51]. The UNEP highlighted that more than 180 million
people in Sub-Saharan Africa relied on degraded soils for agriculture, threatening food
security and increasing vulnerability to health issues [52].

Our review found four studies (Table 4) that addressed both soil pollution and health,
covering cases in Nigeria, South Africa and Senegal. These addressed both environmental
impacts and potential health effects from exposure to lead, cadmium and zinc. In addition
to quantifying the level of heavy metals in contaminated soils, a connection was made to
vulnerable populations, especially children.

The reviewed studies employed a variety of methodologies to assess the health risks
of soil pollution due to improper waste disposal. These include environmental sampling,
laboratory testing, and risk assessment models. Soil samples were analyzed by laboratory
testing to determine contamination levels. Kolawole et al. [53] in Nigeria and Osibote and
Oputu [54] in South Africa used Atomic Absorption Spectrophotometry (AAS) to measure
concentrations of harmful elements like cadmium, lead, zinc, and copper.

Applied ecological and human health risk assessments used the Hazard Quotient (HQ)
and Hazard Index (HI) to estimate the potential for non-carcinogenic and carcinogenic
risks, particularly in vulnerable groups like children. Cabral et al. [55] in Senegal conducted
biomonitoring using children’s blood and urine samples to measure lead exposure and
associated renal health effects. Essien et al. [56] examined potential cancer risks and
estimated exposure levels for different age groups using exposure frequency, duration, and
contaminant intake rate models.

Proximity to dumpsites emerged as a consistent determinant of health risks in soil
pollution studies. Kolawole et al. [53] investigated ecological and health risks associated
with potentially toxic elements in the soil around a municipal solid waste disposal facility in
southwestern Nigeria. The study found significant levels of soil contamination, particularly
with cadmium, lead, and zinc. The ecological and human health risk assessments found
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significant health risks to children, especially due to high levels of cadmium and lead.
In a cross-sectional study that assessed health effects on children living near a landfill in
Dakar, Senegal, Cabral et al. [55] found high levels of lead in their blood /urine samples and
oxidative stress markers. Some showed signs of kidney injury. Elevated lead exposure from
contaminated soil also meant that sampled landfill sites posed significant environmental
health risks.

In Uyo, Nigeria, Essien et al. [56] evaluated ecotoxicological data and associated health
risks of heavy metal contamination in soils affected by municipal solid waste, with a
particular focus on individuals engaged in farming activities near dumpsites. The research
revealed potential carcinogenic risks to preteens due to their high exposure to lead, iron,
zinc, and chromium. In Cape Town, South Africa, Osibote and Oputu [54] found no cancer
risk among individuals, including adults and children, who were exposed to heavy metals
in soil, contrasting with other studies’ findings.

Overall, these studies indicate that soil contamination from improper waste disposal
creates a regionally shared experience, including child vulnerability and proximity-based
health outcomes, though the severity of impacts varies.

Figure 2 presents a conceptual framework integrating the pathways through which
improper solid waste disposal practices affect public health in Sub-Saharan Africa. The
distribution of reviewed studies by pollution type is shown in Figure 3, with air pollution
receiving the most empirical attention.

Table 4. Health Impacts of Poor Waste Disposal in Relation to Soil Pollution.

Study Location

Study Participants Pollution Health Impacts References

Living close to dumpsites and exposure to contaminated soil and health impacts

Children living near Potential kidney injury

Dakar (Senegal) . Lead contamination indicators among [55]
Mbeubeuss landfill children
Residents near . . L
Osogbo municipal solid waste Cadmium, lead, and Carcinogenic risk to 53]
(Nigeria) dispr())sal facility zinc contamination exposed children
Occasional contact with waste-impacted soil and health impacts
Cape Town General populationnear ~ Copper, lead, and No cancer risk from
(SouI’zh Africa) Bellville Coastal Park cadmium exposure to heavy [54]
and Vissershok landfills contamination metals in soil
Residents within 50 m Heavy metals like Potential carcinosenic
Uyo (Nigeria) and beyond 50 m from  lead, iron, zinc and & [56]

dumpsite chromium risks to preteens
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Figure 2. Conceptual Framework Illustrating the Pathways through Which Improper Solid Waste
Disposal Practices Affected Public Health in Sub-Saharan Africa.
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Figure 3. Distribution of Reviewed Studies by Pollution Type.

4. Discussion

This paper examined the public health impacts of improper solid waste disposal
in Sub-Saharan Africa, with a specific focus on air, water, and soil pollution. A total of
27 studies were found to be directly relevant to this focus. These studies are all case studies,
covering 18 cities in eight countries. This study identified general pollution issues in
Sub-Saharan Africa, research methodologies, and characteristics of health risks in rese-
arch findings.

Air pollution from open waste burning and poorly managed landfills was the biggest
concern in the studies we reviewed. This is partly because the WHO and the Health Effects
Institute have consistently identified air pollution as one of the leading factors for premature
mortality worldwide, especially in low- and middle-income countries. The measured
contaminants included PM; 5, carbon monoxide, carbon dioxide, methane, hydrogen
sulfide, and volatile organic compounds (VOCs) like formaldehyde. The predominant
exposure route of these pollutants is through inhalation. The reviewed studies consistently
found a high prevalence of respiratory irritation, coughing, and breathing difficulty among
exposed populations.

Air pollution studies largely relied on cross-sectional surveys, self-reported symp-
toms, and proximity-based exposure assessments, which are relatively inexpensive and
quicker to implement. In contrast, research on water and soil contamination typically
requires laboratory analyses, specialized technical expertise, and long-term monitoring
resources that are frequently limited in many Sub-Saharan African contexts. Conse-
quently, this methodological constraint could have contributed to a knowledge hierarchy, in
which acute and visible health effects, particularly respiratory symptoms, were well docu-
mented, whereas chronic and latent outcomes such as cancers and developmental disorders
remain comparatively understudied despite their potentially greater long-term public
health burden.

Studies relating to water received comparatively less empirical attention. Water pollu-
tion from improper solid waste disposal in Sub-Saharan Africa was primarily approached
from leachate infiltration and surface runoff directions. Populations in informal settlements
often rely on untreated groundwater for domestic purposes. Exposure can occur through
dermal absorption during bathing and washing, or through irrigation with polluted water.
So far, there has been no study that examined how the consumption of contaminated fish
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or crops led to a secondary dietary exposure, leading to bioaccumulation of toxic metals
and microorganisms in the food chain.

Soil pollution received the least empirical attention, but the available evidence points
to potentially significant long-term risks. The reviewed studies documented extensive
contamination with heavy metals in Nigeria, Senegal, and South Africa. Heavy metals
like lead, cadmium, zinc, copper, chromium, mercury, and arsenic were found in waste-
contaminated soils. Exposure occurs mainly through ingestion, inhalation, and dermal
contact. Agricultural workers and children were found to be particularly at risk. However,
soil-health risk studies have not explored the impact of long-term exposure to contaminated
soils on immunity, endocrine functions, and enzymatic activity.

In our results, we identified three key vulnerable groups. First, residents living in close
proximity (<2 km) to dumpsites and landfills face a higher burden of respiratory and water-
borne diseases. Second, occupational exposure to air pollution is a significant public health
concern, particularly among waste workers. Chronic exposure significantly increases their
risk of respiratory diseases, skin infections, injuries, and long-term health complications.
This trend is not unique to Sub-Saharan Africa. Past studies in India and Saudi Arabia
found that inadequate working conditions and lack of protective measures were prevalent
in waste workers. In Sub-Saharan Africa, challenges such as limited access to healthcare,
long work hours and insufficient personal protective equipment exacerbated occupational
safety and health. Lastly, children faced multiple health threats [55]. The prevalence of
waterborne diseases, such as diarrhea and cholera, was higher among children. This is
because children ingest more pollutants through their hand-to-mouth behavior and may
play near contaminated sites.

Among the studies we reviewed, long-term health risks like cancers are least un-
derstood. Some studies identified elevated cancer risks due to long-term exposure to
waste pollutants [20,44], whereas others found no significant associations [53,54,56]. Porta
et al. [3] concluded that evidence of increased cancer risk among communities living near
landfills in Europe remained inconclusive. Some of these studies lacked longitudinal data
to assess chronic exposure. We found methodological inconsistencies in risk assessment
models that could have led to mixed results.

To accurately assess long-term health impacts, there is a need for standardized method-
ologies, harmonized exposure metrics, and more longitudinal research. Importantly, these
health studies need to overcome limitations such as short follow-up periods. The pre-
dominance of cross-sectional study failed to capture cumulative exposure effects. Heavy
reliance on self-reported symptoms increases susceptibility to recall. A limited number of
studies obtained hospital and public health data to identify trends and patterns of disease
incidences. Health risk assessment models, including hazard quotient and lifetime cancer
risk calculations, projected long-term health burdens and can help identify high risk pop-
ulations, but their accuracy depends on pollutant intake rates, exposure frequency, and
duration, which may not always reflect the actual conditions in Sub-Saharan Africa.

Another salient point to be discussed in connection to our findings is the way past
studies examined residents’ distance to waste sites in determining health outcomes. We
found that reference distances varied widely from 50 m to 2 km without clear scientific
standards. The WHO defines a 2 km conceptual exposure radius [57] and the World Bank
recommends 300-500 m operational buffers [58]. If all these studies are correct about
distance factors in one way or another, we suggest a minimum safe distance of 2 km.

We also found that the studies we reviewed did not share many insights about the
extent to which health outcomes are determined by socio-economic factors, neglecting
equity and poverty elements within a region or community. Communities situated near
dumpsites are often politically /economically marginalized, with low income as well as
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minimal capacity to demand relocation, remediation, or regulatory enforcement. Similarly,
waste workers endured weak occupational safety and health measures.

Taking these findings into account, we argue that future studies need to place more
focus on the long-term health effects of pollution exposure from improper solid waste
disposal. More studies are expected to examine health impacts from PFAS in Sub-Saharan
Africa in the future. This requires researchers to overcome methodological challenges.
One approach is to incorporate longitudinal study designs, although this may pose ad-
ditional financial burden to researchers. Past studies may have overlooked chronic ex-
posure risks among vulnerable groups like waste workers and low-income groups in
informal settlements.

5. Conclusions

This paper examined the link between public health and poor solid waste management
in Sub-Saharan Africa, with the focus on air, water, and soil pollution. Air pollution from
waste disposal is the most documented topic, indicating its severe health threats in the
region. Studies showed strong interconnections among exposure to particulate matter
(PMy5), landfill emissions, and waste burning. These resulted in an increased prevalence
of respiratory symptoms, asthma, chronic cough, eye irritation, and lung impairment. A
higher exposure to these health risks led to 155 deaths/100,000 people in Sub-Saharan
Africa, which is higher than rates in other parts of the world. Water contamination stud-
ies revealed equally concerning health threats, such as cholera and malaria outbreaks,
due partly to open dumping, open defecation, and leachate seepage into drinking wa-
ter sources. Health risk assessments using Hazard Quotient and Lifetime Cancer Risk
models indicated elevated carcinogenic risks for communities dependent on groundwater
that contained higher concentrations of lead, cadmium, chromium, and nickel than the
WHO's permissible standards. Across all pollution pathways, three vulnerable groups
were consistently found to have experienced higher risks than the rest. These included
residents within 2 km from dumpsites and landfills, informal waste pickers with poor
occupational safety and health conditions, and children without proper protection from
health hazards.

A major cross-cutting finding is that past health-solid waste management studies in
Sub-Saharan Africa showed significant limitations in terms of understanding long-term
health effects from improper waste dumping practices. The methodological inconsistencies
in study design also led to mixed results regarding the connection between health hazard
exposure and cancers. The absence of standardized exposure metrics likely undermined
cross-study comparability. Reference distances for “proximity” ranged from 50 m to 2 km
without scientific justification. These findings underscore that improper waste disposal
in Sub-Saharan Africa is not merely an environmental management failure but a public
health crisis. We highlighted a tendency for a critical research imbalance in which acute
respiratory effects are relatively well-documented, whereas chronic and intergenerational
health impacts remained insufficiently investigated.

Policy Recommendations

As we briefly pointed out in the Section 4 concerning limited research funding to
conduct long-term health impact studies, Sub-Saharan Africa needs much higher research
output in terms of the long-term health impacts of poor solid waste management practices.
Based on the synthesized evidence, we propose the following areas to be prioritized in
enhancing research outcomes. First, as Sub-Saharan Africa has very limited infrastructural
capacity to treat solid waste, low-cost waste treatment options can be explored so that
municipalities can adopt them swiftly and reduce health risks to residents living near open
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dumping and burning sites. In connection to scientifically determined buffer zones of
a 2 km radius, aligned with the WHO guidelines, in-depth research activities can more
accurately identify specific health risk areas within a city or neighborhood, especially near
landfills and other dumpsites. Furthermore, occupational safety and health should be
studied more to better understand current conditions for vulnerable workers, including
informal waste pickers. Community-level intervention potential must be identified so
that government measures can place priorities on specific community mobilization for
health protection and the containment of solid waste disposal within a manageable level.
These measures should secure alternative and safer water sources, such as portable water
treatment tools, among residents who depend on boreholes and wells. The health effects of
poor solid waste management need to be regularly monitored with standardized measures.
Vector control studies are also necessary to reduce water-borne diseases. Lastly, future
research may enhance exposure metric standardization, risk assessment by distance, and
inclusive risk assessment models that examine not only the heavy metals we discussed
above but also forever chemicals like FPAS and VOCs.
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