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A B S T R A C T

Recent technological advancements coupled with lax policy regulations have caused increased electronic waste 
(e-waste) burden in the Sub-Saharan Africa (SSA), thereby exacerbating the environmental signatures of haz
ardous substances including contaminants of emerging concern (CECs), endocrine-disrupting chemicals (EDCs), 
persistent organic pollutants (POPs), and toxic metals such as lead (Pb), mercury (Hg), and cadmium (Cd), 
among others. This review synthesized 62 studies published between 2008 and 2025 to assess the environmental 
and health risks associated with e-waste disposal in SSA. Pb, Hg, Cd, and brominated flame retardants were the 
most detected hazardous substances. Near e-waste sites, Pb levels in soil ranged from 120 to 14,000 mg/kg, while 
Cd reached 6.8 mg/kg in topsoil. Water contamination by Hg near informal processing sites ranged from 0.3 to 
2.8 µg/L, exceeding the U.S Centers for Disease Control and Prevention (CDC) safety thresholds. Air pollution 
from open burning releases polycyclic aromatic hydrocarbons (400–1800 ng/m3), dioxins (3.5–19.2 ng/m3), and 
volatile metals, worsening the environmental health crisis. Informal recycling practices were the primary source 
of these pollutants, exposing workers and nearby communities to these toxic substances. This review highlighted 
significantly elevated health risks, with widespread exceedance of safety thresholds (e.g., blood Pb levels up to 
309 µg/dL, compared to CDC reference: 5 µg/dL; Cd up to 8.5 µg/L), leading to cognitive deficits, neurological 
damage, cancer, and respiratory and reproductive disorders, particularly for the vulnerable populations. 
Observed trends, gaps in recycling infrastructure and policy underscore the urgent need for improved legislation, 
formal recycling systems, and public awareness to mitigate health risks in the SSA.

1. Introduction

Electronic waste (e-waste), which includes used electrical and elec
tronic devices such as mobile phones, computers, televisions, and 
household appliances, is one of the fastest-growing waste streams 
globally (Asante et al., 2019). In 2019, approximately 53.6 million 
metric tonnes of e-waste were generated worldwide, a figure projected 

to rise due to rapid technological advancements, increased consumer 
demand, and shorter product lifespans (Baldé et al., 2024). Africa 
generated about 2.9 million metric tonnes of e-waste in 2019, with a per 
capita generation rate of 2.5 kg, significantly lower than Europe’s 16.2 
kg per capita or the America’s 13.3 kg per capita (Forti et al., 2020). 
However, this lower per capita generation rate masks the severe chal
lenges related to e-waste imports, informal recycling, and inadequate 
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waste management infrastructure across the continent (Awere et al., 
2020). While developed countries maintain relatively robust waste 
management systems and enforce bans or restrictions on the export of 
hazardous e-waste, weak institutional capacity and fragmented 
enforcement structures in many African countries have made it difficult 
to intercept non-functional imports, which often enter as “usable” 
electronics (McMahon et al., 2021). These systemic gaps, alongside 
infrastructural and policy limitations, have been documented across the 
continent (Lawhon, 2013; Maphosa and Maphosa, 2020). These opera
tional challenges in implementing transboundary waste controls could 
exacerbate e-waste pollution.

Among the regions in Africa, Sub-Saharan Africa (SSA), marked by 
limited infrastructural development and heightened ecological vulner
ability, has emerged as a key destination for e-waste disposal (Fatema 
et al., 2025; Skrdlik, 2023). This trend is driven by the demand for 
affordable electronics and a steady influx of second-hand imports from 
developed nations (Lambrechts and Hector, 2016; Schluep et al., 2012). 
A substantial proportion of these imports comprise of obsolete or 
non-repairable devices that often enter informal recycling streams 
(Baldé et al., 2024). Moreover, with an extensive network of water 
bodies supporting diverse ecosystems, SSA still faces significant 
vulnerability due to the increasing e-waste importation and/or 
mis-management. Informal recycling practices including open burning, 
manual dismantling, and acid leaching to recover valuable metals such 
as gold, copper, and aluminium release hazardous substances like lead, 
cadmium, mercury, and brominated flame retardants (BFRs) into the 
environment, posing severe risks to both human health and ecological 
systems (Daum et al., 2017; Ongondo et al., 2011). Studies from Ghana, 
Nigeria, and South Africa have reported elevated levels of heavy metals 
such as Pb (up to 100 mg/kg), Cd (4.2 mg/kg), and Hg (1.3 mg/kg) in 
soils near informal e-waste recycling sites (Asante et al., 2019; Akortia 
et al., 2017). These contaminants usually leach into surface and 
groundwater, thereby affecting food security and community water 
access.

These findings underscore the need to comprehensively assess e- 
waste impacts and inform evidence-based interventions since the envi
ronmental and health consequences of e-waste mis-management are 
severe. Scientific studies have linked chronic exposure to these toxins to 
a wide range of adverse health effects. For example, Cd levels in human 
blood ranging from 1.2 to 6.4 µg/dL have been linked to kidney damage, 
while elevated Pb levels have been associated with cognitive decline, 
neurological disorders, and reduced IQ in exposed children (Sindiku 
et al., 2015; Srigboh et al., 2016). Hg bioaccumulation in fish poses 
neurodevelopmental risks to the communities reliant on fish-based diets 
(Asante et al., 2016; Tokumaru et al., 2017). Other pollutants such as 
polybrominated diphenyl ethers (PBDEs) and polychlorinated dibenzo 
p-dioxins and/or furans (PCDD/Fs) measured in the environmental and 
biological matrices contribute to endocrine disruption, respiratory ill
nesses, and increased cancer risks in humans (Amankwaa et al., 2017; 
Tue et al., 2019).

This review, therefore, examined the environmental and human 
health impacts associated with e-waste disposal in the SSA. The review 
also consolidated quantitative data on the contaminant levels in the 
various matrices by synthesizing national and international regulatory 
responses. It highlights institutional and policy gaps that shape current 
waste flows, and community-level exposure risks. In doing so, this re
view provided a consolidated platform for informing sustainable waste 
management strategies, and guiding future research and policymaking 
on e-waste in SSA.

2. Materials and methods

This systematic review adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ensure 
rigor in data collection, screening, and synthesis (Page et al., 2021). A 
comprehensive literature search was conducted across six major 

scholarly databases: Wiley Online Library, Scopus, ScienceDirect®, 
PubMed, and Web of Science. To ensure a thorough examination of all 
available data and to capture potentially underreported findings, the 
review also included reports and documents from Google Scholar, and 
from reputable organizations and ministry websites, such as United 
Nations and national environmental agencies, recognizing that such 
sources often complement academic publications with field-based or 
policy-relevant data.

Keywords and Boolean combinations included “e-waste AND Sub- 
Saharan Africa,” “e-waste AND environmental impacts,” “e-waste AND 
health risks,” “informal e-waste recycling AND Africa,” and “toxic pol
lutants AND e-waste.” Additional terms like “WEEE” and “heavy metals 
AND e-waste” were used to address hazardous components of e-waste. 
Broader terms such as “developing countries AND e-waste management” 
or “informal waste recycling AND health impacts” supplemented the 
search. Country-specific searches used terms like “e-waste impacts AND 
Ghana,” or “informal recycling AND Nigeria,” or “heavy metals AND 
South Africa.” The review included studies published in English between 
2008 and 2025—a period marked by rapid population growth, increased 
importation of second-hand electronics, and rising consumption of 
digital and computing technologies across the SSA (Baldé et al., 2024; 
Fatema et al., 2025; Maphosa and Maphosa, 2020).

Fig. 1 shows the screening and selection process, including exclu
sions at each stage. From a total of 310 articles that were identified 
through the database search, 62 unique studies were retained for full 
analysis. Inclusion criteria included a focus on e-waste and its regula
tion, or impacts, or assessment in the SSA. Studies that had methodo
logical limitations including those with undefined sampling strategies, 
absence of empirical data, or lack of analytical procedures were also 
excluded (Table S1 in Supplementary Material).

2.1. Overview of research studies on e-waste in sub-Saharan Africa

Of the 62 studies identified in this review, 28 were experimental, 21 
were case studies while 13 were research reports (Table S1, Supple
mentary Material). Experimental studies primarily concentrated on 
laboratory analyses of hazardous e-waste components and/or their 
environmental and health implications. Case studies employed qualita
tive and quantitative methods such as field observations and interviews, 
to investigate occupational health risks and social behaviours associated 
with informal e-waste collection and recycling, while developing 
intervention strategies, often in collaboration with organizations like the 
Blacksmith Institute. Given the complex and informal nature of many e- 
waste sites in Africa, where data collection and regulation are often 
limited, selected studies by Machete (2017), and Lambrechts and Hector 
(2016) underscored the value of incorporating contextual and socio
logical perspectives into scientific assessments. In this regard, this cur
rent review included experimental studies, case studies, and integrated 
research reports.

The reviewed literature encompassed studies conducted in 13 
countries across the SSA, with predominant contributions from Ghana 
(29 studies, 54 %), Nigeria (11 studies, 17 %), and South Africa (4 
studies, 7 %) as visualized in Figure S1. Seven studies addressed mul
tiple SSA countries (Amera and Edwards, 2013; Baldé et al., 2017, 2024; 
Forti et al., 2020; ITU, 2023; Perkins et al., 2014; Traverso et al., 2024). 
Ghana’s prominence could be largely attributed to Agbogbloshie, 
recognized as Africa’s most hazardous e-waste hotspot and among the 
world’s largest dumping sites (Itai et al., 2014; Kaifie et al., 2020; Lebbie 
et al., 2021; Srigboh et al., 2016; Tetteh and Lengel, 2017; Tokumaru 
et al., 2017; Traverso et al., 2024; Tue et al., 2016, 2019; Wittsiepe et al., 
2015).
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3. Results: E-waste in sub-Saharan Africa

3.1. E-waste generation and management in sub-Saharan Africa

3.1.1. E-waste generation
In 2019, approximately 546,000,000 kg of e-waste were imported 

into the SSA, with about (⁓) 19,000,000 kg under controlled condi
tions, and the remaining ⁓527,000,000 kg arriving as uncontrolled 
shipments. Countries such as Ghana, Nigeria, and South Africa act as the 
primary entry points, largely due to their established ports and informal 
recycling industries. Ghana’s Agbogbloshie, one of the world’s largest e- 
waste dumping sites processes ⁓215,000 tonnes of e-waste annually, 
much of which is imported (Adanu et al., 2020). Despite contributing 
minimally to the global e-waste generation, as illustrated in Fig. S2, SSA 
disproportionately bears the burden of imported e-waste. Out of Africa’s 
estimated population of 1.55 billion in 2025, ⁓1.2 billion people reside 
in the SSA, a region that continues to experience the most significant 
challenges in e-waste management (World Population Review, 2025). 
Table 1 presents the current general e-waste statistics of the 11 SSA 
countries that have implemented national policies on the e-waste 
management. Nigeria generates ⁓500,000 tonnes of the e-waste 
annually, followed by South Africa at ⁓530,000 tonnes (Baldé et al., 
2024). Other contributors included Angola (⁓150,000,000 kg), 
Ethiopia (⁓88,000,000 kg), and DRC (⁓56,000,000 kg) (Table 1), 

highlighting the scale of e-waste challenges across the region. South 
Africa, with a per capita e-waste generation rate of ⁓9 kg, ranks among 
the highest in the SSA, while Libya and Seychelles lead the continent at 
⁓14 kg per capita (Baldé et al., 2024; Luyeye, 2023).

Severe challenges of e-waste mismanagement have been reported. 
For instance, in 2019, e-waste generated in Africa was linked to the 
release of ⁓12.4 billion (in kg) of CO2 equivalents, ⁓6000 kg of Hg 
emissions, and unmanaged disposal of ⁓3000,000 kg of plastics con
taining BFRs (Awere et al., 2020). E-waste generation in SSA originates 
from two dominant pathways: domestic consumption and imports from 
high-income countries (Fig. 2). Domestic sources are primarily driven by 
the rapid uptake of mobile phones, computers, and small IT equipment, 
especially in South Africa, Kenya, and Nigeria, which have been linked 
to the economic growth and increasing access to digital infrastructure 
(Kyere et al., 2017; Lebbie et al., 2021). Significant volumes of e-waste 
estimated at over 5000 tonnes annually from illegal shipments alone 
arrive in the SSA through second-hand electronics imports, often 
labelled as donations or affordable technology to bridge the digital 
divide. This trend, which was documented in a study by Skrdlik (2023), 
underscores the ongoing challenge of regulating transboundary e-waste 
flows disguised as reuse (Moletsane and Venter, 2018). However, a large 
proportion of these imports, often >70 % are obsolete, non-functional, 
or irreparable upon arrival, transforming into waste immediately after 
entry (Amoabeng Nti et al., 2020; Manhart et al., 2013).

3.1.2. E-waste management: informal sector involvement
In the SSA, the recycling and disposal of e-waste are primarily 

managed by the informal sector. Agbogbloshie, for instance, processes 
⁓215,000 tonnes of e-waste annually, and employs thousands of 
informal recyclers, including the vulnerable groups such as children and 
women (Abubakar et al., 2022; Yu et al., 2017). The recycling is char
acterized by unregulated practices and a lack of protective measures. 
Workers, including children, employ rudimentary/crude techniques 
such as open burning, acid baths, and manual dismantling to recover 
valuable materials (Adanu et al., 2020; Peluola, 2016). These methods 
are not only inefficient (i.e., recovering minimal fractions of valuable 
metals), but also release hazardous pollutants like heavy metals (e.g., 
Pb, Cd, Hg), and POPs into the environment (Ouabo et al., 2019; 
Amoabeng Nti et al., 2020). Consequently, these practices pose severe 
environmental risks and expose workers to significant health hazards 
(Kyere et al., 2017; Awere et al., 2020). Informal recyclers, driven by 
economic necessity, often resist formalization efforts due to fears of 
income loss and high compliance costs. However, integrating informal 
workers into formalized systems has shown promise in improving safety, 
efficiency, and environmental outcomes (Baldé et al., 2024). For 

Fig. 1. PRISMA flow diagram illustrating the systematic article selection process.

Table 1 
E-waste statistics for Sub-Saharan African countries with national e-waste 
policies.

Country E-waste 
generation per 
capita1 (kg/ 
person)

Total e-waste 
generation 
(tonnes/year)1

Highest e- 
waste 
generation 
(million kg)2

Formally 
collected & 
recycled 
(tonnes/year)

Cameroon NA ~33,000 33 NA
Côte 

d’Ivoire
~0.3 ~42,000 42 NA

Ghana 0.4–0.8 ~215,000 NA <5000
Kenya ~0.45 ~51,300 88 <5000
Madagascar NA NA NA NA
Nigeria ~2.0 ~500,000 500 <10,000
Rwanda ~0.2–0.3 ~10,000 NA ~10003

South 
Africa

~5.7–11 ~415,000 530 ~25,000

Tanzania ~0.4 NA 61 NA
Uganda ~0.18 ~22,000 NA NA
Zambia ~0.4 ~10,000 NA NA

Sources Baldé et al. (2024)1; Lebbie et al. (2021)2; Enviroserve Rwanda Green 
Park (2025)3; NA=data not available.
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Fig. 2. Major sources of e-waste across the Sub-Sahara Africa.

Table 2 
E-waste contamination and associated environmental risks in Sub-Saharan Africa.

Contaminants Matrix Levels (Min – Max) Environmental risks Potential sources of 
pollutants

Study

Lead, cadmium, 
mercury, arsenic

Soil, water Lead: 260–8100 mg/kg; 
Mercury: 0.5–1.2 µg/L

Heavy metal accumulation in soil and water; toxicity to 
aquatic ecosystems; reduced soil productivity.

E-waste dumping and 
runoff

Srigboh et al. 
(2016)

PAHs, PCDD/Fs, lead, 
cadmium

Air, soil Lead: 120–14,000 mg/kg; 
PAHs: 500–1200 ng/m3

Atmospheric pollution; soil contamination; 
bioaccumulation in terrestrial food chains.

Open burning and 
dumping

Amoabeng Nti 
et al. (2020)

PCDD/Fs, PCBs Soil, water, 
air

PCDD/Fs: 2.1–42.7 pg/g 
(lipid base); PCBs: 0.011–0.62 
µg/L

Persistent organic pollutants in air, water, and soil; 
disruption of aquatic and terrestrial ecosystems; long- 
term toxicity risks.

E-waste dismantling 
and combustion

Wittsiepe et al. 
(2015)

Lead, cadmium, 
mercury, chromium

Soil, water Lead: 530–6700 mg/kg; 
Cadmium: 0.8–6.8 mg/kg

Soil and water contamination; bioaccumulation in fish 
and crops; reduced agricultural productivity.

Leachate runoff and 
informal recycling

Tue et al. (2016)

PAHs, PCDD/Fs Air, soil PAHs: 400–1100 ng/m3; 
PCDD/Fs: 3.5–19.2 ng/m3

Airborne pollutants causing atmospheric degradation; 
contamination of nearby soils.

Open burning of 
plastics and cables

Feldt et al. 
(2014)

Mercury, PBDEs Water, 
aquatic 
biota

Mercury: 0.3–2.8 µg/L; 
PBDEs: 0.15–2.5 mg/kg (fish)

Mercury bioaccumulation in fish; toxic effects on aquatic 
ecosystems; long-term contamination of water sources.

E-waste runoff into 
rivers

Asante et al. 
(2012)

Lead, cadmium, PAHs Air, soil PAHs: 1000–1800 ng/m3; 
Lead: 600–8500 mg/kg

Airborne PAHs causing respiratory risks; lead 
accumulation in agricultural soils reducing crop 
viability.

Burning and 
dismantling of e-waste

Kyere et al. 
(2017)

Lead, cadmium, 
arsenic

Water, soil Cadmium: 0.7–5.3 mg/kg 
(soil); Lead: 3.4–6100 mg/kg

Contamination of water bodies and agricultural soils; 
health risks through water and food chain exposure.

Leachate from 
informal recycling 
zones

Awere et al. 
(2020)
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example, in Ghana, pilot programs have fostered partnerships with 
informal recyclers, providing training, access to safer equipment, and 
incentives to participate in regulated processes (Lebbie et al., 2021). 
These initiatives demonstrate the potential for scalable solutions that 
balance economic livelihoods with environmental sustainability.

3.2. Environmental impacts of e-waste in sub-Saharan Africa

Out of 28 experimental studies reviewed, 19 focused on the envi
ronmental levels of pollutants associated with e-waste recycling and 
disposal. The studies generally examined contamination across soil, 
water, and air matrices (Ackah, 2019; Amoabeng Nti et al., 2020; Asante 
et al., 2012; Itai et al., 2014; Srigboh et al., 2016; Tokumaru et al., 2017; 
Tue et al., 2016) (Table S2, Supplementary Material). Hazardous sub
stances frequently identified included heavy metals (Pb, Cd, Hg, Cr, As), 
and POPs; polycyclic aromatic hydrocarbons (PAHs), polychlorinated 
biphenyls (PCBs), PCDD/Fs, and BFRs like PBDEs and phthalates 
(Tables 2 and S2).

3.2.1. Soil contamination
Thirteen of the reviewed studies focused on soil contamination 

linked to the e-waste activities (Kyere et al., 2017; Asante et al., 2012; 
Cao et al., 2020; Fujimori et al., 2016; Ouabo et al., 2019; Tue et al., 
2019) (see Tables 2 and S2). Studies from West Africa (Isimekhai et al., 
2017; Moeckel et al., 2020) more broadly underlined the spatial vari
ability and ecological risks from soil-borne toxicants. For instance, Pb 
(120–14,000 mg/kg), Cd (0.7–6.8 mg/kg), and As (up to 30 mg/kg) 
have been reported in soils near the informal e-waste hubs, notably 
Agbogbloshie (Amoabeng Nti et al., 2020; Tue et al., 2016; Awere et al., 
2020; Ackah, 2019). PAHs (500–1800 ng/m3) and PCDD/Fs (3.5–19.2 
ng/m3) were also detected in adjacent soils from open burning activities 
(Feldt et al., 2014; Kyere et al., 2017). Complementary data revealed 
PBDEs up to 320 ng/g in soils and dust (Akortia et al., 2017), and 
spatially heterogeneous metal distribution linked to proximity to com
bustion zones (Itai et al., 2014). A significant fraction of Cd was found in 
bioavailable forms (Tokumaru et al., 2017), which highlighted the risks 
of trophic transfer and ecological harm. Occurrence of dioxins and PCBs 
(Wittsiepe et al., 2015) further confirmed persistent contamination from 
dismantling and combustion residues. Overall, heavy metals and POPs 
accumulate in e-waste-affected soils, posing long-term risks to both 
ecosystems and human health.

3.2.2. Water pollution
E-waste activities contribute to water pollution primarily via 

leachate runoff into nearby surface and groundwater systems. Informal 
recycling zones in Ghana and Nigeria have reported elevated levels of 
Hg (0.3–2.8 µg/L in water), Cd (0.8–5.3 mg/kg in sediment), and Pb 
(3.4–6100 mg/kg in soil), with values surpassing WHO drinking water 
standards (Asante et al., 2012; Isimekhai et al., 2017; Awere et al., 
2020). Bioaccumulation in aquatic species has also been documented, 
with PBDEs in fish tissues ranging from 0.15 to 2.5 mg/kg, posing di
etary exposure risks to local populations (Asante et al., 2012). PCBs 
(0.011–0.62 µg/L) have been detected in surface waters near disman
tling sites, contributing to long-term contamination and 
endocrine-disrupting effects (Wittsiepe et al., 2015). Inadequate 
containment and infrastructural deficiencies facilitate toxicant infiltra
tion into aquifers and surface water sources (Olafisoye et al., 2013; 
Nwagwu and Okuneye, 2016). These findings underscore the trans
boundary and persistent nature of e-waste contaminants in aquatic 
systems.

3.2.3. Air pollution
Airborne emissions from e-waste recycling primarily result from 

open burning and thermal dismantling of cables and plastics to extract 
metals like copper. Near major recycling hubs such as Agbogbloshie, 
atmospheric levels of PAHs (400–1800 ng/m3), PCDD/Fs (3.5–19.2 ng/ 

m3), and Pb in dust (up to 14,000 mg/kg) have been reported, high
lighting intense exposure zones (Feldt et al., 2014; Kyere et al., 2017; 
Amoabeng Nti et al., 2020). Such emissions contribute to poor air 
quality, with children and informal workers exhibiting increased respi
ratory symptoms, and toxic metal accumulation (Amoabeng Nti et al., 
2020; Yu et al., 2017; Coker and Kizito, 2018). Volatile organic com
pounds (VOCs) including benzene, toluene, and xylene, have also been 
identified as significant urban pollutants from these sites (Orisakwe 
et al., 2019). The high mobility of these airborne contaminants means 
exposure extends beyond immediate recycling locations, with implica
tions for broader urban public health.

3.3. Health impacts of e-waste

E-waste recycling and (mis)management in the SSA poses significant 
occupational and public health risks, largely due to the direct exposure 
to these hazardous substances released during dismantling, open 
burning, and chemical treatment processes. Twelve studies have re
ported health risks linked to e-waste related substances such as PBDEs, 
PCDD/Fs, PBDD/Fs, PCBs, As, Cd, and Pb (Ackah, 2019; Akortia et al., 
2017; Amankwaa et al., 2017; Feldt et al., 2014; Sindiku et al., 2015; 
Srigboh et al., 2016; Tokumaru et al., 2017; Tue et al., 2016, 2019; 
Wittsiepe et al., 2015). The health impacts and interventions identified 
to address these health issues are presented in Table 3. In major e-waste 
hubs in West Africa, e-waste recycling workers and the environment are 
chronically exposed to toxicants. In Agbogbloshie (Ghana), blood Pb 
levels among e-waste recycling workers reached 15 µg/dL (range: 
8.7–309 µg/dL), while soil samples from informal recycling zones have 
recorded Pb levels up to 460 mg/kg. Similarly, Cd levels among workers 
ranged from 1.2 to 8.5 µg/L in blood (Srigboh et al., 2016; Sindiku et al., 
2015). These levels exceeded the CDC safety thresholds and were likely 
to contribute to cognitive deficits, neurodevelopmental delays, and 
kidney dysfunction (Sindiku et al., 2015), as well as increased risk of 
skeletal damage (Tue et al., 2016; Amoabeng Nti et al., 2020). Exposure 
to Cd posed health risks including chronic respiratory illnesses and renal 
damage (Srigboh et al., 2016; Tokumaru et al., 2017). The levels of Hg in 
ambient air at informal recycling sites in Ghana ranged from 0.012 to 
0.045 µg/m3, while local water sources recorded levels up to 3.8 µg/L, 
exceeding WHO drinking water guidelines and posing risks of neuro
toxicity and cardiovascular effects (Asante et al., 2012; Feldt et al., 
2014).

The health risks are compounded by exposure to organic pollutants 
produced during e-waste recycling. For instance, PBDEs in e-waste dust 
(2.5 to 320 ng/g) were reported in soil and dust samples from Agbog
bloshie, Ghana (Akortia et al., 2017), and have been linked to thyroid 
dysfunction, developmental neurotoxicity, and potential carcinogenic
ity. Moreover, exposure to elevated PCBs and PBDD/Fs levels poses 
long-term risks of endocrine disruption, cancer, and immune suppres
sion (Tue et al., 2019; Issah et al., 2022). Exposed workers also reported 
frequent respiratory conditions including chronic bronchitis and 
asthma, due to prolonged inhalation of particulate matter from open 
e-waste burning (Amoabeng Nti et al., 2020), as well as dermatological 
conditions including chronic wounds, and skin irritation from the 
handling of corrosive substances without protective equipment (Kyere 
et al., 2017).

3.3.1. Public health concerns
The public health burden of e-waste extends beyond workers to 

include nearby communities, especially children and pregnant women. 
Toxicants from e-waste infiltrate air, water, and soil, creating chronic 
exposure pathways. A notable case from Alaba Market in Lagos, Nigeria, 
revealed emissions of dioxins, furans, chromium, and nickel from 
informal recycling into the surrounding ecosystems, causing soil and 
water contamination, thereby affecting agricultural productivity, and 
aquatic food safety (Zeng et al., 2016; Odeyingbo et al., 2017). In Ghana 
(Agbogbloshie), investigated soil samples recorded Pb levels as high as 

P. Ssebugere et al.                                                                                                                                                                                                                              Journal of Hazardous Materials Advances 20 (2025) 100873 

5 



14,000 mg/kg, and was associated with developmental delays, behav
ioural disorders, and neurotoxicity in the exposed children, usually 
through direct contact with the contaminated soil during play, 
hand-to-mouth activity, and by inhalation or ingestion of Pb-laden dust 
(Ackah, 2019; Ahirwar and Tripathi, 2021). Hg, which is often released 
during informal treatment of e-waste components bioaccumulates in 
aquatic ecosystems, thereby contaminating fish that serve as a primary 
food source for local communities. Consumption of Hg-laden fish is 
associated with neurological impairments, motor skill dysfunction, and 
cognitive deficits, particularly in children and pregnant women (Asante 
et al., 2012; Feldt et al., 2014).

Airborne pollutants such as PAHs, dioxins, and furans released dur
ing open burning contribute to the respiratory complications, oxidative 
stress, cardiovascular disease, and cancer in local populations (Fasinu 
and Orisakwe, 2013; Kyere et al., 2017). Children living near e-waste 
sites often exhibit elevated blood Pb levels and other biomarkers of toxic 
exposure, far exceeding the internationally accepted thresholds (Srigboh 
et al., 2016). Empirical case studies from Ghana, Nigeria, and Kenya 
where e-waste recycling is prevalent further illustrate the severity of 
these exposures. In Ghana’s Agbogbloshie, over 67 % of the individuals 
tested had blood Pb levels exceeding the CDC and National Institute for 
Occupational Safety and Health (NIOSH) reference threshold of 5 µg/dL. 
The levels of Cd ranged between 1.2–8.5 µg/L, correlating with respi
ratory and renal symptoms (Srigboh et al., 2016; Wittsiepe et al., 2015). 
Individuals involved in dismantling and burning activities consistently 
showed highest biomarker levels (Tue et al., 2016; Amoabeng Nti et al., 
2020). In Nigeria, workers faced musculoskeletal injuries from repeti
tive and unergonomic work, alongside exposure to heavy metals (Ouabo 
et al., 2019). In Kenya, Hg and Cd contamination in water sources near 
recycling zones has been linked to liver and kidney dysfunction in local 
communities (Feldt et al., 2014). Hair samples from e-waste workers in 
multiple countries revealed high concentrations of PBDEs, reinforcing 
concerns about chronic endocrine disruption (Asante et al., 2012; Tue 
et al., 2019).

In general, these studies underscore the urgent need for interventions 
aimed at reducing health risks associated with informal e-waste recy
cling in SSA. Regulatory reforms to establish safer recycling protocols, 
public health education to raise awareness of e-waste hazards, and in
vestments in environmentally sound recycling infrastructure are 

essential in mitigating long-term health impacts, and fostering sustain
able e-waste management practices (ITU, 2023; Magoum, 2022; Umesi 
and Onyia, 2008).

4. Regulatory and institutional responses to e-waste pollution

4.1. Existing regulations on e-waste management and/or recycling in sub- 
Saharan Africa

Our literature review showed that 12 reports existed on national and 
international laws governing e-waste management in the SSA (Amera 
and Edwards, 2013; Baldé et al., 2017, 2024; Forti, Baldé, Kuehr, and 
Bel, 2020; ITU, 2023; Nasasira, 2016; National Bureau of Statistics and 
United Nations University, 2019; Odeyingbo et al., 2017; Perkins et al., 
2014; Prakash et al., 2010; Skrdlik, 2023; Tetteh and Lengel, 2017; 
Wasswa and Schluep, 2008; Table 4), which encompass regional, na
tional, and global perspectives. These reports highlighted the various 
regulatory efforts, enforcement challenges, and recycling initiatives 
across the region. National and international frameworks for e-waste 
management exist across the SSA, but there is still weak implementa
tion. Of the 13 countries highlighted in recent studies, only eight 
(Cameroon, Ghana, Kenya, Nigeria, South Africa, Tanzania, Uganda, 
and Zambia) have enacted dedicated e-waste legislation, but they also 
still lack explicit recycling-rate targets. Extended Producer Re
sponsibility (EPR) provisions appear on paper in Ghana and Nigeria, yet 
limited oversight keeps enforcement weak (Baldé et al., 2017; Baldé 
et al., 2024; Perkins et al., 2014).

At the multilateral level, nearly all States are parties to the Basel, 
Rotterdam, and Stockholm Conventions, while the Bamako Convention 
bans hazardous-waste imports outright. However, funding gaps, tech
nical shortfalls, governance problems–corruption, poor accountability, 
and a dominant informal sector undermine the impact of these agree
ments (Babayemi et al., 2015; Prakash et al., 2010; Skrdlik, 2023). 
Ghana’s Hazardous and Electronic Waste Control Act and Nigeria’s 
sector-specific regulations, for example have not stemmed illegal im
ports or informal processing (Odeyingbo et al., 2017; Nasasira, 2016). 
Regional initiatives offer promising, but nascent solutions. The African 
Circular Economy Alliance, East Africa Communications Organization, 
Ghana’s bilateral programme with Germany on safe recycling, and 

Table 3 
Human exposure, contaminant levels, and associated health outcomes linked to e-waste activities in Sub-Saharan Africa.

Contaminants Matrices Levels (Min - Max) Health risks Suggested interventions Study

PBDEs, PCBs, heavy 
metals (As, Cd, Pb, 
Hg)

Soil, dust, 
blood

PBDEs: 2.5–320 ng/g; Cd: 
1.2–6.4 µg/dL

Elevated blood Pb and Cd linked to 
cognitive deficits and kidney 
damage

Improved site management, 
protective equipment for workers

Sindiku et al. (2015); 
Ohajinwa et al. 
(2019)

As, Cd, Pb, Ni, Hg, Mn, 
Zn

Blood, urine Blood Cd: 1.2 µg/L; Pb: 6.4 µg/ 
dL (67 % above CDC 
threshold)

Neurotoxicity, renal dysfunction, 
and arsenicosis in workers

Occupational safety measures and 
public awareness programs

Srigboh et al. (2016)

Zn, Cd, Pb, Sb, Mo Soil, sediment, 
human hair

Cd: 58.9 % in exchangeable 
fraction; Pb in hair: 
0.011–0.037 mg/kg

Chronic exposure to toxic metals 
causing neurological and 
reproductive disorders

Soil remediation and stricter e- 
waste policies

Tokumaru et al. 
(2017)

PCDD/Fs, PBDD/Fs, 
PXDD/Fs, DL-PCBs

Soil PBDD/Fs: 83–3800 ng/g; TEQ: 
7x U.S. action level

Cancer risk and endocrine 
disruption from dioxin exposure

Controlled burning and 
alternative recycling methods

Tue et al. (2016)

PBDEs, PCDEs, PXDFs Soil PBDEs: 1.3–380 ng/g; TEQ: 
7.9–5400 pg/g

Increased cancer risk due to 
elevated dioxin-like compounds

Emission control measures and 
worker health monitoring

Tue et al. (2019)

PCDD/Fs, PCBs Blood PCDD/Fs: 6.18 pg/g lipid 
(exposed group); PCBs: 
0.011–0.019 µg/L

Higher dioxin exposure linked to 
immune suppression and hormonal 
disruption

Health monitoring for exposed 
populations and better waste 
handling practices

Wittsiepe et al. 
(2015)

PBDEs, PCBs, heavy 
metals

Air, dust, soil, 
blood

PBDEs: 3.7–130 ng/g; PCBs: 
2.6–35.2 ng/g

Respiratory illnesses and long-term 
carcinogenic risks

Air quality control and protective 
measures for workers

Akortia et al. (2017)

Pb, Cd, Hg Soil, blood Pb in soil: 10–460 mg/kg; 
blood Pb: 15 µg/dL

Neurological impairments in 
children exposed to Pb

Site cleanup and relocation of 
vulnerable populations

Ackah, A. (2019)

Heavy metals (As, Cd, 
Pb)

Blood, soil, 
hair

Hair Pb: 0.015–0.045 mg/kg; 
soil As: 4.5–20.8 mg/kg

Developmental delays and cancer 
risks

Educational programs and stricter 
enforcement of e-waste laws

Amankwaa et al. 
(2017)

PAHs, heavy metals Air, blood PAHs: 0.5–12.4 µg/m3; blood 
Pb: 7.5 µg/dL

Respiratory illnesses and oxidative 
stress

Air quality improvement 
measures and worker health 
programs

Burns et al. (2019); 
Feldt et al. (2014).

See Table S3 for list of abbreviations and full names.
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Rwanda’s Enviroserve Green Park have demonstrated how targeted 
partnerships, and harmonised standards could close enforcement gaps 
and build the infrastructure needed for responsible e-waste management 
(ITU, 2023; Wasswa and Schluep, 2008).

Despite broad subscription to the Basel Convention, translation of 
international commitments into effective action remains uneven across 
the SSA. Eleven countries (Cameroon, Côte d’Ivoire, Ghana, Kenya, 
Madagascar, Nigeria, Rwanda, South Africa, Tanzania, Uganda, and 
Zambia) have adopted national e-waste statutes, yet most lack the 
infrastructure, financing, and public awareness needed to enforce them. 
Several countries in the continent including Angola, Benin, Botswana, 
Burkina Faso, report little or no progress toward domestic policymaking, 
while countries like the Democratic Republic of Congo, Equatorial 
Guinea, Liberia, Somalia, and South Sudan have not reported any e- 

Table 4 
Selected e-waste management reports across the Sub-Saharan Africa.

Report title Authors (Year) Region 
covered

Key results/outcomes

E-Waste in sub- 
Saharan Africa: 
Challenges and 
Opportunities

Amera and 
Edwards (2013)

sub- 
Saharan 
Africa

Highlights rapid 
increase in e-waste 
generation, 
underdeveloped 
recycling 
infrastructure, and 
lack of regulatory 
frameworks to manage 
e-waste effectively.

The Global E-Waste 
Monitor

Baldé et al. 
(2017)

Global, 
with focus 
on Africa

Stresses the dominance 
of the informal 
recycling sector, the 
inadequacy of e-waste 
management policies, 
and the lack of 
awareness of 
environmental and 
health impacts in SSA.

The Global E-Waste 
Monitor: 2024

Baldé et al. 
(2024)

Global, 
with focus 
on Africa

Provides updated 
statistics on e-waste 
generation, underlines 
insufficient formal 
recycling systems in 
SSA, and emphasizes 
the need for improved 
policies and regulatory 
enforcement.

The Global E-Waste 
Statistics Partnership 
Report

Forti et al. 
(2020)

Global, 
with focus 
on Africa

Emphasizes the global 
increase in e-waste 
generation, highlights 
the urgent need for 
more formal recycling 
systems in Africa, and 
calls for 
comprehensive e- 
waste management 
strategies.

E-Waste and ICT: A 
Situation Analysis

ITU (2023) Global, 
with focus 
on Africa

Explores the 
exponential growth of 
ICT devices 
contributing to e-waste 
and identifies 
challenges in 
managing e-waste due 
to poor infrastructure 
and lack of 
enforcement in SSA.

E-Waste Management 
in Uganda

Nasasira (2016) Uganda Focuses on the limited 
capacity for e-waste 
management in 
Uganda, where 
informal recycling 
dominates, and 
regulatory measures 
are underdeveloped, 
leading to health and 
environmental risks.

E-Waste in Sub- 
Saharan Africa: Facts 
and Figures

National 
Bureau of 
Statistics & 
United Nations 
University. 
(2019)

Sub- 
Saharan 
Africa

Examines e-waste 
generation patterns in 
SSA, revealing a high 
dependency on the 
informal recycling 
sector and a severe 
lack of formal 
recycling systems, 
which exacerbates 
environmental and 
health challenges.

Environmental Impacts 
of E-Waste in West 
Africa

Odeyingbo 
et al. (2017)

West 
Africa

Investigates the 
environmental 
contamination caused 
by improper e-waste 
disposal, particularly  

Table 4 (continued )

Report title Authors (Year) Region 
covered 

Key results/outcomes

the leaching of 
hazardous materials 
like lead, mercury, and 
cadmium into soil and 
water resources.

The Health Impacts of 
E-Waste Exposure in 
Sub-Saharan Africa

Perkins et al. 
(2014)

Sub- 
Saharan 
Africa

Discusses the serious 
health risks of e-waste 
exposure, especially to 
toxic substances such 
as mercury, lead, and 
cadmium, which affect 
vulnerable populations 
engaged in informal 
recycling activities.

E-Waste and 
Sustainability in 
India

Prakash et al. 
(2010)

India, 
with 
parallels 
to Africa

Highlights parallels 
between e-waste 
management issues in 
India and SSA, 
particularly the 
unregulated informal 
recycling sector and its 
environmental and 
health risks.

Europe-Africa 
Electronic Waste 
Smuggling

Skrdlik (2023) Europe, 
Africa

Reports on the 
smuggling of e-waste 
from Europe to Africa, 
exposing Africa to 
hazardous substances 
like mercury, lead, and 
cadmium, and 
underlining the lack of 
enforcement and weak 
regulation in the 
affected African 
countries.

Proposing a 
Transdisciplinary 
Approach to the E- 
Waste Crisis in Sub- 
Saharan Africa

Tetteh and 
Lengel (2017)

Sub- 
Saharan 
Africa

Advocates for the 
integration of Health 
Impact Assessment 
(HIA) into e-waste 
management policies, 
stressing the 
importance of 
transdisciplinary 
approaches to address 
health, environmental, 
and social impacts.

E-Waste Recycling 
Practices and 
Challenges in East 
Africa

Wasswa and 
Schluep (20080

East Africa Analyses the 
challenges faced by 
East African countries 
in managing e-waste, 
focusing on the 
dominance of informal 
recycling practices, 
poor infrastructure, 
and lack of effective 
regulatory 
mechanisms.
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waste measures. This patchwork hampers regional cooperation and 
obscures performance comparisons, underscoring the need for shared 
bench-marks, stronger regulatory enforcement, and capacity-building 
via public–private partnerships if the Basel principles are to be imple
mented (Ilankoon et al., 2018; Lebbie et al., 2021; Mmereki et al., 2015).

E-waste regulation enforcement in the SSA is undermined by cor
ruption, weak infrastructure, and limited institutional capacity. At 
Lagos’s Tin Can Island, over 70 % of imported electronics were found to 
be non-functional, entering the country under the guise of second-hand 
goods (Nduneseokwu et al., 2017; Odeyingbo et al., 2017). High-profile 
incidents such as the Probo Koala disaster in Côte d’Ivoire (2006), where 
500 tonnes of hazardous waste were illicitly dumped near Abidjan, and 
the toxic dumping in Koko, Nigeria (1987), highlight systemic regula
tory failures (Lambrechts and Hector 2016; Abdelbasir et al., 2018). In 
Somalia, post-tsunami assessments revealed hazardous waste buried 
along the coastline, linked to cancer and birth defects (Adeniran et al., 
2022; Nour and Olusegun, 2024). These cases demonstrate persistent 
non-compliance with international conventions like Basel and Bamako 
(Skrdlik, 2023). Moreover, while countries like Nigeria and Ghana have 
introduced regulations incorporating EPR such as Nigeria’s 2022 EEE 
regulations and Ghana’s Act 917 (2016), enforcement remains weak, 
with data limitations hindering oversight (Maphosa and Maphosa, 
2020). Informal recycling remains dominant due to the absence of 
standardized recycling targets. Even recent efforts to improve compli
ance, such as the 2023 interception of 331 illegal e-waste containers 
route from Europe to West Africa, reveal the scale of enforcement 
challenges (Okeke et al., 2024).

4.2. Recycling programs and formal solutions

Despite the widespread enforcement gaps, some SSA countries have 
piloted effective formal recycling initiatives. In South Africa, the e- 
Waste Association of South Africa (eWASA) has developed a coordinated 
system for e-waste collection, treatment, and public education, 
improving compliance with the environmental standards (Bob et al., 

2017; Baldé et al., 2024). Kenya’s National Environment Management 
Authority (NEMA), in partnership with NGOs, supports the Nairobi 
WEEE Centre, which offers safe recycling services while generating 
employment (Nwagwu and Okuneye, 2016). Ghana and Nigeria have 
adopted scalable recycling models through projects such as Global 
Electronic Management (GEM) programme backed by Global Environ
ment Facility (GEF) and United Nations Industrial Development Orga
nization (UNIDO) (Nasasira, 2016; Baldé et al., 2024). Uganda’s 
national e-waste guidelines detail the protocols for decontamination, 
dismantling, and separation of valuable materials with attention to 
hazardous components such as Hg and Chlorofluorocarbons (CFCs) 
(Nasasira, 2016). Some pilot technologies like hydrokinetic electricity 
solutions in Kenya, and automated dismantling lines in South Africa, 
show potential but remain in early stages (Bob et al., 2017).

Our review identified 21 investigative case studies and three recent 
experimental studies which highlighted a diverse set of technological 
and sociological solutions for e-waste management in the SSA (e.g., 
Acquah et al., 2019; Adanu et al., 2020; Awandu et al., 2025; Ledwaba 
and Sosibo, 2017; Magoum, 2022; Nwagwu and Okuneye, 2016; Oten
g-Ababio et al., 2020; Okorhi et al., 2019; Sanana and Mwanza, 2024; 
Traverso et al., 2024).

Table 5

4.2.1. Technological solutions
Critical technological innovations for e-waste management include 

efficient recycling techniques, structured collection systems, and sus
tainable processing methods (Table 6). Sustainable Recycling Technol
ogies (SRTs) offer a transformative opportunity to address e-waste 
challenges in the SSA by minimizing environmental and health impacts. 
In South Africa, closed-loop material recovery systems and automated 
disassembly lines have been developed, significantly reducing landfill 
use while enhancing resource recovery (Ledwaba and Sosibo, 2017). In 
Kenya, low-cost hydrokinetic technologies constructed from e-waste 
components have achieved 99 % efficiency rate in delivering sustainable 
energy solutions to the off-grid communities (Awandu et al., 2025). 

Table 5 
E-waste legislation and policy regulations in the Sub-Saharan African countries.

Region Country NP EPR CR NP Region Country NP EPR CR

Central Africa Central African Republic ⨯ ⨯ ⨯ ⨯ South Africa Angola ⨯ ⨯ ⨯
Cameroon ✓ ✓ ⨯ ✓ Botswana ⨯ ⨯ ⨯
Chad ⨯ ⨯ ⨯ ⨯ Lesotho ⨯ ⨯ ⨯
Congo B ⨯ ⨯ ⨯ ⨯ Madagascar ✓ NA ⨯
DR-Congo NA ⨯ ⨯ NA Malawi ⨯ ⨯ ⨯
Equatorial Guinea NA ⨯ ⨯ NA Mauritius ⨯ ⨯ ⨯
Gabon ⨯ ⨯ ⨯ ⨯ Mozambique ⨯ ⨯ ⨯
South Sudan NA ⨯ ⨯ NA Namibia ⨯ ⨯ ⨯
São Tomé and Príncipe ✓ ⨯ ⨯ ✓ South Africa ✓ ⨯ ⨯

East Africa Burundi ⨯ ⨯ ⨯ ⨯ Swaziland ⨯ ⨯ ⨯
Comoros ⨯ ⨯ ⨯ ⨯ Zambia ✓ ✓ ⨯
Djibouti ⨯ ⨯ ⨯ ⨯ Zimbabwe ⨯ ⨯ ⨯
Ethiopia ⨯ ⨯ ⨯ ⨯ West Africa Benin ⨯ ⨯ ⨯
Kenya ✓ ⨯ ⨯ ✓ Burkina Faso ⨯ ⨯ ⨯
Rwanda ✓ ✓ ✓ ✓ Cabo Verde ⨯ ⨯ ⨯
Seychelles ⨯ ⨯ ⨯ ⨯ Cote d’Ivoire ✓ ✓ ⨯
Somalia NA ⨯ ⨯ NA Gambia ⨯ ⨯ ⨯
Tanzania ✓ ✓ ⨯ ✓ Ghana ✓ ✓ ⨯
Uganda ✓ NA ⨯ ✓ Guinea ⨯ ⨯ ⨯

Guinea Bissau ⨯ ⨯ ⨯
Liberia NA ⨯ ⨯
Mali ⨯ ⨯ ⨯
Niger ⨯ ⨯ ⨯
Nigeria ✓ ✓ ⨯
Senegal ⨯ ⨯ ⨯
Sierra Leone ⨯ ⨯ ⨯
Togo ⨯ ⨯ ⨯

NP: National e-waste policy, legislation, or regulation in place, EPR: environmental policy principle of extended producer responsibility, CR: has collection targets in 
place. ✓: Has e-waste legislation/policy regulations, ⨯: Does not appear to have e-waste legislation/policy regulations, NA: Data unavailable or uncertain, all countries 
have no recycling targets in place. Sources: EPR, CP – Baldé et al. (2017, 2024); NP – Lebbie et al. (2021); CR – Enviroserve Rwanda Green Park (2025).
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Furthermore, innovative iron-based leaching techniques have enabled 
copper recovery from printed circuit boards at rates as high as 72.69 %, 
without reliance on toxic solvents like aqua regia (Fatema et al., 2025).

Despite these advancements, several systemic challenges remain. 
Stakeholder awareness of e-waste hazards remains limited, particularly 
among informal operators in countries like Nigeria (Nwagwu and 
Okuneye, 2016). The absence of standardized policies, poor enforce
ment of international conventions (e.g., the Basel Convention), and 
limited investment in infrastructure continue to hinder broader adop
tion of SRTs (Ilankoon et al., 2018). In order to address these limitations, 
a multi-pronged strategy that includes targeted awareness programmes, 
capacity-building initiatives and partnerships with international actors 
like GEF is crucial. Strengthening domestic recycling infrastructure 
through public-private investments can further catalyze the transition 
toward sustainable e-waste management.

4.2.2. Social solutions
Social solutions emphasize awareness creation, education, alterna

tive livelihoods, behavioral changes, and capacity building around e- 
waste management practices. These efforts include integrated 

stakeholder engagement involving governments, NGOs, international 
development agencies, academia, and informal sector actors. In Ghana, 
collaboration with the German Development Bank has supported 
outreach programmes that educate informal recyclers and communities 
on environmental and health hazards associated with improper e-waste 
handling (Oteng-Ababio et al., 2020). NGOs like the Environmental 
Justice Foundation have initiated successful awareness campaigns tar
geting schools and urban areas, promoting safe disposal methods and 
economic benefits of formal recycling (Grant and Oteng-Ababio, 2016). 
Capacity-building is pivotal to stronger e-waste governance in the SSA. 
Community-led campaigns in Kenya, for example, have raised regula
tory compliance and reduced reliance on informal recyclers (Nwagwu 
and Okuneye, 2016). Training programmes for informal recyclers in 
Ghana and Nigeria covering safe dismantling techniques and Personal 
Protective Equipment (PPE) have already demonstrated a reduction in 
health risks and improved environmental practices (Agyei-Mensah and 
Oteng-Ababio, 2012; Asante et al., 2019), while certification schemes 
reward compliance and drive best practice (Traverso et al., 2024). In
ternational backing has established specialist training centres such as 
the UNIDO-supported facilities in South Africa that supply technical 

Table 6 
E-waste management in Sub-Saharan Africa.

Key focus Methodology Findings Recommendations Study

E-waste recycling in 
Ghana

Qualitative case 
study

Identified barriers to e-waste recycling in informal 
sectors.

Strengthen awareness, enforce 
regulations.

Acquah et al. (2019)

E-waste management 
policies in Africa

Policy review Highlighted gaps in policy enforcement across SSA. Strengthening policy frameworks and 
enforcement.

Adanu et al. (2020)

E-waste management in 
Ghana

Descriptive study Noted growing e-waste issues in Accra. Establish formal recycling systems 
and community education.

Agyei-Mensah and 
Oteng-Ababio (2012)

E-waste and health risks Survey and 
interviews

Found high health risks among informal recyclers. Train workers on safety protocols. Asante et al. (2016)

E-waste management 
technologies

Technical analysis Identified advanced recycling technologies with potential 
to reduce environmental pollution and human health 
risks.

Adopt appropriate technologies and 
training for workers.

Asante et al. (2019)

Impact of informal e-waste 
recycling

Case study Highlighted social impacts on vulnerable groups. Develop formal sector capacity and 
regulations.

Bergeron (2021)

E-waste management 
strategies

Literature review Identified successful recycling models in other countries. Transfer technology and build local 
capacity.

Boaten (2011)

E-waste and informal 
recycling in Nigeria

Fieldwork Documented e-waste recycling practices and associated 
health risks.

Promote safe recycling practices and 
PPE use.

Bob et al. (2017)

Circular economy and e- 
waste

Comparative 
analysis

Found challenges in transitioning to a circular economy. Strengthening public-private 
partnerships for circular models.

Ghosh et al. (2016)

Public awareness in Ghana Survey and 
interviews

Found low public awareness of e-waste hazards. Increase educational campaigns 
targeting informal recyclers.

Grant and Oteng-Ababio 
(2016)

Technological solutions 
for e-waste

Field study Proposed sustainable technology alternatives for e-waste 
management.

Implement low-cost technologies 
suitable for local contexts.

Luyeye, 2023

Informal e-waste 
management

Case study Identified health and environmental risks of informal 
practices.

Develop alternative livelihoods and 
formalize the sector.

Machete (2017)

E-waste and socio- 
economic development

Policy analysis Found that e-waste can drive economic growth if 
managed well.

Promote formal e-waste recycling to 
harness economic potential.

Magoum (2022)

E-waste management in 
Nigeria

Survey Identified knowledge gaps among small-scale operators. Implement training and awareness 
programs.

Nwagwu and Okuneye 
(2016)

E-waste management in 
Accra

Case study Found informal recycling widespread in Accra. Implement government regulations 
and awareness campaigns.

Oteng-Ababio et al. 
(2020)

E-waste and 
environmental impact

Environmental 
study

Noted severe environmental impacts from improper e- 
waste handling.

Strengthening enforcement of 
environmental laws.

Okorhi et al. (2019)

E-waste management 
challenges in Zambia

Quantitative 
study

Identified lack of investment and recycling technologies. Develop infrastructure and public- 
private collaborations.

Sanana and Mwanza 
(2024)

Social impacts of e-waste 
in Africa

Social impact 
analysis

Found high social vulnerability in informal recycling 
sectors.

Develop social support programs and 
regulatory reforms.

Traverso et al. (2024)

E-waste management in 
Nigeria

Policy review Identified gaps in Nigerian policy and enforcement. Strengthening policy and 
enforcement mechanisms.

Umesi and Onyia (2008)

Health hazards in e-waste 
recycling

Qualitative study Found poor knowledge of health risks among workers. Increase education on health risks 
and protective practices.

Yu et al. (2017)

Hydrokinetic technology 
in Kenya

Experimental 
study

Developed low-cost, efficient technology for energy 
generation.

Promote local use of sustainable 
energy solutions.

Awandu et al. (2025)

Iron-based leaching for 
copper recovery

Experimental 
study

Achieved high recovery rates without toxic chemicals. Expand the use of non-toxic recovery 
technologies.

Fatema et al. (2025)

E-waste recycling in South 
Africa

Case study Analysed automated disassembly and material recovery 
systems

Invest in automated recycling systems 
and education.

Ledwaba and Sosibo 
(2017)

E-waste recycling 
challenges

Literature review Identified regulatory and infrastructure challenges Improve regulatory frameworks and 
infrastructure.

Ilankoon et al. (2018)
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skills and jobs (Magoum, 2022). As second-hand phones and computers 
flood the regional markets, scaling these initiatives and replacing open 
burning or dumping with certified recovery systems will curb pollution 
and improve livelihoods. Therefore, sustained investment in training, 
infrastructure, and public outreach is essential for lasting impact.

In general, available literature suggests that inclusive multi- 
stakeholder engagement is pivotal for shifting e-waste practices in 
SSA. Pilot projects in Kenya, Ivory Coast, and South Africa show that 
sustainable recycling technologies; closed-loop processing, automated 
disassembly, and non-toxic leaching, succeed when integrated with so
cial innovations such as community sensitisation, inclusive training, and 
formalisation of the informal sector (Awandu et al., 2025; Bergeron, 
2021; Ghosh et al., 2016). Aligning these measures with the Basel and 
Bamako Convention obligations and embedding them in the 
public-private partnerships helps curb illicit trade and sectoral frag
mentation. Persistent barriers – policy incoherence, limited infrastruc
ture and finance, and weak politics will underscore the need for a 
coordinated, systems-based approach that integrates technological 
feasibility with social inclusion to deliver sustainable e-waste gover
nance across the region.

5. Conclusions and future perspectives

This review synthesised literature on the management of and risks 
posed by e-waste in the SSA. Hazardous substances commonly found in 
e-waste such as heavy metals (Pb, Hg and Cd), and toxic flame retardants 
have been shown to contaminate soil, water, and air. Soils at Ghana’s 
Agbogbloshie e-scrap yard contained Pb with levels up to ⁓10,280 mg/ 
kg (mean: ~953 mg/kg), and Cd levels ~0.4–26.5 mg/kg (mean: ~6.6 
mg/kg), far above typical rural soil (usually ≪ 100 mg/kg Pb, ≪ 0.5 mg/ 
kg Cd) (Ackah, 2019). Hg in these soils reached a few mg/kg (up to ~4.4 
mg/kg at Ghana sites), versus ~0.02–0.17 mg/kg in nearby control soils 
(Amponsah et al., 2023). By contrast, non–e-waste SSA soils (urban or 
agricultural) had only low µg-levels of Hg and Pb, well below WHO/FAO 
thresholds (Amponsah et al., 2023). Similarly, PBDE flame retardants 
were dozens or hundreds of times higher in e-waste dust/soil: Ghanaian 
e-scrap soils showed ΣPBDEs ~15–97 ng/g (mean: ~55 ng/g), whereas 
background soils have near-zero PBDEs (Abafe and Martincigh, 2015). 
In Nigeria, informal e-waste sites recorded ΣPBDEs up to ⁓1.5 × 105 

ng/g (Sindiku et al., 2015). These SSA e-waste levels are comparable to 
many global hotspots. For instance, Guiyu (China) “burning” site soils 
showed ΣPBDEs levels ⁓3.9 × 105 ng/g and Pb ~449 mg/kg, nearly 2.3 
times higher than the local reference areas (Wang et al., 2025), and 
Bangladesh e-scrap soils had Pb levels ⁓ 587 mg/kg (Rahman et al., 
2014). Air and dust at Asian sites also carry elevated metals, with Zn and 
Ni reaching ~2000 mg/kg in the Bangladeshi e-waste dust (Rahman 
et al., 2014). Occupationally, these environmental loads translate into 
elevated exposures: at Agbogbloshie, ~78 % of the workers had path
ologic blood-Pb levels (BLLs), and ~6 % exceeded 15 µg/dL (Srigboh 
et al., 2016), compared to BLL of ~9.9 µg/dL in a non-e-waste Chinese 
village where Guiyu children averaged 15.3 µg/dL (Zheng et al., 2008). 
These e-scrap areas showed heavy-metal and PBDE burdens orders of 
magnitude above local background and in the same range or somewhat 
lower than the worst Asian scrap sites. This data underscores that 
informal e-scrap recycling yields severe contamination of soils (and 
linked water/air), far above non-recycling areas and rivalling global 
hotspots. These pollutants contribute to long-term ecosystem damage, 
including soil infertility, water contamination, and the disruption of the 
aquatic life.

The findings of the review also underscore severe environmental and 
health risks stemming from improper e-waste disposal in the SSA. In 
terms of health risks, vulnerable populations, especially the children and 
informal sector workers are at heightened risk due to their exposure to 
these toxic e-waste components. Respiratory illnesses, skin conditions, 
neurological disorders, and an increased incidence of cancers are some 
of the major health impacts associated with exposure to these hazardous 

substances. For example, inhalation of smoke from open burning of e- 
waste has been linked to respiratory problems (Amoabeng Nti et al., 
2020; Tue et al., 2016), while direct skin contact with toxic materials 
can cause dermatological issues and increased risk of systemic diseases 
(Burns et al., 2019; Alabi et al., 2012, Alabi et al., 2021; Ackah, 2019). 
Detailed risk information is presented in Tables S4 and S5.

Despite these risks, the review found that the region faces significant 
challenges in managing both domestically generated and imported e- 
waste, which is exacerbated by weak regulatory frameworks, inadequate 
recycling infrastructure, and the heavy reliance on informal recycling 
practices. The dual challenges of domestic and imported e-waste 
necessitate: 

• Urgent and coordinated actions at all governance levels to protect 
both the environment and public health in the SSA.

• A multi-pronged approach involving legislative action, international 
cooperation, and public engagement.

• International cooperation is crucial in addressing the illegal impor
tation of hazardous e-waste. International agreements should foster 
partnerships between African countries and industrialized nations to 
support technology transfer, capacity building, and investment in 
sustainable recycling infrastructure.

• Policymakers to prioritize the creation and enforcement of tailored e- 
waste legislation that ensures environmentally sound disposal prac
tices, thus mitigating the associated environmental and health risks 
of improper management. Enhancing port inspections and imposing 
stringent penalties for non-compliance can reduce the influx of non- 
functional and hazardous electronics into SSA.

• The formalization of recycling systems, alongside the integration of 
EPR. This would help shift the management burden to manufac
turers, incentivizing the design of more durable, recyclable, and 
environmentally friendly electronics.

• Raising awareness about the environmental and health dangers of 
informal recycling practices. This will empower local communities to 
demand better waste management solutions, and cultivate collective 
responsibility, aiding the transition to legally compliant and sus
tainable systems.

• Incentivize the development of context-specific, affordable, and safe 
recycling technologies that align with the continent’s socio- 
economic realities to ensure better adoption and accessibility.

Furthermore, the findings highlight that beyond heavy metals, this 
review underscores the presence of other hazardous constituents 
including phthalates, BFRs, and PCBs. Their diverse toxicological pro
files form a complex mixture with significant implications for human 
health and the environment. Few published studies regarding these 
overlooked contaminants presents a major data gap that warrants urgent 
policy attention, and targeted regulatory interventions in future studies.

This review also found that, despite substantial evidence of e-waste 
risks across SSA, research on the issue remains insufficient. Current 
research is largely focused on Western contexts (Nigeria and Ghana), 
highlighting the need for other country-specific studies. Longitudinal 
studies are also necessary to evaluate the long-term health impacts of e- 
waste exposure to humans, particularly on vulnerable populations such 
as children and pregnant women (Zeng et al., 2016). Moreover, studies 
on the economic feasibility of formal recycling systems and the potential 
market for recycled materials would help attract investment and support 
sustainable practices. In-depth research into the socio-economic dy
namics of informal recycling is also needed, as the sector is intricately 
linked with informal networks, thus complicating regulatory enforce
ment. Interdisciplinary approaches that combine environmental science, 
public health, and economics can significantly enhance our under
standing of the e-waste crisis. Integrating quantitative environmental 
monitoring with epidemiological and economic analyses will enable the 
development of holistic strategies that address both the ecological 
contamination and socio-economic vulnerability (Baldé et al., 2017; 
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Zeng et al., 2016; ITU, 2023). In addition, more studies need to develop 
robust tracking and monitoring systems for the lifecycle of imported 
electronics. These research initiatives are vital in laying a foundation for 
sustainable and equitable e-waste management, ensuring that both 
environmental and health concerns are adequately addressed.

In conclusion, the e-waste crisis in the SSA presents significant 
environmental and health challenges that demand urgent and coordi
nated efforts across governments, international organizations, and local 
communities. While progress is being made in some countries, wide
spread informal recycling and inadequate regulatory frameworks 
continue to exacerbate the risks. Continued research and investment in 
safer recycling technologies will play a pivotal role in mitigating the 
adverse impacts of e-waste and promoting a healthier and more sus
tainable future for the region.
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Kaifie, A., Schettgen, T., Bertram, J., Löhndorf, K., Waldschmidt, S., Felten, M.K., 
Küpper, T., 2020. Informal e-waste recycling and plasma levels of non-dioxin-like 
polychlorinated biphenyls (NDL-PCBs)–A cross-sectional study at Agbogbloshie, 
Ghana. Sci. Total Environ. 723, 138073. https://doi.org/10.1016/j. 
scitotenv.2020.138073.

Kyere, V.N., Greve, K., Atiemo, S.M., Ephraim, J., 2017. Spatial assessment of potential 
ecological risk of heavy metals in soils from informal e-waste recycling in Ghana. 
Environ. Health Toxicol. 32. https://doi.org/10.5620/eht.e2017018. PMID: 
29056034. 

Lambrechts, D., Hector, M., 2016. Environmental organised crime: the dirty business of 
hazardous waste disposal and limited state capacity in Africa. Politikon 43 (2), 
251–268. https://doi.org/10.1080/02589346.2016.1201727.

Lawhon, M., 2013. Dumping ground or country-in-transition? Discourses of e-waste in 
South Africa. Environ. Plan. C Gov. Policy 31 (4), 700–715. https://doi.org/10.1068/ 
c1254.

Lebbie, T.S., Moyebi, O.D., Asante, K.A., Fobil, J., Brune-Drisse, M.N., Suk, W.A., 
Carpenter, D.O., 2021. E-waste in Africa: a serious threat to the health of children. 
Int. J. Environ. Res. Public Health 18 (16), 8488. https://doi.org/10.3390/ 
ijerph18168488.

Ledwaba, P., Sosibo, N., 2017. Cathode ray tube recycling in South Africa. Recycling 2 
(1), 4. https://doi.org/10.3390/recycling2010004.

Luyeye, P., 2023. Case study - Benelux Afro Center: innovative Relay Stations Involving 
Young People in the Proper Recycling of e-Waste in the DRC. Benelux Afro Center. 
Retrieved from. http://www.bacmd.net/atelie-recyclage.html. Accessed 21 January 
2025. 

Machete, F., 2017. Environmental health risks associated with e-waste exposure in 
Badplaas, Carolina and Elukwatini landfills, Republic of South Africa. Afr. J. Sci. 
Technol. Innov. Dev. 9 (6), 679–684. https://hdl.handle.net/10520/EJC-c6c0027ec.

Magoum, I., 2022. Senegal: towards the regulation of electronic waste management. 
Afrik 21. https://www.afrik21.africa/en/senegal-towards-the-regulation-of-electr 
onic-waste-management/. Accessed 24 January 2025. 

Manhart, A., Amera, T., Belay, M., 2013. Recommendations for Waste Management in 
Ethiopia: an analysis of Market Conditions and Waste Management Challenges. 
United Nations University, Bonn (Germany). Inst. for Sustainable and Peace (UNU- 
ISP), StEP InitiativeAvailable from. http://www.oeko.de/publikationen/dok/1192. 
php. Accessed 17 December 2024. 

Maphosa, V., Maphosa, M., 2020. E-waste management in Sub-Saharan Africa: a 
systematic literature review. Cogent Bus. Manag. 7 (1), 1814503. https://doi.org/ 
10.1080/23311975.2020.1814503.

McMahon, K., Uchendu, C., Fitzpatrick, C., 2021. Quantifying used electrical and 
electronic equipment exported from Ireland to West Africa in roll-on roll-off 
vehicles. Resourc., Conserv. Recycl. 164, 105177. https://doi.org/10.1016/j. 
resconrec.2020.105177.

Mmereki, D., Li, B., Li’ao, W., 2015. Waste electrical and electronic equipment 
management in Botswana: prospects and challenges. J. Air Waste Manag. Assoc. 65 
(1), 11–26. https://doi.org/10.1080/10962247.2014.892544.

Moeckel, C., Breivik, K., Nøst, T.H., Sankoh, A., Jones, K.C., Sweetman, A., 2020. Soil 
pollution at a major West African e-waste recycling site: contamination pathways 
and implications for potential mitigation strategies. Environ. Int. 137, 105563. 
https://doi.org/10.1016/j.envint.2020.105563.

Moletsane, R.I., Venter, C., 2018. Transboundary movement of electronic waste: issues 
and challenges in African countries. In: Proceedings of the International Conference 
on Artificial Intelligence, Big Data, Computing and Data Communication Systems 
(icABCD), pp. 1–6. https://doi.org/10.1109/ICABCD.2018.8465128.

Nasasira, J.M., 2016. Guidelines for e-Waste Management in Uganda. Retrieved from. htt 
ps://ict.go.ug/wp-content/uploads/2018/11/Guidelines-for-E-Waste-Management. 
pdf. accessed 11 January 2025. 

National Bureau of Statistics & United Nations University, ViE – SCYCLE, 2019. National 
E-Waste Statistics Report 2019. National Bureau of Statistics; Bonn, Germany: United 
Nations University, ViE – SCYCLE, Dodoma, Tanzania. https://www.scycle.info/na 
tional-e-waste-monitor-tanzania-2019/. Accessed 12 February 2025. 

Nduneseokwu, C.K., Qu, Y., Appolloni, A., 2017. Factors influencing consumers’ 
intentions to participate in a formal e-waste collection system: a case study of 
Onitsha, Nigeria. Sustainability 9 (6), 881. https://doi.org/10.3390/su9060881.

Nour, A.J., Olusegun, O.I., 2024. Evaluation of solid waste produced in Garowe District, 
Somalia. IDOSR J. Sci. Res. 9 (2), 33–48. https://doi.org/10.59298/IDOSRJSR/ 
2024/9.2.3348.100.

Nwagwu, W., Okuneye, M., 2016. Awareness and attitudes of small-scale information 
technology business operators in Lagos, Nigeria, toward e-waste hazards. J. Glob. 
Inf. Technol. Manag. 19 (4), 267–282. https://doi.org/10.1080/ 
1097198X.2016.1246934.

Odeyingbo, O., Nnorom, I., Deubzer, O., 2017. Person in the Port Project: Assessing 
Import of used Electrical and Electronic Equipment into Nigeria. UNU-ViE SCYCLE 
and BCCC Africa, Bonn. Retrieved from. https://collections.unu.edu/view 
/UNU:6349. 

Ohajinwa, C.M., Van Bodegom, P.M., Osibanjo, O., Xie, Q., Chen, J., Vijver, M.G., 
Peijnenburg, W.J., 2019. Health risks of polybrominated diphenyl ethers (PBDEs) 
and metals at informal electronic waste recycling sites. Int. J. Environ. Res. Public 
Health 16 (6), 906. https://doi.org/10.3390/ijerph16060906.

Okeke, E.S., Enochoghene, A., Ezeudoka, B.C., Kaka, S.D., Chen, Y., Mao, G., Wu, X., 
2024. A review of heavy metal risks around e-waste sites and comparable municipal 
dumpsites in major African cities: recommendations and future perspectives. 
Toxicology 501, 153711. https://doi.org/10.1016/j.tox.2023.153711.

Okorhi, J.O., Amadi-Echendu, J.E., Aderemi, H.O., Uhunmwangho, R., Okwubunne, A. 
C., 2019. Disconnect between policy and practice in developing countries: evidence 
of managing e-waste from Nigeria. Afr. J. Sci. Technol. Innov. Dev. 11 (4), 523–531. 
https://hdl.handle.net/10520/EJC-16f21c3121.

Olafisoye, O.B., Adefioye, T., Osibote, O.A., 2013. Heavy metals contamination of water, 
soil, and plants around an electronic waste dumpsite. Pol. J. Environ. Stud. 22 (5).

Ongondo, F.O., Williams, I.D., Cherrett, T.J., 2011. How are WEEE doing? A global 
review of the management of electrical and electronic wastes. Waste Manag. 31 (4), 
714–730. https://doi.org/10.1016/j.wasman.2010.10.023.

Orisakwe, O.E., Frazzoli, C., Ilo, C.E., Oritsemuelebi, B., 2019. Public health burden of e- 
waste in Africa. J. Health Pollut. 9 (22), 190610. https://doi.org/10.5696/2156- 
9614-9.22.190610.

Oteng-Ababio, M., van der Velden, M., Taylor, M.B., 2020. Building policy coherence for 
sound waste electrical and electronic equipment management in a developing 
country. J. Environ. Dev. 29 (3), 306–328. https://doi.org/10.1177/ 
1070496519898218.

Ouabo, R.E., Ogundiran, M.B., Sangodoyin, A.Y., Babalola, B.A., 2019. Ecological risk 
and human health implications of heavy metals contamination of surface soil in e- 
waste recycling sites in Douala, Cameroon. J. Health Pollut. 9 (21), 190310. https:// 
ehp.niehs.nih.gov/journal/jhp.

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., 
Moher, D., 2021. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ 372, n71. https://doi.org/10.1136/bmj.n71.

P. Ssebugere et al.                                                                                                                                                                                                                              Journal of Hazardous Materials Advances 20 (2025) 100873 

12 

https://doi.org/10.1177/0971721817702293
https://doi.org/10.1177/0971721817702293
https://doi.org/10.1186/s12995-018-0222-9
https://doi.org/10.1016/j.chemosphere.2019.124909
https://doi.org/10.1016/j.chemosphere.2019.124909
https://doi.org/10.3390/ijerph15030427
https://doi.org/10.3390/ijerph14020135
https://enviroserve.rw/
https://doi.org/10.7314/APJCP.2013.14.6.3393
https://doi.org/10.1016/j.heliyon.2024.e41453
https://doi.org/10.1016/j.heliyon.2024.e41453
https://doi.org/10.1016/j.scitotenv.2013.06.097
https://doi.org/10.1016/j.scitotenv.2013.06.097
http://collections.unu.edu/view/UNU:7737#viewMetadata
http://collections.unu.edu/view/UNU:7737#viewMetadata
https://doi.org/10.1016/j.envpol.2015.11.031
https://doi.org/10.1177/0734242X16652956
https://doi.org/10.2979/africatoday.62.4.01
https://doi.org/10.1016/j.wasman.2018.10.018
https://doi.org/10.1007/s11356-017-8877-9
https://doi.org/10.1007/s11356-017-8877-9
https://doi.org/10.3390/ijerph192114278
https://doi.org/10.3390/ijerph192114278
https://doi.org/10.1016/j.scitotenv.2013.10.037
https://www.itu.int/hub/2024/10/promoting-effective-e-waste-regulation-in-developing-countries/
https://www.itu.int/hub/2024/10/promoting-effective-e-waste-regulation-in-developing-countries/
https://doi.org/10.1016/j.scitotenv.2020.138073
https://doi.org/10.1016/j.scitotenv.2020.138073
https://doi.org/10.5620/eht.e2017018
https://doi.org/10.1080/02589346.2016.1201727
https://doi.org/10.1068/c1254
https://doi.org/10.1068/c1254
https://doi.org/10.3390/ijerph18168488
https://doi.org/10.3390/ijerph18168488
https://doi.org/10.3390/recycling2010004
http://www.bacmd.net/atelie-recyclage.html
https://hdl.handle.net/10520/EJC-c6c0027ec
https://www.afrik21.africa/en/senegal-towards-the-regulation-of-electronic-waste-management/
https://www.afrik21.africa/en/senegal-towards-the-regulation-of-electronic-waste-management/
http://www.oeko.de/publikationen/dok/1192.php
http://www.oeko.de/publikationen/dok/1192.php
https://doi.org/10.1080/23311975.2020.1814503
https://doi.org/10.1080/23311975.2020.1814503
https://doi.org/10.1016/j.resconrec.2020.105177
https://doi.org/10.1016/j.resconrec.2020.105177
https://doi.org/10.1080/10962247.2014.892544
https://doi.org/10.1016/j.envint.2020.105563
https://doi.org/10.1109/ICABCD.2018.8465128
https://ict.go.ug/wp-content/uploads/2018/11/Guidelines-for-E-Waste-Management.pdf
https://ict.go.ug/wp-content/uploads/2018/11/Guidelines-for-E-Waste-Management.pdf
https://ict.go.ug/wp-content/uploads/2018/11/Guidelines-for-E-Waste-Management.pdf
https://www.scycle.info/national-e-waste-monitor-tanzania-2019/
https://www.scycle.info/national-e-waste-monitor-tanzania-2019/
https://doi.org/10.3390/su9060881
https://doi.org/10.59298/IDOSRJSR/2024/9.2.3348.100
https://doi.org/10.59298/IDOSRJSR/2024/9.2.3348.100
https://doi.org/10.1080/1097198X.2016.1246934
https://doi.org/10.1080/1097198X.2016.1246934
https://collections.unu.edu/view/UNU:6349
https://collections.unu.edu/view/UNU:6349
https://doi.org/10.3390/ijerph16060906
https://doi.org/10.1016/j.tox.2023.153711
https://hdl.handle.net/10520/EJC-16f21c3121
http://refhub.elsevier.com/S2772-4166(25)00284-0/sbref0067
http://refhub.elsevier.com/S2772-4166(25)00284-0/sbref0067
https://doi.org/10.1016/j.wasman.2010.10.023
https://doi.org/10.5696/2156-9614-9.22.190610
https://doi.org/10.5696/2156-9614-9.22.190610
https://doi.org/10.1177/1070496519898218
https://doi.org/10.1177/1070496519898218
https://ehp.niehs.nih.gov/journal/jhp
https://ehp.niehs.nih.gov/journal/jhp
https://doi.org/10.1136/bmj.n71


Peluola, A., 2016. Investigation of the implementation and effectiveness of electronic 
waste management in Nigeria. Model. Earth Syst. Environ. 2, 1–6. https://doi.org/ 
10.1007/s40808-016-0155-1.

Perkins, D.N., Drisse, M.N.B., Nxele, T., Sly, P.D., 2014. E-waste: a global hazard. Ann. 
Glob. Health 80 (4), 286–295. https://doi.org/10.1016/j.aogh.2014.10.001.

Prakash, S., Manhart, A., Amoyaw-Osie, Y., & Agyekum, O.O. (2010). Socio-economic 
assessment and feasibility study on sustainable E-waste management in Ghana. 
Commissioned by the Inspectorate of the Ministry of Housing, Spatial Planning, and 
the Environment of the Netherlands and the Dutch Association for the Disposal of 
Metal and Electrical Products. Available online: https://www.oeko.de/oekodoc/1 
057/2010-105-en.pdf (accessed 28 January 2025).

Rahman, M.S., Saha, N., Molla, A.H., 2014. Potential ecological risk assessment of heavy 
metal contamination in sediment and water body around Dhaka export processing 
zone, Bangladesh. Environ. Earth Sci. 71, 2293–2308. https://doi.org/10.1007/ 
s12665-013-2631-5.

Sanana, S., Mwanza, B.G., 2024. An assessment of e-waste management challenges in 
Zambia. Int. J. Eng. Manag. Res. 14 (1), 26–35. https://doi.org/10.5281/ 
zenodo.10633560.

Schluep, M., Terekhova, T., Manhart, A., Müller, E., Rochat, D., Osibanjo, O., 2012. 
Where are WEEE in Africa?. In: In 2012 Electronics Goes Green 2012+ (pp. 1–6). 
IEEE, Berlin, Germany. 

Sindiku, O., Babayemi, J., Osibanjo, O., Schlummer, M., Schluep, M., Watson, A., 
Weber, R., 2015. Polybrominated diphenyl ethers listed as Stockholm Convention 
POPs, other brominated flame retardants and heavy metals in e-waste polymers in 
Nigeria. Environ. Sci. Pollut. Res. https://doi.org/10.1007/s11356-014-3266-0.

Skrdlik, J. (2023). Spain nabs Europe-Africa electronic waste smugglers. Organized 
Crime and Corruption Reporting Project. Retrieved from https://www.occrp.org/en/ 
news/spain-nabs-europe-africa-electronic-waste-smugglers (Accessed 15 March 
2025).

Srigboh, R.K., Basu, N., Stephens, J., Asampong, E., Perkins, M., Neitzel, R.L., Fobil, J., 
2016. Multiple elemental exposures amongst workers at the Agbogbloshie electronic 
waste (e-waste) site in Ghana. Chemosphere 164, 68–74. https://doi.org/10.1016/j. 
chemosphere.2016.08.089.

Tetteh, D., Lengel, L., 2017. The urgent need for health impact assessment: proposing a 
transdisciplinary approach to the e-waste crisis in sub-Saharan Africa. Glob. Health 
Promot. 24 (2), 35–42. https://doi.org/10.1177/1757975916686926.

Tokumaru, T., Ozaki, H., Onwona-Agyeman, S., Ofosu-Anim, J., Watanabe, I., 2017. 
Determination of the extent of trace metals pollution in soils, sediments, and human 
hair at an e-waste recycling site in Ghana. Arch. Environ. Contam. Toxicol. 73, 
377–390.
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