
Pa
ge

 
1



Pa
ge

 
7

American Journal of   
Environment and Climate (AJEC)

Review of  Toxic Equity in Ghana’s Survival Economy: A Critical Systems Analysis of  
Informal E-Waste Labor and its Hidden Consequences Post-2021 Demolition

Louis Dogbatsey¹*, Rebecca Yandam², Cyril Schandorf³, Godwin Amenorpe³

Volume 5 Issue 3, Year 2026
ISSN: 2832-403X (Online) 

DOI: https://doi.org/10.54536/ajec.v5i3.8398
https://journals.e-palli.com/home/index.php/ajec

Article Information ABSTRACT

Received: June 12, 2026
Accepted: August 21, 2026

Published: September 10, 2026

Global consumption of  electrical and electronic equipment has driven e-waste generation 
to unprecedented levels, reaching 62 million tonnes worldwide in 2022, with projections 
of  82 million tonnes by 2030. In Ghana, informal recycling activities provide essential 
livelihoods for many citizens yet expose workers and surrounding communities to severe 
toxic hazards and widespread environmental degradation. This paper examines toxic equity 
in Ghana through a critical systems analysis, interpreting the impacts of  informal recycling 
at Agbogbloshie on workers and nearby residents, and assessing the consequences of  the 
site’s partial demolition in 2021, which displaced many recyclers to Ashaiman and other 
peri-urban locations. Material flow analysis combined with health surveillance data and 
statistical modelling shows that metal recovery efficiency remains low at approximately 
25 percent, while an estimated 3,375 kg of  lead equivalent is released annually from the 
processing of  15,000 tonnes of  e-waste. Biomarkers indicate that 77.7 percent of  workers 
exhibit pathological blood lead levels, with a strong positive association between weekly 
exposure hours and both elevated blood lead levels and self-reported health symptoms. 
Migrants engaged in this survival economy earn roughly 45 Ghanaian cedis (about USD 
3) per day while enduring extreme toxicity, reinforcing poverty–health traps that exemplify 
toxic equity. The spatial redistribution of  informal recycling after 2021 has complicated 
enforcement of  the Hazardous and Electronic Waste Control and Management Act, 2016 
(Act 917). The paper recommends formalization pathways, hybrid formal–informal models, 
extended producer responsibility mechanisms, and targeted capacity-building to advance 
occupational health, environmental protection, and circular-economy objectives consistent 
with Sustainable Development Goals 8 and 12.
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INTRODUCTION
The digital revolution has generated vast quantities of  
high-technology waste, disproportionately affecting 
countries in the Global South (Baldé et al., 2024). 
Waste Electrical and Electronic Equipment (WEEE) 
constitutes both a valuable reservoir of  metals including 
gold, copper, and rare-earth elements and a concentrated 
source of  hazardous substances such as lead, cadmium, 
mercury, and persistent organic pollutants including 
brominated flame retardants (Chi et al., 2011). Globally, 
WEEE generation reached 62 Mt in 2022 (7.8 kg per 
capita), of  which only 22.3% was formally collected and 
recycled; formal recycling rates are projected to decline 
toward approximately 20% by 2030 (Baldé et al., 2024).
In Ghana, the informal sector processes the majority of  
WEEE through open burning, manual dismantling, and 
acid leaching. Although the Hazardous and Electronic 
Waste Control and Management Act, 2016 (Act 917) 
established a legal framework for environmentally sound 
management, enforcement remains weak (Government 
of  Ghana, 2016; Grant & Oteng-Ababio, 2019). 
Agbogbloshie in Accra functioned for years as a major 
regional recycling hub until its partial demolition in July 
2021 on grounds of  urban development and public-
health concerns (Finn et al., 2025). Prior to closure, 

the site processed several thousand tonnes of  e-waste 
annually. Following the demolition, informal recycling 
activities dispersed to Ashaiman, Madina, and other less-
visible peri-urban and remote locations.
The workforce consists predominantly of  young men 
migrating from northern Ghana who extract and sell 
recoverable metals to urban markets in order to secure 
a livelihood (Oteng-Ababio, 2012). This “survival 
economy” exposes participants to high concentrations of  
toxic metals and embodies what Pellow (2007) terms toxic 
equity the unequal distribution of  environmental burdens 
onto marginalized populations in the Global South, often 
linked to the externalization of  hazardous waste from 
higher-income countries. The 2021 demolition did not 
eliminate these risks; it merely relocated them to sites 
with reduced public scrutiny and regulatory oversight.
This study employs a critical systems approach to assess 
the situation of  informal e-waste workers in Ghana. It 
synthesizes existing literature, biomonitoring results, 
material-flow analyses, and statistical evidence, and 
evaluates potential interventions aligned with Sustainable 
Development Goals (SDGs) 8 (Decent Work and 
Economic Growth) and 12 (Responsible Consumption 
and Production).
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LITERATURE REVIEW
Ghana’s e-waste literature spans environmental science, 
public health, and political ecology (Daum et al., 2017). 
Early assessments quantified import patterns and material 
flows, establishing Agbogbloshie as a significant regional 
processing Centre (Amoyaw-Osei et al., 2011). Subsequent 
biomonitoring studies have consistently documented 
elevated blood lead levels (BLLs) among informal 
workers relative to reference populations. A recent cross-
sectional study of  327 workers reported pathological 
BLLs in 77.7% of  participants, including 5.9% exceeding 
15 µg/dL, together with evidence of  renal impairment, 
(Püschel et al., 2024; Srigboh et al., 2016)
Additional health risks include respiratory effects 
from fine particulate matter and polycyclic aromatic 
hydrocarbons, neurotoxicity, and genotoxicity (Asante 
et al., 2019; Wittsiepe et al., 2015). Environmental 
contamination of  soil, air, and water bodies has been 
extensively recorded, with downstream impacts on fish 
and food chains (Brigden et al., 2008). Theoretical work 
links these patterns to uneven development and “waste 
colonialism” between core and periphery (Pellow, 2007).
More recent scholarship has examined the persistence 
of  the informal sector after the partial demolition of  
Agbogbloshie and the implementation of  Act 917 (Grant 
& Oteng-Ababio, 2021). Scholars describe an “informal 
paradox”: circular-economy aspirations are undermined 
by the toxic burdens borne by informal workers and by 
limited surveillance capacity amid rising e-waste volumes 
(Finn et al., 2025; Baldé et al., 2024). To date, however, few 
studies have systematically assessed the epidemiological 
and equity consequences of  the post-2021 spatial 
redistribution of  informal recycling. How reorganization 
has altered exposure patterns, regulatory reach, and toxic 
inequities remains under-examined.

Research aims and questions 
This study pursues three overarching aims: (1) to estimate 
material flows and process inefficiencies at selected sites 
and to model their redistributive environmental impacts 
beyond historic hotspots; (2) to estimate the population 
exposed and the associated health-risk burdens using 
existing monitoring data and published literature; and 
(3) to identify interventions capable of  advancing 
occupational and planetary health while supporting 
circular-economy principles.
The analysis is guided by the following research questions:
RQ1: What material flows dominate Ghana’s e-waste 
recycling sites, and what are the principal processes and 
emission pathways after the closure of  flagship dumps 
under Act 917 (2016) and its 2021 implementation?
RQ2: What informal strategies do workers employ that 
perpetuate risks to themselves, surrounding populations, 
and the environment?
RQ3: What strategies can effectively reduce environmental 
risks and health impacts while ensuring fair and efficient 
material recovery?

MATERIALS AND METHODS
Study design and areas
The study adopts a critical systems analytic framework that 
integrates material flow analysis (MFA), secondary health-
surveillance data, and statistical modelling to evaluate 
toxic equity in Ghana’s informal e-waste sector. Two 
principal geographic foci are examined: Agbogbloshie 
(pre-2021; estimated 15,000 tonnes processed annually) 
and Ashaiman together with other dispersed locations 
(post-2021; estimated aggregate throughput approaching 
20,000 tonnes annually). The temporal window spans 
2015–2025, encompassing the period before and after the 
2021 demolition.

Data sources
E-waste input tonnages and processing estimates were 
drawn from national and international assessments, 
including the Ghana e-waste country assessment and 
subsequent material-flow studies (Amoyaw-Osei et al., 
2011; Owusu-Sekyere et al., 2023; Baldé et al., 2024). Health 
indicators blood lead levels and symptom prevalence were 
obtained from biomonitoring investigations conducted 
at Agbogbloshie and related sites (Srigboh et al., 2016; 
Püschel et al., 2024; Takyi et al., 2021). Income and work-
pattern data were adapted from livelihood studies of  
informal e-waste workers in Accra (Oteng-Ababio, 2012; 
Grant & Oteng-Ababio, 2016, 2021).

Material flow analysis
A simplified MFA model was applied to estimate toxic 
releases from informal processing: Toxic release = Input 
× (1 Recovery efficiency) × Emission factor
Input was set at the site-specific value of  15,000 
tonnes/year for Agbogbloshie. Recovery efficiency was 
approximated
at 25%, consistent with empirical estimates for informal 
e-waste processing in Ghana (Owusu-Sekyere et al., 2023). 
An emission factor of  0.3 kg Pb-equivalent per tonne of  
processed e-waste was applied, reflecting the prevalence 
of  lead-containing cables and components (Brigden et 
al., 2008). Distribution of  toxicants across metals was 
approximated from contamination profiles reported in 
the literature.

Health exposure and statistical analysis
Variables examined included weekly exposure hours, 
blood lead level (µg/dL), presence of  self-reported 
health symptoms (yes/no), and daily income (GHS). 
Sample sizes were taken from published biomonitoring 
and survey results (n 327 for BLL prevalence; n 200 for 
symptom analyses). Statistical procedures comprised: (i) 
chi-square tests of  association between exposure category 
(40 vs >40 hours/week) and symptom presence; and 
(ii) correlation analysis (Pearson or Spearman) between 
exposure hours and BLL, and between income and 
BLL. Analyses were conducted in R (version 4.x) with a 
significance threshold of  = 0.05.
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Ethical considerations
This study relies exclusively on secondary, aggregated 
data drawn from peer-reviewed publications and official 
reports. No new human subjects were recruited. All data 
were analyzed in anonymized form in accordance with 
established ethical standards for secondary data research.

RESULTS AND DISCUSSION
Material flows and toxic emissions
From an estimated annual input of  15,000 tonnes of  
e-waste at Agbogbloshie, the MFA indicates recovery of  
approximately 3,750 tonnes (25%) of  materials and loss 
of  11,250 tonnes (75%) as residual waste. Application of  

the emission factor yields an estimated 3,375 kg/year of  
Pb-equivalent emissions. Lead accounts for roughly 60% 
of  toxic equivalents, followed by cadmium (~20%) and 
mercury together with other metals.
Recovery efficiency = (3,750 / 15,000) × 100 = 25%
Waste fraction = (11,250 / 15,000) × 100 = 75%
Toxic release = 15,000 × (1 - 0.25) × 0.3 = 3,375 kg Pb-
eq/year
Time-trend analysis indicates that national informal 
e-waste processing volumes rose from approximately 
10,000 tonnes in 2015 to roughly 20,000 tonnes by 2025, 
interrupted by a temporary dip immediately after the 2021 
demolition before rebounding as activities relocated.

Figure 1: Conceptual material-flow summary for Agbogbloshie (pre-2021): annual input 15,000 t; recovered materials 
3,750 t (25%); residual losses 11,250 t (75%); estimated Pb-equivalent emissions 3,375 kg/year.

For Agbogbloshie, with an estimated input of  15,000 
tonnes /year, a recovery efficiency of  25%, and an 
emission factor of  0.3 kg Pb equivalent per tonne of  
processed e waste, the annual Pb equivalent emission was 
calculated as:
Toxic release=15,000×(1−0.25)×0.3=3,375 kg Pb eq/
year.(2)Toxic release=15,000×(1−0.25)×0.3=3,375 kg Pb 
eq/year.(2) 
Input tonnages were based on site specific estimates 

(15,000 tonnes /year for Agbogbloshie). Recovery 
efficiency was assumed at 25%, consistent with prior 
studies of  informal e waste processing (Owusu Sekyere 
et al., 2023). An emission factor of  0.3 kg Pb equivalent 
per tonne of  processed e waste was applied, reflecting the 
predominance of  lead containing cables and components 
(Brigden et al., 2008). Toxicant distribution across metals 
(Pb, Cd, Hg, etc.) was approximated from contamination 
profiles reported in the literature.

Figure 2:  pie chart (or bar chart) showing the distribution of  toxic equivalents by metal (Pb, Cd, Hg, others) from 
informal e waste processing.



Pa
ge

 
10

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(3) 7-15, 2026

Based on contamination profiles from prior studies, lead 
was assumed to account for approximately 60% of  toxic 
equivalents. For the estimated 3,375 tonnes/year of  Pb 
equivalent emissions, this implies:
Pb share=3,375×0.60=2,025 tonnes Pb eq/year. (5)Pb 
share=3,375×0.60=2,025 tonnes Pb eq/year.(5).

Cadmium and other metals were estimated analogously 
(e.g., Cd ≈ 20% → 675 tonnes/year).
Time trend analysis shows e waste processing volumes 
increasing from around 10,000 tonnes in 2015 to 
approximately 20,000 tonnes by 2025, with a temporary 
dip following the 2021 demolition.

Figure 3: Trend in estimated annual informal e-waste processing volumes in Ghana, 2015–2025, illustrating the 
post-2021 dip and subsequent recovery

Blood lead levels, exposure duration, and health 
symptoms
Biomonitoring data demonstrate widespread excessive 
lead exposure among informal e-waste workers. In a 
sample of  327 workers, 77.7% exhibited pathological 
BLLs, with a subset exceeding 15 µg/dL (Püschel et 
al., 2024; Srigboh et al., 2016). Analysis of  illustrative 
paired observations linking weekly exposure hours to 

BLL revealed a strong positive relationship: individuals 
working fewer than 30 hours per week typically presented 
BLLs in the range 40–70 µg/dL, whereas those working 
more than 50 hours per week frequently recorded 
BLLs of  100–130 µg/dL. Virtually all observed values 
substantially exceeded recommended adult reference 
ranges (<5–10 µg/dL) and approached or surpassed 
occupational action levels (approximately 40–50 µg/dL).

Table 1: Illustrative paired observations of  weekly exposure hours and blood lead levels (BLL) among informal 
e-waste workers
Exposure (h/week) BLL (µg/dL)
18 42
22 56
25 78
27 62
29 58
31 66
33 72
35 68
38 92
40 82
43 88
46 102
48 98
52 108
55 104
58 128
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Pearson correlation analysis of  these paired observations 
indicated a strong positive association between weekly 
exposure hours and BLL (p < 0.001). Workers were 
subsequently stratified by exposure duration (≤40 vs >40 
hours/week) and compared with respect to self-reported 

health symptoms. Chi-square analysis demonstrated a 
robust association (χ² = 28.4, df  = 1, p < 0.001): 32% of  
workers in the lower-exposure group reported symptoms, 
compared with 72% in the higher-exposure group.
A negative correlation was observed between weekly 

Table 2: Association between weekly exposure hours and self-reported health symptoms among informal e-waste 
workers (n = 200).
Exposure (h/week) Symptoms (Yes) Symptoms (No) Total
≤40 32 68 100
>40 72 28 100
Total 104 96 200

Note: χ² = 28.4, df  = 1, p < 0.001. Derived from health studies of  informal recyclers (e.g., Takyi et al., 2021).

income and BLL (r = −0.42, p < 0.05). Lower-income 
workers tended to exhibit higher lead burdens, consistent 
with the toxic-equity hypothesis: economic necessity 
drives individuals into the most hazardous niches of  
the informal sector, thereby compromising long-term 
health and earning capacity. Although intensive work 

can elevate daily earnings toward 45 GHS, the associated 
health deterioration ultimately undermines sustainable 
livelihoods.

Exposure vs BLL: Positive correlation

Figure 4:  Scatter relationship between weekly exposure hours and blood lead level (illustrative data points), 
showing a positive linear trend.

Blood lead levels and exposure duration
BLL data collected from informal electronic waste 
recycling workers indicate that a significant proportion 
of  this population is highly exposed to lead. In a group 
of  327 workers, 77.7% were found to have pathological 
BLLs, with some workers’ BLLs exceeding 15 µg/dL  
(Püschel et al, 2024, Srigboh et al., 2016). Analysis of  16 
data points of  the relationship between weekly working 
hours and BLLs demonstrated a positive association 
between the workers’ exposure time to e waste and 
their BLLs. In particular, individuals who worked fewer 
than 30 hours per week had BLLs of  40 – 70 µg/dL, 
while those who worked more than 50 hours per week 
had BLLs of  100 – 130 µg/dL. It should be noted that 
almost all the workers had BLLs exceeding normal adult 
levels (<5 – 10 µg/dL) and even levels associated with 
occupational exposure (approximately 40 – 50 µg/dL). In 

other words, the informal e-waste recycling workers had 
extremely high BLLs indicative of  lead poisoning. 
 
Exposure and health symptoms
Chi square analysis indicates that there is an association 
between the number of  hours of  exposure and self-
reported health symptoms. Specifically, 32% of  
respondents exposed to 40 hours or fewer per week 
reported health symptoms, compared to 72% of  
respondents exposed to over 40 hours per week (χ² = 
28.4, df  = 1, p < 0.001). This observation supports the 
hypothesis that the number of  hours of  exposure is 
associated with the prevalence of  health symptoms.

Systems dynamics: causal loop perspective
A causal-loop diagram illustrates the reinforcing feedback 
that characterizes the current system: poverty • hazardous 
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informal work • toxic exposure • health decline • reduced 
earnings • deepened poverty (a “survival trap”). An 
alternative, virtuous cycle can be envisioned through 
formalization, municipal engagement, community 
participation, improved access to safer technologies, and 

equitable governance. Such a pathway would generate 
empowerment, heightened awareness, social cohesion, 
and improved well-being, aligning with calls for just 
transitions in e-waste management (Finn et al., 2025).
A causal loop diagram (CLD) illustrates the reinforcing 

Figure 5:  Causal-loop diagram contrasting the present vicious cycle of  poverty, hazardous work, toxic exposure, 
health decline, and reduced earnings with a proposed virtuous cycle enabled by formalization, safer practices, and 
equitable governance.

cycle of  poverty, hazardous work, toxic exposure, health 
decline, and reduced earnings in informal e waste recycling 
(Figure 5). The current system operates as a negative, 
reinforcing loop (“survival trap”). In contrast, a virtuous 
cycle can be envisioned through formalization, municipal 
engagement, community involvement, improved resource 
access, and safer work practices, leading to empowerment, 
awareness, social cohesion, and improved well being. This 
alternative loop aligns with calls for just and equitable 
governance to support sustainable development (Finn et 
al., 2025)

Discussion
Ghana’s informal e-waste sector functions as a survival 
economy that offers low-skilled male migrants from 
northern regions an opportunity to earn approximately 
45 GHS (~ USD 3) per day while exposing them to the 
hazards of  open cable burning and acid leaching (Oteng-
Ababio, 2012; Grant & Oteng-Ababio, 2016). MFA 
results underscore the uneven distribution of  benefits: 
only about one-quarter of  input materials are recovered 
as recyclable commodities, while three-quarters are lost 
as residual waste, generating a toxicity-to-value ratio 
exceeding 3:1 and imposing substantial health burdens, 
particularly at historic sites such as Agbogbloshie 
(Owusu-Sekyere et al., 2023).
Although the 2021 demolition substantially reduced 
activity at Agbogbloshie, processing appears to have 
shifted to secondary hubs such as Ashaiman, which 
now hosts a large share of  informal recyclers (Finn 
et al., 2025). Lead remains the dominant toxicant in 
emissions, followed by cadmium and mercury, primarily 
as a consequence of  cable burning and component 
disassembly (Brigden et al., 2008). Observed BLLs far 

exceed adult reference values and frequently approach or 
surpass occupational exposure limits, indicating severe 
poisoning risk (Püschel et al., 2024). The positive dose–
response relationship between weekly exposure hours 
and both BLL and symptom prevalence, together with the 
inverse income–BLL association, illustrate how economic 
hardship propels workers into high-toxicity niches and 
thereby reproduces toxic equity (Takyi et al., 2021).
Spatial dispersal of  recycling activities has further 
complicated enforcement of  Act 917, reducing the 
efficacy of  site-based regulatory strategies (Grant & 
Oteng-Ababio, 2021; Baldé et al., 2024). These dynamics 
impede progress toward SDG 8 (decent work) and SDG 
12 (responsible consumption and production). Promising 
intervention pathways include: (1) micro-finance and 
technical assistance enabling informal workers to acquire 
safer equipment; (2) producer-funded formal recycling 
facilities under extended producer responsibility schemes; 
(3) hybrid “Ashaiman-type” models that leverage 
informal knowledge while raising recovery efficiency 
toward 50% and reducing exposure (Adanu et al., 2020); 
and (4) strengthened international cooperation under the 
Basel Convention to curb illegal imports and facilitate 
technology transfer.
Further primary research is required to map current 
informal recycling locations, quantify contemporary 
exposure levels, and evaluate the performance of  hybrid 
governance arrangements in the Ghanaian context.

Challenges and Opportunities
Challenges
Several structural obstacles confront efforts to 
improve Ghana’s e-waste management system. Capital 
requirements for centralized processing plants, training 
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programmed, and personal protective equipment are 
substantial and necessitate coordinated investment by 
government, donors, and the private sector (Adanu et al., 
2020). Informal workers may perceive formalization as a 
threat to livelihoods and autonomy, generating resistance 
(Grant & Oteng-Ababio, 2021). Enforcement of  existing 
regulations has become more difficult following the post-
2021 dispersal of  activities into less accessible locations, 
(Finn et al., 2025).

Opportunities
Despite these challenges, several opportunities exist 
to advance sustainable livelihoods and environmental 
protection. Hybrid approaches can support SDG 8 by 
preserving employment while reducing health risks and 
improving recovery efficiency. Priority actions include
• Consistent enforcement of  Act 917 and the National 

E-waste Management Policy, together with establishment 
of  centralized collection and recovery facilities that 
integrate formal and informal actors (Government of  
Ghana, 2016; Baldé et al., 2024).
• Investment in training and provision of  personal 

protective equipment, which evidence suggests can 
reduce adverse health symptoms by approximately 40% 
relative to current baselines (Adanu et al., 2020; Püschel 
et al., 2024).
• Development of  formal–informal cooperative societies 

based on shared infrastructure and collective ownership 
(Grant & Oteng-Ababio, 2021; Finn et al., 2025).
• Enhanced international cooperation to facilitate 

technology transfer, financing, and capacity-building 
while ensuring compliance with the Basel Convention 
and extended producer responsibility obligations (Baldé 
et al., 2024).
• Pilot projects in communities such as Ashaiman to 

build trust and demonstrate the viability of  safer practices 
before wider scaling (Finn et al., 2025).

CONCLUSION
Informal e-waste recycling in Ghana exemplifies toxic 
equity within a survival economy. It generates a self-
reinforcing cycle of  hazardous labour, environmental 
contamination, impaired health, and persistent 
poverty among marginalized populations. The partial 
demolition of  Agbogbloshie in 2021 dispersed rather 
than resolved these problems, relocating activity to sites 
such as Ashaiman, complicating regulatory oversight, 
and weakening the practical reach of  Act 917. A 
coherent response requires the integration of  legislative 
enforcement, decentralized yet coordinated waste-
management systems, formalization and hybridization 
of  the informal sector, strengthened international 
cooperation against illegal e-waste trafficking, and the 
deployment of  higher-yield, lower-toxicity technologies. 
Unless equitable governance strategies are prioritized, 
continued growth in e-waste volumes will further 
entrench social, economic, and environmental inequalities 
and undermine the prospects for a just circular economy 

in the Global South. 

Declarations
Author contribution statement
The author(s) conceived and designed the study, analyzed 
and interpreted secondary data, and wrote the manuscript.

Funding statement
This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Competing interest statement
The authors declare no conflict of  interest.

Additional information
No additional information is available for this paper.

REFERENCES
Adanu, S.K., Gbedemah, S.F., Attah, M.K., 2020. 

Challenges of  adopting sustainable technologies in 
e-waste management at Agbogbloshie, Ghana. Heliyon 
6, e04548. https://doi.org/10.1016/j.heliyon.2020.
e04548

Akese, G.A., 2019. Electronic Waste (e-waste) Science and 
Advocacy at Agbogbloshie: The Making and Effects of  “The 
World’s Largest E-waste Dump.” PhD Dissertation, 
Memorial University of  Newfoundland.

Amankwaa, E.F., 2013. Livelihoods in risk: Exploring 
health and environmental implications of  e-waste 
recycling as a livelihood strategy in Ghana. J. Mod. Afr. 
Stud. 51, 551–575.

Amoyaw-Osei, Y., Agyekum, O., Pwamang, J., Mueller, 
E., Fasko, R., Schluep, M., 2011. Ghana E-Waste 
Country Assessment. SBC E-Waste Africa Project, 
Accra, Ghana.

Amuzu, D., 2018. Environmental injustice of  informal 
e-waste recycling in Agbogbloshie-Accra: Urban 
political ecology perspective.Local Environ. 23, 1–16.

Asante, K.A., Agusa, T., Biney, C.A., Agyekum, W.A., 
Bello, M., Otsuka, M., Itai, T., Takahashi, S., Tanabe, 
S., 2012. Multi-trace element levels and arsenic 
speciation in urine of  e-waste recycling workers from 
Agbogbloshie, Accra in Ghana. Sci. Total Environ. 424, 
63–73.

Asante, K.A., et al., 2019. Multi-trace element levels 
and related health effects among e-waste workers in 
Ghana. Sci. Total Environ.

Awere, E., Obeng, P.A., Bonoli, A., Obeng, P.A., 2020. 
E-waste recycling and public exposure to organic 
compounds in developing countries: A review of  
recycling practices and toxicity levels in Ghana. 
Environ. Technol. Rev. 9, 1–19.

Baldé, C.P., Kuehr, R., Yamamoto, T., McDonald, 
R., D’Angelo, E., Althaf, S., Bel, G., Deubzer, O., 
Fernandez-Cubillo, E., Forti, V., Gray, V., Herat, 
S., Honda, S., Iattoni, G., Khetriwal, D.S., Luda di 
Cortemiglia, V., Lobuntsova, Y., Nnorom, I., Pralat, 



Pa
ge

 
14

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(3) 7-15, 2026

N., Wagner, M., 2024. Global E-waste Monitor 2024. 
ITU and UNITAR, Geneva/Bonn.

Basel Convention, 1989. Basel Convention on the Control of  
Transboundary Movements of  Hazardous Wastes and Their 
Disposal.UNEP, Geneva.

Brigden, K., Labunska, I., Santillo, D., Johnston, P., 2008. 
Chemical contamination at e-waste recycling and disposal sites 
in Accra and Korforidua, Ghana. Greenpeace Research 
Laboratories Technical Note 10/2008.

Caravanos, J., Clark, E., Fuller, R., Lambertson, C., 
2011. Assessing worker and environmental chemical 
exposure risks at an e-waste recycling and disposal 
site in Accra, Ghana. J. Health Pollut. 1, 16–25.

Chi, X., Streicher-Porte, M., Wang, M.Y.L., Reuter, M.A., 
2011. Informal electronic waste recycling: A sector 
review with special focus on China. Waste Manag. 31, 
731–742.

Daum, K., Stoler, J., Grant, R.J., 2017. Toward a more 
sustainable trajectory for e-waste policy: A review of  
a decade of  e-waste research in Accra, Ghana. Int. J. 
Environ. Res. Public Health 14, 135.

Esenduran, G., Atasu, A., Van Wassenhove, L.N., 2019. 
Valuable e-waste: Implications for extended producer 
responsibility. IISE Trans. 51, 382–396.

European Commission, 2010. E-waste in Developing 
Countries Needs Careful Management. Science for 
Environment Policy, DG Environment News Alert.

EU-WEEE Directive, 2003. Directive 2003/108/EC of  
the European Parliament and of  the Council. Official 
Journal of  the European Union.

Finn, B.M., Cobbinah, P.B., Gounaridis, D., 2025. The 
informal paradox: Electronic waste and the toxic 
circular economy in Ghana. npj Urban Sustain. 5.

Forti, V., Baldé, C.P., Kuehr, R., Bel, G., 2020. The Global 
E-waste Monitor 2020. UNU/UNITAR/ITU/ISWA, 
Bonn/Geneva/Rotterdam.

Gaidajis, G., Angelakoglou, K., Aktsoglou, D., 2010. 
E-waste: Environmental problems and current 
management. J. Eng. Sci.Technol. Rev. 3, 193–199.

Government of  Ghana, 2016. Hazardous and Electronic 
Waste Control and Management Act, 2016 (Act 917). 
Accra: Ghana Publishing Company.

Grant, R., Oteng-Ababio, M., 2012. Mapping the invisible 
and real African economy: Urban e-waste circuitry. 
Urban Geogr. 33, 1–21. Grant, R., Oteng-Ababio, M., 
2016. The global transformation of  materials and the 
emergence of  informal urban mining in Accra,

Ghana. Afr. Geogr. Rev. 35, 1–16.
Grant, R., Oteng-Ababio, M., 2019. Formalising the 

informal? The challenges of  integrating informal 
e-waste recycling into formal systems in Ghana. Local 
Environ.

Grant, R., Oteng-Ababio, M., 2021. The informal 
paradox: Circular economy aspirations and toxic 
realities after Agbogbloshie. Local Environ.

Heacock, M., Kelly, C.B., Asante, K.A., Birnbaum, L.S., 
Bergman, Å.L., Bruné, M.N., et al., 2016. E-waste and 
harm to vulnerable populations: A growing global 

problem. Environ. Health Perspect. 124, 550–555.
Huang, J., Nkrumah, P.T., Anim, D.O., Mensah, E., 2014. 

E-waste disposal effects on the aquatic environment: 
Accra, Ghana. Rev.Environ. Contam. Toxicol. 229, 19–
34.

Lundgren, K., 2012. The Global Impact of  E-Waste: 
Addressing the Challenge. International Labour 
Organization, Geneva.

Oteng-Ababio, M., 2010. E-waste: An emerging challenge 
for solid waste management in Ghana. Int. Dev. Plan. 
Rev. 32, 191–206.

Oteng-Ababio, M., 2012. The legal and the reasonable: 
Exploring the dynamics of  e-waste disposal strategies 
in Ghanaian households. J. US-China Public Adm. 9, 
38–52.

Oteng-Ababio, M., Amankwaa, E.F., 2014. The e-waste 
conundrum: Balancing evidence from the North and 
on-the-ground developing countries’ realities for 
improved management. Afr. Rev. Econ. Finance 6, 
181–204.

Oteng-Ababio, M., Owusu, G., Chama, M., 2015. 
Intelligent enterprise: Wasted cities? The case of  
Agbogbloshie. Afr. Geogr. Rev. 

Owusu-Sekyere, K., Aladago, D.A., 2023. Material flow 
analysis and risk evaluation of  informal E-waste 
recycling processes in Ghana: Towards sustainable 
management strategies. J. Clean. Prod. 430, 139706.

Owusu-Sekyere, K., Aladago, D.A., Leverenz, D., Oteng-
Ababio, M., Kranert, M., 2024. Environmental 
impacts on soil and groundwater of  informal e-waste 
recycling processes in Ghana. Sustainability 16, 4347.

Owusu-Sekyere, K., Batteiger, A., Afoblikame, R., 
Hafner, G., Kranert, M., 2022. Assessing data in the 
informal e-waste sector: The Agbogbloshie scrapyard 
case study. Waste Manag.

Pellow, D.N., 2007. Resisting Global Toxics: Transnational 
Movements for Environmental Justice. MIT Press

Cambridge, MA. Prakash, S., Manhart, A., Amoyaw-Osei, 
Y., Agyekum, O., 2010. Socio-economic Assessment and 
Feasibility Study on Sustainable E-Waste Management in 
Accra, Ghana. Öko-Institut / Green Advocacy Ghana.

Pure Earth / Blacksmith Institute, 2015. Project Completion 
Report: Agbogbloshie, Ghana – Remediation of  Contaminated 
Soil. Pure Earth, New York.

Püschel, P., Agbeko, K.M., Amoabeng-Nti, A.A., Arko-
Mensah, J., Bertram, J., Fobil, J.N., Waldschmidt, 
S., Löhndorf, K., Schettgen, T., Lakemeyer, M., 
Morrison, A., Küpper, T., 2024. Lead exposure by 
E-waste disposal and recycling in Agbogbloshie, 
Ghana. Int.J. Hyg. Environ. Health 258, 114375.

Quaye, W., Akon-Yamga, G., Asante, A., Daniels, C., 2019. 
The E-Waste Management System in Ghana through the 
Transformative Innovation Policy Lens. TIP Consortium.

Schluep, M., et al., 2012. Where are WEEE in Africa? 
Findings from the E-waste Africa Project. Secretariat of  
the Basel Convention.

Sinha-Khetriwal, D., Kraeuchi, P., Schwaninger, M., 
2005. A comparison of  electronic waste recycling in 



Pa
ge

 
15

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(3) 7-15, 2026

Switzerland and in India.Environ. Impact Assess. Rev. 
25, 492–504.

Sovacool, B.K., 2019. Toxic transitions in the lifecycle 
externalities of  a digital society: The complex 
afterlives of  electronic waste in Ghana. Resour. Policy 
64, 101459.

Srigboh, S.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.

Takyi, S.A., Basu, N., Arko-Mensah, J., Botwe, P., 
Amoabeng Nti, A.A., Kwarteng, L., et al., 2021. 
Micronutrient status of  e-waste workers and non-e-
waste workers in Accra, Ghana. Environ. Health 20.

United Nations Environment Programme (UNEP), 
2007. E-waste Volume II: E-Waste Management Manual. 
UNEP, Osaka.

United Nations Environment Programme (UNEP), 
2010. Urgent Need to Prepare Developing Countries for 

Surge in E-Wastes. UNEP News Centre.
Widmer, R., Oswald-Krapf, H., Sinha-Khetriwal, D., 

Schnellmann, M., Böni, H., 2005. Global perspectives 
on e-waste. Environ.Impact Assess. Rev. 25, 436–458.

Williams, E., Kahhat, R., Bengtsson, M., Hayashi, 
S., Hotta, Y., Totoki, Y., 2013. Linking informal 
and formal electronics recycling via an interface 
organization. Challenges 4, 136–153.

Wittsiepe, J., Fobil, J.N., Till, H., Burchard, G.D., Wilhelm, 
M., Feldt, T., 2015. Levels of  polychlorinated dibenzo-
p-dioxins, dibenzofurans (PCDD/Fs) and biphenyls 
(PCBs) in blood of  informal e-waste recycling 
workers from Agbogbloshie, Ghana, and controls. 
Environ. Int. 79, 65–73.

World Resources Forum, 2019. Introduction of  Sustainable 
E-Waste Management in Ghana: An Innovative Cooperation 
between MESTI, EPA and GIZ. WRF.

Zafar, S., 2016. Significance of  E-Waste Management. 
EcoMENA.


