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Abstract: E-waste is one of the fastest growing waste streams in the world, paradoxically containing
both hazardous components and substances which can adversely impact on both the environment
and public health, as well as valuable secondary resources and raw materials that could be recovered
if e-waste is processed properly. Developing countries not only lack the infrastructure and technology
required to manage e-waste appropriately, they largely rely on a fragmented informal sector for the
management of a large fraction of e-waste that is either recognized by the state, or is marginalized and
suppressed. This article examines the current situation with e-waste management in the developing
countries, and assesses these countries’ challenges. The study highlights that there is an urgent need
to design more better framework for e-waste that protect these countries from the problems caused
by e-waste that are beyond repair and refurbishment, and to help these countries to advance their
e-waste recycling and disposal facilities to prevent open burning on and dumping in the environment
that can result in deleterious effects on communities at a local as well as at a global level.

Keywords: electronic waste; waste electrical and electronic equipment (WEEE); informal sector;
environmental pollution

1. Introduction

With the ever-increasing pace of technological development and growing consumer
demand for electrical and electronic equipment (EEE), EEE is currently one of the largest
international markets [1]. According to Perkins et al. [2], EEE can be categorized depending
on its age, functionality and use—with all categories presented in Table 1. The problem with
EEE is the continuously decreasing product lifetime and use phase, which result in large
amounts of EEE reaching obsolescence considerably faster than before [3]. This has resulted
in an ever-growing amount of- globally generated e-waste [4], with a large percentage
of it being shipped abroad for processing, resulting in an increase in the transboundary
movement of e-waste (Table 2) [5].
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Table 1. Various categories of E-waste [2].

Type of Stream Description

New electrical and electronic equipment (EEE)
and functioning EEE

New components or products being delivered
among different nations.

Used EEE and functioning EEE suitable for
direct reuse

Equipment that is ready to use and requires no
further refurbishment/repair/upgrading in terms
of hardware. However, in several countries
import/export restrictions apply.

Used EEE and non-functioning EEE suitable
for repair

Equipment that can be repaired, and carry out all
the essential functions. However, testing is
necessary to decide the actual condition. (This type
of waste stream classification is under discussion
by Basel Parties).

Used EEE and non-functioning EEE that are
non-repairable

Most commonly known as “e-waste.” Some times
also mislabeled as “used EEE.”

Waste Electrical and Electronic
Equipment (WEEE)

EEE determined as waste (also known as e-waste)
under the Waste Framework Directive context,
covering sub-assemblies and components.

Table 2. Initiatives towards addressing e-waste ([5,6] and http://www.basel.int/).

Regulation/Initiative Description

Basel Convention
Ratified in 1992 to keep hazardous waste within
producer countries. A total of 186 signatory
countries, but not ratified by the US.

EU WEEE Directive

Adapted by all EU members by 2007. Creates
collection and recycling systems based on producer
take-back schemes, covering 10 categories of
electrical goods.

RoSH 1

Enacted along with EU WEEE, restricts amounts of
lead, mercury, cadmium, hexavalent chromium and
Polybrominated Diphenyl Ethers used in
manufacturing.

StEP 2

UN agencies formally established in 2007, StEP
partners/cooperation with prominent academic and
government organizations (e.g., MIT, USEPA,
Tsinghua University) on encouraging the reuse and
recycling of materials and preventing of e-waste
pollutants.

BAN 3, SVTC 4, ETBC 5 Promoting programs for collection and recycling of
e-waste in countries.

US State laws and the Responsible Electronic
Recycling Act (HR2284)

A total of 25 US states’ laws for e-waste collection,
some stipulating consumer payment. HR2284 is a
proposed national law to control e-waste export and
certify used electronic goods for export.

1 Restriction of Hazardous Substances Directive; 2 Solving the E-waste Problem; 3 Basel Action Network; 4 Silicon
Valley Toxic Coalition; 5 Electronics Take Back Coalition.

Therefore, the majority of e-waste collected for recycling in developed countries is
shipped to developing countries for reuse and repair following the Basel Convention
guidelines. Many developed countries are party to the Basel Convention and even have
other forms of national regulations intended to control exports of EEE that are beyond
reuse and repair (hence, e-waste). However, large numbers of e-waste are illegally exported
from developed countries to developing, by mislabeling the e-waste as “used goods” [7].

http://www.basel.int/
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The aim of this study is to preliminary examine e-waste management issues, chal-
lenges and opportunities in developing countries, looking specifically into the activities
of the informal recycling sector. This study provides an overview of the pressing issues
in achieving the circularity of EEE, to recognize aspects that could be improved in order
to help developing countries reduce pollution and promote circularity. Sections 2 and 3
provides information on current initiatives and regulations that aim to control e-waste
management and on the health and environmental concerns of e-waste processing and its
mismanagement in developing countries. Section 4 presents a review of the method and
keyword selections for e-waste management techniques in selected developing countries.
Section 5 discusses the management of e-waste. Section 6 presents problems in trans-
forming the informal e-waste sector in these countries. Section 7 discusses management
handling options such as the circular economy and environmentally sound management in
developing countries. Section 8 review the current strengths and weaknesses associated
with e-waste management in these developing countries, with Section 9 concluding with a
review and recap of the main points of the article.

2. Initiatives and Regulations

The rapid growth of e-waste is particularly problematic in developing countries
with high population densities coupled with unavailable, unsuccessful or unenforced rules,
regulations and policies concerning e-waste treatment. The lack of enforcement, monitoring
and control measures at the borders of both developed and developing countries, and a
failure to implement the legislation in developing countries have led to a high quantity
of e-waste from domestic as well as imported sources (mainly from developed countries).
A number of regulations and initiatives (Table 2) have been formulated over the past few
years to control the movement of e-waste, yet the degree to which these are more better
implemented remains uncertain.

3. Environmental and Human Health Concerns

In developing countries, e-waste recycling is an activity that is usually performed by
the informal recycling sector [1]. With this sector being largely marginalized, resulting in a
lack of access to suitable machinery and personal protection equipment (PPE), the process-
ing of e-waste can result in many risks, both human-related as well as environmental [8,9].
The rudimentary recycling methods often used by informal workers can all too often be
physically harmful to them. According to studies [10–12], the lack of proper PPE, as well
as methods and procedures in the informal repair and recycling of e-waste illustrates the
necessity of addressing this issue immediately, to prevent further human health risks.

In regards to the environmental pollution, the mixture of hazardous substances that
is released into the environment via the informal processing of e-waste (i.e., improper
treatment of e-waste), can lead to the contamination of air, soil and water [13]. In turn,
this may then lead to bioaccumulation, contamination of the food chain and extensive
environmental exposure [14]. Of greater concern are the negative effects on public health
e.g., kidney damage, respiratory illness, gastroenteritis and liver disease, cardiovascular ill-
ness, urinary infection/disease and reproductive problems. These are not solely attributed
to informal e-waste management processes, but also to the leakage and emission of high
concentrations of pollutants and heavy metals from the e-waste components and products
disposed of to landfills and dumpsites [15–18]. Rahman et al. [19] describe how significant
amounts of heavy metals are transported through rainfall in addition to seepage to ponds
in the rainy season. Yuan et al. [20] and Fujimori et al. [21] highlighted problems associated
with soil contamination by such e-waste, whereas Fujimori and Takigami [22] stressed on
the persistence of heavy metals to soil from e-waste dumping. Those studies, emphasised
that plants or vegetable crop growth and development is severely impacted as a result of
this pollution.

A solution to soil pollution due to e-waste may reside in the ground itself. Mi-
croorganisms are present in the soil which can help alleviate the hazardous side effects
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of e-waste processing. The soil is a well-known habitat for natural microbial diversity
linked with plants. For example, those microbes which take part in phytoremediation
e.g., stabilization, degradation in the rhizosphere and plants and accumulation inside
tissue and volatilization [10,11]. In particular, soil indigenous fungi have higher toler-
ances for the effects of pollution such as metal adsorption on the cell wall surface (also
known as bio-adsorption/biosorption), and bioaccumulation (transportation and cellular
incorporation) [23,24]. Several studies have scientifically defined the positive response of
arbuscular mycorrhizal fungi (AMF) to metals [25]. Rajkumar et al. [26] highlighted how
microorganisms are able to produce numerous types of extracellular polymeric substances
(EPS) that play a key role in toxic metal complexes, helping to slow down its mobility rate
and penetration into the soil. Numerous research publications have demonstrated that the
best solution is an integrated approach combining the use of potential microorganisms
with plants for the effective remediation of polluted soil sites [27,28].

Finally, there are economic considerations that are worth considering at this point.
From an economic perspective, e-waste offer potential economic opportunities as e-waste
processing can also be leveraged to recycle valuable and critical raw materials from e-waste
that help recoup some economic return [29]. This can help alleviate demand for primary
resource-material ore mining [29,30].

4. Objective and Methods

This work focused on reviewing current practices related to the dismantling and
recovery of components and materials (plastics, precious metals, glass) via heating, burning
and leaching processing, as well as disposal practices. This work carried out an orga-
nized exploration of the literature available on Web of Science and Scopus by using the
following keywords: “e-waste” or “electronic waste” or “waste electrical and electronic
equipment” or “WEEE”, “informal recycling”, “primitive recycling”, “unorganized e-waste
sector”, “backyard recycling”, “workshop recycling”. Only articles that included any of the
keywords in either the article title, abstract or key words sections were selected.

This article mainly reviewed articles that focused on the strategies, regulations, man-
agement practices and policies of e-waste. Accordingly, the online search outcome was
restricted to ensure that the strategy-related papers that would have been uncovered
through adding other keywords, for example, “handling”, “management”, “policy”, along
with “e-waste” or “electronic waste” or “waste electrical and electronic equipment” did not
appear in the search results. Subsequently, the early screening of the strategy-related papers
in general, then the additional screening carried out based on “country-wise” ensured that
the results focused on the nations that were of note for this article.

5. E-Waste Management in Selected Developing Countries

Considering the current situation of e-waste management in developing countries,
this section of the article categorizes e-waste management in Nigeria, Ghana, India and
China, as these are some of the countries have received the most focus and attention
in the literature to date. Examining the e-waste strategies of these nations shows that
it is possible to impact the global strategic development across the world’s other
developing countries.

In Asia-Pacific developing countries, nearly ~80% of e-waste is illegally imported
from abroad [5,31]. Most e-waste undergoes rudimentary processing [32,33]. In China, a
number of regulations on e-waste management have been issued [34]. For instance, the
“Old-for-New” Measures implemented for Household Appliances (State Council) were
initially piloted from 1 June 2009 to 31 May 2010 and extended until 31 December 2011
for waste collection, handling and treatment in appropriate recycling units. Soon after,
the Chinese environmental authority issued e-waste guidelines that included 5 types of
household appliances (televisions, washing machines, air conditioners, computers and
refrigerators) which they further expanded to cover 14 types of WEEE [35]. The Chinese
e-waste regulations are mainly based on the principle of the “polluter pays” and 3Rs
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(reduce, reuse, recycle), integrated with the EPR (for post-consumer recycling) principles in
China [29,36]. In the meantime, other developing countries or regions need to update their
e-waste regulations according to their own local situations, leveraging the lessons which
can be learned from Chinese and Indian experiences [14].

Nigeria is one of the main destinations for e-waste from Europe. Attention was drawn
to e-waste in Africa, specifically in Nigeria, through the e-waste documentary “The Digital
Dump” in 2005 [5]. The issue of e-waste dumping and mismanagement in Africa was also
previously highlighted at an international convention in Bamako, Mali in 1991. This led
to the ‘’Bamako Convention”, which formally came into force in 1998. Nigeria has to date
introduced the Harmful Wastes Act, which generally describes banned materials by their
effects as materials which subject a person to risk of public health. The Nigerian National
Environmental Regulations clearly prohibits unusable electronic goods. However, there
are still many incidents reported of illegal e-waste destined for Nigeria from developed
countries [37].

Economically low-income countries are the ultimate first choice market for e-waste
and it has been reported that almost 500 shipping containers of used EEE are imported into
Lagos, Nigeria [38,39]. The authors estimated that each container could hold approximately
800 computer monitors or base units, or 350 large televisions. In fact, the majority of these
electronic appliances will no longer be in working condition. This e-waste is normally
dumped in open land outside Lagos, where they are picked over by human scavengers or
waste merchants [5].

6. Transformation of the Informal E-Waste Sector in Developing Countries

One approach for addressing the shortcomings in the e-waste informal sector is
through the establishment of cooperatives and associations via which informal workers
can be organized and higher benefits, in terms of value recovery, can be achieved [14].
According to Awasthi et al. [3], China has 109 registered, formal recycling enterprises.
About 133 million units of e-waste a year are recycled by these formal recycling enterprises.
The total e-waste volume dismantled in 2014 was approximately 70.45 million units, with
35% of that volume being recycled [36]. The e-waste “informal sector” can play an important
role in the management of e-waste in developing nations. Some countries have already
begun to consider incorporating this addition into formal e-waste management systems.
Such transformation can be seen in the latest e-waste management frameworks from
countries such as China, where the Industrial Park model is a perfect example [14].

Policies and legal amendments can allow for the formalization of e-waste processing by
dissolving the informal sector, who are key players in this area. Conversely, as an important
stakeholder of e-waste handling and management systems in developing nations, the
informal sector can play a significant role in the success of the formalization of such
enterprises. Under this model, informal e-waste working groups can be organised into
small-sized cooperatives or associations for carrying out the collection as well as the
recycling of e-waste [14]. Similar approaches have been reported from developing countries
in Asia, such as India, where the informal solid waste workers have been organised
into small cooperative initiatives under their respective municipalities [40]. Academic
institutions also have a key role to play here, providing better technical and scientific
assistance to these cooperatives [14]. Such assistance can be in the form of pilot projects,
helping to support informal e-waste manual workers; developing awareness of e-waste
practices [41,42]; and eliminating potential exposure due to informal practices [10,11].

Generally, the community-based organizations or associations are formed when in-
dividual workers make themselves available for waste services in their societies. In this
context, the local municipality plays a key role, providing rules and regulations, available
infrastructure, equipment and events that raise awareness, etc. [14].
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7. Management Handling and Circular Economy Considerations

The informal sector labors every day in handling e-waste in developing nations, col-
lecting e-waste from consumer households or the local community, manually dismantling
this collected e-waste using rudimentary methods at backyard family level workshops.
Therefore, if the effects of these direct or indirect exposures to processing e-waste are not
addressed, the related pollution, environmental issues and public health concerns will
only continue to escalate. The introduction of suitable management handling schemes
for e-waste processing in developing nations is one way to address this. Steps such as
the introduction of appropriate e-waste dismantling practices, environmentally sound
management (ESM) and regular environmental monitoring systems are just some examples
that need to be introduced in developing nations in order to address these issues.

In order to solve the e-waste management problem in developing countries [43],
such as India [10,11], the EPR system needs to be supported through better recycling
infrastructure as well as advanced recycling technology. Additionally, the regular as well
as appropriate monitoring of such a system is important to minimize the illegal movement
of e-waste. To address the growing concern of securing valuable raw materials for the
future from e-waste, an integrated strategy is needed that establishes targeted measures to
secure and improve access to raw materials for developing countries. These are basically
related to all industries throughout the supply chain. In this context, owing to a lack of
innovation of e-waste in developing countries, it will be a challenging and difficult task to
implement a more effective and efficient control scheme. Simultaneously, raw materials are
needed for the manufacturing and production of the various goods and appliances used in
everyday life. A circular economic system proposes an approach which sees us making
products and services through the decrease in “new” raw materials, water and energy in
the system, substituting them with ones that are recovered, re-used or re-integrated into the
system [29]. To be able to adapt to environmentally friendly production, the overall system
essentially needs to be re-designed in a “circular” fashion, with raw materials, components
and residuals or waste all re-integrated into the system. In this setting, the product needs
to be designed with consideration for the sequence of circular system design strategies,
enabling the extension of a product’s life span, disassembly, durability, repairability and as
well as reliability (Table 3).

Table 3. Characterization of main challenges to formalization e-waste sector and facilitating actions
for removal of informal sector (http://www.basel.int/).

Classification Challenges to Transforming Informal
E-Waste Sector Suggested Measures towards Formalization

Social and environmental awareness

Lack of environmental awareness
raising campaigns on the significance
of establishing a sustainable waste
management system and the active
role of residents as waste creators in
society [44].

• Promote regular awareness to provide
latest information and training and
education materials to workers in
informal sectors in developing
countries [16].

• Educate informal workers about the
impact of their activities on their health,
community and environment;

• Improve the informal sectors’ working
and living conditions by giving them
access to machinery and personal
protection equipment to prevent social
and environmental risks [45].

http://www.basel.int/


Sustainability 2023, 15, 7263 7 of 11

Table 3. Cont.

Classification Challenges to Transforming Informal
E-Waste Sector Suggested Measures towards Formalization

Institutional/
organizational
provisions

• Lack of shared responsibility,
perceived trust, and competition
between formal and informal
stakeholders.

• Interdisciplinary collaboration
is lacking.

• Organize the informal sector into
associations and cooperatives [14].

• Create partnerships and cooperation
among various stakeholders of e-waste
management schemes (Basel
Convention).

Economic/financial
instruments

• Lack of financial support
through governmental schemes,
as well as lack of economic
planning [46,47].

• Microloan initiatives;
• Financial incentives through Corporate

Social Responsibility (CSR) company
and industry and local and national
banks [14].

Technical Support

• Absence of advanced
technology;

• Lack of technical expertise on
Advance waste management;

• Lack of country appropriated
infrastructure-based technology,
lacking in proper collection
system, storage stations,
collection vehicles, etc. [3].

• Collect basic data to assess the current
state-of-the-art e-waste management
system to identify where improvements
are needed;

• Launching pilot projects to demonstrate
benefits of informal workers being
organized;

• Provide suitable sorting and storage
places and setup, better-quality of
secondary raw materials;

• Obtain access to suitable advanced
technology, both technical assistance
and economic support through project
scheme;

• Provide regular capacity-building
programs for those workers engaged in
e-waste handling, storage, processing
and management.

Policy and legal
measures

Lack of policies, strong legislation as
well as strong rules and
regulations [3].

• Encourage the development of national
e-waste policies, rules and regulations,
government provision locally and
nationally, and environmental law
enforcement.

• Practice a Waste Prevention approach
that reduces reliance on packaging
materials, and promotes an active
producer responsibility [33,45].

8. An Evaluation of E-Waste Management

A number of studies [5,16,41,43] have evaluated the reasons inhibiting sustainable
waste management systems in developing countries (Table 4). From these, strategies
proposed include the formation of local associations (Table 3), initially to be supported
through Corporate Social Responsibility activities, or through local and national bank [14].
Challenges identified include the need for regular monitoring, public awareness campaigns,
collection system standardization, monitoring the proper implementation of the measures
and proper transitioning from the informal to the formal sector without the loss of any job
opportunities (Table 3). The means by which this can be achieved include the introduction
of sustainable waste management techniques, income-based better livelihood options and
social development within the formalized e-waste sector.
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Table 4. E-waste management opportunities and threats in developing countries [21,22,48].

Opportunity/
Threat Costs Gains

Environmental

Pollution from releases of
residual e-waste that damage
air, soil and water quality
which can contaminate the
food chain. Ineffective
recycling practices result in
complete loss of recoverable
resource material and then
eventually there will be need
for additional primary ore
mining of resources.

Environmental protection in
terms of soil, air and water
pollution can be avoided, also
subsequent secondary
resource raw materials (gold,
copper, etc.) recovery can also
help avoid the unnecessary
loss to landfills. Also effective
processes can help to avoid
remediation costs of
contaminated sites; ore
mining of raw material
production can be avoided;
and resource raw materials
urban mining could be used
as feedstock for
manufacturing industries that
give support to develop
green industry.

Social

Informal recycling as a
commonly existing practices
cause direct social cost of less
income, owing to
incompetent, ineffective, poor
and very hazardous practices
as well as indirect social costs
such as poor public health.

Formal recycling generates
many green jobs with skilled
workers as well as better
social positions such as
employees and entrepreneurs;
and good public health as well
as lesser occupational risks by
the appropriate use of
technologies, in addition to
comparatively more
consistent incomes for
engaged workers with job
security.

Economic

Informal recycling leads to
lost significant value of
e-waste, as a result an overall
loss in revenues.

Formal sector recycling
subsequent in value-added
government funds by taxes,
for e-waste
treatment/disposal facility
total technology and
investment need to the
particular city or region.

An evaluation of the main strengths and weaknesses/opportunities and threats facing
e-waste management in developing countries (Table 4). Key strengths identified include
an informal sector integration-based collection set-up that ensures the majority of e-waste
is collected from the households as well as businesses at low cost [3,49,50]. Developing
countries benefit from a very strong repair, refurbishing and reuse market for all kind of
EEE, extending the useful life of a such products and appliances past their counterparts in
developed countries [51,52]. Most developing countries offer a large market size and the
huge volume creates potential opportunity to benefit from economies of scales; through
setting up the manufacturing facilities, and a lot of downstream opportunities for further
processing as well as material recovery (e.g., secondary smelters and secondary resource
recovery) [3,53]. Weaknesses facing e-waste recycling in developing countries include the
lack of mechanisms for proper training and skill development of recyclers and dismantler
to identify risks; to avoid the associated health risk [10,11]. Furthermore, there is a very
limited financial investment in e-waste recycling in these countries in terms of using
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of technologies and tools for recycling and recovery of valuable metals and resource
materials. Developing countries usually suffer from a lack of proper knowledge and
information of extended producer responsibility principles as well as mechanisms [54].
Through leveraging the inherent advantages of developing countries, these challenges can
be converted into potential opportunities for development as opposed to remaining as
extra cost loads [48,55].

9. Conclusions

The introduction of environmentally sound management practices at the local scale
that consider specific characteristics and conditions pertaining countries that import e-
waste are important to protecting the environment and human-health. Additionally, the
development of decision and policy-making procedures that cater for the needs of informal
workers, particularly the disadvantaged ones, by organizing them into associations and
cooperations that operate based on circular economy principles is detrimental to preventing
unintended consequences that span across health, social, economic and environmental im-
pacts. E-waste laws and regulations within developing countries need to be little reformed
to enable inclusivity and equity, including that of informal sector formalization. Many of
the challenges facing developing countries in this regard generally result from a lack of
strong environmental governance, that prioritizes the integration of the informal sector
rather than the formal sector, and promotes environmental awareness and action towards
the use of the best available e-waste management technologies and the coordination of
the activities of all stakeholders involved in the e-waste management system. Such an
indigenous, systematic and organized approach to e-waste management in developing
countries will allow the e-waste problem be resolved systematically at both the global and
national scale.

Author Contributions: Conceptualization, A.K.A.; methodology, A.K.A. and E.I.; Validation, M.J.,
K.P. and M.Z.; formal analysis, K.P.; investigation, M.Z.; resources, A.K.A. and A.K.P.; data curation,
M.Z.; writing—original draft preparation, A.K.A.; writing—review and editing, E.I., M.K.A. and S.M.;
visualization, K.P. and M.J.; supervision, A.K.P. All authors have read and agreed to the published
version of the manuscript.

Funding: The authors disclosed no financial funding support for the research, authorship, and/or
publication of this article.

Data Availability Statement: Data is contained within the article.

Acknowledgments: Author A.K.A is grateful to School of the Environment, Nanjing University,
Nanjing China, for support and encouragement for international collaboration. We all the authors ac-
knowledge the editor and anonymous reviewers for their valuable comments/suggestions/feedback
on this contribution. The authors are thankful to all colleagues for encouragement and support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sengupta, D.; Ilankoon, M.; Kang, K.; Chong, M. Circular economy and household e-waste management in India: Integration of

formal and informal sectors. Miner. Eng. 2022, 184, 107661. [CrossRef]
2. Perkins, D.N.; Drisse Marie-Noel, B.; Nxele, T.; Sly, P.D. E-Waste: A Global Hazard. Ann. Glob. Health 2014, 80, 286–295. [CrossRef]

[PubMed]
3. Awasthi, A.K.; Li, J. Management of electrical and electronic waste: A comparative evaluation of China and India. Renew. Sustain.

Energy Rev. 2017, 76, 434–447. [CrossRef]
4. Mihai, F.C.; Gnoni, M.C.; Meidiana, C.; Ezeah, C.; Elia, V. Chapter 1: Waste Electrical and Electronic Equipment (WEEE):

Flows, Quantities, and Management—A Global Scenario. In Electronic Waste Management and Treatment Technology; Butterworth-
Heinemann: Oxford, UK, 2019; pp. 1–34.

5. Sthiannopkao, S.; Wong, M.H. Handling e-waste in developed and developing countries: Initiatives, practices, and consequences.
Sci. Total Environ. 2013, 463–464, 1147–1153. [CrossRef]

https://doi.org/10.1016/j.mineng.2022.107661
https://doi.org/10.1016/j.aogh.2014.10.001
https://www.ncbi.nlm.nih.gov/pubmed/25459330
https://doi.org/10.1016/j.rser.2017.02.067
https://doi.org/10.1016/j.scitotenv.2012.06.088


Sustainability 2023, 15, 7263 10 of 11

6. Ilankoon, I.M.S.K.; Ghorbani, Y.; Chong, M.N.; Herath, G.; Moyo, T.; Petersen, J. E-waste in the international context—A review
of trade flows, regulations, hazards, waste management strategies and technologies for value recovery. Waste Manag. 2018, 82,
258–275. [CrossRef]

7. UNEP. E-Waste the Hidden Side of IT Equipment’s Manufacturing and Use; United Nations Environment Programme: Nairobi, Kenya,
2005; pp. 1–4. Available online: http://www.grid.unep.ch/products/3_Reports/ew_ewaste.en.pdf (accessed on 15 July 2022).

8. Liang, Q.; Tian, K.; Li, L.; He, Y.; Zhao, T.; Liu, B.; Wu, I.; Huang, B.; Zhao, L.; Teng, Y. Ecological and human health risk
assessment of heavy metals based on their source apportionment in cropland soils around an e-waste dismantling site, Southeast
China. Ecotoxicol. Environ. Saf. 2022, 242, 113929. [CrossRef]

9. Pradhan, J.K.; Kumar, S. Informal e-waste recycling: Environmental risk assessment of heavy metal contamination in Mandoli
industrial area, Delhi, India. Environ. Sci. Pollut. Res. 2014, 21, 7913–7928. [CrossRef]

10. Awasthi, A.K.; Zeng, X.; Li, J. Environmental pollution of electronic waste recycling in India: A critical review. Environ. Pollut.
2016, 211, 259–270. [CrossRef]

11. Awasthi, A.K.; Zeng, X.; Li, J. Relationship between electronic waste recycling and human health risk in India: A critical review.
Environ. Sci. Pollut. Res. 2016, 23, 11509–11532. [CrossRef]

12. Zheng, X.; Xu, X.; Yekeen, T.A.; Zhang, Y.; Chen, A.; Kim, S.S.; Dietrich, K.N.; Ho, S.M.; Lee, S.A.; Reponen, T.; et al. Ambient
air heavy metals in PM2.5 and potential human health risk assessment in an informal electronic-waste recycling site of China.
Aerosol Air Qual. Res. 2016, 16, 388–397. [CrossRef]

13. Dimitrakakis, E.; Janz, A.; Bilitewski, B.; Gidarakos, E. Small WEEE: Determining recyclables and hazardous substances in plastics.
J. Hazard. Mater. 2009, 161, 913–919. [CrossRef]

14. Awasthi, A.K.; Li, J.; Koh, L.; Ogunseitan, O.A. Circular economy and electronic waste. Nat. Electron. 2019, 2, 86–89. [CrossRef]
15. Hang, J.G.; Dong, J.J.; Feng, H.; Huang, J.Z.; Wang, Z.; Shen, B.; Nakayama, S.; Kido, T.; Jung, C.-R.; Ma, C.; et al. Evaluating

postnatal exposure to six heavy metals in a Chinese e-waste recycling area. Chemosphere 2022, 308, 136444. [CrossRef] [PubMed]
16. Song, Q.; Li, J. A systematic review of the human body burden of e-waste exposure in China. Environ. Int. 2014, 68, 82–93.

[CrossRef] [PubMed]
17. Grant, K.; Goldizen, F.C.; Sly, P.D.; Brune, M.N.; Neira, M.; van den Berg, M. Health consequences of exposure to e-waste: A

systematic review. Lancet Glob. Health 2013, 1, E350–E361. [CrossRef] [PubMed]
18. Noel-Brune, M.; Goldizen, F.C.; Neira, M.; van den Berg, M.; Lewis, N.; King, M. Health effects of exposure to e-waste. Lancet

Glob. Health 2013, 1, E70. [CrossRef] [PubMed]
19. Rahman, S.H.; Khanam, D.; Adyel, T.M.; Islam, M.S.; Ahsan, M.A.; Akbor, M.A. Assessment of heavy metal contamination of

agricultural soil around Dhaka Export Processing Zone (DEPZ), Bangladesh: Implication of seasonal variation and indices. Appl.
Sci. 2012, 2, 584–601. [CrossRef]

20. Yuan, G.L.; Liu, C.; Chen, L.; Yang, Z. Inputting history of heavy metals into the inland lake recorded in sediment profiles: Poyang
Lake in China. J. Hazard. Mater. 2011, 185, 336–345. [CrossRef]

21. Fujimori, T.; Takigami, H. Pollution distribution of heavy metals in surface soil at an informal electronic-waste recycling site.
Environ. Geochem. Health 2014, 36, 159–168. [CrossRef] [PubMed]

22. Fujimori, T.; Takigami, H.; Agusa, T.; Eguchi, A.; Bekki, K.; Yoshida, A. Impact of metals in surface matrices from formal and
informal electronic-waste recycling around Metro Manila, the Philippines, and Inta-Asian comparison. J. Hazard. Mater. 2012, 221,
139–146. [CrossRef]

23. Gadd, G.M. The responses of fungi towards heavy metals. In Microbes in Extreme Environments; Herbert, R.A., Codd, G.A., Eds.;
Academic Press: London, UK, 1986; pp. 83–110.

24. Gadd, G.M. Interaction of fungi with toxic metals. New Phytol. 1993, 124, 25–60. [CrossRef]
25. Meier, S.; Cornejo, P.; Cartes, P.; Borie, F.; Medina, J.; Azcon, R. Interactive effect between Cu-adapted arbuscular mycorrhizal

fungi and biotreated agrowaste residue to improve the nutritional status of Oenothera picensis growing in cupolluted soils. J. Soil
Sci. Plant Nutr. 2015, 178, 126–135. [CrossRef]

26. Rajkumar, M.; Sandhya, S.; Prasad, M.N.V.; Freitas, H. Perspectives of plant associated microbes in heavy metal phytoremediation.
Biotechnol. Adv. 2012, 30, 1195–1750. [CrossRef]

27. Lopez, B.N.; Man, Y.B.; Zhao, Y.G.; Zheng, J.S.; Leung, A.O.W.; Yao, J. Major Pollutants in Soils of Abandoned Agricultural Land
Contaminated by e-Waste Activities in Hong Kong. Arch. Environ. Contam. Toxicol. 2011, 61, 101–114. [CrossRef]

28. Zhang, W.; Wang, H.; Zhang, R.; Yu, X.Z.; Qian, P.Y.; Wong, M.H. Bacterial communities in PAH contaminated soils at an
electronic-waste processing center in China. Ecotoxicology 2010, 19, 96–104. [CrossRef]

29. Zeng, X.; Mathews, J.A.; Li, J. Urban mining of e-waste is becoming more cost-effective than virgin mining. Environ. Sci. Technol.
2018, 52, 4835–4841. [CrossRef]

30. Andeobu, L.; Wibowo, S.; Grandhi, S. An assessment of e-waste generation and environmental management of selected countries
in Africa, Europe and North America: A systematic review. Sci. Total Environ. 2021, 792, 148078. [CrossRef] [PubMed]

31. Shinkuma, T.; Huong, N.T.M. The flow of E-waste material in the Asian region and a reconsideration of international trade
policies on E-waste. Environ. Impact Assess. Rev. 2009, 29, 25–31. [CrossRef]

32. Herat, S.; Agamuthu, P. E-waste: A problem or an opportunity? Review of issues, challenges and solutions in Asian countries.
Waste Manag. Res. 2012, 30, 1113–1129. [CrossRef]

https://doi.org/10.1016/j.wasman.2018.10.018
http://www.grid.unep.ch/products/3_Reports/ew_ewaste.en.pdf
https://doi.org/10.1016/j.ecoenv.2022.113929
https://doi.org/10.1007/s11356-014-2713-2
https://doi.org/10.1016/j.envpol.2015.11.027
https://doi.org/10.1007/s11356-016-6085-7
https://doi.org/10.4209/aaqr.2014.11.0292
https://doi.org/10.1016/j.jhazmat.2008.04.054
https://doi.org/10.1038/s41928-019-0225-2
https://doi.org/10.1016/j.chemosphere.2022.136444
https://www.ncbi.nlm.nih.gov/pubmed/36116633
https://doi.org/10.1016/j.envint.2014.03.018
https://www.ncbi.nlm.nih.gov/pubmed/24717835
https://doi.org/10.1016/S2214-109X(13)70101-3
https://www.ncbi.nlm.nih.gov/pubmed/25104600
https://doi.org/10.1016/S2214-109X(13)70020-2
https://www.ncbi.nlm.nih.gov/pubmed/25104155
https://doi.org/10.3390/app2030584
https://doi.org/10.1016/j.jhazmat.2010.09.039
https://doi.org/10.1007/s10653-013-9526-y
https://www.ncbi.nlm.nih.gov/pubmed/23645478
https://doi.org/10.1016/j.jhazmat.2012.04.019
https://doi.org/10.1111/j.1469-8137.1993.tb03796.x
https://doi.org/10.1002/jpln.201400092
https://doi.org/10.1016/j.biotechadv.2012.04.011
https://doi.org/10.1007/s00244-010-9590-6
https://doi.org/10.1007/s10646-009-0393-3
https://doi.org/10.1021/acs.est.7b04909
https://doi.org/10.1016/j.scitotenv.2021.148078
https://www.ncbi.nlm.nih.gov/pubmed/34147806
https://doi.org/10.1016/j.eiar.2008.04.004
https://doi.org/10.1177/0734242X12453378


Sustainability 2023, 15, 7263 11 of 11

33. Kuehr, R. E-waste seen from a global perspective. In Waste Electrical and Electronic Equipment (WEEE) Handbook, 2nd ed.; Goodship,
V., Stevels, A., Huisman, J., Eds.; Woodhead Publishing: Cambridge, UK, 2019; pp. 1–16. [CrossRef]

34. Song, X.; Lu, B.; Wu, W. Environmental Management of E-waste in China. In Electronic Waste Management and Treatment Technology;
Butterworth-Heinemann: Oxford, UK, 2019. [CrossRef]

35. Zeng, X.; Gong, R.; Chen, W.Q.; Li, J. Uncovering the recycling potential of “new” WEEE in China. Environ. Sci. Technol. 2016, 50,
1347–1358. [CrossRef]

36. Zeng, X.; Duan, H.; Wang, F.; Li, J. Examining environmental management of e-waste: China’s experience and lessons. Renew.
Sustain. Energy Rev. 2017, 72, 1076–1082. [CrossRef]

37. Odeyingbo, O.; Nnorom, I.; Deubzer, O. Person in the Port Project: Assessing Import of Used Electrical and Electronic Equipment into
Nigeria; UNU-ViE SCYCLE; BCCC Africa: Bonn, Germany, 2017.

38. Schmidt, C.W. Unfair trade—E-waste in Africa. Environ. Health Perspect. 2006, 114, A232–A235. [CrossRef]
39. Puckett, J.; Westervelt, S.; Gutierrez, R.; Takamiya, Y. The Digital Dump: Exporting Re-Use and Abuse to Africa; Basel Action Network:

Seattle, WA, USA, 2005.
40. International Labour Organization (ILO). Tackling Informality in E-Waste Management: The Potential of Cooperative Enterprises; ILO:

Geneva, Switzerland, 2014.
41. Osibanjo, O.; Nnorom, I.C. The challenge of electronic waste (e-waste) management in developing countries. Waste Manag. Res.

2007, 25, 489–501. [CrossRef] [PubMed]
42. Hanafiah, M.; Ismail, H. An overview of LCA application in WEEE management: Current practices, progress and challenges.

J. Clean. Prod. 2019, 232, 79–93.
43. Agamuthu, P.; Sunil, H. Hidden dilemma in household e-waste management. Waste Manag. Res. 2015, 33, 497–498.
44. Qu, Y.; Wang, W.; Liu, Y.; Zhu, Q. Understanding residents’ preferences for e-waste collection in China-A case study of waste

mobile Phones. J. Clean. Prod. 2019, 228, 52–62. [CrossRef]
45. Borthakur, A.; Govind, M. Emerging trends in consumers’ E-waste disposal behaviour and awareness: A worldwide overview

with special focus on India. Resour. Conserv. Recycl. 2017, 117, 102–113. [CrossRef]
46. Aparcana, S. Approaches to formalization of the informal waste sector into municipal solid waste management systems in low-

and middle-income countries: Review of barriers and success factors. Waste Manag. 2017, 61, 593–607. [CrossRef] [PubMed]
47. Coffey, M.; Coad, A. Collection of Municipal Solid Waste in Developing Countries; United Nations Human Settlements Programme

(UN-HABITAT): Nairobi, Kenya, 2010; ISBN 978-92-1-132254-5.
48. Khetriwal, D.S. E-waste management in India. In Waste Electrical and Electronic Equipment (WEEE) Handbook; Woodhead Publishing:

Cambridge, UK, 2019. [CrossRef]
49. Huisman, J.; Stevels Ab Baldé, K.; Magalini, F.; Kueh, R. The e-waste development cycle, part II—Impact assessment of collection

and treatment. In Waste Electrical and Electronic Equipment (WEEE) Handbook, 2nd ed.; Goodship, V., Stevels, A., Huisman, J., Eds.;
Woodhead Publishing: Cambridge, UK, 2019; pp. 57–92. [CrossRef]

50. Huisman, J.; Stevels Ab Baldé, K.; Magalini, F.; Kueh, R. The e-waste development cycle, part III—Policy & legislation, business &
finance, and technologies & skills. In Waste Electrical and Electronic Equipment (WEEE) Handbook, 2nd ed.; Goodship, V., Stevels, A.,
Huisman, J., Eds.; Woodhead Publishing: Cambridge, UK, 2019; pp. 93–141. [CrossRef]

51. Zlamparet, G.I.; Ijomah, W.; Miao, Y.; Awasthi, A.K.; Zeng, X.; Li, J. Remanufacturing strategies: A solution for WEEE problem.
J. Clean. Prod. 2017, 149, 126–136. [CrossRef]

52. Ijomah, W.L.; Danis, M. Refurbishment and reuse of waste electrical and electronic equipment. In Waste Electrical and Electronic
Equipment (WEEE) Handbook, 2nd ed.; Goodship, V., Stevels, A., Huisman, J., Eds.; Woodhead Publishing: Cambridge, UK, 2019;
pp. 263–282. [CrossRef]

53. Goosey, E.; Goosey, M. The materials of waste electrical and electronic equipment. In Waste Electrical and Electronic Equipment
(WEEE) Handbook, 2nd ed.; Goodship, V., Stevels, A., Huisman, J., Eds.; Woodhead Publishing: Cambridge, UK, 2019; pp. 231–262.
[CrossRef]

54. Ravindra, K.; Mor, S. E-waste generation and management practices in Chandigarh, India and economic evaluation for sustainable
recycling. J. Clean. Prod. 2019, 221, 286–294. [CrossRef]

55. Yuan, Q.; Gu, Y.; Yang, M.; Wu, Y.; Hu, G.; Zhou, G. Synergistic utilization mechanism of e-waste in regions with different levels
of development: A case study of Guangdong Province. J. Clean. Prod. 2022, 380, 134855. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/B978-0-08-102158-3.00001-X
https://doi.org/10.1016/B978-0-12-816190-6.00013-3
https://doi.org/10.1021/acs.est.5b05446
https://doi.org/10.1016/j.rser.2016.10.015
https://doi.org/10.1289/ehp.114-a232
https://doi.org/10.1177/0734242X07082028
https://www.ncbi.nlm.nih.gov/pubmed/18229743
https://doi.org/10.1016/j.jclepro.2019.04.216
https://doi.org/10.1016/j.resconrec.2016.11.011
https://doi.org/10.1016/j.wasman.2016.12.028
https://www.ncbi.nlm.nih.gov/pubmed/28038906
https://doi.org/10.1016/B978-0-08-102158-3.00020-3
https://doi.org/10.1016/B978-0-08-102158-3.00003-3
https://doi.org/10.1016/B978-0-08-102158-3.00004-5
https://doi.org/10.1016/j.jclepro.2017.02.004
https://doi.org/10.1016/B978-0-08-102158-3.00009-4
https://doi.org/10.1016/B978-0-08-102158-3.00008-2
https://doi.org/10.1016/j.jclepro.2019.02.158
https://doi.org/10.1016/j.jclepro.2022.134855

	Introduction 
	Initiatives and Regulations 
	Environmental and Human Health Concerns 
	Objective and Methods 
	E-Waste Management in Selected Developing Countries 
	Transformation of the Informal E-Waste Sector in Developing Countries 
	Management Handling and Circular Economy Considerations 
	An Evaluation of E-Waste Management 
	Conclusions 
	References

