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Abstract

The production of electrical and electronic equipment (EEE) that include computers, mobile phones, modems, printers, refrigerators,
and air conditioning units has been growing rapidly stimulated by technological advances, increased product affordability, and short product
lifespans. However, this growth has not been matched by recognition of the dangers to health and the environment from disposal of the waste
EEE (e-waste) especially in developing countries. Globally, the annual generation of e-waste is in the range 20 - 50 million metric tons, which,
following the current trend can increase to over 120 million metric tons by year 2050. This paper reviews the nature, complexity and health and
environmental impacts of the e-waste, its global scale, and the alternative technologies for its management. However, the focus is on developing
countries, which import disproportionately large quantities of used and obsolete EEE for reuse and recycling but lack effective legislation, skills
and infrastructure for management of the waste. As a result, e-waste handlers and recyclers use crude methods for recycling oblivious of the
inherent dangers of heavy metals and organic substances in the waste. While the exporting of EEE to developing countries for reuse extends their
useful life, informal recycling and final disposal through open dumping, burning and burial poses danger to human health and the environment.
Electronic products contain many materials requiring special end-of-life handling; mainly, lead, mercury, arsenic, chromium, cadmium, and
plastics that are capable of releasing, dioxins and furans among other compounds. Consequently, successful management of the e-waste in the
developing countries will require institution of guiding framework for end of life management such as the extended producer responsibility, and
product take back. Ultimately, the key to successful e-waste management is the development of formal recycling facilities. Centralized collection
points where economies of scale will attract investment for facilities for dismantling and disassembling of component for recycling and for
disposal of toxic components are recommended.
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Introduction
2016 and 2018, respectively, while 53 metric tons was anticipated

The global market for electrical and electronic equipment in 2021 at an annual growth rate of 4-5% [6,7]. Moreover, the

(EEE) continues to grow exponentially. The rapid growth
growth can be attributed to the fast changes in technology
[1,2], changes changes in
production media, increasing affordability from falling prices,

drastic advancement in technology characterized by changes
in components necessitates a dynamic approach in e-waste

in the consumption patterns, management [8'10]

economic developments, and short product lifespan because of
technological innovations [3]. The lifestyle of the society revolves
around technology, which is constantly propelled by the need
for the latest and most high-tech products. However, the rapid
growth in EEE is contributing to mass generation of e-waste [1,4]
making it one of the fastest growing hazardous waste stream
[5]. About 44.7 and 50 metric tons of e-waste was generated in

Developing countries bear an added burden of e-waste
from the purchase of bulk second hand electronic gadgets [11].
Because of the inability of the citizen to purchase brand new
gadgets, they are left with little choice than to purchase second
hand products with shorter lifespan which soon end up as wastes
[12]. Additionally, because developed countries have not been
very keen on repairing WEEEs [13], many developing countries

Int J Environ Sci Nat Res 31(2): IJESNR.MS.ID.556309 (2022)


http://juniperpublishers.com
https://juniperpublishers.com/ijesnr/
http://dx.doi.org/10.19080/IJESNR.2022.31.556309

International Journal of Environmental Sciences & Natural Resources

have been attracted to import their obsolete gadgets in the name
of second hand equipment [14].

Generally,
requiring special end-of-life (EoL) handling, the most prominent

electronic products contain many materials

being lead, mercury, arsenic, chromium, cadmium, and plastics
thatare capable of releasing, among other compounds, dioxins and
furans [15-17]. Unlike for municipal wastes, these components are
hazardous and, therefore, require specialized skills in handling,
recycling and disposing [3,18,19].

The management of e-waste is governed by many factors
that include the associated potential hazards, available recycling
technology, and the applicable regulations [6,20,21]. Developed
countries have generally devised fairly complex, high-cost
systems to handle e-waste, following concerns for environmental
conservation [6]. However, in developing countries, dismantling
of electronic equipment is usually carried out in the informal
sector where hazardous byproducts directly interact with human
thereby posing danger to health [21,22].

The impacts of e-waste on the human health and environment
in both the short and long term cannot be ignored [23]. In most
developing countries with limited infrastructure and resources
to handle e-waste, most of the waste ends up in open dump
sites where the surrounding population is largely unaware of
its dangers [1,21]. Solution to the challenges of e-waste require
technical considerations. However, in most cases, legal framework,
collection, logistics, and other services need to be implemented

before a technical solution can be applied [20,24].

This review paper seeks to provide an overview of the
challenges facing the management of e-waste in developing
countries. It reviews the composition, variability, generation
trends, and the health and environmental risks of e-waste at
the global scale and in developing countries. The Paper reviews
the challenges experienced by developing countries with the
added burden of second hand gadgets with short lifespan, weak
or none existence regulatory framework and poor management
infrastructure. Finally, the Paper proposes strategies and measures
for successful interventions in management of the waste.

Classification of E-waste

The composition of e-waste greatly depends on technical
specification factors such as the type of electronic device,
models, manufacturer, date of manufacture, and the age of the
scrap [22,25]. Thus, e-waste recycling and disposal methods
ought to advance with the dynamics of the waste [9,26]. Despite
the potentially toxic materials associated with e-waste, it may
contains components considered valuables and a resource
[21,22]. Thus, a clear understanding of actual composition is
essential for the development of environmental conservation,
recovery and recycling [27]. Table 1 presents the EU classification
of waste electrical and electronic equipment (WEEE).

Figure 1 depicts the typical proportions of the different
categories of e-waste.
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Figure 1: E-waste categories and its contribution at global level [28].

Contaminants in E-waste Components

E-waste contains numerous contaminants that include
heavy metals, metalloids, halogenated hydrocarbons, persistent

organic compounds and other substances that are of health and
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environmental concern [29-31]. The heavy metals and metalloids
include: arsenic, cadmium, barium cobalt, copper, antimony,
indium, lead, beryllium, lithium, chromium VI, mercury, nickel,
thallium, tin, rare earth elements (yttrium, euro- pium), zinc
sulfide [32,33].
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Table 1: Categories of e-waste according to EU directive on WEEE [12].

No. Category Label Examples
1 Large household appliances Large HH Refrlge.rators, Freezers, Washlng machme.s, Dlsh.washlng. machines, Cook-
ing equipment, Microwaves, Electric heating appliances, etc.
2 Small household appliances Small HH Vacuum cleaners, Carpet sweepers, Water dispensers, Toasters, Fryers, etc.
L. Printers, Personal computers (CPU, mouse, screen and keyboard includ-
IT and telecommunications . . .
3 . ICT ed), Laptop computer, Networking equipment, Scanners, Mobile phones,
equipment .
Television sets, etc.
4 Consumer Equipment CE Equipment for turning, mll!lng, sandlr.lg, grln@lng, sawing, cutting, shearing,
drilling, punching, folding, etc.
5 Lighting Equipment Lighting Fluorescent tubes, Compact fluorescent lamps, High intensity discharge
lamps, etc.
6 Flectrical and electronic tools E&E tools Drills, electric saws, sewing machmes,.lawn mowers, large stationary tools,
machines
7 Toys, leisure and sports Tovs Electric trains or car racing sets, Hand-held video game, Video games, Com-
equipment ¥ puters for biking, diving, running, rowing, etc.
8 Medical devices Medical equipment Scanners, Operatm.g eql_npment, Radlotherapy equipment, Cardiology,
Dialysis, Pulmonary ventilators, etc.
9 Monitoring and control instru- M&C Smoke detectors, Heating regulators, Thermostats, Measuring, weighing, or
ments adjusting appliances for household or as laboratory equipment, etc.
Lo . Automatic dispensers for hot or cold drink, Automatic dispensers for solid
10 Automatic dispensers Dispensers S
products, Automatic dispensers for money etc.

The common practice of e-waste disposal through burning
emits variants of polycyclic aromatic hydrocarbons (PAHs)
such as benzo [b] fluoranthene, benzo [k] fluoranthene, benzo
[a] pyrene, dibenzo [ah] anthracene, dibenzo [al] pyrene, in-
deno [1,2,3-cd pyrene, etc., polyhalogenated dibenzodio- xins
(PHDDs; for instance, polychlorinated dibenzodi- oxins, PCDDs),
polyhalogenated dibenzofurans (PHD- Fs) and polychlorinated
dibenzofurans, PCDFs), which are known for their toxicity
and carcinogenic properties [34]. E-waste also contains some
components such as lithium batteries, fire retardants, LCD
monitors and chip glass, which are distinct from other forms of
wastes and makes it complex and unique [3,35-37]. Similarly,
Cathode Ray Tubes (CRT) commonly found in televisions and
computer monitors contain toxic substances such as mercury,
phosphorous, cadmium, barium and lead, which on improper
storage may leak into the surrounding environment [18,37].
Consequently, storage of e-waste containing the CRT should be
monitored for possible leakage using sensor mechanisms [19].
In practice, the CRT are fitted with leaded glass meant to provide
protection against X-rays produced in the picture projection
process [38]. The glass can contain lead in the range 1.6-3.2kg
[39], which is potentially harmful on release to the environment
[40,41]. The toxicity characteristics of the CRT has led to a ban of
its disposal in landfils such as the U.S, Japan, EU states and many
other developed nations.

E-waste also comprises plastics and other components, which
contain flame retarding substaces in the form of polybrominated
diethyl ethers (PBDE) [38,42,43]. The PBDE have no chemical
bond with the plastics; therefore, they can easily escape into
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the environment from the surfaces [44,45]. The lipophilic
characteristic of the PBDE can make it bioaccumulate in organisms
and undergo bio-magnifications in food chains [46-48]. On the
other hand, circuit boards found in most electronic devices may
contain arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb),
mercury (Hg), and other toxic chemicals [29,49]. Typical printed
circuit boards treated with lead solder in electronic devices
contain approximately 50g of tin-lead solder per square meter of
circuit board [50,51].

Obsolete electronic products such as computers, refrigerators,
and air conditioning units contain ozone depleting substances such
as chlorofluorocarbons (CFC), halon, carbon tetrachloride (CCl,),
methyl chloroform (CH,CCl,), hydrobromofluorocarbons (HBFC),
hydrochlorofluorocarbons (HCFC), methyl bromide (CH,Br) and
bromochloromethane (CH,BrCl) [52]. These substances may
escape to the environment from improperly disposed items in
dumping sites [3,18,21].

Given the diverse composition of e-waste, its associated
environmental impact and ozone depletion potential depends
on its composition, duration of exposure; for example, in the
dumpsites, and the concentration of contaminants found in the
equipment [49,53]. The method of disposal also determines
the potential damage to the environment [54]. For example, the
concentration of heavy metals such as copper, cadmium, nickel,
lead and zinc [55], in the ecosystem are of significance [29,56,57].

On a positive note, e-waste from IT and telecommunication
sources contains larger quantities of precious metals than
household appliances [39,58]. For example, mobile phones
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contain up to 40 base metal elements including copper and tin;
special metals such as lithium (Li) cobalt (Co), indium (In), and
antimony (Sb); and precious metals such as silver (Ag), gold (Au),
and palladium (Pd) [59-61]. Consequently, to minimize loss of
such valuable materials, special attention should be paid in the
handling of such waste [21,62]. In effect, the effort put in mining
ores for minerals such as gold and palladium can be complemented
by strategic recycling of the e-waste (Chancerel, 2009) [39].

Health and Environmental Impacts of E-waste

The impact on health from exposure to chemicals in e-waste
especially during recycling is of increasing concern particularly in
the era of drastic technological advancements [1,3,22]. Exposure
to toxic substances in e-waste can nearly affect every system in the
human body [21,55]. Electronic waste materials comprise diverse

Table 2: E-waste components, sources and health impacts.

and complex toxic components such as cadmium, mercury, lead,
polybrominated flame retardants, barium, and lithium [49,56].
The toxicity is not limited only to the metals parts but also to the
plastic components such as plastic casings and cables made of
polyvinyl chloride (PVC) [63,64]. Most e-waste contains persistent
bioaccumulative toxins (PBT) that pose health and environmental
risks [65]. Human handling of e-waste through various processes
of management including incineration, disposal in in non-sanitary
landfills or melting down processes are common pathways for
exposure to the toxins [9,30,66]. For example, e-waste disposal
in non-sanitary landfills can lead to discharge of toxic leachate
into groundwater and expose land and aquatic animals to related
health risks. The pathway for e-waste ingestion by both domestic
and wild animals is either through direct consumption of polluted
water or indirect intake through plants [53,67].

E-waste Component Uses in E- Appliances

Adverse Health Effects

Lead causes damage to the central and peripheral nervous sys-

Lead is used in glass panels and gaskets in computer
monitors and in solder on printed circuit boards

tems, blood systems, kidney and reproductive system in humans.
It also affects the endocrine system and impedes brain develop-

Lead . . . .

and other components. CRTs can contain up to 1.5-8 | ment among children. Lead tends to accumulate in the environ-

pounds of lead ment and has high acute and chronic effects on plants, animals

and microorganisms [16,70]
. . . Cadmium can leach into the soil, harming microorganisms and
Used on surface mounted chip resistors, infrared ) . . . .
. . . disrupting the soil ecosystem; when inhaled, cadmium can cause
. detectors and semiconductor chips. It is also very . .
Cadmium L . . severe damage to the lungs and kidney. It can also contribute
common in nickel-cadmium rechargeable batteries o . o a1
. . . to low cognitive and learning ability and neuromotor skills in
which can contain between 6-18% cadmium .
children [16,71,72].

. , Mercury can lead to damage of central nervous system including;

Mercury is used in florescent tubes, thermostats, y_ ) 8 . 4 8
) . ) sensory impairment, dermatitis, memory loss, and muscle weak-

Mercury sensors, relays, switches, medical equipment, lamps, . . . f
. R . ness. Environmental effects in animals include death, reduced
mobile phones and in batteries. e
fertility, and slower growth and development [16,72].

Causes damages to vital organs such as liver, kidney and heart

Sulfur Used in lead acid batteries and eye and throat irritation; in the environment, it increases the

problem of acid rain (Sankahla et al. 2016).

Hexavalent Chromium/
Chromium VI

Chromium VI is used as corrosion protector of
untreated and galvanized steel plates and as a deco-
rative or hardener for steel housings.

Can be carcinogenic on inhalation; chromium VI can cause
damage to DNA and is extremely toxic in the environment. Long
term effects are skin sensitization and kidney damage (Metcalf &
Eddy, 2003).

Brominated flame
retarders (BFR)

Used as flame retardant in plastic housing in most
electronic equipment. Examples include; PBBs,
PBDE, DecaBDE, OctaBDE, PentaBDE

Can be persistent in the atmosphere and also bio-accumulative;
can lead to impairment of the nervous system, thyroid and liver
problems (Sankahla et al.,, 2016).

Beryllium oxide

Used as a filler in thermal interface materials such as
thermal grease and as heat sinks for CPU and power
transistors, and in magnetrons, X-ray-transparent
ceramic windows, heat transfer fins in vacuum tubes,
and in gas lasers

Long exposure is associated with lung cancer. It can also lead to
chronic and acute beryllium disease [72].

Polyvinyl chloride (PVC)

Commonly used for insulation on electrical cables

The manufacturing of PVC involves release of toxic and hazard-
ous raw material such as dioxins. Some components of PVC such
as chlorine, can be bio accumulative and can cause long term
pollution to the air, soil and water, leading to health problems in
humans and animals [21,72].

Perfluorooct-anoic acid
(PFOA)

Used as an antistatic additive in industrial appli-
cations and in electronics and non-stick cookware
(PTFE).

Increased maternal PFOA levels is associated with an increased
risk of spontaneous abortion (miscarriage) and stillbirth [73]
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Possible landfill leachate leakages can result in groundwater
pollution, affecting local aquifers and indirectly entering the
food chain [68]. The toxic substances from e-waste are known
for adverse effects on human health including birth defects, and
damage to the brain, heart, liver, kidney and skeletal system
[69]. Furthermore, the toxins can significantly affect the nervous
and reproductive systems in the human body [8,23]. Likewise,
incineration or burning of e-waste either as a disposal method
or for recovery of valuable minerals is associated with emission
of fumes, gases and particulate matter into the air [23]. When
computer monitors and other electronics are burned, they release
carcinogenic dioxins into the air [3]. Such emissions lead to air
pollution, which may end up in precipitation and thereby pollute
land and water bodies [3]. Table 2 presents the various e-waste
components, their source appliances and their health impacts.

The Global Scale of E-waste

E-waste is a global, regional and domestic problem, which
is one of the fastest growing waste worldwide [22,23,50]. Its
exponential growth relates to multiple factors that includes
consumer demand and high obsolescence rate leading to frequent
and, in some cases, unnecessary purchase of the EEE [29,74]. The
recent surge in e-waste volumes is also attributed to the quick
drop of acceptable consumer life span of EEE over the years [22];
for example, from 4 to 2 years as of 2003 [75].

While the global population is nearly 7.9 billion, there are
estimated 7.1 billion mobile phones [76]. Currently, the global
e-waste generated annually is estimated to be between 20 to
50 million metric tons, which, following the current trend can
potentially double to over 120 million tons by 2050 [74]. In

2012 alone, China reportedly generated 11.1 million tons of
e-waste while the US generated 10 million tons. The generation
translates to an average of 5 and 29.5 kg/capita for China and the
U.S, respectively [22,77]. E-waste, in the US, presently constitutes
2-3% of the municipal solid waste stream; it is considered
responsible for nearly 70% of the country’s toxic waste [78]. The
associated dangers of PC waste relate to an average computer
screen containing at least two to four kg of lead [79,80]. However,
considering newer EoL disposition options that are now available,
the general out look of the current situation may need to be
reconsidered.

In 2009, discarded TVs, computers, peripherals such as
printers, scanners, fax machines, and mouse, keyboards, and cell
phones in the US totaled 2.37 million tons [81]. While by 2019, the
world generated a staggering 53.6 million metric tons of e-waste,
which was 9.2 million metric tons higher than that generated
in 2014, the projected generation by 2030 will be 74.7 million
metric tons [82]. The global quantity of e-waste in 2019 was
mainly comprised of small equipment (17.4 million metric tons),
large equipment (13.1 million metric tons), and temperature
exchange equipment (10.8 million metric tons) [83]. Screens and
monitors, small IT and telecommunication equipment, and lamps
represented a smaller share of the e-waste [84]. On average, the
total weight of global EEE consumption, excluding photovoltaic
panels, increases annually by 2.5 million metric tons. The fate of
82.6% (53.6 million metric tons) of e-waste generated by 2019
was uncertain as it was not formally collected and managed in an
environmental sound manner [83]. The global e-waste generation
trend is graphically summarized in Figure 2.
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Out of 20 to 50 million tons of global e-waste generated
annually, it is estimated that 75 to 80% is shipped to countries
in Asia and Africa for “recycling” and disposal [74]. Loopholes in
current e-waste regulations allow for the export of e-waste from
developed to developing countries under the guise of “donation”
and “recycling” purposes. Although most e-waste challenges are
more prevalent in the developing countries that accept shipments
of e-waste for processing, toxic waste knows no borders [21]. The
more electronics that get discarded, the greater the environmental
and health dangers for everyone globally [1,21,22]. An estimated,
50 tons of mercury and 71 kilotons of BFR plastics are found in
globally undocumented flows of e-waste annually, which is largely
released into the environment and impacts the ecosystem [43,85].
Improper management of e-waste also contributes to global
warming [3,86]. By 2019, discarded fridges and air-conditioners
that were unmanaged in an environmentally sound manner
released an estimate of 98 metric tons CO, equivalents into the
environment, which was approximately 0.3% of global energy-
related emissions [83].

On a positive note, e-waste can be viewed as a resource, as it
contains various precious metals potentially available for recycling
and use as secondary raw materials in the manufacturing industry
[87]. By 2019, the value of raw materials in the global e-waste
was estimated to be approximately $57 billion U.SD [21,83].
Cell phones and similar electronic items were estimated to
contain large amounts of precious metals such as gold and silver
[88,89]. In the U.S, phones dumped annually were estimated to
contain over $60 million worth of gold and silver [53]. Harvesting
this valuable resource can potentially minimize CO, emissions
relating to mining of the earth’s crust for fresh minerals [6,77]. In
many developing countries such as Kenya, Nigeria and Pakistan,
imported e-waste has created a growing informal economy
through employment along the waste handling and management
chain [89].

Challenges in Management of E-waste in Developing

Countries

The greatest challenges facing the management of e-waste
in developing nations is the lack of legislation and appropriate
infrastructure in e-waste management [21]. Most developing
countries lack guiding legal frameworks for EEE EoL management
[90], product take back, and implementation of extended
producer responsibility (EPR) [12]. Furthermore, most of the
countries have shown little to no commitment in effective
management of e-waste stream [53,91]. Such inaction is partially
attributed to inadequate awareness of the potential impacts of
the e-waste stream [62], inefficient enforcement by responsible
regulatory bodies [92], limited recycling technologies, and
inadequate infrastructure for disposal of the waste [12]. For
example, most citizens in developing nations are ignorant of the
regulations regarding e-waste management, which however,
are not enforced [93]. As successful e-waste management must

How to cite this article:

involve all stakeholders, such lack of awareness has hampered the
contribution of the citizens in proper management of the waste
[83,94]. Moreover, most developing countries have shown more
interest in addressing the more basic problem of domestic waste
despite the growing toxic impacts associated with special waste
streams such as the e-waste [21,22].

Although there have been some efforts in recycling of e-waste,
developingnationshave faced the challenge oflimited technologies,
and the tools and equipment required for e-waste recycling
[22,53]. Most commonly, recycling efforts are implemented in an
informal set up involving dismantling of the electronic gadgets
and scavenging for precious components [52,95]. The process
involves the use of crude tools and equipment in an open set up
where associated toxic fumes that endanger the workers and the
environment are emitted [21,94]. The sites are often characterized
by open burning to expose the targeted components [53]. The
workers also lack safety protection gear and they are exposed to
the life threatening toxins [22,54]. Successful handling of e-waste
demands the use of highly trained personnel [12], and the use of
specialized equipment [18], which, however, are lacking in most
developing countries [19].

Although most developing countries are signatories to
various international conventions on the safeguarding of the
environment, many still lack adequate regulatory framework
to deal with e-waste within their respective borders [21,53,96].
Other developing countries have either developed or borrowed
policies and legal framework regarding e-waste management,
without the policies being contextualized, implemented and
practiced [21,93]. In such cases, the policies have been viewed as
mere efforts to comply with certain international requirements
without commitment to safeguard the environment [23], and
protect health [97]. Moreover, the regulatory bodies are always
faced with budget constrains curtailing adequate implementation
as there are many competing basic needs [21]. Most developing
countries have also violated e-gadgets import policies resulting in
open borders for bulk second hand electronic gadgets, which soon
end up as e-wastes [11]. Such setback is aggravated by citizens’
inability to purchase brand new gadgets leaving them with little
choice than to purchase second hand products with shorter
lifespan [12].

Unlike the developed countries that have well-planned and
constructed waste disposal infrastructure and systems, most
developing countries lack such facilities [9,11]. While developed
world widely use infrastructure such as sanitary landfills and
incinerators for disposal of e-waste, the developing countries
apply open dumping, open burning, and burial as alternatives
[53,98]. As aresult, numerous cases of land, water and air pollution
characterized by negative environmental and health impacts have
been reported [21,53]. Open burning is often associated with
toxic emissions to the air damaging the atmosphere and inflicting
adverse effects on human health [97,99]. The cost of developing
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efficient containment infrastructure has always been a challenge
to most developing countries. Nevertheless, despite the numerous
challenges with the management of e-waste, there exists several
opportunities such as employment creation, revenue generation
and production of bi-products [100].

Techniques of E-waste Management in Developing

Countries
Informal recycling

Informal recycling is a common and growing method of
e-waste management in developing countries owing to its limited
need for technology and infrastructure [1,25,91]. The practice
is common in developing countries that have high demand for
second-hand electronic equipment and the practice of selling
e-waste to informal collectors [101,102]. However, the method is
characterized by numerous environmental and health risks that
limits its acceptance Deepali et al. (2005).

The informal recycling procedures involves breaking down
of electronic equipment to separate reusable components and
recovering valuable metals such as plastic, iron, aluminum, copper
using crude techniques [103]. Usually, untrained workers carry
out risky procedures without personal protective equipment
[104]. The manual dismantling of gadgets usually involves using
tools such as hammers, chisels, screw drivers and bare hands;
removal of components from printed circuit boards by heating
over coal-fired grills; stripping of metals in open-pit acid baths
to recover gold and other metals chipping; melting plastics;
burning cables to recover copper; burning unwanted materials in
the open air; and disposing unsalvageable materials in fields and
riverbanks [105,106]. Thus, the workers are exposed to harmful
substances such as heavy metals, inorganic acid, and polycyclic
aromatic hydrocarbons [29,35,99,101].

Unlike other solid wastes, composition of e-waste is diverse
and complex with the hazardous components existing even at
microscopic levels [9,16]. Harmful e-waste substances at both
micro and macro levels can leach into the surrounding soil, water
and air and adversely affect human health and the ecology [21,53].
The impacts can be extreme in developing countries where people
engaged in informal recycling of e-waste live in proximity to
dump sites or landfills of untreated e-waste and work without
protection or safeguards [6,95]. Most workers engaged in these
recycling operations are the urban poor, who are unaware of the
hazards associated with their work (Asha, 2003).

Successful e-waste management by recycling demands
transition from informal to formal sector with a well-organized
structure employing appropriate technology and adequate safety
measures [104,107]. Additionally, it requires formulation and
strengthening of policies for improved recycling rates, working
conditions, and efficiency [21,108].

Open dumping, open burning and burial
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Most developing countries practice open dumping, burning
and burial as methods of dealing with their e-waste [53,97]. Often,
the waste is disposed as mixed waste together with municipal
solid waste posing serious health and environmental risks of
toxic leachates and emissions [109]. Open dumping and burning
exposes the general public to long term effects of highly toxic
e-waste related mixtures (EWMs), through inhalation, contact
with soil and dust [66,110], or oral intake of contaminated food
and drinking water [53]. The extent of exposure may vary form
one developing country to another [21].

Open dumping in developing countries is also characterized
by large quantities of e-waste discarded openly along riverbanks
[53] where e-waste is manually disassembled, working pieces
repaired and marketed and junks burned openly [111]. Villagers
living along rivers where piles of e-waste are disposed and
burned often use the river water directly for drinking, cooking
and washing [112]. Uncontrolled open burning of e-plastics,
can generate polychlorinated dibenzo-p-dioxins (PCDD) and
polychlorinated dibenzofurans (PCDF), which are persistent
organic pollutants. These dioxins and furans can enter the body
via inhalation, ingestion and skin absorption [105]. Exposure to
PCDD/PCDF at elevated levels can lead to chloracne; a severe skin
disease, darkening of the skin, and altered liver function [113].

Reuse/Repair

Repair and reuse of EEE involves rectification of a number
of faults within the gadgets and returning them to useful service
[114,115]. Accordingly, the end of life (EoL) of the product is
extended, thereby lowering the rate of disposal as awaste [21,116].
Objectively, a product reuse focuses on extension of the product
life [117,118], thus diverting its route from disposal facilities such
as landfills [119]. Reuse largely takes the form of repair [54,58]
reconditioning and remanufacturing [114]. Although recycling is
the most recommended method of e-waste management [120],
the decision on the most preferred method of managing WEEE
should be guided by the most ecological and economic option
available [114,121]. The consumer decision during the use phase
of a product whether to repair, pass to a second user or dispose,
affect product life spans and subsequently the rate of e-waste
generation [53,122].

There is a growing trend in repair of EEE in developing
countries. The repair may be viewed as a way of extending
theproducts life [123], thereby reducing the quantity of WEEE
generated in the short-term [114]. In the the EU and other WEEE
regulations, the hierarchy for e-waste loop management considers
avoidance [127], re-use of components or parts [25], materials
or energy recovery [125], and finally appropriate disposal
(Herrmann et al. 2002). While most developed countries have
not been very keen on repairing WEEE [13], many developing
countries have been attracted to import their obsolete gadgets
often dumped to them as second hand equipment [14].
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Repairing/reusing instruments can be a good measure
for sustainable waste management because it lowers the
manufacturing volume of WEEE thereby reducing the amount of
e-waste [2,21]. A large volume of WEEE such as mobile phones
has also created an opportunity for repair and reuse, although it
is not realized well in many countries [126]. However, changes
in product designs, technology, and wireless services often pose
difficulties in the repair or upgrade of the equipment [127].

Sustainable E-waste Disposal Methods for Developing

Countries
Bioremediation

Bioremediation employs the use of living organisms such as
microbes and plants in the removal of contaminants, pollutants,
and toxins from soil, water, and other environments with the aim
of restoration them to their original form [128-130]. The process
is considered an eco-friendly bio-hydrometallurgy technique
potentially for mobilization of metals from e-waste [121,132].
Bioremediation microbes include bacteria, fungi consortium
organisms, and algae [140,143]. Cynogenic and chemolithotrophic
bacteria are some of the most commonly used bacterial agents
for the bioleaching process [133,134]. Cynogenic bacteria such
as Chromobacterium violaceum, Bacillus megaterium and
Pseudomonas sp. can extract the metals by releasing cyanide
(Natarajan et al. 2015), whereas chemolithotrophic bacteria such
as Acidothiobacllus ferrooxidans, Leptospirillum ferrooxidans
release Fe3+ [135], which serves as an oxidizing agent for
releasing metals from e-waste into solution [136].

The bioleaching mechanisms the wuse of

microorganisms is referred to as a direct method while that

involving

involving the use of metabolic compounds is referred to as
an indirect method [137,138]. The equations 1 and 2 below
summarize the bioleaching by byproducts of iron-sulfur-oxidizing
bacteria while equations 3 and 4 summarize biocyanidation
bioleaching process.

(1)

Fe* + O,+ 4H" — &'+ H,0

2F + Cu —2Fe™ + Cu™ (2)
HCN —CN + H" (3)
M + CN + O,+ H,0 - M (CN)' +H,0

(4)

Bioremediation can improve extraction efficiency where
thermal or physicochemical methods are at times less effective
[128]. The efficacy of bioremediation is dependent on enzymatic
attack on pollutants and quick conversion to harmless products
[139,140]. The optimal action of such microorganisms relies
on prevailing environmental conditions that permit microbial
growth and activity that stimulates degradation process for
the target pollutants [128,141]. The microbial resistance and
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tolerance to the pollutants, particularly heavy metals, is critical to
the success of bioremediation processes [142]. The action of the
microorganisms can sometimes be affected by the toxicity of the
e-waste [89], which can be overcome by a two-step bioleaching
process using resistant bacteria [134].

The action process of microbes in handling pollutants such as
heavy metals include removal of the toxins from the environment
[144], degradation to less toxic forms and transformation to
complete benign forms usable in their metabolic processes [145].
Brandl et al. [146], observed effective in-situ bioremediation of
aluminum, nickel, zinc and lead from the leachates of electronic
scraps by using bacteria-Thiobacillus thiooxidans, T. ferrooxidans
and fungi- Aspergillus niger, Penicillium simplicissimum.

Incineration

Incineration utilizes controlled complete combustion process
to burn the waste material in a specially designed incinerators
at temperatures in the range 900-1000°C [147]. Incineration
presents a faster and easier method to separate and recycle metals
while the gases and liquids formed from the process may provide
required energy to self-sustain the process thus reducing external
energy requirements [2,148]. The process of incineration also
results in conversion of some environmentally hazardous organic
substances into less hazardous compounds [21,89,147].

Unfortunately, e-waste incineration plants can contribute
significantly to the annual emissions of toxic substances such as
cadmium and mercury (Sharma et al. 2012). Combustion at high
temperature, above 12009C, is usually associated with reduction
of CO formation and removal of maximum PBDD/F in the forms
of HBr or Br,, which can significantly lower toxicity [149,150].
However, such high temperatures favor formation of NOx above
the standard emission level of 500mg/Nm? [151].

Where combustion is carried out at low temperature in
the 600-8002C range, copper can act as a catalyst leading to
emission of highly toxic substances such as polybrominated
dibenzo-dioxins (PBDD), polybrominated dibenzo-furans (PBDF),
polychlorinated (PCDD), polychlorinated
dibenzofurans (PCDF), fly ash, carbon oxides, hydrogen bromide,
methane, ethylene, benzene, toluene, phenol, benzofuran, styrene,
PAH and bromophenols [152,153]. Solid residues of incineration
referred to as “bottom ash” usually comprise higher levels of

dibenzo-dioxins

heavy metals such as Cu, Pb, and Cd which can further complicate
their safe disposal [154].

Studies suggest that pollutants such as mercury, benzene,
toluene, ethylbenzene, and xylenes can be removed through iron
oxide nanoparticles adsorbents [155,156] but their inclusion in
pyrolysis and other recycling processes is yet to be seen. National
research Council [147] presented a typical waste incineration
process that also suits e-waste as illustrated in Figure 3.
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Figure 3: Typical waste-incineration facility schematic [147].

Landfilling

Landfilling is one of the most popular methods for e-waste
disposal in the world [6]. The technology involves placing of the
waste in excavated ground and covering by a thick layer of soil.
Modern techniques such secure landfill are provided with layers
of impervious liners made up of plastic materials or geo-synthetic
clay that collect leachate for treatment [157].

The degradation processes of e-waste in landfills are very
complicated and run over a wide time span [158]. The largest
concentration of lead in leachate comes from the CRT funnel at
an average of 75.3mg/L [159]. Another source of lead is the lead-
bearing solder on wiring boards [160]. Crushed e-waste in Japan
landfills have reported high concentrations of lead [161,162].
[53] found landfill sites contribute
considerable toxic contamination attributed to medium and long-

Ferronato & Torretta

term leakage of cadmium and mercury into the soil. These metals
are often emitted through diffusion or combustion of landfill gas
[21,71]. Cadmium from one mobile phone battery can pollute over
600m? of water [163].

The environmental risks from landfilling of e-waste are
exacerbated by the presence of organic acids from anaerobic
digestion of other wastes that increase leaching of metals [157].
The environmental concerns around landfilling for e-waste
indicates its unsuitability for treatment of volatile and biologically
non-biodegradable components such as Cd, Hg, CFC and persistent
polychlorobiphenyls (PCB). Although e-waste represents less
than 2% of landfill mass, it contributes over 70% of the hazardous
heavy metals [164].
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Formal recycling

Recycling is the preferable method of e-waste management.
The technique involves dismantling of the electronic equipment
and recovery of various components [35,165]. Recycling of WEEE
can broadly be divided into three major steps; namely:

a) Disassembly involving dismantling and careful sorting,
targeting on singling out hazardous or valuable components,

b)  Upgrading using mechanical/physical processing,

c)  Mechanical processing to upgrade and refine desirable
materials targeting return of recovered materials to their life cycle
[165,166].

Some of the e-waste components considered as recyclable
include PCB, plastic, CRT, ferrous and non-ferrous metals,
keyboards, laptops, modems, telephone boards, hard drives,
mobiles phones, fax machines, printers, CPUs, memory chips,
connecting wires and cables [70]. However, electronic devices
contain up to 60 different elements with a mixed combination of
valuable and hazardous components [35]. Therefore, the process
of recycling must take care of the variability of the waste, and thus
consider categorization of the waste for efficient process. Figure
4 represents a recommended categorization of WEEE (He et al.
2006).

The fraction of e-waste thatis considered valuable for retrieval
include gold and silver, which are of great economic value [58].
These precious metals are rare, though naturally occurring, highly
ductile and possess high melting point [58,167]. Other retrievable
special metals include nickel and its alloys, cobalt based alloys,
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and titanium and its base alloys [168]. A single personal computer
can contain significant recoverable value from gold plated
connectors, components, pins and transistors [103]. Thus, there

is a justification of recovery of metals and valuable elements from
e-waste [64].

| WEEE |
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Components Circuit Plastics Metal Woods || Batery || Mercury {containg | (PBB
(1Cs) Boards Mixtur Component Lead) PEDE)
Re-use Further Treatment Refining Energy Special Special Destruction
Recovery Treatment Landfilling

Figure 4: Recycling process developed by Ragn-Sells Elektronikatervinning AB (He et al. 2006).

Recycling of electronics can reduce the environmental impact
associated with primary production of the metals [54] including
energy intensive stages such as mining and smelting that
significantly contribute to emissions of greenhouses gasses [58].

Positively, there has been calls advocating the upgrade of skills
and technique for e-waste recycling (Maes & Preston-Whyte,
2022) to minimize associated hazards [1]. Formal recycling
of e-wastes demands various facilities and proper licensing to
support risk assessment and establish industry specific guidelines
including permissible workplace emission levels and occupational
exposure limits [21]. The extent of exposure for workers and the
environment varies depending on the recycling set up, the safety
protection and the technology applied [169]. Some of the primary
risk associated with dismantling stage includes accidental
releases and spillages of hazardous substances [105].

E-waste recycling process is associated with secondary
emission of organic pollutants such PAH, PCB, brominated flame
retardants (BFRs) such as PBDs, and polychlorinated dibenzo-
p-dioxin/ furans (PCDD/F), which can be formed during crude
thermal processes of e-waste recycling [53,170]. Weathering
of organic contaminants is also likely to result in the formation
of metabolites that could potentially be more toxic than their
parent specific guidelines including permissible workplace
emission levels and occupational exposure limits [21]. The
extent of exposure for workers and the environment varies
depending on the recycling set up, the safety protection and the
technology applied [169]. Some of the primary risk associated
with dismantling stage includes accidental releases and spillages
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of hazardous substances [105].

E-waste recycling process is associated with secondary
emission of organic pollutants such PAH, PCB, brominated flame
retardants (BFRs) such as PBDs, and polychlorinated dibenzo-
p-dioxin/ furans (PCDD/F), which can be formed during crude
thermal processes of e-waste recycling [53,170]. Weathering of
organic contaminants is also likely to result in the formation of
metabolites that could potentially be more toxic than their parent
compounds [3,63]. Additionally, mercury, found within light
sources such as fluorescent tubes in scanners and photocopiers
as well as switches, could be released into the air of a recycling
facility upon breakage of the shell [171]. On the other hand CRT
present a risk of implosion because of the vacuum inside the tubes
and, which could further pose inhalation hazard from phosphor
coating on the inner surface of the screen.

The recommended e-waste recycling chain consists of five
main activities; namely: collection, evaluation, dismantling
separation and recovery (Figure 5). The recycling chain often
yields separate components or fractions of materials that can
re-enter the market for reuse and/or as a feedstock for other
processes. [22,76,172-175].

Recommendations for Management of E-waste in

Developing Countries

Success in e-waste management in developing countries calls
for enactment and enforcement of laws relating to procurement
and disposal of EEE with a focus on capturing the emerging
environmental and safety concerns. Stringent procurement and
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disposal laws can control the import e-waste and ease the burden
of e-waste stocks piling in public institutions. Strengthening the
legal framework is an important step towards successful e-waste
management by overseeing and tracking the waste throughout
the entire chain from the generation/source to the final disposal.
The legal framework needs to provide for an extended producer
responsibility that ensures the financing of collection and

recycling of the waste. The framework should further create
favorable investment conditions for investors by prompting
experienced recyclers and investing in appropriate technology. As
such, the common informal collection centers must be upgraded
and formally recognized as part of the waste management chain
and a feeder to the subsequent recycling and disposal route.

Use computing Hazardous materials and residues to disposal
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Figure 5: Desired flow diagram for e-waste within a recycling facility [22].
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Sensitization and citizen education on their role in
successful e-waste management can be a central step towards
e-waste management. Notably, most developing countries are
characterized by low citizen awareness on the hazards of e-waste
and its negative impact on the environment. Mitigating this
challenge, and achieving an effective e-waste management, calls
for a deliberate sensitization effort. For example, the citizens
should be cultured to avoid indiscriminate disposal of e-waste
with municipal solid waste. They should also avoid open burning
of such waste material. Similar campaigns have had great impact
in improving the handling domestic waste and disposal in many
countries. The education sector also needs to incorporate e-waste
management in their system through early sensitization.

There is need to mount up campaigns promoting re-use and
recycling of e-waste as a way of minimizing the waste volumes
destined for already overstretched disposal infrastructures. It
can also reduce the required size of new ones and thereby make
them more affordable. A well-managed infrastructure can in
turn reduce the environmental and health impacts that would
otherwise occur while dealing with large waste volumes in large
management plants. Additionally, re-use and recycling of valuable
materials within e-waste can promote a circular economy through
secondary material use.
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In considering that most developing countries do not have
effective recycling facilities for e-waste, an effective e-waste
management strategy should consider a centralized collection
point where e-waste can be dismantled/disassembled for
component reuse and disposal of toxic components at designated
sites. The centralized collection point should warehouse the
e-waste until appropriate EoL management issues are resolved.
The likely buildup of stockpiles of e-waste will be a prerequisite
for economies of scale for e-waste recycling as the large volumes
can attract investment in recycling plants. The collected items
can also be exported as recyclable material to foreign facilities,
business affiliates and/or to third party recyclers. Interest in large
volumes of waste can also attract investments in landfilling and
incineration for final disposal of final waste at the end of the chain.
The investment in recycle and disposal technologies will alleviate
dangers associated with crude methods of disposal.

To avert adverse health impacts of e-waste on handlers,
developing countries must train the local manpower to ensure
adequate reverse flow of components/modules and establish
frameworks and the necessary logistics for the take-back of EEE
and components for reuse and recycling. An effort to create a ready
market for disassembled components either locally or in other
countries will create stability in the sector or ensure continuity
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within the waste management chain. As a way of managing the
known hazardous components of e-waste, development of a state-
of-art incineration and landfill facilities is critical for handling
sensitive disassembled components. Ultimately, development
of formal recycling facilities holds the key to successful e-waste
management.

References

1. Bhutta MKS, Omar A, Yang X (2011) Electronic Waste: A Growing
Concern in Today’s Environment. Economics Research International
2011(474230): 8.

2. Ghimire H, Ariya PA (2020) E-Wastes: Bridging the Knowledge Gaps in
Global Production Budgets, Composition, Recycling and Sustainability
Implications. Sustain Chem 1(2): 154-182.

3. Needhidasan S, Samuel M, Chidambaram R (2014) Electronic waste-
an emerging threat to the environment of urban India. Journal of
Environmental Health Science & Engineering 12(1): 36.

4. Nganji JT, Brayshaw M (2010) Is Green IT an Antidote to E-Waste
Problems? Innovation in Teaching and Learning in Information and
Computer Sciences 9(2): 1-9.

5. Huo X, Wu Y, Xu L, Zeng X, Qin Q, et al. (2019) Maternal urinary
metabolites of PAHs and its association with adverse birth outcomes
in an intensive e-waste recycling area. Environ Pollut 245: 453-461.

6. Balde CP, Forti V, Gray V, Kuehr R, Stegmann P (2017) The Global
E-waste Monitor, United Nations University (UNU), International
Telecommunication Union (ITU) & International Solid Waste
Association (ISWA), Bonn/Geneva/Vienna.

7. Chandrasekaran SR, Avasarala S, Murali D, Rajagopalan N, Sharma
BK (2018) Materials and energy recovery from E-waste plastics. ACS
Sustain Chem Eng 6(4): 4594-4602.

8. Robinson BH (2009) E-waste: an assessment of global production and
environmental impacts. Sci Total Environ 408(2): 183-191.

9. Maimba MW (2019) Sustainable Computer E-Waste Disposal
Management Approaches in Nairobi City County, Kenya. Doctoral
Thesis, University of Nairobi.

10. Withanage SV, Habib K (2021) Life Cycle Assessment and Material
Flow Analysis: Two Under-Utilized Tools for Informing E-Waste
Management. Sustainability 13(14): 7939.

11.Wang K, Qian J, Liu L (2020) Understanding Environmental Pollutions
of Informal E-Waste Clustering in Global South via Multi-Scalar
Regulatory Frameworks: A Case Study of Guiyu Town, China. Int ]
Environ Res Public Health 17(8): 2802.

12. Otieno I, Omwenga E (2015) E-Waste Management in Kenya: Challenges
and Opportunities. Journal of Emerging Trends in Computing and
Information Sciences 6(12).

13. Svensson Hoglund S, Richter JL, Maitre Ekern E, Dalhammar C, Russell
JD, et al. (2020) Barriers, Enablers and Market Governance: A Review
of the Policy Landscape for Repair of Consumer Electronics in the EU
and the U.S. Journal of Cleaner Production 288(10): 125-488.

14.King AM, W ljomah, CA McMahon (2004) Reducing end-of-life waste:
Repair, recondition, remanufacture or recycle? Proceedings of the
ASME Conference, Sept. 20-20, Salt Lake City, USA.

15.Wong C, Dozgoren Aydin N, Aydin A, Wong M (2006) Sources and
trends of environmental mercury emissions in Asia. Science of the
Total Environment 368(2-3): 649-662.

16.Pinto VN (2008) E-waste hazard: The impending challenge. Indian ]
Occup Environ Med 12(2): 65-70.

How to cite this article:

17. Cholewa M, Kulczycka ], Marzena S (2016) The e- waste management
system in Poland, Economic and Environmental Studies (E&ES), ISSN
2081-8319, Opole University, Faculty of Economics, Opole 16(4): 605-
625.

18.Koloseni D, Shimba F (2012) E-Waste Disposal Challenges and
Remedies: A Tanzanian Perspective. Intechopen book series, Waste
Management - An Integrated Vision.

19.Songa ], Lubanga B (2015) The Health Risk of Electronic Waste in
Kenya: Challenges and Policies. Pinnacle Medicine & Medical Sciences
ISSN: 2360-9516, 2(7).

20.NEMA (2010) Guidelines for E-Waste Management in Kenya, NEMA/
MEMR, Nairobi.

21. Abalansa S, El Mahrad B, Icely ], Newton A (2021) Electronic Waste, an
Environmental Problem Exported to Developing Countries: The GOOD,
the BAD and the UGLY. Sustainability 13(9): 5302.

22.Perkins DN, Drisse MB, Nxele T, Sly PD (2014) E-Waste: A Global
Hazard. Annals of Global Health 80(4): 286-295.

23.Lundgren K (2012) The global impact of e-waste: addressing the
challenge. Safe Work and Sector International Labour Organization, for
the International Labour Office, Geneva. 978-92-2-126897-0[ISBN].

24.Pedro F Giglio E, Velazquez L, Munguia N (2021) Constructed
Governance as Solution to Conflicts in E-Waste Recycling Networks.
Sustainability 13(4): 1701.

25.Mmereki D, Li B, Baldwin A, Hong L (2016) The Generation,
Composition, Collection, Treatment and Disposal System, and Impact
of E-Waste. Intechopen book series.

26.0wusu Sekyere E, Peprah K, Demuyakor RM (2018) Exploring the
Dynamics of E-waste Disposal Strategies in Tamale, Ghana. Ghana
Journal of Development Studies 15(2): 168-192.

27.Bazargan A, Lam KF, McKay G (2012) Challenges and Opportunities of
E-waste Management. ISBN 978-1-61942-217-9.

28. Akram R, Natasha, Fahad S, Hashmi MZ, Wahid A, et al. (2019). Trends
of electronic waste pollution and its impact on the global environment
and ecosystem. Environ Sci Pollut Res 26: 16923-16938.

29.Vidyadhar A (2016) A Review of Technology of Metal Recovery from
Electronic Waste.

30. Purchase D, Abbasi G, Bisschop L, Chatterjee D, Ekberg C, et al. (2020)
Global occurrence, chemical properties, and ecological impacts of
e-wastes (IUPAC Technical Report). Pure and Applied Chemistry
92(11): 1733-1767.

31.Lebbie TS, Moyebi OD, Asante KA, Fobil ], Brune Drisse MN, et al.
(2021) E-Waste in Africa: A Serious Threat to the Health of Children.
International Journal of Environmental Research and Public Health
18(16): 8488.

32.Dave SR, Shah MB, Tipre DR (2016) E-Waste: Metal Pollution Threat or
Metal Resource? SOJ Biotech 1(2): 14.

33. Liang X, Gadd GM (2017) Metal and metalloid biorecovery using fungi.
Microb Biotechnol 10(5): 1199-1205.

34.Wang Y, Tian Z, Zhu H, Cheng Z, Kang M, et al. (2012) Polycyclic
aromatic hydrocarbons (PAHs) in soils and vegetation near an e-waste
recycling site in South China: concentration, distribution, source, and
risk assessment. Sci Total Environ 439: 187-193.

35.Ernst T, Popp R, Wolf M, van Eldik R (2003) Analysis of eco-relevant
elements and noble metals in printed wiring boards using AAS, ICP-
AES and EDXRF. Analytical and Bio-analytical Chemistry 375(6): 805-
814.

Omondi E A, Ndiba P K, Chepkoech G K. Complexity of E-Waste and its Management Challenges in Developing Countries — A
Review. Int J Environ Sci Nat Res. 2022; 31(2): 556309. DOI: 10.19080/IJESNR.2022.31.556309


http://dx.doi.org/10.19080/IJESNR.2022.31.556309
https://www.hindawi.com/journals/ecri/2011/474230/
https://www.hindawi.com/journals/ecri/2011/474230/
https://www.hindawi.com/journals/ecri/2011/474230/
https://www.mdpi.com/2673-4079/1/2/12
https://www.mdpi.com/2673-4079/1/2/12
https://www.mdpi.com/2673-4079/1/2/12
https://pubmed.ncbi.nlm.nih.gov/24444377/
https://pubmed.ncbi.nlm.nih.gov/24444377/
https://pubmed.ncbi.nlm.nih.gov/24444377/
https://www.tandfonline.com/doi/full/10.11120/ital.2010.09020006
https://www.tandfonline.com/doi/full/10.11120/ital.2010.09020006
https://www.tandfonline.com/doi/full/10.11120/ital.2010.09020006
https://pubmed.ncbi.nlm.nih.gov/30458375/
https://pubmed.ncbi.nlm.nih.gov/30458375/
https://pubmed.ncbi.nlm.nih.gov/30458375/
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.7b03282
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.7b03282
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.7b03282
https://pubmed.ncbi.nlm.nih.gov/19846207/
https://pubmed.ncbi.nlm.nih.gov/19846207/
https://www.mdpi.com/2071-1050/13/14/7939
https://www.mdpi.com/2071-1050/13/14/7939
https://www.mdpi.com/2071-1050/13/14/7939
https://pubmed.ncbi.nlm.nih.gov/32325760/
https://pubmed.ncbi.nlm.nih.gov/32325760/
https://pubmed.ncbi.nlm.nih.gov/32325760/
https://pubmed.ncbi.nlm.nih.gov/32325760/
https://profiles.uonbi.ac.ke/eomwenga/files/journal_vol6no12_3_ewastemanagement_io_eio.pdf
https://profiles.uonbi.ac.ke/eomwenga/files/journal_vol6no12_3_ewastemanagement_io_eio.pdf
https://profiles.uonbi.ac.ke/eomwenga/files/journal_vol6no12_3_ewastemanagement_io_eio.pdf
https://www.sciencedirect.com/science/article/pii/S0959652620355347
https://www.sciencedirect.com/science/article/pii/S0959652620355347
https://www.sciencedirect.com/science/article/pii/S0959652620355347
https://www.sciencedirect.com/science/article/pii/S0959652620355347
https://pubmed.ncbi.nlm.nih.gov/16405972/
https://pubmed.ncbi.nlm.nih.gov/16405972/
https://pubmed.ncbi.nlm.nih.gov/16405972/
https://pubmed.ncbi.nlm.nih.gov/20040981/
https://pubmed.ncbi.nlm.nih.gov/20040981/
https://www.econstor.eu/handle/10419/178937
https://www.econstor.eu/handle/10419/178937
https://www.econstor.eu/handle/10419/178937
https://www.econstor.eu/handle/10419/178937
https://www.intechopen.com/books/2781
https://www.intechopen.com/books/2781
https://www.mdpi.com/2071-1050/13/9/5302
https://www.mdpi.com/2071-1050/13/9/5302
https://www.mdpi.com/2071-1050/13/9/5302
https://www.annalsofglobalhealth.org/articles/abstract/10.1016/j.aogh.2014.10.001/
https://www.annalsofglobalhealth.org/articles/abstract/10.1016/j.aogh.2014.10.001/
https://www.mdpi.com/2071-1050/13/4/1701
https://www.mdpi.com/2071-1050/13/4/1701
https://www.mdpi.com/2071-1050/13/4/1701
https://www.ajol.info/index.php/gjds/article/view/178683
https://www.ajol.info/index.php/gjds/article/view/178683
https://www.ajol.info/index.php/gjds/article/view/178683
https://pubmed.ncbi.nlm.nih.gov/31025281/
https://pubmed.ncbi.nlm.nih.gov/31025281/
https://pubmed.ncbi.nlm.nih.gov/31025281/
https://www.degruyter.com/document/doi/10.1515/pac-2019-0502/html?lang=en
https://www.degruyter.com/document/doi/10.1515/pac-2019-0502/html?lang=en
https://www.degruyter.com/document/doi/10.1515/pac-2019-0502/html?lang=en
https://www.degruyter.com/document/doi/10.1515/pac-2019-0502/html?lang=en
https://www.mdpi.com/1660-4601/18/16/8488
https://www.mdpi.com/1660-4601/18/16/8488
https://www.mdpi.com/1660-4601/18/16/8488
https://www.mdpi.com/1660-4601/18/16/8488
https://symbiosisonlinepublishing.com/biotechnology/biotechnology03.php
https://symbiosisonlinepublishing.com/biotechnology/biotechnology03.php
https://pubmed.ncbi.nlm.nih.gov/28696059/
https://pubmed.ncbi.nlm.nih.gov/28696059/
https://pubmed.ncbi.nlm.nih.gov/23063924/
https://pubmed.ncbi.nlm.nih.gov/23063924/
https://pubmed.ncbi.nlm.nih.gov/23063924/
https://pubmed.ncbi.nlm.nih.gov/23063924/
https://pubmed.ncbi.nlm.nih.gov/12664182/
https://pubmed.ncbi.nlm.nih.gov/12664182/
https://pubmed.ncbi.nlm.nih.gov/12664182/
https://pubmed.ncbi.nlm.nih.gov/12664182/

International Journal of Environmental Sciences & Natural Resources

36. Lucier CA, Gareau BJ (2019) Electronic Waste Recycling and Disposal:
An Overview. Book on Assessment and Management of Radioactive
and Electronic Wastes.

37.Ladou ], Lovegrove S (2008) Export of electronics equipment waste. Int
] Occup Environ Health 14(1): 1-10.

38. Lecler MT, Zimmermann F, Silvente E, Clerc E, Chollot A, et al. (2015)
Exposure to hazardous substances in Cathode Ray Tube (CRT)
recycling sites in France. Waste Manag 39: 226-235.

39.Singh N, Wang ], Li ] (2016). Waste cathode rays tube: an assessment
of global demand forprocessing. Tenth International Conference
on Waste Management and Technology (ICWmetric tons). Procedia
Environmental Sciences 31: 465-474.

40. Chancerel P, Meskers CE, Hageliiken C, Potter VS (2009). Assessment
of precious metal flows during preprocessing of waste electrical and
electronic equipment. Journal of Industrial Ecology 13(5): 791-810.

41.YuM, Liu L, Li] (2016) An overall Solution to Cathode-Ray Tube (CRT)
Glass Recycling. Procedia Environmental Sciences 31: 887-896.

42. Wielgus N, Gorski M, Kubica ] (2021) Discarded Cathode Ray Tube Glass
as an Alternative for Aggregate in a Metakaolin -Based Geopolymer.
Sustainability 13(2): 479.

43. Hahladakis N, Velis CA, Weber R, lacovidou E, Purnell P (2017) An
overview of chemical additives present in plastics: Migration, release,
fate and environmental impact during their use, disposal and recycling.
Journal of Hazardous Materials 344: 179-199.

44. Orisakwe OE, Frazzoli C, Oritsemuelebi B (2019) Public Health Burden
of E-waste in Africa. Journal of health & pollution 9(22): 190610.

45.Rhodes C] (2018) Plastic pollution and potential solutions. Science
Progress 101(3): 207-260.

46.Zhang Y, Xi B, Tan W (2021) Release, transformation, and risk factors
of polybrominated diphenyl ethers from landfills to the surrounding
environments: A review. Environment International 157: 106780.

47.Deng W], Louie PKK, Liu WK, Bi XH, Fu JM, et al. (2006) Atmospheric
levels and cytotoxicity of PAHs and heavy metals in TSP and PM2.5 at
an electronic waste recycling site in south east China. Atmospheric
Environment 40(36): 6945-6955.

48.Hu ], Dai ], Xu Z, Luo X], Cao H, et al. (2010) Bioaccumulation behavior
of polybrominated diphenyl ethers (PBDEs) in the freshwater food
chain of Baiyangdian Lake, North China. Environment International
36(4): 309-315.

49.Tao L, Zhang Y, Wu JP, Wu SK, Liu Y, et al. (2019) Biomagnification of
PBDEs and alternative brominated flame retardants in a predatory
fish: Using fatty acid signature as a primer. Environment International
127:226-232.

50.Cayumil R, Khanna R, Rajarao R, lkram-ul-Haq M, Mukherjee PS,
Sahajwalla V (2016) Environmental Impact of Processing Electronic
Waste - Key Issues and Challenges. IntechOpen book series, E-Waste
in Transition - From Pollution to Resource.

51. Widmer R, Oswald Krapf H, Sinha Khetriwal D, Boni H, Schnellmann
M (2005) Global perspectives on e-waste. Environmental Impact
Assessment Review 25(5): 436-458.

52.Bizzo W, Figueiredo RA, Andrade V (2014) Characterization of Printed
Circuit Boards for Metal and Energy Recovery after Milling and
Mechanical Separation. Materials 7(6): 4555-4566.

53. Manhart A, Osibanjo O, Aderinto A, Prakash S (2011) Informal e-waste
management in Lagos, Nigeria- socio-economic impacts and feasibility
of international recycling co-operations. Final report of component 3
of the UNEP SBCE-waste Africa Project, Oko-Institut e.V.

How to cite this article:

54. Ferronato N, Torretta V (2019) Waste Mismanagement in Developing
Countries: A Review of Global Issues. Int ] Environ Res Public Health
16(6): 1060.

55. Kinuthia GK, Ngure V, Beti D, Lugalia R, Wangila A, et al. (2020) Levels
of heavy metals in wastewater and soil samples from open drainage
channels in Nairobi, Kenya: Community health implication. Sci Rep 10:
8434.

56. Grant K, Goldizen F, Sly P, Brune MN, Neira M, den Berg M, etal. (2013)
Health consequences of exposure to e-waste: a systematic review.
Lancet Glob Health 1(6): e350-e361.

57.Masindi V, Muedi KL (2018) Environmental Contamination by Heavy
Metals. IntechOpen book series.

58.Van Yken ], Boxall NJ, Cheng KY, Nikoloski AN, Moheimani NR, et al.
(2021) E-Waste Recycling and Resource Recovery: A Review on
Technologies, Barriers and Enablers with a Focus on Oceania. Metals
11:1313.

59.Blass VD, Favret L, Fuji M, Mahdavi S, Miller R, et al. (2008) End-of-
life management of cell phones in the United States. IEEE International
Symposium on Electronics and the Environment, 2008, p. 1.

60.Shao G, Li Y, Xu X, Liu J, Wu K, et al. (2008) The hazard of chromium
exposure to neo-nates in Guiyu of China. The Science of Total
Environment 403(1-3): 99-104.

61.Liu Q Shi SJ, Du LQ, Hecker M (2012) Environmental and health
challenges of the global growth of electronic waste. Environmental
Science and Pollution Research 19(6): 2460-2462.

62. Shevchenko T, Laitala K, Danko Y (2019) Understanding Consumer
E-Waste Recycling Behavior: Introducing a New Economic Incentive to
Increase the Collection Rates. Sustainability 11(9): 2656.

63.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.

64. AriV (2016) A Review of Technology of Metal Recovery from Electronic
Waste. IntechOpen book series, E-Waste in Transition - From Pollution
to Resource.

65.WHO (2010) Persistent Organic Pollutants: Impact on Child Health.
WHO Library Cataloguing-in-Publication Data, ISBN 978 92 4 150110
1.

66. Alabi OA, Ologbonjaye KI, Awosolu O, Alalade OE (2019) Public and
Environmental Health Effects of Plastic Wastes Disposal: A Review. ]
Toxicol Risk Assess 5: 021.

67. Frazzoli C, Orisakwe OE, Dragone R, Mantovani A (2010) Diagnostic
health risk assessment of electronic waste on the general population
in developing countries’ scenarios. Environmental Impact Assessment
Review 30(6): 388-399.

68. Companale C, Massarelli C, Savino I, Locaputo V, Uricchio VF (2019)
A Detailed Review Study on Potential Effects of Microplastics and
Additives of Concern on Human Health. Int ] Environ Res Public Health
17(4): 1212.

69. Vrijheid M (2000) Health Effects of Residence near Hazardous Waste
Landfill Sites: A Review of Epidemiologic Literature. Environ Health
Perspect 108 Suppl 1(Suppl 1): 101-112.

70.Uddin MDJ (2012) Journal and Conference Paper on (Environment) E-
Waste Management IOSR Journal of Mechanical and Civil Engineering
(I0SRJMCE) 2(1): 25-45.

71.Chen A, Dietrich KN, Huo X, Ho SM (2011) Developmental
Neurotoxicants in E-Waste: An Emerging Health Concern.
Environmental Health Perspectives 119(4): 431-438.

Omondi E A, Ndiba P K, Chepkoech G K. Complexity of E-Waste and its Management Challenges in Developing Countries — A
Review. Int J Environ Sci Nat Res. 2022; 31(2): 556309. DOI: 10.19080/IJESNR.2022.31.556309


http://dx.doi.org/10.19080/IJESNR.2022.31.556309
https://www.intechopen.com/books/8000
https://www.intechopen.com/books/8000
https://pubmed.ncbi.nlm.nih.gov/18320726/
https://pubmed.ncbi.nlm.nih.gov/18320726/
https://www.sciencedirect.com/science/article/abs/pii/S0956053X15001300
https://www.sciencedirect.com/science/article/abs/pii/S0956053X15001300
https://www.sciencedirect.com/science/article/abs/pii/S0956053X15001300
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1530-9290.2009.00171.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1530-9290.2009.00171.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1530-9290.2009.00171.x
https://www.sciencedirect.com/science/article/pii/S1878029616001079
https://www.sciencedirect.com/science/article/pii/S1878029616001079
https://www.mdpi.com/2071-1050/13/2/479
https://www.mdpi.com/2071-1050/13/2/479
https://www.mdpi.com/2071-1050/13/2/479
https://pubmed.ncbi.nlm.nih.gov/29035713/
https://pubmed.ncbi.nlm.nih.gov/29035713/
https://pubmed.ncbi.nlm.nih.gov/29035713/
https://pubmed.ncbi.nlm.nih.gov/29035713/
https://pubmed.ncbi.nlm.nih.gov/31259086/
https://pubmed.ncbi.nlm.nih.gov/31259086/
https://pubmed.ncbi.nlm.nih.gov/30025551/
https://pubmed.ncbi.nlm.nih.gov/30025551/
https://pubmed.ncbi.nlm.nih.gov/34314982/
https://pubmed.ncbi.nlm.nih.gov/34314982/
https://pubmed.ncbi.nlm.nih.gov/34314982/
https://www.sciencedirect.com/science/article/abs/pii/S1352231006006674
https://www.sciencedirect.com/science/article/abs/pii/S1352231006006674
https://www.sciencedirect.com/science/article/abs/pii/S1352231006006674
https://www.sciencedirect.com/science/article/abs/pii/S1352231006006674
https://pubmed.ncbi.nlm.nih.gov/20170961/
https://pubmed.ncbi.nlm.nih.gov/20170961/
https://pubmed.ncbi.nlm.nih.gov/20170961/
https://pubmed.ncbi.nlm.nih.gov/20170961/
https://www.sciencedirect.com/science/article/pii/S0160412018329052
https://www.sciencedirect.com/science/article/pii/S0160412018329052
https://www.sciencedirect.com/science/article/pii/S0160412018329052
https://www.sciencedirect.com/science/article/pii/S0160412018329052
https://www.intechopen.com/books/5068
https://www.intechopen.com/books/5068
https://www.sciencedirect.com/science/article/abs/pii/S0195925505000466
https://www.sciencedirect.com/science/article/abs/pii/S0195925505000466
https://www.sciencedirect.com/science/article/abs/pii/S0195925505000466
https://pubmed.ncbi.nlm.nih.gov/28788692/
https://pubmed.ncbi.nlm.nih.gov/28788692/
https://pubmed.ncbi.nlm.nih.gov/28788692/
http://www.basel.int/Portals/4/Basel%20Convention/docs/eWaste/E-waste_Africa_Project_Nigeria.pdf
http://www.basel.int/Portals/4/Basel%20Convention/docs/eWaste/E-waste_Africa_Project_Nigeria.pdf
http://www.basel.int/Portals/4/Basel%20Convention/docs/eWaste/E-waste_Africa_Project_Nigeria.pdf
http://www.basel.int/Portals/4/Basel%20Convention/docs/eWaste/E-waste_Africa_Project_Nigeria.pdf
https://pubmed.ncbi.nlm.nih.gov/30909625/
https://pubmed.ncbi.nlm.nih.gov/30909625/
https://pubmed.ncbi.nlm.nih.gov/30909625/
https://www.nature.com/articles/s41598-020-65359-5
https://www.nature.com/articles/s41598-020-65359-5
https://www.nature.com/articles/s41598-020-65359-5
https://www.nature.com/articles/s41598-020-65359-5
https://pubmed.ncbi.nlm.nih.gov/25104600/
https://pubmed.ncbi.nlm.nih.gov/25104600/
https://pubmed.ncbi.nlm.nih.gov/25104600/
https://www.mdpi.com/2075-4701/11/8/1313
https://www.mdpi.com/2075-4701/11/8/1313
https://www.mdpi.com/2075-4701/11/8/1313
https://www.mdpi.com/2075-4701/11/8/1313
https://pubmed.ncbi.nlm.nih.gov/18603282/
https://pubmed.ncbi.nlm.nih.gov/18603282/
https://pubmed.ncbi.nlm.nih.gov/18603282/
https://pubmed.ncbi.nlm.nih.gov/22535225/
https://pubmed.ncbi.nlm.nih.gov/22535225/
https://pubmed.ncbi.nlm.nih.gov/22535225/
https://www.mdpi.com/2071-1050/11/9/2656
https://www.mdpi.com/2071-1050/11/9/2656
https://www.mdpi.com/2071-1050/11/9/2656
https://www.intechopen.com/books/5068
https://www.intechopen.com/books/5068
https://www.intechopen.com/books/5068
file:///G:/10-11-2022/IJESNR.MS.ID.556309/IJESNR-RW-22-1618_W/IJESNR-RW-22-1618_W/doi.org/10.23937/2572-4061.1510021
file:///G:/10-11-2022/IJESNR.MS.ID.556309/IJESNR-RW-22-1618_W/IJESNR-RW-22-1618_W/doi.org/10.23937/2572-4061.1510021
file:///G:/10-11-2022/IJESNR.MS.ID.556309/IJESNR-RW-22-1618_W/IJESNR-RW-22-1618_W/doi.org/10.23937/2572-4061.1510021
https://www.sciencedirect.com/science/article/abs/pii/S0195925509001486
https://www.sciencedirect.com/science/article/abs/pii/S0195925509001486
https://www.sciencedirect.com/science/article/abs/pii/S0195925509001486
https://www.sciencedirect.com/science/article/abs/pii/S0195925509001486
https://pubmed.ncbi.nlm.nih.gov/32069998/
https://pubmed.ncbi.nlm.nih.gov/32069998/
https://pubmed.ncbi.nlm.nih.gov/32069998/
https://pubmed.ncbi.nlm.nih.gov/32069998/
https://pubmed.ncbi.nlm.nih.gov/10698726/
https://pubmed.ncbi.nlm.nih.gov/10698726/
https://pubmed.ncbi.nlm.nih.gov/10698726/
https://pubmed.ncbi.nlm.nih.gov/21081302/
https://pubmed.ncbi.nlm.nih.gov/21081302/
https://pubmed.ncbi.nlm.nih.gov/21081302/

International Journal of Environmental Sciences & Natural Resources

72.Rao LN (2014) Environmental Impact of Uncontrolled Disposal of
E-Wastes. Int ] Chem Tech Res 6(2): 1343-1353.

73.Liew Z, Luo ], Nohr EA, Bech BH, Bossi R, et al. (2020) Maternal Plasma
Perfluoroalkyl Substances and Miscarriage: A Nested Case-Control
Study in the Danish National Birth Cohort. Environmental Health
Perspectives 128(4): 47007.

74.Doms ME, Dunn WE, Oliner SD, Sichel DE (2003) How Fast Do Personal
Computers Depreciate? Concepts and New Estimates. FRBSF Working
Paper 2003-20.

75.UNEP (2007) United Nations Environment Program. Division of
Technology, Industry, and Economics, International Environmental
Technology Center. E-waste volume [: inventory assessment manual.

76.Kaza S, Yao L, Bhada Tata P, Van Woerden F (2018) A Global Snapshot
of Solid Waste Management to 2050. International Bank for
Reconstruction and Development / The World Bank 1818 H Street NW,
Washington, DC 20433

77.Hanna S, Tam L, Bavuso A (2014) Multiple Actions Taken to Address
Electronic Waste, But EPA Needs to Provide Clear National Direction.
United States Environmental Protection Agency W Ashington, D.C.
20460, Report No. 2004-P-00028.

78.Kuehr R, Williams E (2003) Computers and the Environment:
Understanding and Managing their Impacts. Part of the Eco-Efficiency
in Industry and Science book series (ECOE, volume 14).

79.Matthews HS, McMichael FC, Hendrickson C, Hart D] (2014)
Disposition and End-of-Life Options for Personal Computers. Data-
Driven Assessment of Energy and Environmental Performance.
Carnegie Mellon University Green Design Initiative Technical Report
#97-10.

80.USEPA (United States Environmental Protection Agency) (2009)
Wastes - Resource Conservation - Common Wastes & Materials -
eCycling.

81.Murthy V, Ramakrishna S (2022) A Review on Global E-Waste
Management: Urban Mining towards a Sustainable Future and Circular
Economy. Sustainability 14(2): 647.

82.Forti V, Baldé CP, Kuehr R, Bel G (2020) The Global E-waste Monitor
2020: Quantities, flows and the circular economy potential. United
Nations University (UNU)/United Nations Institute for Training and
Research (UNITAR) - co-hosted SCYCLE Programme, International
Telecommunication Union (ITU) & International Solid Waste
Association (ISWA), Bonn/Geneva/Rotterdam.

83. Wagner M, Baldé CP, Luda V, Nnorom IC, Kuehr R, et al. (2021) Regional
E-Waste Monitor for Latin-America, results for the 13 countries
participating in project UNIDO-GEF 5554.

84. Monika, Kishore ] (2010) E-waste management: as a challenge to
public health in India. Indian journal of community medicine: official
publication of Indian Association of Preventive & Social Medicine
35(3): 382-385.

85.Kaur H (2018) Electronic waste management and its impact on
Climate Change, In book: Socio Legal Dimensions of Climate Change.
ENVIS Centre on Environmental Law & Policy, MoEFCC Publications.

86. Schluep M, Hageliiken C, Kuehr R, Magalini F, Maurer C, et al. (2009)
Recycling - from e-waste to resources. Sustainable Innovation and
Technology Transfer Industrial Sector Studies, United Nations
Environmental Program (UNEP) & United Nations University (UNU).

87.Sahan M, Kucuker MA, Demirel B, Kuchta K, Hursthouse A (2019)
Determination of Metal Content of Waste Mobile Phones and
Estimation of Their Recovery Potential in Turkey. International Journal
of Environmental Research and Public Health 16(5): 887.

How to cite this article:

88. Ankit, Saha L, Kumar V, Tiwari ], Sweta, et al. (2021) Electronic waste
and their leachates impact on human health and environment: Global
ecological threat and management. Environmental Technology &
Innovation 24(1): 102049.

89. Ohajinwa CM, Van Bodegom PM, Vijver MG, Peijnenburg WJGM (2017)
Health Risks Awareness of Electronic Waste Workers in the Informal
Sector in Nigeria. Int ] Environ Res Public Health 14(8): 911.

90. Onyara V (2020) E-Waste as Perceived by Different World Economies:
Critical Review of Literature. International Journal of Current Aspects
4(1): 33-42.

91.Heeks R, Subramanian L, Jones C (2015) Understanding e-Waste
Management in Developing Countries: Strategies, Determinants, and
Policy Implications in the Indian ICT Sector. Information Technology
for Development 21(4): 653-667.

92. Kumar U, Singh DN (2013) E - Waste Management through Regulations.
International Journal of Engineering Inventions 3(2): 06-14.

93. Muhani DA (2012) A Framework for Sustainable E-Waste Management
in Manufacturing and Processing Industries, Industrial Area Nairobi
County, Kenya. Masters Thesis, Kenyatta University.

94. Amankwaa EF (2014) E-waste livelihoods, environment and health
risk: Unpacking the connections in Ghana. West African Journal of
Applied Ecology 22(2): 1-15.

95. Luther L (2010) Managing Electronic Waste: Issues with Exporting
E-Waste. CRS Report for Congress. Congresional Research service.
7-5700.

96.0lowu D (2012) Menace of E-Wastes in Developing Countries: An
Agenda for Legal and Policy Responses, 8/1 Law. Environment and
Development Journal, p. 59.

97. McAllister ] (2015) Factors Influencing Solid-Waste Management in
the Developing World. All Graduate Plan B and other Reports. 528.

98. Riquelme R, Méndez P, Smith I (2016) Solid Waste Management in the
Caribbean Proceedings from the Caribbean Solid Waste Conference.
Inter-American Development Bank, Technical Note N2 Idb-Tn-935.

99.Prakash S, Manhart A (2010) Socio-economic assessment and
feasibility study on sustainable e-waste management in Ghana. Oko-
Institut e.V.

100. Mureithi M, Waema T (2008) E-waste Management in Kenya. Nairobi:
Kenya ICT Action Network (KICTANet).

101. Chi X, Streicher-Porte M, Wang MY, Reuter MA (2011) Informal
electronic waste recycling: A sector review with special focus on
China. Waste Manag 31(4): 731-742.

102. Davis ], Garb Y (2015) A model for partnering with the informal
e-waste industry: Rationale, principles and a case study. Resources
Conservation and Recycling 105: 73-83.

103. Tran CD, Salhofer SP (2018) Processes in informal end-processing
of e-waste generated from personal computers in Vietnam. ] Mater
Cycles Waste Manag 20: 1154-1178.

104. Williams E, Kahhat R, Bengtsson M, Hayashi S, Hotta Y, et al. (2013)
Linking Informal and Formal Electronics Recycling via an Interface
Organization. Challenges 4(2): 136-153.

105. Annamalai ] (2015) Occupational health hazards related to informal
recycling of E-waste in India: An overview. Indian ] Occup Environ
Med 19(1): 61-65.

106. Awasthi AK, Li ] (2017) Management of Electrical and Electronic
Waste: A Comparative Evaluation of China and India. Renewable and
Sustainable Energy Reviews 76: 434-447.

Omondi E A, Ndiba P K, Chepkoech G K. Complexity of E-Waste and its Management Challenges in Developing Countries — A
Review. Int J Environ Sci Nat Res. 2022; 31(2): 556309. DOI: 10.19080/IJESNR.2022.31.556309


http://dx.doi.org/10.19080/IJESNR.2022.31.556309
https://nswai.org/docs/Environmental%20Impact%20of%20Uncontrolled%20Disposal%20of%20E-Wastes.pdf
https://nswai.org/docs/Environmental%20Impact%20of%20Uncontrolled%20Disposal%20of%20E-Wastes.pdf
https://pubmed.ncbi.nlm.nih.gov/32319790/
https://pubmed.ncbi.nlm.nih.gov/32319790/
https://pubmed.ncbi.nlm.nih.gov/32319790/
https://pubmed.ncbi.nlm.nih.gov/32319790/
https://www.springer.com/series/5887
https://www.springer.com/series/5887
https://www.springer.com/series/5887
https://www.mdpi.com/2071-1050/14/2/647
https://www.mdpi.com/2071-1050/14/2/647
https://www.mdpi.com/2071-1050/14/2/647
https://pubmed.ncbi.nlm.nih.gov/21031101/
https://pubmed.ncbi.nlm.nih.gov/21031101/
https://pubmed.ncbi.nlm.nih.gov/21031101/
https://pubmed.ncbi.nlm.nih.gov/21031101/
https://pubmed.ncbi.nlm.nih.gov/30862075/
https://pubmed.ncbi.nlm.nih.gov/30862075/
https://pubmed.ncbi.nlm.nih.gov/30862075/
https://pubmed.ncbi.nlm.nih.gov/30862075/
https://www.sciencedirect.com/science/article/pii/S2352186421006970
https://www.sciencedirect.com/science/article/pii/S2352186421006970
https://www.sciencedirect.com/science/article/pii/S2352186421006970
https://www.sciencedirect.com/science/article/pii/S2352186421006970
https://pubmed.ncbi.nlm.nih.gov/28805712/
https://pubmed.ncbi.nlm.nih.gov/28805712/
https://pubmed.ncbi.nlm.nih.gov/28805712/
https://journals.ijcab.org/journals/index.php/ijcab/article/view/106
https://journals.ijcab.org/journals/index.php/ijcab/article/view/106
https://journals.ijcab.org/journals/index.php/ijcab/article/view/106
https://www.tandfonline.com/doi/full/10.1080/02681102.2014.886547
https://www.tandfonline.com/doi/full/10.1080/02681102.2014.886547
https://www.tandfonline.com/doi/full/10.1080/02681102.2014.886547
https://www.tandfonline.com/doi/full/10.1080/02681102.2014.886547
http://docs.manupatra.in/newsline/articles/Upload/2FCDFD5E-EC4A-46F9-A3C6-7F2C3D88FF5B.pdf
http://docs.manupatra.in/newsline/articles/Upload/2FCDFD5E-EC4A-46F9-A3C6-7F2C3D88FF5B.pdf
http://docs.manupatra.in/newsline/articles/Upload/2FCDFD5E-EC4A-46F9-A3C6-7F2C3D88FF5B.pdf
https://pubmed.ncbi.nlm.nih.gov/21147524/
https://pubmed.ncbi.nlm.nih.gov/21147524/
https://pubmed.ncbi.nlm.nih.gov/21147524/
https://www.sciencedirect.com/science/article/abs/pii/S0921344915300616
https://www.sciencedirect.com/science/article/abs/pii/S0921344915300616
https://www.sciencedirect.com/science/article/abs/pii/S0921344915300616
https://link.springer.com/article/10.1007/s10163-017-0678-1
https://link.springer.com/article/10.1007/s10163-017-0678-1
https://link.springer.com/article/10.1007/s10163-017-0678-1
https://www.mdpi.com/2078-1547/4/2/136
https://www.mdpi.com/2078-1547/4/2/136
https://www.mdpi.com/2078-1547/4/2/136
https://pubmed.ncbi.nlm.nih.gov/26023273/
https://pubmed.ncbi.nlm.nih.gov/26023273/
https://pubmed.ncbi.nlm.nih.gov/26023273/
https://www.sciencedirect.com/science/article/abs/pii/S1364032117302861
https://www.sciencedirect.com/science/article/abs/pii/S1364032117302861
https://www.sciencedirect.com/science/article/abs/pii/S1364032117302861

International Journal of Environmental Sciences & Natural Resources

107.

108.
109.
110.

111.

112.
113.

114.

115.
116.
117.

118.

119.
120.

121.

122.

123.

124.

Akon-Yamga G, Daniels CU, Quaye W, Ting BM, Asante AA (2021)
Transformative innovation policy approach to e-waste management
in Ghana: Perspectives of actors on transformative changes. Science
and Public Policy 48(3): 387-397.

Wilson D, Velis C, Cheeseman CR (2006) Role of Informal Sector
Recycling in Waste Management in Developing Countries. Habitat
International 30(4): 797- 808.

Ayilara MS, Olanrewaju OS, Babalola 00, Odeyemi O (2020) Waste
Management through Composting: Challenges and Potentials.
Sustainability 12(11): 4456.

Borthakur A (2016) International Perspectives/Special Report:
Health and Environ- mental Hazards of Electronic Waste in India.
Journal of Environmental Health 78(8): 18-23.

Edwards L (2016) E-Waste Recycling: The Dirty Trade between the
United States and China. Pomona Senior Theses. Paper 153.

Yoada RM, Chirawurah D, Adongo PB (2014) Domestic waste disposal
practice and perceptions of private sector waste management in
urban Accra. BMC Public Health 14(697).

Mukerjee D (1998) Health Impact of Polychlorinated Dibenzo-p-
dioxins: A Critical Review. Journal of the Air & Waste Management
Association 48(2): 157-165.

Nnorom IC, Osibanjo O, Nnorom SO (2007) Achieving Resource
Conservation in Electronic Waste Management: A Review of Options
Available to Developing Countries. Journal of Applied Sciences 7(20):
2918-2933.

Ben Yahya T, Jamal NM, Sundarakani B, Omain SZ (2021) Factors
affecting Mobile Waste Recycling through RSCM: A Literature Review.
Recycling 6(2): 30.

Mor RS, Sangwan KS, Singh S, Singh A, Kharub M (2021) E-waste
Management for Environmental Sustainability: An Exploratory
Study. Procedia CIRP 98: 193-198.

Tian T, Liu G, Yasemi H, Liu Y (2022) Managing e-waste from a
closed-loop lifecycle perspective: China’s challenges and fund policy
redesign. Environ Sci Pollut Res 29: 47713-47724.

Yla-Mella J, Keiski RL, Pongracz E (2022) End-of-Use vs.End-of-Life:
When Do Consumer Electronics Become Waste? Resources 11(2): 18.

Fontana A, Barni A, Leone D, Spirito M, Tringale A, et al. (2021)
Circular Economy Strategies for Equipment Lifetime Extension: A
Systematic Review. Sustainability 13(3): 1117.

Chatterjee S, Kumar K (2009) Effective electronic waste management
and recycling process involving formal and non-formal sectors.
International Journal of Physical Sciences 4(13): 893-905.

Kumar A, Gaur D, Liu Y, Sharma D (2022) Sustainable waste electrical
and electronic equipment management guide in emerging economies
context: A structural model approach. Journal of Cleaner Production
336:130391.

Borthakur A, Singh P (2022) Understanding consumers’ perspectives
of electronic waste in an emerging economy: a case study of New
Delhi, India. Energ Ecol Environ 7: 199-212.

Long E, Kokke S, Lundie D, Shaw N, [jomah W, et al. (2016) Technical
solutions to improve global sustainable management of waste
electrical and electronic equipment (WEEE) in the EU and China. Jnl
Remanufactur 6(1).

Van Ewijk S, Stegemann JA (2016) Limitations of the waste hierarchy
for achieving absolute reductions in material throughput. Journal of
Cleaner Production 132: 122-128.

How to cite this article:

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Cole C, Gnanapragasam A, Cooper T, Singh ] (2019) An assessment
of achievements of the WEEE Directive in promoting movement up
the waste hierarchy: experiences in the UK. Waste Management 87:
417-427.

Wieser H, Troger N, Hubner R (2015) The Consumers’ Desired and
Expected Product Lifetimes. Conference: Product Lifetimes and the
Environment at: Nottingham, UK Trent University, pp. 17-19.

Cairns CN (2005) E-Waste and the Consumer: Improving Options
to Reduce, Reuse and Recycle. In Proceedings of the 2005 IEEE
International Symposium on Electronics and the Environment, New
Orleans, LA, USA.

Azubuike CC, Chikere CB, Okpokwasili GC (2016) Bioremediation
techniques- classification based on site of application: principles,
advantages, limitations and prospects. World ] Microbiol Biotechnol
32(11): 180.

Siddiquee S, Rovina K, Azad SA, Naher L, Suryani S, Chaikaew
P (2015) Heavy metal contaminants removal from wastewater
using the potential filamentous fungi biomass: A review. Journal of
Microbial and Biochemical Technology 7(6): 384-395.

Sharma 1 (2019) Bioremediation Techniques for Polluted
Environment: Concept, Advantages, Limitations, and Prospects.
Intechopen book series.

Pant D, Giri A, Dhiman V (2018) Bioremediation Techniques for
E-waste Management. In book: Waste Bioremediation.

Narayanasamy M, Dhanasekaran D, Thajuddin N (2021)
Bioremediation of noxious metals from e-waste printed circuit
boards by Frankia. Microbiol Res 245: 126707.

Ilyas S, Anwar MA, Niazi S, Ghauri M (2007) Bioleaching of metals
from electronic scrap by moderately thermophilic acidophilic
bacteria. Hydrometallurgy 88(1-4): 180-188.

Thakur P, Kumar A, Kumar S (2019) Bioremediation and Management
of E- Waste. Jaypee University of Information Technology, Waknaghat,
Solan, Himachal Pradesh - 173234.

Tapia ], Duefas A, Cheje N, Soclle G, Patifio N, et al. (2022) Bioleaching
of Heavy Metals from Printed Circuit Boards with an Acidophilic
Iron-Oxidizing Microbial Consortium in Stirred Tank Reactors.
Bioengineering 9(2): 79.

Mejia Rodriguez, BJ], Bossio Cerpa LV, Albis Arrieta AR, Barros
Martinez AM, Medina Buelvas AM (2018) Recovery of Heavy
Metals from Waste Printed Circuit Boards Through Microbiological
Leaching, Using Consortia of Acidophilic Chemolithotrophic Bacteria.
7th Inter- national Workshop | Advances in Cleaner Production -
Academic Work Arranquilla - Colombia.

Bosecker K (1997) Bioleaching: metal solubilization by
microorganisms. FEMS Microbiology Reviews 20(3-4): 591-604.
Watling HR (2014) Review of Biohydrometallurgical Metals

Extraction from Polymetallic Mineral Resources. Minerals 5(1): 1-60.

Coelho LM, Rezende HC, Coelho LM, de Sousa PAR, Melo DFO, et al.
(2015) Bioremediation of Polluted Waters Using Microorganisms.
Advances in Bioremediation of Wastewater and Polluted Soil,
Intechopen book series.

Abatenh E, Gizaw B, Tsegaye Z, Wassie M (2017) The Role of
Microorganisms in Bioremediation- A Review. Open ] Environ Biol
2(1): 038-046.

Das N, Chandran P (2011) Microbial Degradation of Petroleum
Hydrocarbon Contaminants: An Overview. Biotechnology Research
International 941810.

Omondi E A, Ndiba P K, Chepkoech G K. Complexity of E-Waste and its Management Challenges in Developing Countries — A
Review. Int J Environ Sci Nat Res. 2022; 31(2): 556309. DOI: 10.19080/IJESNR.2022.31.556309


http://dx.doi.org/10.19080/IJESNR.2022.31.556309
https://academic.oup.com/spp/article/48/3/387/6141578
https://academic.oup.com/spp/article/48/3/387/6141578
https://academic.oup.com/spp/article/48/3/387/6141578
https://academic.oup.com/spp/article/48/3/387/6141578
https://www.sciencedirect.com/science/article/abs/pii/S0197397505000482
https://www.sciencedirect.com/science/article/abs/pii/S0197397505000482
https://www.sciencedirect.com/science/article/abs/pii/S0197397505000482
https://www.mdpi.com/2071-1050/12/11/4456
https://www.mdpi.com/2071-1050/12/11/4456
https://www.mdpi.com/2071-1050/12/11/4456
https://pubmed.ncbi.nlm.nih.gov/27188068/
https://pubmed.ncbi.nlm.nih.gov/27188068/
https://pubmed.ncbi.nlm.nih.gov/27188068/
https://scholarship.claremont.edu/pomona_theses/153/
https://scholarship.claremont.edu/pomona_theses/153/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-697
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-697
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-697
https://pubmed.ncbi.nlm.nih.gov/9517323/
https://pubmed.ncbi.nlm.nih.gov/9517323/
https://pubmed.ncbi.nlm.nih.gov/9517323/
https://scialert.net/abstract/?doi=jas.2007.2918.2933
https://scialert.net/abstract/?doi=jas.2007.2918.2933
https://scialert.net/abstract/?doi=jas.2007.2918.2933
https://scialert.net/abstract/?doi=jas.2007.2918.2933
https://www.mdpi.com/2313-4321/6/2/30
https://www.mdpi.com/2313-4321/6/2/30
https://www.mdpi.com/2313-4321/6/2/30
https://link.springer.com/article/10.1007/s11356-022-19227-6
https://link.springer.com/article/10.1007/s11356-022-19227-6
https://link.springer.com/article/10.1007/s11356-022-19227-6
https://www.mdpi.com/2079-9276/11/2/18/htm
https://www.mdpi.com/2079-9276/11/2/18/htm
https://www.mdpi.com/2071-1050/13/3/1117
https://www.mdpi.com/2071-1050/13/3/1117
https://www.mdpi.com/2071-1050/13/3/1117
https://academicjournals.org/journal/IJPS/article-full-text-pdf/1CA355921575.pdf
https://academicjournals.org/journal/IJPS/article-full-text-pdf/1CA355921575.pdf
https://academicjournals.org/journal/IJPS/article-full-text-pdf/1CA355921575.pdf
https://www.sciencedirect.com/science/article/pii/S0959652622000373
https://www.sciencedirect.com/science/article/pii/S0959652622000373
https://www.sciencedirect.com/science/article/pii/S0959652622000373
https://www.sciencedirect.com/science/article/pii/S0959652622000373
https://link.springer.com/article/10.1007/s40974-022-00242-9
https://link.springer.com/article/10.1007/s40974-022-00242-9
https://link.springer.com/article/10.1007/s40974-022-00242-9
https://link.springer.com/article/10.1186/s13243-015-0023-6
https://link.springer.com/article/10.1186/s13243-015-0023-6
https://link.springer.com/article/10.1186/s13243-015-0023-6
https://link.springer.com/article/10.1186/s13243-015-0023-6
https://www.sciencedirect.com/science/article/pii/S0959652614012384
https://www.sciencedirect.com/science/article/pii/S0959652614012384
https://www.sciencedirect.com/science/article/pii/S0959652614012384
https://www.sciencedirect.com/science/article/pii/S0956053X19300686
https://www.sciencedirect.com/science/article/pii/S0956053X19300686
https://www.sciencedirect.com/science/article/pii/S0956053X19300686
https://www.sciencedirect.com/science/article/pii/S0956053X19300686
https://pubmed.ncbi.nlm.nih.gov/27638318/
https://pubmed.ncbi.nlm.nih.gov/27638318/
https://pubmed.ncbi.nlm.nih.gov/27638318/
https://pubmed.ncbi.nlm.nih.gov/27638318/
https://www.walshmedicalmedia.com/open-access/heavy-metal-contaminants-removal-from-wastewater-using-the-potentialfilamentous-fungi-biomass-a-review-1948-5948-1000243.pdf
https://www.walshmedicalmedia.com/open-access/heavy-metal-contaminants-removal-from-wastewater-using-the-potentialfilamentous-fungi-biomass-a-review-1948-5948-1000243.pdf
https://www.walshmedicalmedia.com/open-access/heavy-metal-contaminants-removal-from-wastewater-using-the-potentialfilamentous-fungi-biomass-a-review-1948-5948-1000243.pdf
https://www.walshmedicalmedia.com/open-access/heavy-metal-contaminants-removal-from-wastewater-using-the-potentialfilamentous-fungi-biomass-a-review-1948-5948-1000243.pdf
https://www.sciencedirect.com/science/article/pii/S0944501321000136
https://www.sciencedirect.com/science/article/pii/S0944501321000136
https://www.sciencedirect.com/science/article/pii/S0944501321000136
https://pubmed.ncbi.nlm.nih.gov/35200431/
https://pubmed.ncbi.nlm.nih.gov/35200431/
https://pubmed.ncbi.nlm.nih.gov/35200431/
https://pubmed.ncbi.nlm.nih.gov/35200431/
https://www.sciencedirect.com/science/article/abs/pii/S0168644597000363
https://www.sciencedirect.com/science/article/abs/pii/S0168644597000363
https://www.mdpi.com/2075-163X/5/1/1
https://www.mdpi.com/2075-163X/5/1/1
https://www.peertechzpublications.com/articles/OJEB-2-107.php
https://www.peertechzpublications.com/articles/OJEB-2-107.php
https://www.peertechzpublications.com/articles/OJEB-2-107.php
https://pubmed.ncbi.nlm.nih.gov/21350672/
https://pubmed.ncbi.nlm.nih.gov/21350672/
https://pubmed.ncbi.nlm.nih.gov/21350672/

International Journal of Environmental Sciences & Natural Resources

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.
157.

158.

159.

Volaric A, Svir¢ev Z, Tamindzija DI, Radnovic D (2021) Microbial
bioremediation of heavy metals. Hemijska Industrija 75(2): 103-115.

Tarekegn MM, Salilih FZ, Ishetu Al, Yildiz F (2020) Microbes used as a
tool for bioremediation of heavy metal from the environment. Cogent
Food & Agriculture 6(1).

Igiri BE, Okoduwa SIR, Idoko GO, Akabuogu EP, Adeyi AO, et al.
(2018) Toxicity and Bioremediation of Heavy Metals Contaminated
Ecosystem from Tannery Wastewater: A Review. Journal of
Toxicology 2018: 2568038.

Qazilbash AA (2004) Isolation and characterization of heavy metal
tolerant biota from industrially polluted soils and their role in
bioremediation [Doctoral dissertation]. Quaid-i-Azam University
Islamabad.

Brandl H, Bosshard R, Wegmann M (2000) Computer munching
microbes: metal leaching from electronic scrap by bacteria and fungi.
Hydrometallurgy 59(2-3): 319-326.

National Research Council (2000) Waste Incineration and Public
Health. Washington, DC: The National Academies Press.

Abdel-Shafy HI, Mansour MS (2018) Solid waste issue: Sources,
composition, disposal, recycling, and valorization. Egyptian Journal
Petroleum 27(4): 1275-1290.

Luyima A (2013) Recycling of electronic waste: printed wiring
boards. Doctoral Dissertations. 2250.

Ortufio N, Conesa JA, Molt6 ], Font R (2014) Pollutant emissions
during pyrolysis and combustion of waste printed circuit boards,
before and after metal removal. Science of the Total Environment
499: 27-35.

Liu H, Zhang X, Hong Q (2021) Emission Characteristics of Pollution
Gases from the Combustion of Food Waste. Energies 14(19): 6439.

van den Berg M, Denison MS, Birnbaum LS, DeVito M], Fiedler H, et
al. (2013) Polybrominated Dibenzo-p-Dioxins, Dibenzofurans, and
Biphenyls: Inclusion in the Toxicity Equivalency Factor Concept for
Dioxin-Like Compounds. Toxicological Sciences 133(2): 197-208.

Klima V, Chadysiene R, Ivanec Goranina R, Jasaitis D, Vasiliauskiene
V (2020) Assessment of Air Pollution with Polychlorinated
Dibenzodioxins (PCDDs) and Polychlorinated Dibenzofuranes
(PCDFs) in Lithuania. Atmosphere 11(7): 759.

Honest A, Manyele SV, Saria JA, Mbuna ] (2020) Assessment of the
heavy metal - levels in the incinerators bottom-ash from different
hospitals in Dares Salaam. African Journal of Environmental Science
and Technology 14(11): 347-360.

Hu Z, Beuret M, Khan H, Ariya PA (2014) Development of a Recyclable
Remediation System for Gaseous BTEX: Combination of Iron Oxides
Nanoparticles Adsorbents and Electrochemistry. ACS Sustain Chem
Eng 2(12): 2739-2747.

Kurien U, Hu Z, Lee H, Dastoor A, Ariya PA (2017) Radiation enhanced
uptake of HgO (g) on iron oxyhydroxide nanoparticles. RSC Adv 7:
45010-45021.

NSWMC (2010) National Solid Waste Management Commission.
Technical Guidebook on Solid Wastes Disposal Design, Operation and
Management. Second Edition.

Nagajothi PG, Kala F (2018) Electronic Waste Management: A Review.
International Journal of Applied Engineering Research 10(68).

Musson S, Chuljang Y, Townsend TG, Hyunchung I (2000)
Characterization of Lead Leachability from Cathode Ray Tubes Using
the Toxicity Characteristic Leaching Procedure. Environ Sci Technol
34(20): 4376-4381.

How to cite this article:

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Jang YC, Townsend TG (2003) Leaching of Lead from Computer
Printed Wire Boards and Cathode Ray Tubes by Municipal Solid
Waste Landfill Leachates. Environmental Science and Technology
37(20): 4778-4784.

Osako M, Yong-Jin K, Shin-ichi S (2004) Leaching of brominated
flame retardants in leachates from landfills in Japan. Chemosphere
57(10): 1571-1579.

Rajesh R, Kanakadhurga D, Prabaharan N (2022) Electronic waste:
A critical assessment on the unimaginable growing pollutant,
legislations and environmental impacts. Environmental Challenges
7:100507.

Jhariya MK, Sahu KP, Abhishek R (2014) E-waste, A New Challenge
to the Environmentalists. Nature Environment and Pollution
Technology. An International Quarterly Scientific Journal 13(2): 333-
338.

Kumar M, Jharwal AK, Ghanshyam C, Singla ML (2013) E-waste:
Survey, Recovery & Reuse of Matter and Benefits. Conference:
National Conference on E-waste Sustainability at Bhaskaracharya
College.

Cui ], Forssberg E (2003) Mechanical Recycling of Waste Electric and
Electronic Equipment: A Review. Journal of Hazardous Materials
99(3): 243-263.

Ardente F, Mathieux F, Recchioni M (2014) Recycling of electronic
displays: Analysis and of pre-processing potential ecodesign
improvements. Resources, Conservation and Recycling 92: 158-171.

WernickIK, Themelis NJ (1998) Recycling Metals for the Environment.
Annu Rev Energy Environ 23: 465-469.

Goonan TG (2009) Nickel recycling in the United States in 2004, chap
Z. In: Sibley SF (Ed.), Flow studies for recycling metal commodities
in the United States: U.S. Geological Survey Circular 1195, p. Z1-Z30.

Heacock M, Kelly CB, Asante KA, Birnbaum LS, Bergman AL, et al.
(2016) E-Waste and Harm to Vulnerable Populations: A Growing
Global Problem. Environmental health perspectives 124(5): 550-
555.

Kiddee P, Naidu R, Wong MH (2013) Electronic waste management
approaches: An overview. Waste Management 33(5): 1237-1250.

Aucott M, McLinden M, Winka M (2003) Release of Mercury from
Broken Fluorescent Bulbs. Journal of the Air & Waste Management
Association 53(2): 143-151.

Step Initiative (2014) White Paper on Recommendations for
Standards Development for Collection, Storage, Transport and
Treatment of E-waste.

Chatterjee S (2012) Sustainable Electronic Waste Management and
Recycling Process. American Journal of Environmental Engineering
2(1): 23-33.

Li QQ, Loganath A, Chong YS, Tan ], Obbard ] (2006) Persistent
Organic Pollutants and Adverse Health Effects in Humans. Journal of
Toxicology and Environmental Health 69(21): 1987-2005.

Ohajinwa CM, Van Bodegom PM, Peijnenburg WJG (2017) Health
Risks Awareness of Electronic Waste Workers in the Informal Sector
in Nigeria. Int ] Environ Res Public Health 14(8): 911.

Omondi E A, Ndiba P K, Chepkoech G K. Complexity of E-Waste and its Management Challenges in Developing Countries — A
Review. Int J Environ Sci Nat Res. 2022; 31(2): 556309. DOI: 10.19080/IJESNR.2022.31.556309


http://dx.doi.org/10.19080/IJESNR.2022.31.556309
https://www.ache-pub.org.rs/index.php/HemInd/article/view/715
https://www.ache-pub.org.rs/index.php/HemInd/article/view/715
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1783174
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1783174
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1783174
https://pubmed.ncbi.nlm.nih.gov/30363677/
https://pubmed.ncbi.nlm.nih.gov/30363677/
https://pubmed.ncbi.nlm.nih.gov/30363677/
https://pubmed.ncbi.nlm.nih.gov/30363677/
https://www.sciencedirect.com/science/article/abs/pii/S0304386X00001882
https://www.sciencedirect.com/science/article/abs/pii/S0304386X00001882
https://www.sciencedirect.com/science/article/abs/pii/S0304386X00001882
https://nap.nationalacademies.org/catalog/5803/waste-incineration-and-public-health
https://nap.nationalacademies.org/catalog/5803/waste-incineration-and-public-health
https://www.sciencedirect.com/science/article/pii/S1110062118301375
https://www.sciencedirect.com/science/article/pii/S1110062118301375
https://www.sciencedirect.com/science/article/pii/S1110062118301375
https://scholarsmine.mst.edu/doctoral_dissertations/2250/
https://scholarsmine.mst.edu/doctoral_dissertations/2250/
https://www.sciencedirect.com/science/article/abs/pii/S0048969714012066
https://www.sciencedirect.com/science/article/abs/pii/S0048969714012066
https://www.sciencedirect.com/science/article/abs/pii/S0048969714012066
https://www.sciencedirect.com/science/article/abs/pii/S0048969714012066
https://www.mdpi.com/1996-1073/14/19/6439/htm
https://www.mdpi.com/1996-1073/14/19/6439/htm
https://pubmed.ncbi.nlm.nih.gov/23492812/
https://pubmed.ncbi.nlm.nih.gov/23492812/
https://pubmed.ncbi.nlm.nih.gov/23492812/
https://pubmed.ncbi.nlm.nih.gov/23492812/
https://www.mdpi.com/2073-4433/11/7/759
https://www.mdpi.com/2073-4433/11/7/759
https://www.mdpi.com/2073-4433/11/7/759
https://www.mdpi.com/2073-4433/11/7/759
https://academicjournals.org/journal/AJEST/article-abstract/70940EA65073
https://academicjournals.org/journal/AJEST/article-abstract/70940EA65073
https://academicjournals.org/journal/AJEST/article-abstract/70940EA65073
https://academicjournals.org/journal/AJEST/article-abstract/70940EA65073
https://pubs.acs.org/doi/10.1021/sc500479b
https://pubs.acs.org/doi/10.1021/sc500479b
https://pubs.acs.org/doi/10.1021/sc500479b
https://pubs.acs.org/doi/10.1021/sc500479b
https://pubs.rsc.org/en/content/articlelanding/2017/ra/c7ra07401h
https://pubs.rsc.org/en/content/articlelanding/2017/ra/c7ra07401h
https://pubs.rsc.org/en/content/articlelanding/2017/ra/c7ra07401h
https://pubs.acs.org/doi/10.1021/es0009020
https://pubs.acs.org/doi/10.1021/es0009020
https://pubs.acs.org/doi/10.1021/es0009020
https://pubs.acs.org/doi/10.1021/es0009020
https://pubmed.ncbi.nlm.nih.gov/14594391/
https://pubmed.ncbi.nlm.nih.gov/14594391/
https://pubmed.ncbi.nlm.nih.gov/14594391/
https://pubmed.ncbi.nlm.nih.gov/14594391/
https://pubmed.ncbi.nlm.nih.gov/15519402/
https://pubmed.ncbi.nlm.nih.gov/15519402/
https://pubmed.ncbi.nlm.nih.gov/15519402/
https://www.sciencedirect.com/science/article/pii/S2667010022000671
https://www.sciencedirect.com/science/article/pii/S2667010022000671
https://www.sciencedirect.com/science/article/pii/S2667010022000671
https://www.sciencedirect.com/science/article/pii/S2667010022000671
http://www.neptjournal.com/upload-images/NL-48-17-(15)B-2099-com.pdf
http://www.neptjournal.com/upload-images/NL-48-17-(15)B-2099-com.pdf
http://www.neptjournal.com/upload-images/NL-48-17-(15)B-2099-com.pdf
http://www.neptjournal.com/upload-images/NL-48-17-(15)B-2099-com.pdf
https://www.sciencedirect.com/science/article/abs/pii/S030438940300061X
https://www.sciencedirect.com/science/article/abs/pii/S030438940300061X
https://www.sciencedirect.com/science/article/abs/pii/S030438940300061X
https://www.sciencedirect.com/science/article/pii/S0921344914001955
https://www.sciencedirect.com/science/article/pii/S0921344914001955
https://www.sciencedirect.com/science/article/pii/S0921344914001955
https://www.annualreviews.org/doi/abs/10.1146/annurev.energy.23.1.465
https://www.annualreviews.org/doi/abs/10.1146/annurev.energy.23.1.465
https://pubmed.ncbi.nlm.nih.gov/26418733/
https://pubmed.ncbi.nlm.nih.gov/26418733/
https://pubmed.ncbi.nlm.nih.gov/26418733/
https://pubmed.ncbi.nlm.nih.gov/26418733/
https://pubmed.ncbi.nlm.nih.gov/23402807/
https://pubmed.ncbi.nlm.nih.gov/23402807/
https://pubmed.ncbi.nlm.nih.gov/12617289/
https://pubmed.ncbi.nlm.nih.gov/12617289/
https://pubmed.ncbi.nlm.nih.gov/12617289/
file:///G:/10-11-2022/IJESNR.MS.ID.556309/IJESNR-RW-22-1618_W/IJESNR-RW-22-1618_W/article.sapub.org/10.5923.j.ajee.20120201.05.html
file:///G:/10-11-2022/IJESNR.MS.ID.556309/IJESNR-RW-22-1618_W/IJESNR-RW-22-1618_W/article.sapub.org/10.5923.j.ajee.20120201.05.html
file:///G:/10-11-2022/IJESNR.MS.ID.556309/IJESNR-RW-22-1618_W/IJESNR-RW-22-1618_W/article.sapub.org/10.5923.j.ajee.20120201.05.html
https://pubmed.ncbi.nlm.nih.gov/16982537/
https://pubmed.ncbi.nlm.nih.gov/16982537/
https://pubmed.ncbi.nlm.nih.gov/16982537/
https://pubmed.ncbi.nlm.nih.gov/28805712/
https://pubmed.ncbi.nlm.nih.gov/28805712/
https://pubmed.ncbi.nlm.nih.gov/28805712/

International Journal of Environmental Sciences & Natural Resources

This work is licensed under Creative s . . .
@ @ Commons Attribution 4.0 License Your next submission with Juniper Publishers
DOI: 10.19080/IJESNR.2022.31.556309 will reach you the below assets

e Quality Editorial service
o Swift Peer Review
¢ Reprints availability
e E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)
¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

017 How to cite this article: Omondi E A, Ndiba P K, Chepkoech G K. Complexity of E-Waste and its Management Challenges in Developing Countries — A
Review. Int J Environ Sci Nat Res. 2022; 31(2): 556309. DOI: 10.19080/IJESNR.2022.31.556309


http://dx.doi.org/10.19080/IJESNR.2022.31.556309
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/IJESNR.2022.31.556309

	Abstract
	Keywords
	Introduction
	References
	_Hlk115715716
	_Hlk115715736
	_Hlk115715771
	_Hlk115715783
	_Hlk115715801
	kix.hutw58fap37v
	kix.62jxtb99qr1a
	kix.3smpc4w191kl
	kix.a9lhxdrad49w
	kix.bqloj0o26oxj
	kix.rjqzyhvl8fb
	kix.50ji36x4yptz
	_Hlk116320230

