Open Access Library Journal
2025, Volume 12, €12077
ISSN Online: 2333-9721

ISSN Print: 2333-9705

An Overview of Informal WEEE Management
in MTN Phone Village, Rumukurushi,
Port Harcourt, Nigeria

Ogechukwu Okwul, Evi Vizal, Andrew Hursthouse?, Linus Idoko?

'School of Computing, Engineering & Physical Sciences, University of the West of Scotland, Glasgow, UK

ZPaylex Solutions Ltd., Glasgow, UK
Email: oge.okwu@yahoo.com

How to cite this paper: Okwu, O., Viza, E.,
Hursthouse, A. and Idoko, L. (2025) An
Overview of Informal WEEE Management
in MTN Phone Village, Rumukurushi, Port
Harcourt, Nigeria. Open Access Library
Journal, 12: €12077.
https://doi.org/10.4236/0alib.1112077

Received: August 7, 2024
Accepted: March 18, 2025
Published: March 21, 2025

Copyright © 2025 by author(s) and Open
Access Library Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

(OMOMY open access |

Abstract

In developing nations, the informal sector is frequently used for the manage-
ment of Waste Electrical and Electronic Equipment (WEEE), which presents
serious threats to human health and the environment. This study carried out
an overview of the informal WEEE management system adopted in MTN
Phone Village in Rumukurushi, Port Harcourt, Nigeria, the associated prob-
lems, and measures to address the problems. This study highlights several is-
sues by investigating how WEEE is currently collected, stored, disassembled,
sorted, recycled, and disposed of. These issues include serious health concerns
for workers, environmental contamination, financial limitations, and regula-
tory inadequacies. The results emphasise the necessity for more awareness, bet-
ter infrastructure, stronger regulations, and financial incentives to transition
informal recyclers into the formal economy. The study proposed the restriction
of the activities of informal recyclers to WEEE collection only, coupled with
the application of the Just-in-time lean management principles. By tackling
these problems, the study hopes to provide long-term solutions that lessen the
negative effects of informal WEEE disposal, eventually safeguarding the envi-
ronment and public health. The outcomes of the study identified a research
gap in the field. It also contributes to the existing knowledge in the field of
specialisation. Furthermore, the study recommended, restricting the activities
of informal recyclers to WEEE collection coupled with the adoption of the Just-
in-time (JIT) lean management principles to the current WEEE management
system in the location and other areas faced with similar challenges.
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1. Introduction

Electronic and electrical equipment that has been discarded is referred to as Waste
Electrical and Electronic Equipment (WEEE) or e-waste. The informal sector han-
dles the majority of e-waste management in several developing nations [1]. This
method of WEEE management frequently lacks regulatory oversight resulting in
severe health and environmental risks [2] [3]. One prominent location for these
informal WEEE management activities is the MTN Phone Village in Rumuku-
rushi, Port Harcourt, Nigeria [4]. Tackling the challenges associated with informal
WEEE management due to the uncontrolled activities of informal recyclers is all
that is required to prevent pollution such as land, air, and water, as well as envi-
ronmental pollution in the selected research location [5]. Informal WEEE man-
agement poses serious risks to human health, the environment, and the local econ-
omy [6].

Port Harcourt, an oil city in Nigeria, usually experiences a massive number of
individuals entering the location in search of financial benefits from the oil and
gas industries. Because of this ever-rising number of inhabitants, there is an in-
crease in the population, WEEE, consumption of materials, and other environ-
mental contaminants. The quantity of WEEE that emerges from these devices
when they are no longer useful has been on a steady increase [7]. Furthermore,
according to the same study, this is largely a result of the increasing need for com-
munication and information technology, enhanced technology in some parts of
the world, resulting in the dumping of “old and discarded” electronic and electri-
cal equipment to countries like Nigeria where such items are still gaining patron-
age. Those items usually expire or are close to expiration before they are trans-
ported into poor nations, which tends to increase the quantity of generated WEEE.

According to Kalamaras et al [8], WEEE, which appears to be among the big-
gest and ever-rising streams of waste globally has become an issue of serious con-
cern due to its associated challenges. The problem created by WEEE appears to be
twofold. First and foremost, it is among the most speedily increasing waste streams
globally, standing as a potential threat to humans, animals, and the environment.
Secondly, as a result of its makeup, which is complex, WEEE is also one of the
most difficult waste streams to manage [9]. In Port Harcourt, a city in the south-
south geopolitical zone of Nigeria, the WEEE collectors do not practice formal
recycling methods. The system in practice is the informal recycling method car-
ried out majorly at the dumpsite where they engage in the sorting of WEEE as well
as recycling [10].

Ohajinwa et al [11], put forward that the informal recyclers engage in several

activities, which include the recycling of WEEE. Their services are usually at a low
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cost but the working procedure used is not safe, hence their health is at risk. In a
related study by Amadi and Chijioke [10], the WEEE and other waste are usually
gathered at Igwuruta, Elelenwo, and Abuloma locations in Port Harcourt un-
sorted. WEEE serves as a source of raw materials but during the informal recycling
process, the estimated useful metals recovered is only 25 percent [12] [13].

WEEE, in a study by Mihai et al [14], appears to be a growing waste stream
worldwide. The inappropriate handling of WEEE creates room for serious pollu-
tion and health-related challenges. This is usually the case as the dismantling of
WEEE is carried out under “poor conditions”. Dumping of WEEE in Africa has
been an age-long practice. It is usually carried out by uneducated individuals and
this exposes them to harmful substances. Due to lack of organized collection cen-
tres in Nigeria, WEEE is dumped together with waste from the hospital as well as
others from the community and in the process creates more complications in the
sector. In some communities, WEEE is dumped inside bodies of water and open
fields resulting in environmental pollution. Items considered to be of no use eco-
nomically are usually burnt regularly to reduce their quantity or deposited in open
fields or water bodies. Indiscriminate discarding of WEEE has resulted in the in-
crease in polybrominated diphenyl ethers and polychlorinated biphenyls concen-
tration in the serums of individuals in the location. Fluorinated biphenyls and an-
alogues are also toxic pollutants emitted due to indiscriminate dumping of WEEE
[15]-[20].

Electronic appliances such as televisions, monitors, etc., are designed to make
life simpler and happier for us, but they contain harmful elements that are evident
during disposal or recycling. The majority of those who make use of them are not
aware of the associated risks of using them frequently [21]. The landfills, as well
as unauthorised dumping sites, appear to be the terminal point of the majority of
the WEEE gathered [22]. Harmful gases are usually released into the environment
during the burning of WEEE [18] [23]. The disposal and recycling of cathode ray
tubes and CRT have the potential to expose life to health risks due to the presence
of lead and antimony. The presence of a high percentage of lead in CRT funnel
glass (i.e. 22%) makes it harmful to life. Besides, lead, CRTs consist of fluorescent
powders, barium, and cadmium, all of which are toxic. The harmful elements con-
tained in CRTSs are easily absorbed in the soil with time and are consequently
passed to humans and animals [24]-[27].

The presence of devices that contain mercury causes soil pollution as well as
health risks. Both non-beneficial and non-essential components of mercury are
potential risks to living things globally. The presence of mercury contamination
in the environment can result in food chain pollution especially when it accumu-
lates in edible parts of plants. Mercury appears to be more poisonous than lead
and cadmium and it causes loss of hearing, vision, and mental retardation [28]-
[30]. WEEE comprises toxic elements as well as metals and as such constitutes a
serious threat to health. The adjectives commonly used to describe WEEE pro-

cesses are hazardous, toxic, and dangerous, as such a lot of attention is required
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to help proffer a solution to this environmental challenge. The tissue and surface
of edible fresh vegetables easily harbour heavy metals. This exposes human life to
poisonous substances. Skin contact and drinking water have also been recognised
as means of exposure to metals that are toxic [31]-[33].

Unprofessional WEEE burning and dismantling methods significantly contrib-
ute to the pollution of air. This can result in secondary exposure as some of the
pollutants are able to travel over a long distance to other locations from the recy-
cling sites [34]. The soil, as well as the crops grown in the WEEE dumpsites, are
usually faced with a high concentration of metals such as lead, zinc, copper, etc.
Accumulation and update by plants constitute the major entry channel for metals
that are toxic to animal and human food. Examples of such toxic metals are met-
alloids such as lead, mercury, cadmium, selenium, and arsenic. Crops that grow
in the metal-polluted location usually show a reduction in growth, reduced bio-
mass production, accumulation of metal, and alteration in metabolism. A lot of
individuals like to grow crops around and within the WEEE dumpsite, as they
believe the land is fertile and as such, crops will grow well. Research has demon-
strated that locations contain a lot of metals [35]-[38].

In recent research by George, Mapa, and Dinggai [39], the increasing quantity
of WEEE is ascribed to several factors, and these are a result of technological im-
provement, availability of assorted electronic and electrical devices for sales, re-
duction in prices of electronic and electrical devices, and the extreme “high de-
mand” for them. WEEE serves as a good source of rare metals, plastics, etc. This
is a result of the continuous need for metals, reducing mineral resources, natural
resources exploitation as well as the environmental and cost implications of min-
ing. Several methods are adopted to extract metals, for example, studies have
shown that copper present in Printed circuit boards (PCB) can be extracted with
the use of a mixture of aqueous acid and supercritical CO,. Studies have also
shown that rare earth elements can be recovered via electrochemical recovery. In
a recent study, important metals, for instance, copper, silver, and gold were recov-
ered from the printed circuit board of computers that are no longer in use via
physical separation after which, the leaching technique is applied. In addition,
copper can be directly separated and recovered for waste PCBs via slurry electrol-
ysis carried out with an acidic system. Product designs that are environmentally
friendly have been encouraged in the European Union via the legislature to sup-
port the recovery of valuable materials from WEEE [40]-[46].

In Cole et al. [47], “the recovery and treatment of WEEE” serve as an alternative
source of important elements, for example, copper, gold, etc. The indiscriminate
WEEE disposal and the challenges that come with the inappropriate disassem-
bling and management of WEEE are observed in numerous countries that are still
developing, resulting in numerous consequences [48]. An effort made by Khan et
al. [49], indicates that most of the WEEE that is globally generated yearly, which
amounts to at least 40 million tonnes finds its way to developing countries as their

dumping ground. Nigeria now appears as one of the dumpsites for Asia, the US,
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and Europe WEEE [50]. Ferronato and Torretta [48], put forward that, the devel-
oped countries have seen the export of WEEE to Asia and Africa as a preferred
option, instead of using the prospect to develop their national recycling infrastruc-
ture, develop an innovative design that stops the existence of further toxic material
use and switching to cleaner sustainable technologies.

In Adeola [51], it was observed that the amount of WEEE generated worldwide
amounted to about “50 million metric tonnes” in 2018. In his work, he empha-
sized that WEEE production is one of the consequences of the manufacture and
usage of electronic devices. Furthermore, the research work indicates that the
multipurpose nature of the majority of information and communication technol-
ogies (ICTs) has made them desirable to consumers and as a result of their com-
paratively short life, there has been a build-up of great capacity of WEEE, which
constitutes problems at all levels. WEEE contains hazardous elements and this
poses problems to the government in terms of its management [52]. This calls for
concern as such, it has attracted a lot of awareness lately due to its uses and effect
on the environment [53]. The estimated quantity of WEEE produced worldwide
in 2018 increased to 49.8 metric tons [51].

The purpose of the study is to explore informal WEEE management system
adopted in MTN Phone Village in Rumukurushi, Port Harcourt, Nigeria, the as-

sociated problems, and measures to address the problems.

Advantages of WEEE Management System

There are several benefits associated with Waste Electrical and Electronic Equip-

ment (WEEE) Management system, especially when it comes to resource conser-

vation, economic gains, and environmental sustainability [54]. Among the key
advantages are:

e Hazardous substances including lead, mercury, and cadmium are frequently
found in WEEE. By managing them properly, these materials are prevented
from contaminating air, water, and soil [55].

o Effective WEEE management minimises the amount of waste moved to land-
fills, which reduces environmental pollution and saves landfill space [56]-[58].

e WEEE comprises valuable metals such as copper, silver, and gold, silver, as
well as, recyclable materials like glass and plastics. Recycling these items de-
creases the demand to obtain virgin resources [59]-[61].

e Recycling metals as well as other materials from WEEE requires less energy
than creating them out of raw materials, this contributes to energy conserva-
tion [62]-[64].

e Industries involved in WEEE management create jobs through refurbishing
activities, recycling, sorting, and collection [65]-[67].

¢ WEEE management enables businesses to remain compliant with environ-
mental regulations, abstaining from potential penalties and legal complica-
tions [68].

e Companies that show dedication to WEEE management can improve their
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brand reputation and attract environmentally sensitive customers [69].

e Refurbishing and reusing electronic equipment prolong its life cycle, this helps
to promote a circular economy in which resources are utilised more efficiently
[70] [71].

e The demand for more convenient recycling and disposal motivates producers
to create environmentally friendly goods [72].

e Proper WEEE handling decreases the danger of hazardous exposure for recy-
cling personnel and the general public [73].

2. Methodology of the Literature Review

The study literature review was carried out using databases that are web-based
such as Scopus, Google Scholar and General, Web of Science, and Mendeley. The
main database used in the study is Google Scholar. The literature review was done
with the help of search strings such as “informal recyclers” and “WEEE manage-
ment” or “e-waste management” alongside different keywords. Keywords that re-
late to WEEE management or e-waste management were considered during the
literature search. The keywords are recycling, dismantling, hazards, environmen-
tal pollution, risk assessment, reuse, sorting, landfills, dumpsite, land pollution,
metal recovery, extended producer responsibility, etc. Five thousand four hun-
dred and forty-five (545) data materials were returned during the search on the
Google Scholar database but due to factors such as the abstract and title of papers
published from the study, coupled with the fact that repeated pieces of infor-
mation were removed. The data size was reduced to about 500 data materials. The
study considered both criteria for inclusion and exclusion. The criteria for inclu-

sion and exclusion are given below.

2.1. Inclusion Criteria

e Include peer-reviewed journal articles, conference proceedings, dissertations,
and reports written in English.

e To ensure the literature is up to date, the study included research published
within the last five years.

e Include empirical studies such as randomized controlled trials (RCTs), obser-
vational studies (cohort, case-control, cross-sectional), qualitative studies, and
systematic reviews/meta-analyses that investigate the topic of interest.

e Include studies with persons 18 years and above who have a documented med-
ical condition or risk factor related to the study research questions.

e Include studies that evaluate the impact of a specific intervention, exposure,
treatment, or risk factor relevant to the study research questions.

¢ Include studies that assess important outcomes such as clinical outcomes (e.g.,
morbidity, and mortality), patient-reported outcomes (e.g., satisfaction, and
quality of life), or intermediate outcomes (e.g., physiological measures, and
biomarkers).

e Include research done in any geographical region to ensure an accurate repre-

DOI: 10.4236/0alib.1112077

6 Open Access Library Journal


https://doi.org/10.4236/oalib.1112077

0. Okwu et al.

sentation of the literature.

o Include research undertaken in a variety of contexts, such as academic institu-
tions, clinics, hospitals, and community settings.

e Include studies that have appropriate methodological quality, as determined by

validated quality assessment methods or criteria relevant to the study design.

2.2. Exclusion Criteria

e Exclude commentaries, editorials, opinion pieces, letters, and non-peer-re-
viewed publications.

e Exclude papers published more than five years ago to prioritise recent works
of literature and ensure relevance with current practice.

e Excludes studies published in languages other than English owing to profi-
ciency constraints.

e Excludes non-empirical studies, such as letters to the editor, commentaries,
narrative reviews, and editorials.

e Exclude studies on pediatric populations or particular subgroups that are not
relevant to the study research questions.

e Exclude studies that do not include any specific intervention, exposure, treat-
ment, or risk factor of interest.

e Exclude studies that do not measure outcomes relevant to the study research
questions or report outcomes of interest.

¢ Exclude studies done in geographical areas that are unrelated to the research
scope or context.

¢ Exclude studies done in settings unrelated to the research questions or popu-

lation of interest.
3. Results

3.1. WEEE Category

The record indicates that 40 - 70 million tons of WEEE are generated in the world
annually, which is seen as a 3 percent increase [74]. Electrical and Electronic equip-
ment close to the EoL period is creating a global problem, particularly in many de-
veloping countries of the world. WEEE continues to rise more than expected due
to the manufacture of new EE devices, which makes the initial product obsolete
[75] [76]. In China, obsolete PCs and TVs are at an increasing rate of 24.69% and
8.2% annually [77]. In India, WEEE annual generation was estimated to grow at
7% as recorded by [78]. In most European countries, a disturbing growth rate was
also recorded where 5 - 7 million tons are produced on a yearly basis [79].

The growth of WEEE in every five years’ time in European countries is increas-
ing at the rate of 17% - 27%, amounting to three times the average municipal
growth rate of WEEE generated yearly [49]. In North and South America, the
number of outdated EEE products stored or discarded as waste is growing at an

alarming rate. In the continent, out of the millions of WEEE generated, only a few
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percent were recycled and landfilled, and some were transported to developing
nations [80]. In Europe, the annual volume of WEEE generated by households is
estimated to be approximately 7 million tons/year [81]. WEEE stream globally
may change drastically if disposal to landfill and incineration in North America is
reduced and exports for reuse to developing nations increase.

More Studies have indicated a large number of 400 - 700 million units of out-
dated PCs in developing countries by 2030, as being compared with developed
nations of 200 - 300 million [82]. Household WEEE generation exceeded an an-
nual amount of 20 million tons in 2005, as recorded with the exclusion of Canada
and North American nations. In 2005, a total amount of 3.8 million tons, totalling
about 20% of the world WEEE stream was shipped to developing countries with
landfilling as the option [81]. Basel Action Network reports millions of used com-
puters at the end of life period are transported into Asian and African countries
from the US, and Europe adding to the WEEE generation and increasing the rate
of WEEE disposal in developing nations. The ten categories of WEEE as in Gap
[83] as shown in Figure 1.

— Large household appliances

— Small household appliances

IT and Telecommunications

‘ equipment
— Consumer equipment
— Lighting equipment

= Electrical & Electronics tools

WEEE categories

Toys, leisure, and sport
equipments

f— Medical devices

Monitoring and control
instruments

— Automatic dispensers

Figure 1. The 10 WEEE categories.

Details of the devices in the ten WEEE categories as in WEEE [84] are given in
Table 1.
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Table 1. 10 categories covered by the WEEE directive.

S/no  WEEE category

Large household
appliances

Small household
appliances

IT and
3 telecommunication
s equipment

Consumer
equipment

air conditioning unit, if within a household or business system (units built into non-EEE, such as a
lorry or boat are exempt), if the unit contains substances used for refrigeration report as category
12; air curtains; air filtering and extracting systems, electrically powered filters, fan systems and
extractors, including those built into or attached to a building, if the unit is built into non-EEE such
as a lorry or boat, it’s exempt cooker hood furniture that needs electricity to work properly, such as
office furniture, for example a desk with speakers, display screen or integrated smart features, does
not include electrical upholstered domestic seating (see Non-EEE product examples). Report
electrical items that are plug and play or retrofit separately (see also category 8) gas boiler, where
they rely on electricity to work properly gas cooker, if it will work as a gas cooker without
electricity, such as one with a clock or igniter powered by electricity, it’s not an EEE product, if it
needs electricity to work properly, for example to control the burners, it’s an EEE product spa
baths, hydrotherapy baths and computerised massage baths sunbeds, report fluorescent bulbs under
category 13 stairlifts

under floor heating systems powered by electricity water coolers (bottle or mains supply), if it
contains refrigerants, report under category 12

air fresheners and perfume sprayers, includes plug-in or battery powered; extension cords, multi-
terminals, adaptors and extension leads, if sold as part of a specific product, report under the
product’s category; electric ironing board, with specific electronic functionality electric shower,
electric pumps and control units supplied as part of a shower package are EEE products; loft ladders
with electronic controls; massage appliances, for example massage pads that fit onto chairs; roller
screens with electronic winders; sockets, switches, dimmers and plugs; taps with extra functions,
such as sensors or safety features; torches and bike lights, includes filament bulbs and LED torches;
travel adaptors which enable any UK electrical appliance to be plugged into an electrical socket in
another country

car diagnostic equipment, equipment plugged into a car’s central processing unit to diagnose and
record faults; cards with chips, for example, set top box cards and cards that need electronic or
electromagnetic fields to work, such as pre-paid Oyster and travel cards (not bank cards); HDMI
cables; memory cards, USB sticks and SIM cards; power packs and power banks, rechargeable
power banks or single use batteries that provide a portable power supply for electronic devices, used
to recharge mobile smart phones or tablets when mains power is unavailable (deduct the weight of
the internal battery from the overall weight of the power bank unit); printer cartridges that need
electric currents or electromagnetic fields to work, exclude the ink from the weight you report;
radio frequency identification devices (RFID), includes radio tracking devices, anti-theft devices
and electronic tags for criminals (a RFID security feature that forms part of the product’s packaging
is not an EEE product); satellite navigation (sat nav) systems, sat navs are EEE products, those
permanently wired and fixed into a vehicle or yacht are part of the vehicle and are not EEE
products; smart mirrors with integral displays and WiFi or bluetooth technology; touch screens that
have integral computers, such as e-readers, tablet computers and patient check-in systems; USB
memory sticks and drives

aerials, antennas and digital TV dishes; baby monitors; in car entertainment, units that are not
permanently installed in the car are EEE products, units purchased separately and permanently
wired into the car, and will remain so until sold or scrapped, are not EEE products; security systems
including CCTV with motion sensors, video or stills camera and display equipment integrated into
the system (classed as equipment for recording or reproducing sound or images), individual items
not integral to the system may need to be reported in a different category, such as a display monitor
in category 11; set top boxes; single-use cameras, classify as B2B, they’re usually returned to a film
processor for recycling or disposal
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Continued

5 Lighting equipment

Electrical and
electronic tools

6 (except large scale
stationary industrial
tools)

Toys, leisure and
sports equipment

Medical devices
(except implanted
and infected
products)

monitoring and
control equipment

Automatic
10 .
dispensers

ceiling rose with flex and lamp holder; decorative lighting chains and other decorative luminaires;
household luminaires, including table, wall, ceiling, garden and other light fittings, include
lampshades when sold with the luminaire; illuminated emergency exit signs; luminaires with
movement detectors; mirror with integral lamps and light fittings, for example theatre mirrors;
street lights, where parts are put on the market separately only the lantern, wiring and control box
are EEE products, not the concrete or steel posts, report the lamp in category 13; trailer light
boards, detachable lights for caravans and trailers

electric fences; pumps, filters and fountains for garden ponds, pumps that rely on electricity to
function; wind turbines, small scale use such as by a householder, on a smallholding or at the
roadside, large scale wind turbines are exempt (they are fixed installations)

clothing where it includes a fundamental feature which needs electricity to function, such as a gym
top with a heart rate monitor, heated walking jacket or a hat with integral speakers; e-cigarettes;
electric bicycles, these are not covered under the “means of transport for persons or goods”
exclusion unless they are “type approved”, for details see European Commission guidance; fish
tanks, report the whole weight of a tank with a light, heater or pump supplied as a single unit;
games consoles, report in this category even if they have extra functions like a DVD player; gym
equipment, report the whole weight of the product

blood glucose meters or testers; furniture designed to help mobility, such as hospital beds and riser
chairs with movement controls that need electricity to function; hearing aids; x-ray machines used
in hospitals

car park and traffic management electric barriers; fire alarm systems that rely on electricity,
includes smoke detectors, alarm bells, lighting and sprinklers; electric vehicle charging points with
monitoring or other smart features, report basic charge points as category 10; electricity
distribution equipment that is a finished product, such as fuse boxes, consumer units and circuit
breakers; energy management systems, including sensors and displays; loadbanks (testing systems
for electric power supplies); PV inverters, small to medium installations, including micro-inverters
(you must report as B2C if they can be used for households or commercially; smart meters, report
electricity meters as B2B and “add on” meters or monitors for householders to manage their energy
consumption as B2C; thermostats and time switches; traffic lights, temporary and mobile systems
are EEE products (when put on the market as a single product), for installed fixed systems (where
parts are placed on the market separately) only the lighting and control equipment are EEE
products, not the steel posts; x-ray machines installed in airports

electric vehicle charge points with basic charging only; photo booths, normally you should report as
B2B

Additional categories: 11: display equipment; 12: appliances containing refrigerants, 13: gas discharge lamps and LED light sources.

See also:

https://www.gov.uk/government/publications/electrical-and-electronic-equipment-eee-covered-by-the-weee-regulations/electri-

cal-and-electronic-equipment-eee-covered-by-the-weee-regulations.

3.2. Hazardous Components in WEEE

The EEE including communication, computing, and entertainment, is a result of

the dynamic nature of changing applications that have accelerated technological
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Table 2. Substances, their occurrence in

advancement in all sectors of the economy. Increasing processing, energy effi-
ciency, and speed in the operation of EEE are some of the anticipated specifica-
tions to meet product performance [85]. Due to the continuous modification of
shapes, functions, and the design of new products and applications, EEE contains
a great heterogeneous mixture of materials for durability and efficiency in task
execution. There are essential constituents in EEE including critical metals and
precious metals (Palladium, Gold, and Silver), and special metals (Tellurium, In-
dium, Selenium, Tantalum, Bismuth, and Antimony) [86]. For the life cycle and
environmental impacts of the EEE, the manufacture of components and their use
is often a factor. There is a challenge associated with the use of the WEEE im-
ported as the majority of the imported equipment cannot be reused and hence,
they are usually dumped. This exposes the environment to toxic components [87].

Steel and Plastics are the two domineering materials used in EEE, and the
weight distribution of the substances differs from value distribution and related
environmental pressure. Gold accounts for less than 1% of the device weight (Mo-
bile Phone), and at the same time accounts for over 50% of the material flow cre-
ated by its production [88]. Due to the heterogeneity of the EEE device to meet
several functions and applications, they are not void of substances hazardous to
health and threats to the environment. Hazardous substances capable of threaten-
ing human health and the environment if not handled and processed accurately
in EEE are, Cathode Ray Tubes (CRT) in old TVs and computer monitors, Printed
Wiring Board (PWB), capacitors, batteries, and accumulators, toners and ink car-
tridges, liquid crystal displays (LCDs) and Printed Circuit Board (PCBs) [89].

PWBs contain many metals and Brominated Flame Retardants (BFRs), which
are toxic and affect humans and the environment. The hazardous heavy metals
found in the components of WEEE are: Cd, Ni, Zn, Pb, Hg, Sn, Ba, Sr, Y, Eu, Se,
Cr (iv), which are found in accumulators and batteries, solders, cathode ray tubes,
screen coating, memory switches, thermostat, etc. The most prevalent used oper-
ation in the processing of WEEE for the extraction of precious metals, like acid
leaching and the open burning of dismantled components. This has resulted in
the release of toxic metals and pollutants into the environment, which is capable
of causing considerable damage to the environment and risk to human health
[90]-[92].

Substances and devices in which they can be found as well as their potential

effects as regards environment and health safety are shown in Table 2.

WEEE, and potential effects as regards environment and health safety [93].

substance Common source Possible adverse effects
potent neurotoxin, particularly harmful to children, leading to
Found in cathode-ray tube (CRT) cognitive impairment and developmental issues. It can also cause
Lead displays, circuit boards, and certain long-term damage to the kidneys and reproductive system.
ctronic components. Environmentally, lead contamination is difficult to remediate and

can persist in ecosystems for decades
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Continued
Mercury is one of the most toxic elements found in WEEE. It
. bioaccumulates in water sources, posing a severe threat to aquatic
Present in fluorescent lamps, older . . . - )
. . life and entering the food chain, where it can cause neurological
Mercury LCD displays, switches, and . . . . ]
damage, especially in developing children. Mercury exposure in
thermostats. . . . . .
humans is associated with brain damage, motor dysfunction, and
developmental disorders.
Cadmium is a known carcinogen and highly toxic to the kidneys.
Found in rechargeable Ni-Cd ) ] 8 ] & Y. ] . ¥
. . . . Its environmental persistence means it remains in soil and water
Cadmium batteries, certain circuit boards, and as . L .
. . for extended periods, contaminating food crops and aquatic
a stabilizer in plastics. . . .
ecosystems, leading to bioaccumulation.
. . . . Hexavalent chromium is a dangerous carcinogen, known for
Used in anti-corrosion coatings for . . .
Hexavalent causing lung cancer and severe respiratory issues. It can also

Chromium (Cr6+)

Polychlorinated
Biphenyls (PCBs)

Brominated Flame
Retardants (BFRs)

Phthalates

Chlorofluorocarbons
(CFECs)

Asbestos

Phosphorus

Nickel

Hazardous
plasticizers and
additives

metal surfaces and in certain
electronic components.

Found in older capacitors,
transformers, and certain electrical
components.

Used in plastic housings, printed
circuit boards, and electrical
insulation to reduce fire risk.

Found in electrical cables, plastic
components, and insulation materials.

Found in older refrigeration units, air
conditioners, and insulation foam.

Present in older electrical equipment
for thermal insulation.

Found in the phosphor coating inside
CRT screens and some lighting
devices.

Used in various batteries, connectors,
and metal plating.

Found in plastic casings, insulation,
and flexible wiring.

cause skin irritation and damage water sources when released,
making it a critical pollutant in WEEE.

PCBs are highly toxic, bioaccumulative, and resistant to
degradation. Exposure to PCBs can disrupt endocrine functions,
harm the immune system, and cause various cancers. Their
persistence in the environment makes them one of the most
dangerous pollutants in WEEE.

BFRs are linked to hormonal imbalances, particularly in thyroid
function, and can disrupt endocrine activity. They are persistent
environmental pollutants, causing long-term ecological harm,
particularly in aquatic environments.

Phthalates are endocrine disruptors, impacting reproductive
health and development. They are especially harmful to children
and pregnant women, and exposure can lead to long-term
developmental issues.

Although phased out in many regions due to their harmful
impact on the ozone layer, CFCs may still be present in older
WEEE. They are potent greenhouse gasses and contribute to
ozone depletion, exacerbating global climate change.

Asbestos fibers are highly carcinogenic, causing lung cancer and
mesothelioma. Even small exposures can lead to significant long-
term health risks, making it a critical concern in the safe handling
of WEEE.

While not hazardous in solid form, phosphorus in powdered or
vapor form is toxic if inhaled or ingested, leading to respiratory
problems and skin irritation.

Nickel is a common allergen and can cause skin dermatitis.
Prolonged exposure can also lead to respiratory issues and is
linked to an increased risk of lung cancer.

These additives can leach toxic chemicals into the environment,
particularly when burned, posing risks to human health and
contributing to air and soil pollution.
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Continued

Used in lithium-ion batteries found in  Lithium batteries are highly flammable and can cause fires and

Lithium smartphones, laptops, and other explosions if improperly handled, posing significant risks during

portable devices.

disposal and recycling processes.

Additional information: https://www.tybet.ro/en/what-dangerous-substances-are-found-in-weee/.

This study proposes the application of the Just-in-time concept and limiting the
activities of informal recyclers to WEEE collection to address the numerous chal-
lenges associated with informal WEEE management in MTN phone village, Ru-
mukurushi, Port Harcourt, Nigeria.

3.3. Just-in-Time (JIT) Lean Management Principles

Just-in-Time (JIT) is a lean management concept that aims to reduce waste and
increase productivity by manufacturing and delivering products exactly when
they are required, in the precise amounts needed, and at the appropriate time [94].
Just-in-Time (JIT) is an approach for establishing and sustaining a continuous
and smooth flow of products throughout the manufacturing process with minimal
delays between processes. It is also used to boost flexibility throughout the entire
manufacturing line and supply chain in order to attain a better and faster response
to the demand of customers within a restricted cycle period i.e. from assembly to
delivery [95]. The JIT concept is viewed as a beneficial strategy, particularly in the
industrial sectors of Japan and other developed nations like Australia, the US, and
the UK. The adoption of this concept in underdeveloped nations is still in its early
stages [96]. Maximising productivity while removing waste is the foundation of
the lean production philosophy. Anything that does not add value to a service or
product that a customer needs is considered waste. The Toyota Corporation and
its system of production are the foundation of lean management. Just-in-time
manufacturing, commonly known as the Toyota system of production, is another
name for lean management. Lean manufacturing employs a variety of tools and
methods to reduce various forms of waste, including overproduction, defects, and
waiting times [97]. Businesses that use the Just-In-Time (JIT) technique enjoy nu-
merous advantages, such as lower production costs, better quality, enhanced rela-
tionships with suppliers and internal team members, less storage space needed,
faster manufacturing, better customer support, etc. Hewlett-Packard was among
the first corporations in the West to use Just-In-Time (JIT) in manufacturing.
They experienced notable overall improvements at each of their production loca-
tions, including inventory reduction by 75%, 50% less storage space, Reworks and
scrapped parts/products reduced by 30%, and throughput time reduction by 50%
[95]. JIT increases productivity and reduces waste [98]. Informal WEEE manage-
ment systems can be greatly improved in terms of efficiency, waste reduction, and
overall system performance by implementing Just-in-Time (JIT) lean manage-
ment principles [99]. According to Yang et al [100], and Allers [101], Informal
WEEE management stands to stands to gain several benefits by adopting the JIT
principles. The benefits are:
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o Lower WEEE storage expenses and allow for faster turnover.

e It helps to lower waiting times and enable streamlined processes.

e Prompt management of hazardous materials lowers risks.

e Continuous quality checks and improvement result in improved sorting and
recycling results.

e Ability to react fast to changes in the volume and kinds of WEEE gathered.

3.4. A Review of Past Works of Literature

Several efforts have been made in the past and more research is ongoing to manage
WEEE. Among the numerous efforts made to manage WEEE previously are as
given below:

Ikhlayel [102] (p. 119), made an effort to tackle the public health and environ-
mental challenges associated with informal WEEE recycling. The study designed
a systematic concept for WEEE management. The concept is referred to as “inte-
grated e-waste management (IEWM)”. The theoretical concept embraces both the
management of WEEE and “municipal solid waste” collectively since both use
similar disposal and treatment systems. Quantitative data collection was adopted
in the study. The outcome of the study proposed the use of “integrated e-waste
management” to tackle the public health and environmental challenges associated
with informal WEEE management. How has the study addressed the challenges
associated with informal recycling using the application of Just-in-time concept
and limiting the activities of informal recyclers to WEEE collection only? The
study did not address the challenges associated with informal WEEE management
using the adopted approach. This is because the focus of the study is the use of
“integrated e-waste management” to tackle the public health and environmental
challenges associated with informal WEEE management.

Rimantho et al [103] (p. 1), attempted to proffer a solution to the public and
environmental challenges associated with informal WEEE management in Indo-
nesia by adopting the use of “waste bank system”. The study suggested the adop-
tion of “waste bank system” model for the collection of WEEE. A conscious effort
was also made in the study to engage DKI Jakarta stakeholders for value support
and inputs, while some selected samples were collected for the purpose of the
study. Data gathering for the study was achieved with the help of interviews. The
outcome of the study proposes waste bank WEEE collection system and calls for
the attention of the government with regard to the creation of an enabling envi-
ronment and regulations for the stakeholders. How has the study addressed the
challenges associated with informal WEEE management using the application of
Just-in-time concept and limiting the activities of informal recyclers to WEEE col-
lection only? The study did not address the challenges using the combined con-
cepts. This is because the study focused on the use of “waste bank system” without
considering measures to control the role of the informal recycler.

Ogbuanya and Afeez [104] (p. 90), made an effort to ensure WEEE approaches
applied in the workshops of “electrical/electronic technicians” are advanced for
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sustainable public health. Data collection was carried out using questionnaires ad-
ministered to 54 “public health” senior staff as well as 87 Engineering lecturing
staff. The data analysis was attained using “percentage, mean, and standard devi-
ation white t-test and ANOVA”. The study findings reveal that providing “recy-
cling sites”, introducing and applying policies are the major approaches required
for the management of WEEE. How has the study addressed the challenges asso-
ciated with informal WEEE management using the application of Just-in-time
concept and limiting the activities of informal recyclers to WEEE collection only?
The study did not address the challenges using the combined concepts. This is
because the focus of the study was to identify indicators that may be of help.

Juma et al [105] (p. 238), assessed the impact of WEEE stakeholders with re-
spect to the sustainability of WEEE management “by evaluating their course of
action”. The study proposed a conceptual framework for WEEE management
based on the major stakeholders, which was validated using 346 highly positioned
workers in key positions in 10 cities in Uganda. Data gathered for the study were
analysed using “structural equation modelling (SEM)” method and “partial least
square (PLS) technique”. The study outcome reveals that the effect of consumer
role on WEEE management sustainability is insignificant while the role played by
the producer, the media, local government, financial institution, and WEEE han-
dlers have a significant impact on the sustainability of WEEE management. How
has the study addressed the challenges associated with informal WEEE manage-
ment using the application of Just-in-time concept and limiting the activities of
informal recyclers to WEEE collection only? The study did not address the chal-
lenges associated with informal WEEE management using the combined concepts
and this is because the study only focused on the impact of WEEE stakeholders
with respect to the sustainability of WEEE management.

Arya, Gupta, and Bhardwaj [106] attempt to investigate the degree of under-
standing of informal recyclers, and users (individuals, organisations, and compa-
nies) as regards hazards created by WEEE. The study collected data via question-
naires administered to three different WEEE stakeholders namely, organisations,
individuals, and those who are into the services of recycling WEEE. The compo-
sition of those who responded to the questionnaires are; 10 persons engaged in
the services of WEEE recycling, 25 users of electrical and electronic appliances,
and 35 organisations considered as users. The study outcome reveals that the in-
dividuals and the organisational users lack consciousness of the problems associ-
ated with WEEE. There is a lack of ideas as regards legislation on WEEE. There
exists an absence of proper channels for the collection of WEEE. Conversely, the
recycler in the informal sector who is not aware of the risk associated with WEEE
engages in unsafe disposal methods. How has the study addressed the challenges
associated with informal WEEE management using the application of Just-in-time
concept and limiting the activities of informal recyclers to WEEE collection only?
The study did not address the challenges associated with informal WEEE man-
agement using the combined concepts. This is because it primarily focused on the
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degree of understanding of the informal recyclers and users without considering
measures to limit their activities in WEEE management. Besides, the study also
failed to identify health, and safety training as an avenue to gain awareness.

Woggsborg and Schroder [107] (p. 1), investigated the emerging impact of pri-
vate-public partnerships in the management of WEEE in developing countries.
The study adopted the use of two different concepts and these are “the triple bot-
tom line approach and the sustainable livelihoods approach” for the analysis of a
case study carried out on the “Extended Producer Responsibility (EPR) pro-
gramme in Nigeria”. The study outcome identifies the available opportunities and
offers recommendations with respect to the formation of an engagement model
that can support informal sector participation by key players such as government
agencies, and individuals in both national and international private sectors. How
has the study addressed the challenges associated with informal WEEE manage-
ment using the application of Just-in-time concept and limiting the activities of
informal recyclers to WEEE collection only? The study did not address the chal-
lenges associated with informal WEEE management using both approaches. This
is because the study focused on the impact of private-public partnerships in the
management of WEEE in developing countries.

George, Mapa, and Dinggai [39], tackled WEEE management with households as
its main focus using an assessment of the electrical and electronic device composi-
tion in the apartments of the people in the chosen area, and the way, in which WEEE
is managed. Data collection for the study was achieved using questionnaires. The
outcome of the study reveals that the electronic and electrical appliances, that appear
the most in the area, are phones. Furthermore, the study outcome also reveals the
selected area adopted an unsustainable system of managing WEEE. This is because
they don’t recycle WEEE, but allow them to remain inside their homes or put them
inside the waste bin. How has the study addressed the challenges associated with
informal WEEE management using the application of Just-in-time concept and lim-
iting the activities of informal recyclers to WEEE collection only? The study did not
address the challenges associated with informal WEEE management using both ap-
proaches because no attempt was made to put a check on the activities of the infor-
mal recyclers but recommendations were offered.

Maphosa and Maphosa [108] (p. 1), investigated the status of the sub-Saharan
African WEEE management system by performing a critical review of the ap-
proach adopted for the management of electronic waste in the location. The study
adopted “a systematic literature review (SLR)” approach on past works of litera-
ture collected from Sabinet, EBSCO host, and “Web of Science” databases with
the help of keywords like recycling or e-waste management, or policy in Africa or
sub-Saharan Africa. The study outcome shows that 80% of WEEE management
research carried out in sub-Saharan Africa was performed in South Africa, Nige-
ria, and Ghana. The findings also indicate that the major obstacles to effective
WEEE management in the region are inadequate infrastructure for recycling and

shortage of viable policies. How has the study addressed the challenges associated
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with informal WEEE management using the application of Just-in-time concept
and limiting the activities of informal recyclers to WEEE collection only? The
study did not address the challenges associated with informal WEEE management
using both approaches. This is because the study focus is on the approaches
adopted in the location for the management of electronic waste.

Ndunda and Ambole [109] (p. 73), made an effort to tackle the problems intro-
duced by the informal method of WEEE recycling via the creation of “a product-
service system” for its management. Those who support the move, from the pro-
vision of products to the “provision of systems of products and services” were put
in place beside stakeholders’ support for WEEE to be managed efficiently. The
dematerialization technique was applied via stakeholders’ collaboration; this hin-
ders the consumer or recyclers in the informal sector from equipment possession
after EOL. The outcome indicates the collaborative effort of those involved deter-
mines the success of the technique. How has the study addressed the challenges
associated with informal WEEE management using the application of Just-in-time
concept and limiting the activities of informal recyclers to WEEE collection only?
The study did not address the problem associated with informal WEEE manage-
ment using both approaches. This is because the focus of the study is to tackle the
problems introduced by the informal method of WEEE recycling via the creation
of “a product-service system” for its management.

Donny and Suzianti [110] (p. 1636), proposed a WEEE collection application
interphase design. The study adopted “a design thinking approach” to the collec-
tion of electronic waste with a specific focus on customer needs. In order to gather
data for the study, the use of comprehensive interview techniques, personas, pro-
totypes, etc., was adopted. The study outcome reveals that the design-thinking
concept enables individuals to formulate “user interphase prototypes” for WEEE
collection applications. How has the study addressed the challenges associated
with informal WEEE management using the application of Just-in-time concept
and limiting the activities of informal recyclers to WEEE collection only? The
study did not address the challenges associated with informal WEEE management
using both approaches. This is because the target of the study was the development
of prototypes of the user interface for the WEEE collection application.

Aidonis ef al [111], created a methodology to recognise an optimal manage-
ment scheme for WEEE, in order to find another means of integrating WEEE. The
study made use of a binary linear programming model to improve the effective-
ness of nine (9) options to manage WEEE. Consideration was given to 12 criteria
in terms of performance, which cover environmental, financial, social, and tech-
nical dimensions were given consideration. The study outcome reveals that the
best approach is exporting residues of WEEE and mechanically recycling WEEE.
How has the study addressed the challenges associated with informal WEEE man-
agement using the application of Just-in-time concept and limiting the activities
of informal recyclers to WEEE collection only? The study did not address the chal-
lenges associated with informal WEEE management using both approaches be-
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cause the technique proposed does not have the potential to tackle the menace of
informal WEEE management activities for example recycling. A technique that
has the potential to minimize informal WEEE recycling may be more useful.

Mehmood Shad, Ling, and Karim [112] carried out a detailed overview of
WEEE management with a specific focus on three countries that are situated close
to each other and that are also faced with the problems of WEEE management.
These countries are Indonesia, Malaysia, and Singapore. The study outcome sug-
gested that the WEEE management system in place needs to be enhanced, and the
flow of WEEE, which is usually free, can be limited by formulating effective WEEE
laws. How has the study addressed the challenges associated with informal WEEE
management using the application of Just-in-time concept and limiting the activ-
ities of informal recyclers to WEEE collection only? The study did not address the
challenges associated with informal WEEE management using both approaches.
This is because the study emphasised the need for WEEE free flow to be restricted
but failed to consider placing any form of restriction on the informal recyclers.

Mihai et al [14] utilised waste statistical information and “thematic cartog-
raphy to disclose how WEEE is moved from one geographical location to another.
The approach utilized to manage WEEE in numerous locations was examined, for
instance, Europe, North America, South America, Oceania, Africa, etc. The find-
ings indicate that inadequate amenity is the idea behind the poor technique of
managing WEEE adopted in Africa. How has the study addressed the challenges
associated with informal WEEE management using the application of Just-in-time
concept and limiting the activities of informal recyclers to WEEE collection only?
The study did not address the challenges associated with informal WEEE man-
agement using both approaches as it focuses on the properties of improper man-
agement of WEEE. Identifying a useful method that can tackle any of the chal-
lenges facing recycling in the informal sector may be helpful.

Franz and Da Silva [113] made an effort to create an alignment with respect
to WEEE legislation, management, and generation as well as its interface with
reverse logistics, cleaner production, and ecosystem. A qualitative research ap-
proach was adopted for the study. The study data, which were obtained from
secondary sources were analysed using content analysis. The outcome of the
study reveals that the challenges associated with WEEE legislation, manage-
ment, generation, and all others, can be tackled via the use of circular economy.
How has the study addressed the challenges associated with informal WEEE
management using the application of Just-in-time concept and limiting the ac-
tivities of informal recyclers to WEEE collection only? The study did not address
the challenges associated with informal WEEE management using both ap-
proaches. This is because the focus of the study is the adoption of circular econ-
omy to tackle the challenges associated with WEEE legislation, management,
generation, and all others.

Parajuly et al [114] made an effort to investigate many facets of the challenges

associated with WEEE management and offer ideas on future problems that may
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likely emerge. The study outcome indicates the need for future WEEE unforeseen
opportunities and challenges to be introduced in public discussions so that such
pressing issues can be looked into as early as possible. How has the study ad-
dressed the challenges associated with informal WEEE management using the ap-
plication of Just-in-time concept and limiting the activities of informal recyclers
to WEEE collection only? The study did not address the challenges associated with
informal WEEE management using both approaches. This is because the focus of
the study is to investigate many facets of the challenges associated with WEEE

management and offer ideas on future problems that may likely emerge.

4. Research Gap

Several efforts have been made by researchers in the past to proffer a solution to
the challenges associated with informal WEEE management, but these challenges
still remain. No one has been able to address the challenges associated with infor-
mal WEEE management using the application of Just-in-time concept and limit-
ing the activities of informal recyclers to WEEE collection only. This research gap
in this field forms the basis of this study. Besides, this study contributes to the
existing literature in the area of specialisation.

4.1. WEEE Practice with Health Impacts, Common Activities,
and Issues

The electrical electronic sector, which includes computing, Telecommunications,
and the entertainment industry is the world’s leading industry in terms of the
manufacturing of new devices used in its services. The growth recorded econom-
ically by the availability of new electronic goods in the market that have replaced
obsolete household electrical and electronic equipment is high, which has gener-
ated an increasing number of WEEE in the world due to the production of new
substitutes yearly. Recent research, [115] posits that valuable elements are recov-
ered from the treatment of WEEE as an alternative and essential means of as-
sessing valuable materials but several challenges emerge from managing the elec-
tronic elements present in the WEEE.

At present, there is no globally accepted definition of WEEE. Every region and
nation within its legal system sets up definitions and terms of usage. WEEE has
diverse definitions from many researchers as it does not have a generally accepted
definition [51]. According to EU Directive 2012/19/EU, WEEE is electrical and
electronic equipment that is a waste, including all components, consumables, and
sub-assemblies that are part of the EE product at the time of discarding the waste.
Bhutta, Omar, and Yang [116] conclude e-waste incorporates broad and a grow-
ing range of electronic devices ranging from large household EEE, such as refrig-
erators, air conditioners, personal stereos, cell phones, consumer electronics, and
personal computers (PCs) that have been discarded by the original users. Step In-
itiative [117], considers WEEE term used to cover almost all types of EEE that

enter the waste stream, including televisions, computers, mobile phones, white
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goods, fridges, washing machines, dryers, etc.

Among the list are home entertainment and stereo systems, toys, toasters, ket-
tles, and any household appliances or office EEE with the circuit or electrical com-
ponents with battery supply for its functionality. In general terms, WEEE consists
of obsolete electrical electronics equipment, which can be defined as electrical
electronics equipment products, that work with batteries or connect to electricity
for their function, and which have been obsolete due to the production of a new

model of its kind or no longer wanted by the original owner [86].

4.2. Waste Electrical and Electronics Equipment Trends

Khan et al [118] show that most of the WEEE that is globally generated yearly,
which amounts to at least 40 million tonnes finds its way to developing countries
as their dumping ground. Nigeria now appears as one of the dumpsites for Asia,
US, and European e-waste as shown in Figure 2.

Figure 2. E-waste dumpsite in Nigeria with several types of WEEE gathered in bags [50].

In [51], it was observed the amount of WEEE generated worldwide amounts to
about “50 million tons”. In his work, he emphasized that WEEE production is one
of the consequences of the manufacture and usage of electronic devices. Further-
more, the research work indicates that the multipurpose nature of the majority of
ICTs has made them desirable to consumers, and as a result of their comparatively
short life, there has been a build-up of great capacity of WEEE, which constitutes
problems at all levels. This calls for concern as such it has attracted a lot of aware-
ness lately due to its uses and effect on the environment [53]. The projected vol-

ume of e-waste generated globally as in Adeola [51] is shown in Figure 3.
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Global volume of e-waste produced, population,

and e-waste per capita
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Figure 3. The projected amount of e-waste generated globally.

Similarly, the attempt made by some countries to regulate e-waste as well as the

amount of e-waste generated is shown in Table 3.

Table 3. Regulatory attempts on e-waste, the quantity, and generators [51].

Year Volume in (metric tons) World population (billions) Per capita
2010 33.8 6.8 5.0
2011 35.8 6.9 5.2
2012 37.8 6.9 5.4
2013 39.8 7.0 5.7
2014 41.8 7.1 5.9
2015 43.8 7.2 6.1
2016 45.7 7.3 6.3
2017 47.8 7.4 6.5
2018 (projected) 49.8 7.4 6.7

The system of information gathering in which waste and secondary products

are unknown to national statistics in manufacturing, sale, and trade of new prod-

ucts stands as a barrier worsening the inappropriate database system of the WEEE

stream. From records, only a few of the statistics of transported EEE products are

categorically designed to differentiate new EEE from used EEE, which turns to
WEEE depending on if it is near the EoL period [80]. With the unknown statistics
of new EEE and used EEE, Australia, and Hong Kong SAR (China) were the first
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countries to generate guidelines for differentiating new EEE and used EEE for
clarity [119].

South Korea exports each year about 1.8 million used electronics (computers)
to China, avoiding the recycling, disposal costs, and likely human and environmen-
tal impacts of recycling and disposal within its territory [120]. With the present
rate of EEE generation, it can be deduced that the disposal of outdated EEE prod-
ucts is driven primarily by the production of newer versions or close substitutes
of such EEE. The developed countries have seen the export of WEEE to Asia and
Africa as a preferred option, instead of using the prospect to develop their national
recycling infrastructure, develop an innovative design that stops the existence of

further toxic material use, and switch to cleaner sustainable technologies [120].

4.3. The Impact of Covid-19

Covid-19 has had a devastating impact on national and global economies, regard-
less of the extent of the viral impact on particular nations’ citizens. The unique
coronavirus knows no borders, no religion, and spreads regardless of caste or
faith. It is very infectious and quite unpredictable in nature. The world wasn’t
ready for this type of pandemic, and we are now racing to create a vaccine to pre-
vent its spread [121]. In terms of research, 80% of higher education institutions

(HEIs) said that the COVID-19 epidemic had an impact on their institutions’ re-

search. The most prevalent impact “of COVID-19 has been the” cancellation or

delay of overseas travel (83% of HEIs) and scientific conference cancellation or
postponement (81% of HEIs). Furthermore, at slightly more than half of HEIs

(52%), “scientific projects are at risk of not being” completed [122] (p. 3). Accord-

ing to UKRI [123], survey, some of the impacts of COVID-19 on research include:

¢ Shielding or lockdown had a detrimental influence on research time, accord-
ing to 61% of researchers.

e 58% of respondents claimed that COVID-19 prevented them from doing the
planned study.

e More than half of respondents claimed that COVID-19 constraints interfered
with other work tasks, such as teaching and administration, which limited
their time for research.

e 88% of those surveyed who had parental duties said those obligations inter-
fered negatively with their ability to do research. This was gender-neutral.

e Less commuting and work-related travel, according to 56% and 43% of re-
spondents, respectively, had a favourable influence on their time for research.

e 27% endorsed their study has benefited unexpectedly from COVID-19.

4.4. The Waste Ban in China

The Chinese government’s ban on solid waste not only altered the global supply
chain for recycled solid waste but diverted it to Malaysia and other Southeast
Asian markets. It also prompted the development of new solid waste management
infrastructure in these new destination nations, to come up with the capability to

handle sudden increases in waste streams [124]. Municipalities and waste man-
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agement firms from Australia to the United States are looking for alternatives after
China said it would no longer serve as the world’s primary landfill for recovered
garbage. However, experts claim it presents a chance to create better remedies for
a culture that is increasingly becoming disposable. The action was taken as an ef-
fort to stop a flood of filthy and polluted materials from swamping Chinese pro-
cessing plants and leaving the nation with yet another environmental issue that is
not of its invention [125]. Beginning at the end of 2019, China progressively
ceased the importation of waste that is recyclable, that can be substituted by do-
mestic waste. As a result, imports of home waste plastics and waste metal and
electrical appliance scraps were prohibited by the end of 2017, and the end of 2018,
respectively. The China Ban or China Shock is a sudden shift in policy that signif-
icantly affected the world market for plastic garbage [125].

China has created and disposed of a sizable amount of WEEE being the largest
manufacturer, user, and importer of electrical and electronic equipment. China
produced the most WEEE in the world, at 7.2 Mt, in 2016, and roughly 3.66 Mt
(16.055 million units) of WEEE were recycled. However, the majority of the col-
lection is made by lone collectors and dealers, whose work is loose and unsustain-
able because it is low-tech, low-paying, unrecorded, and unregulated. This is
mostly due to the fact that an efficient formal WEEE collecting system, which is
the first stage in recycling and is essential to its scope, scale, efficiency, and effec-
tiveness, has not been fully established or consolidated [126] [127].

4.5. How to Dispose WEEE

As in CI [128], WEEE can be disposed of in three major ways namely: Landfill,
incineration, and recycling. In the case of the landfill, WEEE is disposed of by
burying them. Due to the hazardous nature of WEEE coupled with the scarcity of
space at most sites used as landfills, dumping of WEEE at sites used as landfills
needs to be discouraged. Several hazards associated with landfilling as in Anna-

malai [129] are shown in Figure 4.
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Figure 4. Hazards of landfills.
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For elements that are volatile and biologically not degradable e.g., Cd, Hg, CFC,
or persistent for example Polychlorinated biphenyls (PCB), treatment by land-
filling is not environmentally friendly. Due to this mixture of e-waste materials, it
is not feasible to eliminate the risk involved. In the case of incineration, the WEEE
is destroyed through burning, and the burning of the WEEE is done at a temper-
ature, that is high. Some of the benefits of this disposal method include: the energy
can be recovered from the burning elements and used, secondly, there is depletion
in the volume of WEEE. It also has demerits and these are: it adds considerably to
the amount of mercury and cadmium emitted annually, heavy metal content in
the WEEE is usually not released to the atmosphere via emission, they are con-
verted to slag and residues from gas, and during disposal, this waste still shows up
in the environment [128] [129]. Some of the associated hazards with the incinera-

tion method of waste disposal are shown in Figure 5.

Heavy metal contamination J

Dioxin formation }

Hazards of Incineration
method

Contaminated slag, fly ash and
flue gases

Health and safety hazards J

Figure 5. Hazards associated with incinerator method of waste disposal.

The recycling method of waste disposal converts WEEE or some elements of
WEEE into brand-new forms. This helps to cut down on the use of new raw ma-
terials as the existing materials are converted to new forms [128]. In this method,
elements of WEEE that are composed of harmful elements e.g., Hg, PCB, plastics,
etc., are dismantled. The recyclers are exposed to danger by working with no
masks and technical skills in an enclosed location with poor ventilation. Accord-
ing to Annamalai [129], some of the hazards due to the recycling method include:
e The presence of mercury affects the development and functioning of the brain.
e This method of WEEE disposal exposes the environment and human health to

risk.
o There is a risk of damage to the human kidney, blood system, peripheral and
central nervous system due to the presence of lead.

In Okorhi, Omotor, and Aderemi [130], the record has it, that the collection,
handling, and refurbishing of WEEE is carried out by informal recyclers, who are
illiterates, of a low standard, without experience. They are usually “undocumented

business” persons, they usually lack training and investment, and they go about
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the streets and waste dumps with their handcarts to collect or buy in rare cases
abandoned WEEE and other metal scraps, which “contain” important elements
like Iron, Brass, Copper, Aluminium, etc. Ohajinwa ef al [131], explain that the
recycling of most of the WEEE generated is carried out in an informal/unsafe way
such that toxic elements are released into the environment. According to Mihai et
al [132], the informal WEEE recycling practice appears to dominate the Nigerian
WEEE market. These informal recycling activities happened often in the back-
yards or little workshops in Nigerian cities (Port-Harcourt) where primary meth-
ods of manual disassembly and open burning are practiced. Primitive techniques
like the performance of dismantling manually, melting of metals, acid dipping,
and open burning are often utilised to recover valuable materials from WEEE. The
informal recycler does not adopt optimized methodologies for material recovery,
for example, metals are usually recovered via heating WEEE in a hot plate or open
flame. In some instances, WEEE is shredded mechanically to help recover valuable
metals [133]-[136].

The WEEE is recycled by removing components or valuable materials, and
these materials are: integrated circuit (IC) plastics, condenser, Cathode ray tubes
(CRTs), Printed wiring board (PWB), and metals, which were part of the system
that are reprocessed directly as reusable components for raw materials [137]. The
commonly practiced process of harnessing most of the materials is through an
open burning system that is injurious to human health and the environment [136].
The actors in the informal sectors are the cart pushers, the scavengers (those who
sort and recover materials that can be reused or recycled), the resource merchants,
and the recyclers [138]. Despite the problems associated with the informal WEEE
management system, it serves as a source of employment and a means of liveli-
hood for several families [139].

The importance of recycling is not centered on WEEE requiring treatment, but
on enhancing the recovery of valuables in the discarded WEEE from the dumpsites.
The crude methods employed by the informal recyclers, cannot adequately recu-
perate the potential toxic elements (PTEs) in the EEE [140]. Thereby the call for
funding by all stakeholders for the upgrading of the recycling sector and proper
integration of the sectors in Nigeria is a necessity. However, studies have revealed
that informal recycling methods and activities like dismantling, open burning of
plastics and wire, and indiscriminate disposal led to a significant level of poten-
tially toxic elements and persistent organic pollutant emission to air, soil, and wa-
ter. The existing pathways to the soil, environment, and impact on humans are
described in the below methods and activities of WEEE management in the infor-
mal sector [48] [141].

Studies reveal that informal recycling activities such as open burning of wires
and plastics, dismantling, and unregulated disposal result in the release of signif-
icant levels of heavy metals, and persistent organic pollutants to the soil, air, and
underground water and surface [140] [142]. However, a study carried out by

Ezeudu and Ezeudu [142], shows that Nigeria does not have the capacity for for-
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mal recycling methods, maybe due to the lack of modern recycling facilities in the
country. Conversely, Omokaro [143] (p. 18), explains that the effort made to com-
mence formal recycling in Nigeria failed due to “consumption habits”, political,
social, economic “and cultural context”, which aids the services of the informal
recyclers.

Presently, the WEEE management system at MTN phone village, in Port Har-
court city, Nigeria, is carried out by informal recyclers who lack the basic knowledge
on the prevention, reuse, recycling, recovery, and disposal. This study attempts to
change the existing WEEE management practice in the location as the focus is to
prevent the harmful and primitive style of WEEE management carried out by re-
cyclers in the informal sector in the area as well as other regions faced with a sim-
ilar practice. Furthermore, the moment the activities of informal recyclers are
drastically reduced at MTN phone village in Port Harcourt, Nigeria, the problems

associated with recycling in the informal sector will come to an end.

4.6. WEEE Management System Proposed for MTN Phone Village,
Rumukurushi, Port Harcourt, Nigeria

This study recommended the reduction of the activities of informal recyclers in
MTN phone village, Rumukurushi in Port Harcourt, Nigeria via the combination
of two different approaches namely:

e Recovering WEEE from residents, informal recyclers, and the remaining part
of the public for sorting, processing, treatment, and recycling by government-
approved agencies.

e Application of the just-in-time (JIT) lean management principles to the cur-
rent WEEE management system in the location.

The WEEE management system ensures that only government-approved agen-
cies are allowed to manage WEEE. WEEE is collected from residents, informal
recyclers, and the remaining part of the public and this will help to cut down in-
formal recycling and the challenges associated with it. The application of the just-
in-time concept should be applied by government-approved agencies after WEEE
collection/gathering. Furthermore, the dismantling of WEEE should be carried
out by experienced and trained government personnel to ensure that the disman-
tled WEEE materials follow appropriate processing such as re-use, further treat-

ment, refining, etc.

5. Main Conclusion

This study reviews WEEE management system and this embraces the concept of
WEEE management. It covers the methodology of the literature review (which
includes the inclusion and exclusion criteria), WEEE category, hazardous compo-
nents in WEEE, a review of past works of literature, the research gap, WEEE prac-
tice with health impacts, common activities, and issues, Waste electrical electron-
ics equipment trends. Other areas reviewed are the impact of COVID-19, the

waste ban in China, how to dispose of WEEE, WEEE management system pro-
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posed for MTN phone village, Rumukurushi in Port Harcourt, Nigeria, and fi-

nally, the main conclusion. This study identified a research gap in the area of

study. It also contributes to the existing knowledge in the field of specialisation.

Furthermore, the study recommended, restricting the activities of informal recy-
clers to WEEE collection coupled with the adoption of the Just-in-time (JIT) lean

management principles to the current WEEE management system the location,

and other areas faced with similar challenges.
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