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ABSTRACT

Background: E-waste, is the waste generated from used electrical and electronic devices that are no longer fit for
their original intended use. Currently e-waste comprises more than 5% of total municipal waste flow, equivalent to
20-50 million tonnes annually worldwide. In 2014, Nigeria generated about 219 kilo tonnes of e-waste. The study
aimed to increase public awareness on the need for proper management of e-waste because of its hazardous nature.
Methods: This was a cross-sectional study in Enugu West Senatorial District of Enugu State comprising Oji-River,
Ezeagu, Udi, Awgu and Aninri Local Government Areas with a population of 980,988. An adaptation of the UNEP,
EMPA and Basel convention questionnaire, administered to 400 households was used for data collection.

Results: The potential e-waste generation in the study area was 0.05 kg per inhabitant. 76% of the households were
aware of the hazards of e-waste. 64% were willing to give out their e-waste to waste collectors. Only 26% of the e-
waste were collected with the general waste. The correlation between awareness of the hazards of e-waste and
willingness of the households to give out their e-waste was positive, moderate, and insignificant (r= 0.43, p=0.47).
Conclusions: Although 76 per cent of the households were aware of the hazards of e-waste, with 64% willing to give
out their e-waste, only 26% of the e-waste were eventually collected together with the general waste. There is a need
to create a separate e-waste collection system.
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INTRODUCTION

Technological advancement has led to rapid development
of the electrical and electronic industry. Indeed, the
electronics industry is one of the most important
industries in the world today, generating a great number
of jobs, promoting technological development, and at the
same time fuelling a high demand for raw materials that
are considered scarce or rare, but leaving in its wake the
generation of a new kind of waste-e-waste.

Although e-waste traditionally stands for electronic
waste, operationally, e-waste is a term used to cover all
electrical and electronic items and their parts that have
been discarded by their owner as waste without the intent

of re-use.? E-waste, has also been defined as waste
generated from used electronic devices and household
appliances that are not fit for their original intended use
and are destined for recovery, recycling, or disposal.®
Electrical and electronic equipment (EEE) include items
that have either battery or a power cord as their source of
power.

E-waste which is also commonly referred to as waste
electrical and electronic equipment (WEEE), can be
broadly categorized into three: large household
appliances (refrigerators and washing machines),
information technology (IT) and telecommunication
(personal computers, monitors, and laptops), and
consumer equipment (television sets, DVD players,
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mobile phones, MP3 players, and leisure sporting
equipment.

Although electrical and electronic equipment contain a
variety of metals, many of which are harmful to human
health and the environment, they also contain valuable
materials that can be extracted and recycled.*® The
presence of elements like lead, mercury, arsenic,
cadmium, selenium, and hexavalent chromium and
flame-retardants beyond threshold quantities in e-waste
makes it hazardous. Reported adverse effects of e-waste
on public health include fetal loss, prematurity, low birth
weight and congenital malformations, abnormal thyroid
function and thyroid development, neuro-behavioural
disturbances and genotoxicity.®”

The environmental effects of e- industry are two pronged:
first through the large and growing amount of waste
equipment that is discarded annually, and second through
the extraction of natural raw materials to supply the
demand of the new equipment industry.®

The main cause of adverse health and environmental
effects of e-waste is the lack of formal technological
recycling or handling systems or effective regulations
introduced for the management of these toxic
substances.® The compounds and materials from e-waste
that are of most concern are printed circuit boards
(PCBs), batteries, cathode ray tubes (CRTs), liquid
crystal displays (LCDs), plastics, PCB-containing
capacitors, equipment containing freons, toner cartridges,
and various mercury containing components.*

As the fastest growing sector of the municipal solid waste
stream today, e-waste currently comprises more than 5%
of its total flow, which is equivalent to 20-50 million
tonnes a year worldwide.** It has been estimated that the
e-waste stream increases by 3-5% every year, that is
nearly three times faster than the municipal waste streams
general growth.™ This unprecedented rapid increase in e-
waste generation is the price we are paying for our
constant desire for newer and more efficient technology,
as well as the intense marketing by the producers, which
make us replace our electronic devices more and more
frequently. In this regard, youths between the ages of 15
and 35 appear to be largely responsible, as reported by a
study from Nigeria.'*

Available statistics indicate that the global e-waste
generation had actually increased from 9.3 million tonnes
in 2005, to 50 million tonnes in 2012.'2** The 2012 UN
report projected that by 2017, global e-waste will have
increased by a further 33%, from 49.7 million to 65.4
million metric tonnes annually.?

In spite of the enormous amount of e-waste generated
around the world annually, only about 10% of it is
collected and taken care of in adequate recycling
facilities."*"®> End-of-life treatments of e-waste include
reuse, recycling, landfilling and incineration. However,

there is no completely safe end-of —life process available
to deal with the e-waste of today."

Generation of e-waste varies greatly among the countries
of the world, depending on their stages of development.
For obvious reasons, the more developed a country is, the
more e-waste it generates. Expectedly, the main
generators of e-waste are developed countries, like the
USA, European Union countries, Australia and Japan,
which  exploiting loopholes in current e-waste
regulations, deliberately export a large fraction of these
obsolete electrical and electronic equipment to
developing countries under the guise of “donation” and
“recycling”, regardless of the fact that this waste is
recycled under very primitive conditions in the receiving
countries. Countries of destination of these electrical and
electronic waste include China, India, Nigeria and
Ghana.le'g'”

In recent years, Nigeria has had its own fair share of e-
waste. In 2014 alone, Nigeria generated about 219 kilo
tonnes of e-waste, which is largely recycled by the
informal sector.’®*° It has been estimated that as many as
400,000 units of used electronic equipment arrive through
the Lagos port into Nigeria every month.?® Furthermore, a
2010 estimate showed that the ratio of used electrical and
electronic equipment which were imported into the
country were at par with new ones.*®

At present, studies on WEEE in Nigeria appear to be
scanty, hence the need for this study. In addition, the
study aims to increase public awareness on the need for
proper management of WEEE, as this category of waste
is considered hazardous because of its contents of heavy
metals, among other things.

METHODS

This was a cross-sectional study in Enugu West
Senatorial District of Enugu State, which is made up of
five Local Government Areas, namely Oji-River, Ezeagu,
Udi, Awgu and Aninri. The combined population of the
five Local Government Areas of the Senatorial District,
according to the last census, is 980,988.%

An adaptation of the UNEP, EMPA and Basel
Convention questionnaire was used for data collection.?
400 copies of the questionnaire were administered to
households in the area of the study. Those who are
literate completed the questionnaire themselves, while
those not literate had the questionnaire administered to
them by the researcher and his assistants. Administration
of the questionnaire was house to house. In order to avoid
duplication, no two members of the same household were
allowed to fill the questionnaire.

Using the Taro-Yamane formula for the calculation of the
sample size, a sample of 400 households was obtained.
Two communities per Local Government Area were
selected by balloting. In each of the two communities
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every 5" household was selected until 40 households
were obtained. Using these sampling procedures the 400
households required for the study were selected from the
ten communities of the five Local Government Areas of
the Senatorial District. A pilot study was done in 40
households in lhu Ezi, Ezeagu LGA, to test the validity
and reliability of the instrument (questionnaire). Data
were collected over a period of three months, from March
to June 2018.

The collected data were analysed as descriptive statistics
of means and correlation using MaxStat statistical
software version 3.60. The p-level of significance was set
at <0.05.

RESULTS

A total of 400 copies of the questionnaire were
distributed in the five LGAs of the study area. Table 1
shows the distribution of the respondents in the five
LGAs. From the table, it is seen that there was an even
distribution of respondents (80 per LGA) among the five
LGAs.

Table 1: Distribution of respondents by communities.

| LGA___________ Number of households __|

A 80
B 80
C 80
D 80
E 80
Total 400

LGA= Local government area.

Table 2 shows the masses and estimated life spans of
some electrical and electronic equipment (EEE) as
adapted from.*

Table 3 shows the categories of household equipment and
their respective masses. As shown in the table, the total
quantity of household equipment in the five LGAs was
4046. Their total mass was 53310.4 kg. The bulk of the
equipment was constituted by category A (Large
household appliances) equipment with a total mass of
38194 kg (71.6%), followed by category D (Consumer)
equipment with a total mass of 10369 kg (19.5%) and
then category C (IT and telecommunications) equipment
with a total mass of 3115.4 kg (5.8%). Category B (Small
household appliances) had the least mass with a total of
1632 kg (3.1%) The mean mass of equipment per
inhabitant of the study area was 0.05 kg.

Table 4 shows the components of category A equipment
(Large household appliances) in the five LGAs. From the
table, it is seen that freezers made up the bulk of the
equipment with a total mass of 11050 kg (28.9%),
followed by fridges with a total mass of 9240 kg (24.1%)
and electric hot plates with a total mass of 5160 kg

(13.5%). Electric heaters with a total mass of 610 kg
(1.6%) constituted the least mass. The mean mass of
category A equipment was 44.5 kg.

Table 2: Masses and estimated lives of electrical and
electronic equipment (EEE).

Mass of Estimated

EEE (in life (in
X0)] VCELD))
Personal computer (PC) 25 3
Fax machine 3 5
High-fidelity system 10 10
Cell phone 0.1 2
Electronic games 8 5
Photocopier 60 8
Radio 2 10
TV (CRT) 30 5
Video recorder/DVD player 5 5
Air conditioner 55 12
Dish washer 50 10
Electric cooker 60 10
Food mixer 1 5
Freezer 35 10
Hair dryer 1 10
Iron 1 10
Kettle 1 3
Microwave 15 7
Refrigerator 35 10
Telephone 1 5
Toaster 1 5
Tumble dryer 35 10
Vacuum cleaner 10 10
Washing machine 65 8

EEE= Electrical and electronic equipment.

Table 3: Categories of household equipment and their
respective masses.

. Total mass (in Mean (in
Category Quantity kg) (%) ko)
A 858 38194 (71.6) 445
B 792 1632 (3.1) 2.1
C 1504 3115.4 (5.8) 2.1
D 892 10369 (19.5) 11.6
Total 4046 53310.4 (100) 13.2
Mass of equipment per inhabitant of the 0.05kg
study area

Category A: Large household appliances; Category B: Small
household appliances; Category C: IT and telecommunications
equipment; Category D: Consumer equipment; Population of
the area of the study=980988.

Table 5 shows category B equipment (small household
appliances) in the five LGAs. As shown in the table,
microwave ovens constituted the bulk of the equipment in
this category with a total mass of 900 kg (55.2%),
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followed by irons with a total mass of 335 kg (20.5%), (2.3%). Mean mass of equipment in this category was 2.1

and kettles with a total mass of 226 kg (13.8%). Hair kg.
dryers constituted the least mass with a total of 37 kg

Table 4: Category A (large household appliances) equipment.

Equipment Quantity Mass (in kg) per equipment Total mass (in kg) (%)
Fridges 264 35 9240 (24.1)
Air conditioners 74 55 4070 (10.7)
Freezers 170 65 11050 (28.9)
Washing machines 67 65 4355 (11.4)
Electric heaters 122 5 610 (1.6)
Electric hot plate 86 60 5160 (13.5)
Dish washers 34 50 1700 (4.5)
Clothes dryer 41 49 2009 (5.3)
Total 858 38194
Mean 44.5

Table 5: Category B (small household appliances) equipment.

Total mass (in kg

Irons 335 1 335 (20.5)
Kettles 226 1 226 (13.8)
Blenders 134 1 134 (8.2)
Microwaves 60 15 900 (55.2)
Hair dryers 37 1 37 (2.3)
Total 792 1632
Mean 2.1

Equipment

Total mass (in kg) (%)

PCs (central unit) 28 9.9 277.2 (8.9)
CRT monitors 21 14.1 296.1 (9.5)
LCD monitors 28 4.7 131.6 (4.2)
Laptops 206 3.5 721 (23.1)
Mobile phones 1160 0.1 116 (3.7)
Printers 39 6.5 253.5(8.1)
Copy machines 22 60 1320 (42.4)
Total 1504 3115.4
Mean 2.1

Total mass (in kg

TVs (CRT) 163 31.6 5150.8 (49.7)
TVs (flat panel) 150 23 3450 (33.3)
Radios 234 2 468 (4.5)
DVD players 236 5 1180 (11.4)
MP 3-players 94 0.8 75.2 (0.7)
Game consoles 15 3 45 (0.4)
Total 892 10369

Mean 11.6

equipment in this category was constituted by copy
machines with a total mass of 1320 kg (42.4%), followed
by laptops with a total mass of 721 kg (23.1%), and CRT

Table 6 shows category C equipment (IT and
telecommunications equipment) in the five LGAs. From
the table, it is seen that the bulk of the total mass of
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monitors with a total mass of 296.1 (9.5%). The least
mass was constituted by mobile phones with a total mass
of 116 kg (3.7%). Mean mass of equipment in this
category was 2.1 kg.

Table 7 shows category D equipment (Consumer
equipment) in the five LGAs. As shown in the table, TVs
(CRT) constituted almost half of the total equipment
mass (5150.8 kg), contributing 49.7% of the total. TV
(flat panel) contributed 3450 kg (33.3%) of the total
mass, while the contribution of DVD players was 1180
kg (11.4%) of the total mass. Game consoles had the least
contribution (45 kg, or 0.4%). Category D equipment had
a mean mass of 11.6 kg.

Table 8: Awareness of the hazard of e-waste.

| LGA awareness TS No

N (%) N (%) Total
A 69 (86) 11 (14) 80
B 65 (81) 15 (19) 80
C 67 (84) 13 (16) 80
D 46 (58) 34 (42) 80
E 56 (70) 24 (30) 80
Total 303 (76) 97 (24) 400

Table 8 shows the level of awareness of the hazard of e-
waste in the five LGAs. As shown in the table, awareness
was generally high in the five LGAs (more than 50%).
The awareness was highest in A (86%), followed by C
(84%), B (81%), and E (70%). Comparatively, awareness
was lowest in D (58%). Mean awareness of the hazard of
e-waste across the five LGAs was 76%.

Table 9: Methods of e-waste collection.

| LGA ~ Method of e-waste collection
Together with .
No collection
general waste N (%) Total
N (%)
A 8 (10) 72 (90) 80
B 25 (31) 55 (69) 80
C 28 (35) 52 (65) 80
D 14 (17) 66 (83) 80
E 28 (35) 52(65) 80
Total 103 (26) 297 (74) 400

Table 9 shows methods of e-waste collection in the study
area. From the table, it is seen that collection of e-waste
was generally poor. In A, 90% of the e-waste were not
collected. In D (83%), B (69%), C (65%) and E (65%) of
the e-waste were also not collected. Across the five
LGAs, 74% of the total e-waste generated were not
collected.

Table 10 shows the willingness of respondents to give out
their e-waste to waste collectors. As shown in table, 74%

of the respondents in both C and E were willing to give
out their e-waste to waste collectors. In A (64%), B
(58%) and D (52%) were equally willing to give out their
own e-waste to waste collectors. In all the five LGAs,
64% of respondents were ready to give out their e-waste
to waste collectors.

Table 10: Willingness to give out e-waste to waste
collectors.

Willingness (in number of households) to

give out e-waste

Yes No

N (%) N (%) Total
A 51 (64) 29 (36) 80
B 46 (58) 34 (42) 80
C 59 (74) 21 (26) 80
D 42 (52) 38 (48) 80
E 59 (74) 21 (26) 80
Total 257 (64) 143 (36) 400

Table 11: Relationship between awareness of e-waste
hazard and willingness to give out e-waste to waste
collectors.

Awareness  Willingness to give out e-waste

N (%) N (%)

A 69 (86) 51 (64)
B 65 (81) 46 (58)
C 67 (84) 59 (74)
D 46 (58) 42 (53)
E 56 (70) 59 (74)
r 0.427

p 0.473

Table 11 shows the relationship between awareness of e-
waste hazard and willingness of respondents to give out
their e-waste to waste collectors. As shown in the table,
whereas awareness in A was 86%, willingness to give out
their e-waste was 64%. In C and E while awareness were
84% and 70%, willingness to give out e-waste was 74%
in both. In B, awareness was 81% and willingness to give
out waste was 58%; whereas in D with 58% awareness,
willingness was 53%. The correlation between awareness
of the hazard of e-waste and willingness to give out waste
to waste collectors was positive, moderate, but not
significant (r= 0.42, p=0.47).

DISCUSSION

Technologically developed countries are not the only
culprits as far as e-product production and e-waste
generation are concerned, because the generated volume
has also been increasing in developing countries and
those in transition due to transport and transfer from e-
waste countries.” Following this trend, developing
countries have become particularly vulnerable to the
problems associated with e-waste due to their lack of
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inventory data, waste management policies and advanced
technology for environmentally sound management.®

Data from the United Nations for 2005 which quantified
the per capita generation of e-waste in developing
countries indicate that Brazil and Mexico were the
developing countries that generated the most e-waste
from computers, about 0.5 kg and 0.4 kg per person per
year respectively; South Africa 0.4kg per person per year
and China 0.2 kg per person per year.”*

The present study found the mass of potential e-waste in
the study area to be 0.05 kg per inhabitant. This is much
lower than what had been reported for other countries by
UNEP.% However, in reality, the mass of e-waste per
inhabitant as found by the study is likely still going to be
lower than 0.05 kg per inhabitant as not all the electrical
and electronic equipment are going to get to their end of
life at the same time and therefore participate in the total
e-waste production. At the end of life, equipment
becomes dysfunctional and is subsequently classified as
waste for the particular need the user has. Each electronic
item’s participation in the annual e-waste production, E
(kg/year), depends on each electronic item’s mass, M
(kg), its quantity (number) in the market and
consumption, N, and its average life cycle, L (year).* This
is expressed by the equation, E=MN/L.

The hazards associated with e-waste increases
substantially when e-waste is treated as general municipal
solid waste because during incineration, a wide variety of
hazardous compounds may be emitted to the atmosphere
via the smoke and exhaust gases, both in gaseous form
and bound to particles.*

This study found that 76% of the households in the study
area were aware of the hazards associated with e-waste.
This finding is significantly higher than what had been
reported by some researchers who found that only 43% of
e-waste workers had awareness of the health hazards
associated with e-waste from three locations in Nigeria.**
However, this finding compares with the awareness level
of 70% among butchers also found by the same
researchers in the same locations.”* The reason for this
paradoxically lower awareness among the e-waste
workers is not known. It could be that their desire to earn
a living from e-waste business had led to their feigning
ignorance of the health hazards associated with e-waste
handling.

Only about 10%-15% of all e-waste is collected and
taken care of in adequate recycling facilities.'**>**" The
final destination of nearly 70% of e-waste is either
unreported, or unknown.?

Although 64% of the households were willing to give out
their e-waste to waste collectors for further waste
management, only 26% of the e-waste were actually
collected together with the general waste, while 74%
were not collected at all. This finding is in tandem with

what had been previously reported by.* Between
awareness of the hazards posed by e-waste and the
willingness of the households to give out their e-waste to
waste collectors there was a moderate positive but
insignificant correlation (r= 0.43, p=0.47). In many low-
and middle-income countries, handling and disposal of
discarded electrical and electronic equipment are
frequently unregulated.”” In Nigeria, overall control of e-
waste is inadequate as there has been insufficient
enforcement of environmental laws and difficulties in
implementing extended producer responsibility and
producer take-back, together with a general lack of
awareness and funds.?® With no material recovery facility
for e-waste and/or appropriate solid waste management
infrastructure in place, waste materials often end up in
open dumps and unlined landfills.?®

CONCLUSION

The potential e-waste generation in the study area was
0.05 kg per inhabitant, which is much lower than what
had been reported for the African Region (1.7
kg/inhabitant).”® Awareness of the hazard of e-waste in
the study area was quite high (76%). A good number of
the households (64%) were willing to give out their e-
waste to waste collectors, but only 26% of the e-waste
were eventually collected with the general waste. The
correlation between awareness of the hazards posed by e-
waste and willingness of the households to give out their
e-waste was positive, moderate, but not significant
(r=0.43, p=0.47).

Putting in place adequate e-waste collection process to
discourage mixing of e-waste with the general waste,
increasing the awareness on the hazards of e-waste and
enforcement of existing environmental laws concerning
e-waste would help in tackling some of the problems of
poor e-waste management in the study area.
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