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Today’s children are growing up in an environmentally damaged and technology
orientated wotld. The advent and advances of technology, has resulted in the production
of millions of electronic devices, which eventually become waste when they reach their
end-of-life. These devices contain toxic components that are not only polluting the
environment but can be dangerous to human health. A way forward will be to transfer the
global problem of e-waste to educated individuals. The task is to equip young learners
with the values, attitudes, knowledge and skills needed on how to manage e-waste and
secure a healthy and a sustainable future for all. The qualitative study proposed curricula
for a subject on environmentally sustainability (Grades four to seven).
Keywords: Education, environment, recycling, sustainability, technology.
INTRODUCTION Junbeum,  2008).  This  includes  computers,

In the 21st century, countries are challenged by
obstinate environmental issues such as pollution and the
management of wastes that will affect the lives of young
children now and in the future (Olowu, 2012). More
than thirty years ago Mabbutt (1984) warns that the
earth is not able to assimilate all wastes and this will
contribute to the depletion of the ozone layer, global
warming and climate change.

Electronic waste (e-waste) has been identified as the
fastest growing waste tributary in the world and
contributes  2-5% of municipal waste (Advanced
Tropical Environment [AET], 2012, p. 92). E-waste is
an informal word used to describe electronic products
that are not in use due to the development of new
technology. A widely accepted international definition
of e-waste is “anything that runs on electricity and has
become outdated” (Williams, Kahhat, Allenby, Xu &
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entertainment electronics, mobile phones, household
appliances and less obvious items such as spent
fluorescent tubes and batteties that have been discarded
by their original users (Finlay & Lietchi, 2008).

The amount of e-waste generated by electronic
devices such as discarded computers, copiers, fax
machines, electric lamps, cell phones, batteries,
televisions, stereos and others, is increasing annually
(Williams et al., 2008). Olowu (2012) predicts that e-
waste production will triple in developing and
industrialised countries in a few years’ time. This
increase of e-waste can be connected to the population’s
demand for greater functionality and competition
between producers of electronic devices which
continually increases the rate at which these devices
become out dated (Electronics TakeBack Coalition,
2009).

It is projected that 50 million metric tonnes of e-
waste are generated every year in the world (Olowu,
2012). In 2005 the weight of electronic appliances in the
European Union (EU), accumulated to 9.3 million tons
(UNEP, 2007). In the United States of America (USA),
139 million portable communication devices, such as
cell phones, pagers or smart phones were manufactured
in 2006 and approximately 152 million communication
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State of the literature

e Electronic waste has a worst effect on the
environment when compared to other types of
waste.

e Many developing countries have to endure the
negative consequences of becoming dumping sites
of toxic e-wastes.

e The dangerous impact of e-waste on human lives,
necessitates that all students should be educated
from a young age to address this problem.
Comprehensive education is needed where
children at an early age develop problem solving,
critical and creative thinking skills to make critical
decisions on environmental issues that can be
harmful for themselves and the environment.

Contribution of this paper to the Iiterature

e Prescribed primary school curricula and practice
are far removed from each other. A major revision
of existing curricula is needed to help build a
sustainable future.

e The author proposes the need of a compulsory
subject that will educate children at a young age
(primary school) on how to manage environmental
issues (such as e-waste, waste, pollution, global
warming, depletion of the ozone and others) to
protect our natural environment and life on earth.

e Education of young children can lead to
permanent  behavioural — change and  the
development of positive attitudes and values
which they influence negative
behaviours of others

can use to

devices were expected to be sold in 2008 (UNEP, 2011).
In industrialising economies such as China, 14 million
computers were installed and in India five million
computers (UNEP, 2011). An estimated 896 million
mobile phones had been sold in a developing country,
South Africa in 2006 and in 2008 more than 14 million
computer equipment was purchased (Finlay & Lietchi,
2008). Approximately two million tonnes of e-waste
quantities are produced in South Aftrica annually with no
specific legislation for e-waste management (Webster,
Holland, Curry, & Chang, 2005).

Jones (2010) maintains that electronic waste has a
worst effect on the environment when compated to
other types of waste. Research of Owusu (2010) finds
that poorer developing countries have to endure the
negative consequences of becoming dumping sites of
toxic e-wastes. According to Zhao, Wang, Dong, Rao
and Luo (2008) and Zheng, Wu, Li, Qi, Han and Zhang
(2008) limited policies, legislation and educational
safeguards on the safe disposal of imported e-waste
have led to serious environmental and human problems
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in countries such as Nigeria, Cambodia, China,
Indonesia, Thailand and Pakistan. Apart from large
volumes of e-waste that is exported to developing
countries the concern is the hazardous compounds
(mercuty, lead, chromium, cadmium, barium and others)
released from the e-waste which pose serious and
harmful risks to human health and the environment
(Osibanjo & Nnorom, 2007). Thus, pragmatic methods
of managing e-waste need to be found, which if not
handled effectively could become a potential hazard.

Although the production and trans-boundary
movement of harmful e-waste have attracted attention
of governments, scholars, activists and other
institutions, the management of e-waste has received
insignificant scholarly attention thus far (Olowu, 2012).
According to McKeown (2002) education can be
considered as the key instrument to attain
environmental sustainability. Challenges facing the
continent need the involvement of young educated
citizens who are adequately prepared for the future they
will inherit. The education they acquire should enable
students to form the complex conceptual relations
between, benefits to society, economic prospertity,
environmental health and their own well being (Boarini,
Johansson & d’Ercole, 2000).

Studies of Bryant and Hungerford (1977) and
Asunta (2003) emphasise that young children’s attitudes
towards the environment start developing at an early
stage and once formed do not change easily. Piaget
(1983, p. 52) elaborates that young students at the age of
nine years are influential, able to understand mental
activities, reason and think logically.Therefore it is
important to educate students from an early age (nine
years) on how to live “green” to save our natural
resources and manage e-waste. Apart from the school

curriculum, Duvall and Zint (2007) point out that
parents’ educational role cannot be ignored as they
teach their children attitudes, beliefs and values which
influence their children’s view on how to sustain the
environment. Thus some parents may have well-
established environmentally harmful attitudes and
behaviours that should be 'unlearned' to limit negative
influences on their children. In contradiction Damerell,
Howe and Milner-Gulland (2013) and Knafo and
Galansky (2008) show that educated children can
influence their parent's environmental knowledge and
improve their attitudes on sustaining the environment.
Slade (2006) postulates that (even in countries where
the management of waste including e waste is intensely
educated at an early age) comprehensive education is
needed which not only includes the mastery of different
subject matters, but also the development of problem
solving skills and critical and creative thinking.
Environmental challenges pose excellent opportunities
for developing and exercising many of these skills in
formal education. In addition, countries are encouraged
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The Management of Electronic Waste

by various scholars to execute a major revision of:
existing science and technology curricula, the
development of objectives, content themes, teaching
and learning methods, the assessment processes, ethical
motivation and the ability to work with others to help
build a sustainable future (UNESCO, 2005).

Based on the need of a literate society, a ‘new
generation’ that is able to sustain and manage the
environment, this paper highlights the need for
compulsory subjects for all Grades four to seven
students, which will enable them to develop skills,
knowledge and positive attitudes that can contribute to
environmental sustainability.

LITERATURE REVIEW

In developing countries, informal recycling is
common practice where e-waste products are reused
and repaired to produce a ‘second life’ (Ongondo,
Williams & Cherrett, 2011). E-waste products are
stockpiled, repaired, reused, disposed with municipal
waste or crudely recycled (Osibanjo & Nnorom, 2007).
The biggest danger of crude recycling is the lack of
infrastructure, where the methods deployed result in
unmanaged air, and underground water and landfill
pollution (Ongondo et al, 2011). This Iinitiative
unfortunately allows developing countries to become e-
waste dumping grounds for developed countries.

Markets emerged in developing countries from this
dumping to extract usable components such as gold and
copper and precious metals from the unusable devices
obtained from developed countries. This recovering of
usable components and metals contributes to trans-
boundary trade in e-waste (Sinha-Khetriwal, Kraeuchi &
Schwaninger, 2005).

To manage e-waste globally, a platform, the
European Recycling Platform (ERP) was formed, that
assists manufacturing companies to comply with the
Waste Electrical and Electronic Equipment (WEEE)
directive. The European (EU) directive on WEEE aims
to shift the responsibility of recycling and management
of e-waste not only to the individual as consumer but
also to producers, this action is referred to as Extended
Producer Responsibility (ERP) (Gottberg, Mortis,
Pollard, Mark-Herbert & Cook, 2006). The two main
objectives of ERP are to improve product designs that
can easily be dismantled in an environmentally friendly
manner when they reach their end of life (Van Rossem,
Tojo & Lindhqvist, 20006).

Various initiatives and legislation are implemented
to address the e-waste problem globally. United Nations
(UN) initiatives, like Global Compact, StEP (Solving the
e-waste Problem) Millenium goals (Van der Graaf, de
Koning, Ravazzini & Miska, 2005) and the e-Waste
Association of South Africa [eWASA], are dedicated
projects to help countries solve and manage e-waste in
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order to create a sustainable environment. The Basel
Convention aims to control and reduce trans-boundary
movements of hazardous e-waste and the active
promotion of the transfer and use of technologies
(Ramachandra & Saira 2004).

Other initiatives are the ecoATM (Daniel, 2012) that
offers money for e-waste and the Electronics TakeBack
Coalition (2009) that takes back old electronic devices
and recycles them. The FEurogroup Consulting
developed a ‘green’ (sustainable) information technology
framework in 2010, that outlines organisational
responsibilities and issues towards the environment and
can be used to make critical business decisions (Van der
Graaf et al., 2005).

Of the European countries, Switzerland is the first
country that implemented an e-waste recycling system
(Sinha-Khetriwal et al., 2005). Currently Switzerland is
using two producer responsibility organisations (PROs)
to focus on e-waste, namely, Communication and
Organisation Technology (SWICO) that focuses on
office and ICT waste and the SWISS Foundation for
Waste management (SENS) that focuses on household
appliance waste (Johnson, 20006). Since 2003 the WEEE
directive has enforced legislation for all EU countries to
ensure that their manufactured products can be
disposed of or recycled in an environmentally friendly
manner (Buropean Directive of the European
Parliament and Council, 2003). The main objective is to
preserve, protect and improve the quality of the
environment, protect human health and utilise natural
resources prudently and rationally. The WEEE directive
states that all electronic equipment sold (in Europe)
after 1 July, 2006 must be toxin free, especially of: lead,
cadmium and mercury (Mears, 20006).

Agenda 21 is also an attempt to impose a global
centrally planned quasi-government administered by the
United Nations. All central government and local
authority signatories should conform strictly to a
common prescribed standard on how to manage e-
waste  (Department Environmental —Affairs Act
[DEAT], 2009).

The biggest factor that has a major impact on e-
waste management is the recycling and disposure cost.
Many electronic components cannot be disposed of
with other solid wastes and need specialised processes
and well trained people to facilitate these processes
(Finlay & Liechti, 2008). In contradiction to European
countries, developing countries are not financially able
to supply advanced equipment and processes to
recyclers functioning in these countries. For example,
Rectile South Africa is a recycling company that imports
technology from other countries to aid in the recycling
and disposing processes of fluorescent discharge of
bulbs (Finlay & Liechti, 2008). Light-emitting diode
(LED) bulbs are currently replacing the old bulbs as
they last 25 times longer, use 80% less power and
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contain less mercury resulting in a decrease of e-waste
(Philips, 2011).

Finlay and Liechti (2008) claim that although the
recycling rates in some of the developing countries are
improving it is not at an international standard yet due
to poor education and the high cost of e-waste
recycling.

Hazardous Effects of e-Waste on Human
Health

Electronic waste stored in landfills produces
contaminated leachates which pollute the underground
water. An example is Hong Kong, which is experiencing
water shortages due to the illegal disposal of e-waste
such as, the melting of computer chips, if disposed on
the ground causes acidification of soil that contaminates
the city’s water resources (Widmer et al., 2005).

Research in various developing countries points out
some environmentally problematic practices by the e-
waste recyclers which include: premises that are not
propetly contained to prevent run-off of contaminated
water, land-filling with potentially harmful plastics for
which no market can be found, e-waste exposed to rain,
many recyclers do not treat effluents/leaching or water,
or test land filled fraction for toxicity, the mechanical
shredding of monitors and white goods such as fridges,
the stockpiling of hazardous fraction, passing hazardous
fraction on to other recyclers (Finlay & Lietchi,
2008).These practices pose hazardous effects on the
environment and human health.

When certain electronic devices such as circuit
breakers, condensers and cathode ray tubes are
destroyed, dangerous ions will dissolve and leach into
the soil and groundwater. Open-air burning of e-waste
plastics to recover copper and other metals can be
considered the most dangerous form of burning e-waste
(Widmer et al., 2005). Highly toxic deposits caused by
the open-air burning of these by-products, pollute the
air and environment globally (Ramachandra & Saira,
2004).

In view of the hazardous effects of e-waste on
human health and the environment there is an urgent
need for global education of all human beings to
address the challenges posed by e-waste. A well-
educated population in the recycling and disposal of e-
waste, in developing and developed countries, is
essential for the conservation of the earth.

Motivation to Propose a Subject on
Environmentally Sustainability for Grades Four to
Seven Students

Owusu (2010) emphasises that all children need to

be educated on how to use technology effectively,
consider the health of others and how to maintain the
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environment, as many rural areas of countries become
dumping sites for hazardous e-waste material. Young
children as future leaders, need to be equipped and
prepared with values, knowledge and skills that will
enable them to make critical decisions for the
challenging future they will inherit (Du Preez & Roux,
2010; Chen, Bi, Zhao, Chen, & Tan, 2009). They should
learn how their decisions and actions can make a
difference to the sustainment of the earth. According to
Duvall and Zint (2007) positive attitudes, values and
beliefs of teachers should set the foundation for
students’ lifelong learning on how to live in a sustainable
world during their early years. Leeming, Porter, Dwyer,
Cobern, and Olivier (1997) elaborate stating that the
advantages of educating young children are that they are
less likely to have environmentally established
behaviours that need to be ‘unlearned’, will live a longer
period to maintain the environment, ate able to
promote environmental responsible behaviours and
change negative behaviours in others. This is in
accordance with Damerell et.al. (2013) pointing out that
educated students can on the other hand influence their
parents’ attitudes in a positive manner and improve their
environmental knowledge.

Although topics, to mention a few, such as:
maintaining a healthy environment and personal health,
pollution (air, water and land) including illegal dumping
sites, recycling of waste materials, strategies to keep
environments healthy, conservation of environment, are
prescribed in primary school curricula (Life Skills,
Natural Sciences and Technology, Social Studies,
Economics and Management and others) the
management of e-waste is not sufficiently addressed
(South Africa Basic Education 2011). Furthermore,
Jacobs (2011) points out that prescribed curricula and
practice are far removed from each other and teachers
are not always able to teach all the prescribed themes in
curricula. This contributed to the notion of the proposal
of a compulsory subject that will focus only on
environmentally sustainability.

Environmentally sustainability can be described as
the maintenance of the factors and practices that
contribute to the quality of environment on a long-
term basis (Widmer et al., 2005). Morelli (2011) defines
environmentally sustainability as the state in which the needs
of all people are placed on the environment, to allow all
people to live well, now and in the future. This process
where renewable resources are harvested, pollution
created, and non-renewable resources depleted should
be continued indefinitely, without reducing the
environment’s capacity.

The UN pointed out that as developed countries get
motre and more educated and their incomes increase,
more and more strain is placed on their natural
resources (The Basel Convention, 2011). Therefore, the
purpose of a subject on environmentally sustainability is
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to teach all Grades four to seven students the basic
skills, knowledge and values they need to manage e-
waste. The reason for using this age group is because
students are in the most influential age bracket where
changes in perspectives and values regarding the
management of e-waste can be made (Department of
Environment and Heritage, 2005; Kohlberg, 1973;
Piaget, 1983, p. 52). They should be able to use their
acquired knowledge and skills to effectively apply waste
management measures. According to Du Preez and
Roux (2010) and findings of studies presented at the
World Summit on Sustainable Development 9 (2002)
students  should: understand and  value the
interdependence of social, cultural, economic and
ecological dimensions at local, national and global levels,
reflect critically upon how this interdependence affects
communities; families and workplaces; reason on values
in different contexts to express their moral life in
different ways, use basic universal values as a point of
reference to make decisions, develop attitudes and skills
which are conducive to the achievement of a sustainable
future; protect the health and well-being of people and
be knowledgeable about how to manage, reuse,
repurpose and recycle e-waste.

Thus the world’s future relies on well-educated
citizens that are able to make difficult conceptual
connections between economic growth, advantages to
society, environmental sustainment and their own well
being.

Theoretical Foundation

Tuncay, Yimaz-Tizin and Teksoz (2012) report
that students’ decisions on solutions to problems related
to environmentally sustainability problems, are not only
influenced by using knowledge to reason and think
about rules for ethical conduct but are also influenced
by affective forms such as empathy and moral values.
Thus, in the context of e-waste management, the way in
which students interpret the cognitive and affective
domains is closely related to their moral development.
According to Kohlberg (1973), moral development
involves moral reasoning and occurs in stages, based on
different ages. In developing moral reasoning, different
cognitive and affective skills are used by students during
those stages to decide what is right or wrong. Thus, a
person’s morality may change throughout life, according
to their moral developmental levels. Kohlberg (1973)
categorises moral reasoning in pre-conventional (lowest
level of moral development where values are controlled
by punish and rewards) —conventional (intermediate
level of internalisation of moral values occur under the
control of parents and the laws of society), and post-
conventional (highest level, and moral decisions are
made based on students’ awareness of alternative moral
values based on different moral, legal, social, and
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political process, and make their own decisions, which
are best for them).

Research findings of various scholars presented at
the World Summit on Sustainable Development no 9
(2002) highlighted the importance of the education of
students for environmentally sustainability with an
emphasis on transformational change in values and
behaviour from the individual to a global scale.
Education on how to manage e-waste can influence
students’ values and behaviour positively, to alter the
way they interact with other people and how they
perceive their environment. It is therefore important to
educate students from a young age on how to sustain
their environment, as this can lead to a permanent
behavioural change.

Therefore, the study proposes that when students
reach the age of nine (the conventional level of
internalisation of moral values), they should be educated
on how to manage e-waste. To ensure the successful
education of students on e-waste management teachers
should be sufficiently trained on how to manage e-
waste. Botha and Reddy (2011) point out that
experienced mentors at schools can assist with the
practical training of teachers.

The limitation of the study is that the author is not
able to determine whether the outcome of the
programme will have a negative or positive impact on
students when implemented and if students’ will
develop positive attitudes towards the maintaining of
the environment.

RESEARCH METHODOLOGY

The qualitative research approach was followed to
investigate participants’ perspectives, perceptions and
experiences on the implementation of curricula of a
compulsory subject on environmentally sustainability
for students of Grades four to seven.

Education specialists (n= 18), Grades four to seven
teachers (n=20) of five primary schools of the Gauteng
Province in South Africa (developing country),
curriculum specialists (n=8) and technology specialists
(n=6) of wvarious institutions in South Africa were
randomly selected to participate in the research study.
These participants were identified as role players in the
successful implementation of a proposed subject on
environmentally sustainability in primary schools.

Data Collection Methods

Data was collected by means of a literature study
and structured interviews. A literature study was used to
draft curricula of a compulsory subject on
environmentally sustainability for students of Grades
four to seven. Before the interviews commenced the
proposed curricula themes were sent to all participants
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for intensive review. During the interviews all were
requested to answer two structured questions to
establish their different views on the curricula and the
age bracket. The views of all participants were:

the

e  Grouped together most

frequent comments; or

representing

e Quoted to exemplify comments.

The diverse views were used to review curricula
themes and to finalise the proposed curricula that will
then be introduced to all stake holders for
implementation. Considering that very little research on
this topic had been done in South Africa, the study was
to a great extent of an exploratory nature.

Curricula themes for Grades four to seven

Themes of the curricula were compiled from:

e International  environmental  sustainment

programmes implemented successfully in primary

schools such as: The GreenWay Model (2012),

Bollard’s (2008) Growing up Greener, United States

Environmental Protection Agency (2007); and

e  Research tindings, perspectives,

recommendations of Daniel (2012), Electronics

TakeBack Coalition (2009), Environmental Affairs

(2010), Ercan and Bilen (2014), Finlay and Liechti

(2008), Jones (2010), Mears (20006), Nnoroma and

Osibanjo (2008), Ramachandra and Saira (2004),

Sinha-Khetriwal et al. (2005), The Basel Convention

(2011) and Widmer et al. (2005). The above studies

were used as they were mostly in coherence with one

another in indicating what every citizen should know
in order to manage e-waste effectively.

The most frequent findings of both, successfully
implemented programmes in primary schools and
research findings were used to compile themes for
Grades four to seven and grouped according to each
Grades” students” potential cognitive level. The
proposed themes of all the curricula were sent to all
participants for intensive review. Thus participants were
invited not only to comment on the proposed subject
but also to add or delete themes they felt were irrelevant
or too difficult for students.

The following drafted themes for the curricula were
presented to all participants during the interviews for
comments.

A Proposed Curriculum for a Grade Four
Subject on Environmentally Sustainability

Time allocation per week: one period (30-45
minutes)
Grade: four

The following topics will be included in the
curriculum:

o Handling of household waste
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o Global warming

Prevention

Identify  hazardous
environment.

The use of Green Information Technology (IT) principles to
exctend the life of

o Information and Communication Technology (ICT) and
thus reduce electronic waste:

Buy certified energy sufficient IT products (known
brands EnergyStar)

Turn off and unplug devices that are not being used

Use power mode functions (sleep, standby,
hibernate)

Do not print unnecessary.

Use online service to save on paper and fuel

Re-purpose, reuse and recycle old IT equipment

Choose appropriate energy sufficient hardware, for
example choosing a LCD/LED monitor instead of a
cathode ray tubes (CRT) monitor.

factors that affect the

A Proposed Curriculum for a Grade Five
Subject on Environmentally Sustainability

Time allocation per week: one period (30-45
minutes)

Grade: five

The following topics will be included in the
curriculum:

o Handling of household waste

o E-waste composition and recycle potential

Students should be able to identify and determine
the composition of components in e-waste.

The consumption of e-waste and its recyclable
potential is specific for each appliance. In order to
handle this complexity, the parts/materials found in e-
waste may be divided broadly into six categories as
follows:

o Iron and steel, used for casings and frames

o Non-ferrous metals, especially copper used in cables, and

alumininm

o Glass used for screens, windows

®  Plastic used as casing, in cables and for circuit boards

o Electronic components

o Other (Rubber, Wood, Cerami ete.).

A Proposed Curriculum for a Grade Six Subject
on Environmentally Sustainability

Time allocation per week: one period (30-45
minutes)

Grade: six

The following topics will be included in the
curriculum:

®  E-waste composition and recycle potential

© 2015 iSER, Eurasia |. Math. Sci. Tech. Ed., 11(3), 443-454
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Students should be able to dismantle and segregate
components in e-waste

- Dismantling

-Segregation of ferrous metal, non-ferrous metal and plastic

o Determine the hazards of e-waste

Identify the composition of e-waste

Identify possible hazardous contents of e-waste

A Proposed Curriculum for a Grade Seven
Subject on Environmentally Sustainability

Time allocation per week: one period (30-45
minutes)

Grade: seven

The following topics will be included in the
curriculum:

o Regycle, rense and recovery options

The major approach to treat e-waste is to reduce the
concentration of these hazardous chemicals and
elements through recycling and recovery. In the process
of recycling or recovery, certain e-waste parts act as
secondary raw material for recovery of valuable items.
The recycle and recovery includes the following unit
operations.

-Refurbishment and reuse

-Recycling/ recovery of valuable materials

-Treatment/ disposal of dangerous materials and waste

o Treatment & Disposal Options

Landfilling

Incineration

The emphasis of the above curricula is on the
practical handling of waste products. Only a few themes
are addressed in each grade to ensure that students
develop practical skills and knowledge on how to
manage The challenging levels of skill
development increase as students progress in Grades.

e-waste.

Interviews

In this study two structured questions were used to
investigate participants’ perceptions of proposed
environmentally sustainable curricula for Grades four to
seven. The questions were based on the following
assumptions:

o Interviews with teachers, education, curricula
and technology specialists allow all participants to
express their alternative view points on the curricula
for Grades four to seven.

e  Analysis and discussion of these alternative
perspectives can contribute to reviewing and
reforming curricula of a compulsory subject on
environmentally sustainability for students of Grades
four to seven.
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FINDINGS AND DISCUSSION: RESPONSES
TO THE STRUCTURED QUESTIONS

From the findings five themes emerged from
question one and four themes from question two.
Themes are discussed below and exemplified by means
of verbatim presented quotations.

Question 1

“Review the proposed curricula of Grades four to
seven students. What is your opinion on the themes and
the implementation of the proposed curricular”

The Need for e-Waste Management Curricula

All respondents indicated that there is an urgent
need for global education to combat the challenges
posed by e-waste. Of the respondents stated the need as
follows:

“The implementation of a subject focusing on the

practical handling of e-waste should not be

debated. Our future is dependent on how we
educate our citizens on maintaining our natural
resources.”

“A well-educated population in the recycling and

disposal of e-waste, is essential for the conservation

of the earth.”

The need of e-waste education is in accordance with
studies conducted in South Africa of Finlay and Lietchi
(2008) who point out the environmental hazardous
practices of e-waste recyclers that affect the maintaining
of natural resources. These practices include:
contaminated water, e-waste exposed to rain, using
harmful plastics for land-filling and do not test the
toxicity in these landfills, untreated effluents/leach or
water, mechanical shredding of monitors and the
passing of hazardous fraction to other recyclers
(Widmer et al., 2005). As these practices pose hazardous
effects on the environment and human health education
is needed to protect, preserve, and improve the quality
of the environment, protect human health and utilise
natural resources prudently and rationally.

The Curricula

Some of the respondents felt that some of the
terminology of the proposed curricula might be too
difficult for primary school students to understand.
While, others suggested that household waste
management should be included in all curricula and
additional curricula compiled for Grades eight and nine
students.

Of the participants also assumed that although
topics such as: a healthy environment, personal health,
pollution (air, water and land) including illegal dumping
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sites, strategies to keep environments healthy,
conservation of  environment, economic and
environmental factors influencing the environment,
attitudes and values and others are included in various
curricula of the primary school, the practical
management and handling of e-waste is not sufficiently
addressed. One of them stated this cleatly:

“A  compulsory subject is needed as the

development of practical skills on how to handle e-

waste is not sufficiently addressed in the sub-

divisions of current curricula”.

This statement is in agreement with Jacobs’ (2011)
argument that prescribed curricula and practice are far
removed from each other. There is a need to execute a
major revision of existing curricula to help build a
sustainable future.

The Role of Teachers as Implementers

Most of the participants, especially the teachers
indicated that they are not always able to teach all
themes of the curricula effectively, due to the time
constraint and insufficient training and knowledge on
certain  environmental  themes  (e.g.  e-waste
management). It was also pointed out that the
successful education of students on e-waste
management requires well-trained teachers on how to
manage e-waste. One respondent remarked:

“Teachers will have to be sufficiently trained on

how to teach students the skills they need to

manage e-waste, for example to dismantle
computer components.”

Research of Finlay and Lietchi (2008) prove that the
dismantling and recycling of e-waste are specialised
processes and need well trained people to facilitate these
processes and to educate others. On the other hand the
two main objectives of eWASA, are to improve product
designs that can easily be dismantled in an
environmentally friendly manner when they reach their
end of life, making it easier for teachers to educate
students (Van Rossem, Tojo & Lindhqvist 20006).
Furthermore, Botha and Reddy (2011) suggest that
experienced mentors at schools can assist with the
practical training of teachers as a possible solution to
insufficient trained teachers.

Attitudes of Teachers

Most of the participants felt that education on how
to manage e-waste can influence students’ values and
behaviour positively, to alter the way they interact with
other people and how they perceive their environment.
A respondent was quoted below:

“The attitudes of teachers will be central in the

implementation of a subject to sustain the

environment.”
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This is in line with Duvall and Zint’s (2007) view
that teachers’ beliefs, attitudes and wvalues influence
students’ views on how to sustain the environment.
Damerell et al. (2013) elaborate by stating that educated
students can on the other hand influence their parents’
attitudes in a positive manner and improve their
environmental knowledge. While, Du Preez and Roux
(2010) show that the development of positive attitudes,
values and skills are conducive to the achievement of a
sustainable future; protect the health and well-being of
people and manage, reuse, repurpose and recycle e-
waste prudently and rationally. It is therefore important
to educate students from a young age on how to sustain
their environment, as this can lead to a permanent
behavioural change.

Socio—

Educating Students in Different

Economic Contexts

Participants raised the concern that the human
rights of communities in rural areas are not always
considered when dumping waste and may remain
isolated from the usage of electronic devices. The need
of rural communities to manage e-waste will not be the
same as for those living in urban areas. As one stated
below:

“Students’ educational needs on how to manage e-

waste will differ, as they grow up in various socio-

economical contexts.”

In many countries rural areas become dumping sites
for toxic waste material, consigning a bigger
responsibility on these areas to educate students
effectively on how to manage e-waste (Owusu, 2010;
Chen et al. 2009). Because of the marked differences in
social and cultural practices in rural and urban areas,
curricula  should provide for the recognition of
traditional rights of people to make their own decisions
on how to educate and manage their environment.
Citizens should be empowered with knowledge and
skills on how to find solutions to theit environmental
issues. Thus, the demand for well-trained teachers and
effective e-waste education will become a priority in
rural areas.

Question 2

“How will the age bracket of students (Grades four
to seven) affect the successful implementation of a
compulsory subject on environmentally sustainability?”’

To Develop Values That will Enable Them to
Make Environmental Decisions.

Ninety-two percent indicated that students should

be educated at a young age that will enable them to
make decisions concerning the management of waste
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products that are harmful for themselves and the
environment. It was stated that students should be
educated from as early as possible in their life to:
develop the values they need to make decisions
concerning their environment and be empowered to use
their acquired knowledge and skills to effectively apply
waste management measures. One of the participants
emphasised the need of early education as follows:

“In view of the hazardous effects of e-waste on
human health and the environment, I feel strongly
that students need to be educated positive values at
an early age on how to maintain the environment
as they need the carth to allow them to live well,
now and in the future.”

Widmer et al. (2005) agree that young children
should be taught the basic skills, knowledge and values
they need to manage e-waste and contribute to the
quality of environment on a long-term basis. The
UN points out that values and attitudes should form the
foundation of sustainable development (The Basel
Convention, 2011). Thus the need of young education
cannot be ignored.

Students at This Age are Influential

Comments of the respondents were in agreement
with Kohlberg (1973) and Piaget (1983), indicating that
students at this age group are in the most influential age
bracket where changes in their perspectives and values
can be made.

A respondent stated:

“Students at a young age can be influenced to

change their attitudes and behaviours towards the

environment”

Leeming et al. (1997) claim that the advantages of
educating young children are: they are less likely to have
environmentally established behaviours that need to be
‘unlearned’, able to promote environmental responsible
behaviours and change negative behaviours in others
and have a longer period of maintaining the
environment.

The Development of Critical Thinking and
Problem Solving Skills

Participants indicated the need of problem solving,
critical and creative thinking skills. A concern was raised
that not all young students are always able to think
abstractly, develop problem solving and critical thinking
skills to have an effect on the environment. Slade (2006)
differs from this argument by emphasising the need of
comprehensive education at an eatly age, which not only
includes: the mastery of different subject matters, but
also the development of students’ critical thinking and
problem solving skills that will enable them to make
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crucial environmental maintaining decisions and enable
them to learn for life.

Terminology is Too Difficult

Eight percent of the participants pointed out that
terminology used in the curricula of Grades four and
five students may be too difficult for the proposed ages
and that some of the suggested themes will not only be
difficult for Grades four to seven but also for the
teacher to teach.

Frequent comments from interviews indicated that:
the development of practical skills on how to handle e-
waste is not sufficiently addressed in students’ current
curricula, some of the proposed curricula themes are
too difficult for primary school students to grasp, the
importance of household waste management should be
emphasised in all curricula, curricula should also be
compiled for Grades eight and nine students, teachers
will have to be sufficiently trained on how to manage e-
waste, resources should be available to practice on,
especially in rural areas that may be isolated from the
usage of electronic devices, the recognition of
traditional rights of people must go hand in hand with
measures to enforce responsibility in resource use and
teachers’ attitudes will have to be considered.

RECOMMENDATIONS

A well educated population is necessary for the
recycling and disposal of e-waste to conserve the earth
and to prevent hazardous practices. Comprehensive
education is needed where children at an early age
develop problem solving, critical and creative thinking
skills to make critical decisions on environmental issues
that can be harmful for themselves and the
environment. Education of young children can lead to
permanent behavioural change and the development of
positive attitudes and values which they can use to
influence negative behaviours of others (such as
negative attitudes of parents).

Prescribed primary school curricula and practice are
far removed from each other. A major revision of
existing curricula is needed to help build a sustainable
future. A compulsory subject is proposed on
environmentally sustainability for students of Grades
four to seven.

Proposed themes indicated in curricula were
compiled from previously successfully implemented
programmes in international primary education and
research findings of various studies.

The teacher as the main implementer of the
proposed subject:

e Should be knowledgeable on how to teach

students for example: the dismantling and recycling

of e-waste. These are specialised processes and well-
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trained teachers to facilitate and teach these

processes are needed. If teachers are not sufficiently

trained on how to execute the practical part of e-

waste management experienced mentors can assist

with the practical training of teachers.

e  Should reflect positive attitudes, beliefs and

values that can influence students’ views on the

sustainment of the environment.

The author proposes the need of a compulsory
subject that will educate children at a young age
(primary school) on how to manage environmental
(such as e-waste, waste, pollution, global
warming, depletion of the ozone and others) to protect
our natural environment and life on earth.

issues

CONCLUDING REMARKS

The economy of every country is dependent on its
natural resources for economical growth. But, if the
environment is not maintained the future survival of
human beings will be in severe danger. In most
countries worldwide, several e-waste projects have been
initiated and legislation enforced to address the problem
with e-waste, but still these drastic measures are not
achieving the goal to sustain our environment.

Previous research findings and the global
acknowledgment of countries on the dangerous impact
of e-waste on human lives, necessitates that all students
should be educated from a young age to address this
problem. Educating Grade four (nine years old)
students on how to handle e-waste could have a major
impact on maintaining the environment as students at
this age are: able to class logic findings, self-disciplined
able to achieve goals and can work independently or in
groups.

In this article previous research findings assisted the
author in compiling the proposed curricula for a
compulsory  subject based on environmentally
sustainability for Grades four to seven. These curricula
should emphasise the development of students’ practical
skills that will enable them to handle e-waste. Interviews
were conducted with various role players to investigate
their opinions on the proposed curricula. To mention a
few findings: the majority of them support the
implementation of a compulsory subject on
environment sustainability, some of the terminology in
the curricula is too difficult for primary school students,
many rural areas do not always use electronic devices
and the attitude of teachers will play a major role in the
successful implementation of these curricula.

As teachers will determine the successful education
of students in the management of e-waste, additional
research is important to examine their attitudes, and
views in implementing such a subject.

452

REFERENCES

Asunta, T. (2003). Knowledge of environmental issues: where pupils
acquire information and how it affects their attitudes, opinions,
and laboratory bebavionr. Studies in Education, Psychology
and Social Research 221. (pp22-28) University of
Jyviskyld:  Jyvdskyld University Printing House.
Retrieved on 10 January 2014 from:
https:/ /jyx.jyu.fi/dspace/bitstream/handle /123456789
/13374/9513925269.pdfrsequence=1

Boarini, R., Johansson, A. & d’Ercole, M. (2006). Alternative
measures of well-being, OECD Economics Department
Working Papers No. 476 (pp33-45) and Social,
Employment and Migration Working Papers No. 33,
OECD. Retrieved on 15 May 2013 from:
http:/ /www.oecd.org/social/soc/36165332.pdf

Bollard, K. (2008). Growing up Greener. Environmental and
sustainability education for primary and pre-school aged children.
Providing sustainability education since 2008. Retrieved on 12
December 2013 from:
http:/ /www kelliebollard.com.au/

Botha, M.L. & Reddy, C.P.S. (2011). In-service teachers’
perspectives  of  pre-service teachers’ knowledge
domains in science. South African Journal of Education, 31,

257-274.  Retrieved on 15 June 2013 from:
http:/ /www.ajolinfo/index.php/saje/article/viewFile/
66460/54184

Bryant, C.K. & Hungerford, J.M. (1977). An analysis of
strategies for teaching and environmental concepts and
value clarification in  kindergarten.  Jowrnal  of
Environmental Education, 4, 44-49.

Chen, D.H., Bi, X.B., Zhao, L.G., Chen, J.H. & Tan, B.X.
(2009). Pollution characterization and diurnal variation
of PBDE:s in the atmosphere of an E-waste dismantling
region.  Emvironmental — Pollution, 157, 1051-1057.
Retrieved  on 10 February 2013  from:
http://wmt.sagepub.com/content/30/11/1138.full. pdf
+html

Damerell, P., Howe, C. & Milner-Gulland, E.J. (2013). Child-
orientated environmental education influences adult
knowledge and houschold behaviour. Environmental
Research — Letters,  8(1), 1-7. DOI:10.1088/1748-
9326/8/1/015016

Daniel, H. (2012). All the latest news from the world of green
technology. Retrieved on 20 March 2013 from
http://www.techsmart.co.za/"
http://www.techsmart.co.za.

Department Environmental Affairs Act (DEAT) (2009).
Addressing Challenges with Waste Service Provision in South
Africa: Inception Report and  Consultation Plan. (p6-12)
Pretoria: Government Printers. Retrieved on 13 May
2013 from:
http:/ /sawic.environment.gov.za/documents/832.pdf

Department of Environment and Heritage. (2005). Electrical
and electronic  product  stewardship  strategy, DEH, p. 6.
Rettieved on 12 May 2013 from: http://www .deh. gov.
au/settlements/waste/electricals/index.html.

Du Preez, P. & Roux, C. (2010). Human rights values or
cultural values? Pursuing values to maintain positive
discipline in multicultural schools. South African Journal of
Education, 30, 13-26. Retrieved on 15 June 2014 from:

© 2015 iSER, Eurasia |. Math. Sci. Tech. Ed., 11(3), 443-454



The Management of Electronic Waste

http:/ /www.scielo.org.za/pdf
/v30n1/v30n1a02.pdf

Duvall, J. & Zint, M. (2007). A review of research on the
effectiveness of environmental education in promoting
intergenerational learning.  Journal of Environmental
Eduncation, 38(4), 14-24.

Electronics TakeBack Coalition. (2009). E-WASTE: The
Exploding Global Electronic Waste Crisis. Retrieved on
15 March 2013
from:http://www.electronicstakeback.com.

Environmental Affairs (2010). National Waste Management
Strategy  Retrieved on 12 May 2013 from
http:/ /www.wastepolicy.co.za/home/nwms_v1/2/1".

Ercan, O. & Bilen, K. (2014). A Research on Electronic
Waste Awateness and Environmental Attitudes of
Primary School Students. Anthropologist, 17(1), 13-23.
Retrieved on 14 June 2014 from:
http:/ /www.krepublishers.com/02-Joutnals/T-
Anth/Anth-17-0-000-14-Web/Anth-17-1-000-14-Abst-
PDF/T-ANTH-17-1-013-14-1015-Kadit-Bilen-Tx/T-
ANTH-17-1-013-14-1015-Kadir-Bilen-Tx|[3].pmd.pdf

European (EU) Directive of the European Parliament and
Council. (2003). The restriction of the use of certain

hazardous substances in electrical and electronic
equipment (RoHS). Official Journal 1.037, February, p.19-
23.  Retrieved on 16  April 2013  from
http://eutopa.cu.int/eut-lex/en/.

Finlay, A. & Liechti, D. (2008). E-waste assessment in South
Africa. E- Waste Association of South Africa, pp. 1-73.
Retrieved on 25 March 2013 from http://ewaste
guide.info/location/South-Affica.

Gottberg, A., Mortis, J., Pollard, S., Mark-Herbert, C. &
Cook, M. (2006). Producer responsibility, waste
minimisation and the WEEE Directive: case studies in
eco-design from the European lighting sector. Science of

/saje

The Total Environment , 359(1-3), 38-56. DOL:
10.1016/j.scitotenv.2005.07.001
GreenWay model (2012). The GreenWay Schools

Sustainability Program Retrieved on 20 December 2013
from  http://www.greenway.org.au/index.php/about-
the greenway/ resources library /cat_view/21-resources
for-general-public-use/ 28 education.

Jacobs, A. (2011). Life Orientation as experienced by learners:
a qualitative study in North-West Province South African
Journal of Education, 31, 212-223. Retrieved on 5
February 2013 from:
http://www.scielo.otrg.za/pdf/saje/v31n2/v31n2a05.p
df

Johnson, T. (2006). The Seattle Times. Retrieved on 19 March
2013 from
http://seattletimes.nwsoutce.com/http:/ /seattletimes.n
wsource.com/.

Jones, D. (2010). The global E-waste problem. Retrieved on
18 Match 2013 from http://www.busmanagementme.
com/news/global  E-waste/.

Knafo, A. & Galansky, N. (2008). The influence of children
on their parent’s values. Social and Personality Psychology
Compass,  2(3), 1143-1161. DOIL 10.1111/j.1751-
9004.2008.00097.x

© 2015 iSER, Ewrasia |. Math. Sci. Tech. Ed., 11(3), 443-454

Kohlberg, L. (1973). The claim to Moral Adequacy of a
Highest Stage of Moral Judgment. Journal of Philosophy,
70(18), 630-646.

Leeming, F.C., Porter, B.E., Dwyer, W.O., Cobern, M.K,, &.
Oliver, D.P. (1997). Effects of participation in class
activities on children's environmental attitudes and
knowledge. Journal of Environmental Education, 28, 33-42.

Mabbutt, J.A. (1984). New Global Assessment of the Status
and Trends of Desertification. Environmental Conservation,
11(2), 103-113.

McKeown, R. (2002). Education for Sustainable
Development Toolkit. Version 2. Retrieved on 2
February 2014 from
http:/ /www.esdtoolkit.org/esd_toolkit_v2.pdf.

Mears, J. (2006). IT turning green: New regulations make
hardware more environmentally friendly. Retrieved on
19 March 2013 from: http://www.networkworld.com.

Morelli, J. (2011). Environmental Sustainability: A Definition
for Environmental Professionals. Journal of Environmental
Sustainability, 1, 1-22. Retrieved on 11 June 2013 from
http:/ /scholarworks.tit.edu/cgi/viewcontent.cgirarticle
=1007&context=jes

Nnoroma, 1. & Osibanjo, O. (2008). Overview of electronic
waste (E-waste) management practices and legislations,
and their poor applications in the developing countries.
Resonrces, Conservation and Recycling, 52, 843-58.

Olowu, D. (2012). Menace of E-Wastes in Developing
Countries: An Agenda for Legal and Policy Responses.
Law, Environment and Development Journal, 8(1), 59-73.
Rettieved on 15 May 2013 from http://www.lead-
journal.org/content/12059.pdf

Ongondo, F., Williams, I. & Cherrett, T. (2011). How are
WEEE doing? A global review of the management of
electrical. Waste Management, 31, 714-30. DOI: 10.10
16/j.was man.2010.10.023

Osibanjo, O. & Nnorom, I. (2007). The challenge of
electronic waste (E-waste) management in developing
countries. Waste Management & Research, 25, 489-501.

Owusu, G. (2010). Social effects of poor sanitation and waste
management on poor urban communities: A
neighbourhood-specific study of Sabon Zongo, Accra.
Journal of Urbanism, 3(2), 145-160.
DOI:10.1080/17549175.2010.502001

Phillips, (2011). Philips LED light bulb is first 60-watt
equivalent to earn energy star qualification. Retrieved on
19 March 2013 from
http:/ /www lighting.philips.com/pwc_li/main/shared

Piaget, J. (1983). Theory. In P. Mussen (ed). Handbook of Child
Psychology, p 52-58 (4tedition.Volume 1). New York:
Willey.

Ramachandra, T.V. &. Saira, V.K. (2004). Environmentally
Sound Options for E-waste Management. Evis Journal of

Human Settlements, March, 1-11.

Sinha-Khetriwal, D., Kraeuchi, P. & Schwaninger, M. (2005).
A comparison of electronic waste recycling
inSwitzerland and in India. Ewmvironmental  Impact
Assessment Review, 25, 492 504. Retrieved on 20 March
2013. from http://www.empa .ch/ plugin/ template/
empa/*/51479/---/1=2.

Slade, G. (2006). Made to break: technology and obsolescence in
America, p14. Boston: Harvard University Press.

453


http://www.lighting.philips.com/pwc_li/main/shared/assets/downloads/PHILIPS_LED_LIGHTBULB_IS_FIRST_60-WATT_EQUIVALENT_TO_EARN_ENERGY_February_2011.pdf
http://www.lighting.philips.com/pwc_li/main/shared/assets/downloads/PHILIPS_LED_LIGHTBULB_IS_FIRST_60-WATT_EQUIVALENT_TO_EARN_ENERGY_February_2011.pdf

T. de Jager

South Africa. Basic Education. (2011). National Policy
pertaining to the programme and promotion
requirements of the NCS Grade R - 12. National
Protocol  for Government
printers.

The Basel Convention. (2011). The Basel Convention -
Overview. Retrieved on 9 March 2013 from
http:/ /www.baselint/http:/ /www.basel.int/.

Tuncay, B.O., Yilmaz-Tuzin, O. & Teksoz, G.T. (2012).
Moral reasoning patterns and influential factors in the
context of environmental problems. Emvironmental
Education Research, 18(4), 485-505.

United Nations FEducational, Scientific and Cultural
Organisation (UNESCO) (2005). Working paper: Asia-
Pacific Regional Strategy for Education for Sustainable
Development — UN Decade of Education for
Sustainable ~Development (2005-2014).  Bangkok:

UNESCO Bangkok. Retrieved on 25 June 2014
from  http://unesdoc.unesco. org/images/ 0015/
001540/154093¢.pdf

United Nation Environmental Programme (UNEP) (2007).
E-waste Inventory Assessment Manual; Division of

Assessment. Pretoria:

Technology, Industries and Economics,
International ~ Environmental Technology Centre,
Volume-11.Osaka/Shiga. Retrieved on 15 July 2014
from

http:/ /www.unep.ot.jp/ietc/Publications/spc/EWaste
Manual_Voll.pdf

United Nation Environmental Programme (UNEP). (2011).
Division of Technology, Industries and Economics,
International Environmental Technology Centre. E-
waste management in South Africa, Kenya and Morocco:

Developing a pathway to sustainable systems. Volume 111

Osaka/Shiga. Retrieved on 10 July 2014 from
http:/ /www.unep.
org/chemicalsandwaste/Portals/9/Lead_Cadmium/do
cs/GAELP/GAELP%20Documents/Final UNEP_Le
ad_review_Dec_2010_revFULL_web.pdf

United States Environmental Protection Agency (2007).
Retrieved on 11 November 2013,  from
ag.ca.gov/ cms_attachments/ press/ pdfs/ n1514_  epa-letter.pdf.

Van der Graaf, J. HJ.M., de Koning, J., Ravazzini AM. &
Miska, V. (2005). Treatment matrix for reuse of
upgraded waste water. Water Science Technology: Water
Supply, 5, 87-94. Retrieved on 20 February 2013 from
http:/ /www.environmental-
expett.com/Files/5302/articles/9789 /Treatmentmatrix
forreuseofupgradedwastewater.pdf

Van Rossem, C., Tojo, N. & Lindhqvist, T. (2006). An
examination of its impact on innovation and greening products.
Extended Producer Responsibility. p11. Retrieved on 11
October 2013 from
http://www.environ.ie/en/Environment/Waste/Produ
cetResponsibility Obligations/ Recycling Cons.

Webster, P.J., Holland, G.J., Curry, J.A. & Chang, H.R.
(2005).Changes in Tropical Cyclone Number, Duration,
and Intensity in a Warming Environment. Scence,
309(5742), 1844 1846. Retrieved on 14 May 2014 from
http://www.image. ucat.edu /idag/Papers
/Webster_tropical_cyclone.pdf

Widmer, R.H., Oswald-Krapf, H., Sinha-Khetriwal, D.,
Schnellmann.,, M. & Boni, H. (2005). Global

454

perspectives on E-waste. Environmental Impact Assessment
Review, 25, 436-58.

Williams, E., Kahhat, R., Allenby, B., Xu, M. & Junbeum, K.
(2008).  Environmental, Social, and Economic
Implications of Global Reuse and Recycling of Personal
Computers. Environmental Science and Technology, 42, 6446-
6454.

World Summit on Sustainable Development No 9. (2002).
Commission on Sustainable Development. Earth
Negotiations Bulletin, 22 (51), 4. Retrieved on 20 June
2014 from
http:/ /www.iisd.ca/download/pdf/enb2251e.pdf

Zhao, G.F., Wang, Z.]J., Dong, M.H.K., Rao, F. & Luo, J.P.
(2008). PBBs, PBDEs, and PCBs levels in hair of
residents around e-waste disassembly sites in Zhejiang
Province, China, and their potential sources. Science

of the Total Environment, 397, 46-57.

Zheng, LK., Wu, K.S,, Li, Y.,Qi, Z.L,, Han, D., Zhang, B.,
Gu, C. & Chen, G. (2008). Blood lead and cadmium
levels and relevant factors among children from an e-
waste recycling town in China. Ewmvironmental Research,
108, 15-20.

SO@

© 2015 iSER, Eurasia |. Math. Sci. Tech. Ed., 11(3), 443-454



