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ABSTRACT
The purpose of this study was twofold. Firstly, the purpose was through a multivariate
analysis, to examine learners’ and educators’ levels of environmental Awareness,
Knowledge and Attitudes. Secondly, to investigate through a purely scientific analysis
the presence of pollutants in both the air and water in the vicinity of schools in the study
site. Participants were 189 (44.7%) male and 234 (55.3%) female learners who were
from Grade 8 to Grade 12. Their ages ranged between 13 years and 23 years (M = 16.0
years, SD = 1.8). There were also, 15 (34.1 %) male and 29 (65.9 %) female educators.
These educators were teaching different grades at either public or private schools.
Educators’ ages ranged between 20 years and 72 years (M = 41.7 years, SD = 10.8).
Their teaching experience ranged between 3 years and 36 years (M = 14.8 years, SD =
8.8). All participants were from schools within a precinct of coal mines and electricity
generating power stations. This being industry that invariably, releases large amounts of
polluting gases and other heavy metals into their immediate environment.
The significance of investigating learners’ levels of Awareness, Knowledge and Attitude
toward environmental pollution was based on the fact that it is important for learners in
their teenage years to know and be aware of environmental matters. This is because they
will grow to be conscious and responsible adults who will take care of their
environment. The study therefore explored the participants’ biographical factors that had
an effect on environmental awareness, knowledge and attitudes. This was critical to find
out from the educators’ perspective too because it is they who teach the young. In fact it
is educators who will hopefully pass the proverbial baton to their students, for them to
embrace environmental issues.
Further, the significance of the purely scientific analysis was to determine and report on
the pollutants the participants were exposed to. This was critical because the pollutants
are generally hazardous with the potential to cause harm to their health thereby affecting
teaching and learning in schools. An Awareness Knowledge and Attitude scale
vi

comprising 36 - items on a 5 point Likert type format was administered to learners and
educators in the first quarter of 2012. For the scientific aspect, Radiello ® samplers,
filters and sample bottles were used to collect different data. To analyse quantitative
data SPSS © was utilised. On the other hand, scientific data was analysed through
methods such as spectrophotometric analysis, atomic absorption spectroscopy and
gravimetric analyses.
Results of the quantitative aspect of the study revealed that among learners, females had
higher attitude scores compared to males. Also, with respect to the ages, those who were
17 years and less had higher scores on the three AKA variables than those 18 years and
older. Also, Grade 8 learners were found to have lower awareness scores than Grade 10
learners. Among educators no effects were established for all the tested variables. More
pleasing was the fact that educators had higher scores that their learners. It was in fact
found that both learners and educators had higher scores for Attitude and Awareness
compared with Knowledge.
Results of the scientific analysis revealed that air pollutants like SO2, and Pb were
present. Similarly, water pollutants such as Arsenic (As) and Mercury (Hg) were
detected. Also, the presence of Total Coliform and Escherichia coli was reported. All
these pollutants have harmful effects on humans so for these to be in the vicinity of
children is a cause for concern. For instance, SO2 affects the respiratory system and the
functioning of the lungs. On the other hand, Hg may lead to physiological, reproductive
and biochemical abnormalities. Based on this study’s findings a number of
recommendations and suggestions for further research are advanced.
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CHAPTER ONE
BACKGROUND AND CONTEXT OF THE STUDY
1.1 Introduction
The preamble of the government gazette: National Environmental Management Act,
No. 107 of 1998 [NEM Act 107 of 1998] (Department of Environmental Affairs,
Republic of South Africa [RSA], 1998) states:
WHEREAS many inhabitants of South Africa live in an environment that is
harmful to their health and well-being:
everyone has the right to an environment that is not harmful to his or her
health or well-being; the State must respect, protect, promote and fulfil the
social, economic and environmental rights of everyone and strive to meet the
basic needs of previously disadvantaged communities; inequality in the
distribution of wealth and resources, and the resultant poverty, are among the
important causes as well as the results of environmentally harmful practices;
sustainable development requires the integration of social, economic and
environmental factors in the planning, implementation and evaluation of
decisions to ensure that development serves present and future generations;
everyone has the right to have the environment protected, for the benefit of
present and future generations through reasonable legislative and other
measures that —
prevent pollution and ecological degradation;
promote conservation; and
secure ecologically sustainable development and use of natural
resources

while

promoting

justifiable

economic

and

social

development … (p. 2).
The 21-st century has seen major development in terms of industrialisation
throughout the world. A resultant effect of this industrialisation has been the
movement of communities from rural areas to urban centres. The sudden influx and

concentration of people in different parts of the world has meant that a lot of
resources are consumed. Also, the numbers have brought strain that has impacted
negatively on the environment. For instance, all over the world fossil fuels such as
coal and crude oil are still the main sources of energy. This means that the world is
therefore producing unsustainable levels of carbon emissions for instance, that are
affecting the environment. For example, it is indicated that significant climate
changes may be expected due to the increase in the atmospheric concentration of
carbon dioxide (Houghton et al., 1996). A problem with the unsustainable emissions
is that they result in climate change and global warming.
Global warming and climate change issues have necessitated that leaders of major
nations in the world take action that would address these problems. Globally, the
United Nations through the Climate Change Conference (UNFCCC) has hosted a
number of conferences aimed at addressing these issues. For instance in December
1997 the Kyoto Protocol was adopted in Japan with the detailed rules for its
implementation adopted at COP 7 in Marrakesh in 2001 (UNFCCC, 1997). The
process continued to Cancun in Mexico where it is reported “… far-reaching
international response to climate change the world had ever seen to reduce carbon
emissions and build a system which made all countries accountable to each other for
those reductions” were reached (UNFCCC, 2010). In December 2011 the United
Nations Climate Change Conference was held in Durban, South Africa. This high
profile conference on pollution and environmental matters was the main motivation
for this study. With world leaders and interested parties to visit South Africa, the
researcher felt it was opportune to establish learners’ and educators’ levels of
2

awareness, knowledge and attitudes about environmental pollution in a coal mining
area.
The effects of global warming and climate change have resulted in the depletion of
the earth’s natural resources and habitat (UNESCO-UNEP, 1994). Also global
warming and climate change are reportedly affecting the health of humans and may
be responsible for animal and plant extinction. For example, in a study on rice yields
in the Philippines it was reported that the crop decreased because of increased night
temperature associated with global warming (Peng et al., 2004). In animal terms, it
has been also argued that that climate change has contributed to the decline and
extinction of “… of many amphibian species throughout the world” (Reading, 2007,
p 125). About humans, the WHO (1997) has pointed out that a serious global threat
to the health of people in cities throughout the world exists with many countries
routinely exceeding the limits of their emission of pollutants into the environment. In
fact about human health it is averred that this “… is affected negatively when we live
in a polluted, toxic and unsafe environment” (Hoeger & Hoeger 2010, p. 13). Some
of the environmental threats include air pollution, chemicals, ultraviolet radiation in
the sunlight, water and food contamination (ibid.).
1.2 Purpose of Environmental Education
The purpose of environmental education is “ … to teach people to understand their
total environment, not only what it was, but how it worked, as well as why problems
existed and what it would to ‘fix things’ …” (Cook, 1978/79, p. 2). In a similar
manner it is pointed out that the “… goal of environmental education is to aid
3

citizens in becoming environmentally knowledgeable … skilled and dedicated
human beings who are willing to work … toward achieving … the quality of life and
quality of the environment” (Hungerford & Peyton, 1994, p. viii). Researchers have
pointed out that having environmentally responsible and active citizenry is the
ultimate goal of environmental education (e.g., Hungerford & Peyton, 1976 cited in
Hines, Hungerford & Tomera 1987). Similarly it is opined that a solution to
environmental problems will require environmental education, proper understanding
and knowledge of it which has to be deeply incorporated in the education system at
all levels of education (Shukla, 2001 as cited by Shobeiri, Omidvar, & Prahallada,
2007).
Seriousness about environmental education may be seen from the fact that
internationally the subject is introduced at school from the lowest levels. For
example in the UK environmental education “… is an officially recognised and
documented cross-curricular theme of the National Curriculum for schools” (Strong,
1998, p.351). In the US it has been reported that environmental education has been
part of the curriculum in public schools too in Florida (c.f., Lasso de la Vega, 2006)
and in New York (c.f., Hausbeck, Milbrath, & Enright, 1992). Similarly in Israel and
in Cyprus education has gone beyond others to a point where they are considering
integrating environmental education with earth science (Orion & Fortner, 2003). In
other countries on the other hand while environmental education is not in the
curriculum yet, investigations have however been carried out to determine students’
awareness. Examples here include Madagascar (c.f., Korhonen, & Lappalainen,
2004), Ethiopia (c.f., Feleke, 2010) and in Turkey (c.f., Tuncer, Ertepinar, Tekkaya,
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& Sungur, 2011). In South Africa environmental education is not a standalone
subject yet (Clacherty, 1995). There are however moves are afoot to develop this.
For example there has been consultation from the government’s side “… on how to
strengthen the integration of environment and sustainability education into the
teacher education programmes …” (Department of Environmental Affairs, 2012).
1.3 Statement of the Problem
Apart from the researcher’s intentions, the problem investigated in this study was
also inspired by conversations held with principals in the vicinity of the coal mines.
In a conversation with one school principal in eMalahleni, she intimated “… children
and everybody bath and drink water that is contaminated … many as a result of
constant health problems are being hospitalized from time to time apparently without
realising that their health issues may be linked to the pollution in this area” (Personal
communication, September 15, 2010). Another conversation with a different
principal revealed that pollutants from the mines, foundries and the power generating
plants were affecting the schools (Personal communication, January 11, 2011).
When asked in what way, he indicated that learners who fall under the harsh effects
of pollution usually perform poorly. This, he argued, is as a result of prolonged
exposure to pollutants that resulted in illnesses and “undue absence from school.” He
further pointed out that these problems are not limited to learners but affect teachers
too. One important issue the principal suggested was to investigate what pollutants
could be affecting all those in the vicinity of the schools. This suggestion in fact
prompted the scientific investigation which was incorporated in this study.
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It has long been shown that children all over the world are one segment of society
that is confronted with environmental problems (Bakshi & Naveh, 1980). To this day
it is still argued that children are confronted with environmental hazards and are
especially vulnerable to toxic effects (Abbas & Alghobashy, 2012). In the USA it is
reported for example that school children “… with asthma in inner-city communities
may be particularly vulnerable to adverse effects of air pollution …” (O’Connor et
al., 2008, p. 1133). An implication of health problems due to air pollution is
identified as the major reason for absenteeism among American school children
(Meng, Babey, & Wolstein, 2012; Taylor & Newachek, 1992; Weitzman, 1982). In
England too the aggravation of chronic respiratory symptoms has been linked to
exposure to air pollution (Chauhan, & Johnston, 2003). Similarly, in South Africa, it
is reported that children are victims of pollution and this invariably happens within
their homes and schools (Mathee, 2003).
In Africa, research studies have indicated that students, teachers and the general
populace have demonstrated a lack or low level of awareness, knowledge and
negative attitude regarding environmental issues (c.f., Mansaray, Ajiboye, & Audu,
1998; Oguz, Çakci, & Kavas, 2010; Toili 2007). In a study conducted among school
children in Kenya, it was reported that “… students rarely ventured into the
community surrounding the school to assist in protecting and improving the quality
of the environment” (Toili, 2007, p. 64). In Nigeria on the other hand, a low level of
environmental knowledge among teachers was reported (Mansaray et al., 1998). In
South Africa meanwhile environmental issues are not treated within a single subject
rather, they are taught as concepts within the subjects of geography, life sciences,
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natural, sciences, life orientation and social sciences. As a result, learners may not
get a wholesome knowledge of scope and complexity on environmental awareness,
knowledge and attitude (Personal communication with an educator, August 20,
2010). In this study therefore the intention was to assess the levels of awareness,
knowledge and attitudes of secondary school learners and educators about
environmental pollution in a coal mining area.
It is worth indicating why educators were included in this investigation. This study
was guided by literature reporting on teachers and how they handle environmental
matters in their classrooms. This may be due to the fact that most teachers are not
trained to do justice to environmental education (Loubser, Swanepoel, & Chacko,
2001). For instance it is reported that sometimes teachers fail to implement
environmental related education or are not confident of developing creative
programs and activities in their classrooms (Pudin, Tagi & Periasamy, 2005). In a
related manner it is indicated that some teachers only teach environmental concepts
they are familiar and comfortable with and avoid or give less attention to those they
do not know (Krantz, 2002). Furthermore, it is reported that teachers’ understanding
and basic knowledge about environmental concepts they teach in the classrooms
goes a long way in affecting and influencing their students’ knowledge about the
concepts. If therefore teachers themselves are not environmentally literate, it will be
impossible for environmentally literate students to be produced (Loubser et al.,
2001).
Specifically the problem investigated here is best articulated by the six questions
corresponding to the quantitative research methods and two questions corresponding
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to the chemical analysis. The six questions corresponding to the quantitative research
methods were:
1)

Is there a relationship among the variables: awareness, knowledge and attitude?

2)

How comparable were scores obtained by participants in respect of the levels
of awareness, knowledge and attitude (AKA) variables?

3)

Are there differences in respect of the levels of awareness, knowledge and
attitudes (AKA) about environmental pollution among the biographical
variables for learners and educators?
Here, specific questions were the following:
i.

Is there a statistically significant difference in the levels of AKA
variables by gender? [learners and educators]

ii.

Is there a statistically significant difference in the levels of AKA
variables by age? [learners and educators]

iii.

Is there a statistically significant difference in the levels of AKA
variables by grade level? [learners]

iv.

Is there a statistically significant difference in the levels of AKA
variables by school type? [learners and educators]

v.

Is there a statistically significant difference in the levels of AKA
variables by qualification? [educators]

vi.

Is there a statistically significant difference in the levels of AKA
variables by area of specialisation? [educators]

vii.

Is there a statistically significant difference in the levels of AKA
variables by teaching experience? [educators]
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4)

Is there a difference in learners’ scores on the levels of the AKA variables
compared with those of educators?

5)

What are the sources of environmental information for learners and educators?

6)

What are the views of learners and educators regarding introducing
environmental education as a standalone subject in South African schools?

7)

Are there any pollutants in the air from the study area? If there are, what
pollutants are there?

8)

Are there any pollutants in the water utilised or consumed by the participants in
the study area? If there are, what pollutants are there?

1.4 Aim and Objectives
1.4.1 Aim
The aim of this study was to investigate the levels of awareness, knowledge and
attitude of South African secondary school learners and educators about
environmental pollution in a coal mining area. Also, to determine whether there

were pollutants in the air and water from the research site.
1.4.2 Objectives
The objectives of this study were to:
a)

Initially find out whether in fact a statistical association among the levels of
awareness, knowledge and attitude would be established. This was important
because logically it may be reasoned that being aware or not about pollution
issues should influence (whether positively or negatively) the knowledge of
and attitude toward environmental matters.
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b)

Determine which of variables’ scores in terms of levels of awareness,
knowledge and attitude was favoured by participants. That is, which of the
three had a high score compared to others?

c)

Determine whether there were differences among the levels of awareness,
knowledge and attitude with respect to the participants’ biographical variables

d)

Determine whether there were differences between the learners’ scores and
educators’ scores with respect to levels of awareness, knowledge and attitude

e)

Determine the sources of information about environmental pollution

f)

Determine participants’ views about introducing environmental education

g)

Establish the presence of pollutants in the air as well as their quantities

h)

Establish the presence of pollutants in the water as well as their quantities

It is expected that when these objectives are accomplished then there would be a
better sense of whether the participants were aware, knowledgeable and what
attitudes they had about environmental pollution. This would be useful for the
participants too because it would help raise their ‘environmental conscience.’ With
an enhanced understanding of environmental issues, it is anticipated that it would be
easier for learners to grow environmentally aware. When aware the hope is that they
will guard against environmental pollution. Similarly, with environmentally
conscious educators, the hope is that they will inculcate a better understanding and
respect of the environment on their learners. On the other hand, the scientific basis
was to determine whether pollutants were actually present in air and water. If this
was the case then there would be need to recommend educating people from the
study area about the dangers of these. Including what they could do to prevent
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potential health problems. In determining the quantities of the pollutants the
objective was to benchmark these against the South African national ambient air
quality standards (Department of Environmental Affairs, RSA, 2004) as well as the
global air and water quality guidelines recommended by the World Health
Organisation (WHO, 2011).
1.5 Significance of the Study
The significance of this study may be seen from two perspectives. The first was to
explore learners’ and educators’ levels of awareness, knowledge and attitude toward
environmental pollution. This was significant because these individuals live in a coal
mining area which is also surrounded by coal generated electricity power stations
and related industry. In fact, it is pointed out that “… the Witbank coalfield is by far
the most important source of South Africa’s mined coal at present” (Coal mining in
South Africa, 2012). It was critical for the participants to have an understanding of
what could affect the teaching and learning context especially for them living in a
pollution prone area. The second perspective which is tied to the first is based on the
fact that when environments are polluted this may result in health problems for
example individuals may suffer from different ailments. Such ailments may present
in the form of respiratory infections, asthma, coughing, nose and eye irritations.
When learners and educators living in polluted areas are affected by the ailments this
situation further impacts on their school attendance and the teaching - learning
ability. For instance if educators are off sick then no teaching takes place and
learners miss out. The inability to receive proper education may impact negatively
on and influence children’s career prospects adversely in future. Similarly if children
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spend most of their time outside the classroom because of health problems they
unfortunately miss out on education and its immeasurable positive influence on their
future.
This study was extremely significance because:
(a)

It will increase and enhance the level of awareness and understanding of
learners and educators about pollution issues. This may have a further spinoff where the knowledge may be passed to others for example parents,
siblings and friends

(b)

The findings from this study may be useful to the Department of Education
particularly in developing policies and programs to integrate environmental
education as a standalone subject. When that is done it should enrich and
benefit both learners and educators with relevant knowledge and awareness
on environmental issues

(c)

The scientific analysis of the air and water quality should help government,
industries and the general public understand how these may impact on the
issues raised in this study. For instance, if there are gaseous pollutants then
it will be necessary for action to be taken to circumvent illness that may
result because of this

(d)

Awareness about pollution issues may help education authorities plan better
as to where schools may be located

Finally, the significance of this study also lies in the fact that it combines an
environmental education investigation with a purely scientific analysis. The purely
scientific analysis involved the use of a measure of chemical compounds.
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Specifically, scientific equipment such as Radiello ® samplers, were used to collect
pollutants. Also, chemical analytical methods such as the use of atomic absorption
spectroscopy and chromatography formed the basis of this study’s repertoire. No
studies utilising both research (environmental education and chemical analysis)
paradigms or reporting on these two interrelated investigations were found.
1.6 Delimitation of the Study
This study was conducted in the eMalahleni area which is but part of the entire coal
mining belt in the Mpumalanga province. Also, the study covered five schools that
were located within the environment of coal mines and electricity generating
stations. Pollution may involve air, water and the soil. In this study though, for
practical purposes only air and water pollution were considered. Another delimiting
factor here is that the air and water samples were extracted in the immediate vicinity
of the coal mines and electricity generating power stations. Two issues arise from
these facts namely, (i) not all schools in the immediate vicinity could be selected and
(ii) this means that areas away from these facilities were not covered.
1.7 Definition of terms
The definitions provided here are meant to clarify what is meant by particular terms
as they are used in this study.
TERM
Awareness

DEFINITION
The Merriam-Webster dictionary defines awareness as
being: Watchful, Wary, having or showing realization,
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perception, or knowledge. In this study therefore
awareness is defined as the realization and perception
about environmental matters with the aim to guard
against its destruction
Knowledge

The operational definition of this is: Knowledge of
environmental issues is about helping learners gain a
variety of experiences and acquire a basic understanding
of the biophysical environment and its associated
problems (UNESCO-UNEP, 1978)

Attitude

These are the feelings whether positive or negative that
individuals have about people, objects or the environment
(Newhouse, 1990)

Biographical variables

These are the specific variables that participants in this
study were requested to provide such as, age, gender,
qualification and specialisation. This is interchangeably
referred to as demographic variables

Environmental education

In this study the Belgrade Charter defining environmental
education is accepted:
Environmental Education is a process that aims to
develop a world population that is aware of, and
concerned about, the total environment and its
associated

problems,

and

which

has

the

knowledge, attitudes, skills, motivation, and
commitment to work individually and collectively
toward solutions of current problems and the
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prevention of new ones (UNESCO – UNEP,
1976).
Grade level

This refers to the school level grade in which learners
who participated in this study were in. Specifically in this
study learners were in Grade 8 – Grade 12

Educators

This is terminology that is current in the South African
educational context. In this study however educators and
teachers mean the same thing

Learners

This is terminology that is current in the South African
educational context. In this study however learners and
students mean the same thing

Pollution

Pollution is described as the contamination of air, soil, or
water by the discharge of harmful substances (National
Pollution Roundtable, 2007). In this study the definition
of pollution was based on this

Private schools

These are schools that are run independently of
government. Generally these schools a more expensive
and are owned by individuals or by commercial
enterprises

Public schools

These are schools that are government funded and in
essence operated

Quantitative aspects

This relates to the collection of data using the
questionnaire, its analysis using statistics and the
reporting of the quantitative results that formed a major
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part of this study
Scientific aspects

Are about the collection of water and air samples, the
scientific analysis of these and the reported chemicals
found in the samples

Sources of information

These were all possible sources where participants of this
study received information relating to environmental
matters

1.8 Structure of the Thesis
The thesis is structured into five chapters. The chapters cover the background of the
study, literature review, design and methods, the findings and finally discussion as
well as conclusions. Specifically the chapters are presented in the following order:
CHAPTER 1: This chapter introduced the title of and provides the basis for the
study. In doing this the background against which the study is
conceptualized is introduced. The chapter also covers different
aspects including, the problem statement and the research
questions, aim and objectives, significance of the study,
delimitation of the study and the summary of the chapter.
CHAPTER 2: This chapter is about relevant literature relating to the study. This
literature review formed the basis for the theoretical framework that
was adopted in the study. In building the theoretical framework,
three areas in literature covering environmental pollution are
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presented. First, general literature on environmental pollution is
reviewed. This review is followed by an exposition on literature on
environmental education. Finally, the literature review focusses on
environmental awareness, environmental knowledge as well as
environmental attitudes. These are the attributes that were
investigated in this study. In terms of the scientific basis of the
study issues linking to pollutants as a result of activities related to
burning coal were addressed. Here some of the chemical pollutants
were individually addressed including their harmful effects on
humans and the environment.
CHAPTER 3: This chapter describes the research design and methods used. In
design terms the study employed two research approaches. The first
approach was quantitative in nature while the second was a
scientific analysis. In the quantitative approach, questionnaires
were used to collect data and statistics to analyse it. In the scientific
aspect air and water samples were collected and analysed for
pollutants.
CHAPTER 4: Here, analysis and interpretation of data collected is described. In
interpreting the quantitative data, issues of reliability and validity
are also addressed. The scientific basis of the analysis involved the
use of sophisticated scientific equipment to determine pollutant
levels in the air. Here the objective was to benchmark the quantities
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of the pollutants with the national ambient air quality standards
(Department of Environmental Affairs, RSA, 2004) and the WHO
Air Quality Guidelines (AQGS) (WHO, 2005; 2011). Similarly,
water pollutants were evaluated and benchmarked against the
acceptable levels recommended by the Department of Water
Affairs and Forestry, RSA, (2011). Following the analysis of the
water samples, the chapter concludes with a summary of the overall
results of this study.
CHAPTER 5: This chapter presents a discussion on the findings of the study.
Also

covered

here

are the

recommendations,

conclusion,

suggestions for further research and limitations.
The final pages of this thesis are about the references and appendices. The references
which are presented in the American Psychological Association (APA) format cover
all the literature sources that are cited in the thesis. Finally the appendices provide
extra information that is relevant in explaining different aspects of this thesis.
1.9 Summary
This chapter provided the background and context against which the study was
conceptualised. In essence the importance of the environment and its sustainability
was looked at. Further, the importance of environmental education as practised in
different countries was also explained. Specific to the research study, the statement
of the problem together with the research questions were articulated. Following this,
the aim and objectives for the study were provided. Finally, the significance of the
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study was explained where the delimitations as well as the definitions of the main
terms used were also described.
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CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
Our world environment is threatened by all sorts of environmental problems. In fact
it is reported that the health of 1.6 billion people may be at risk as a result of poor
urban air quality (Elsom, 1996 cited in Bickerstaff & Walker, 2001). The problems
are as a result of for instance, industrialisation which has led to urbanisation.
Urbanisation has meant that there has been great movement from rural areas
especially in Africa to areas where industries and thereby employment is.
Unfortunately the unprecedented movement of people has meant that there is a
serious strain on the environment. The strain is due to human activities and needs
which play a contributory role in environmental pollution. Environmental pollution
is persistently and adversely affecting the quality of air, water supplies, plant and
animal species and human beings.
The problems caused by pollutants have resulted in global warming, climate change,
smog and acid rain throughout the world. People living around industries are
vulnerable to the effects of whatever pollutants are released. For example, in the gold
mining industry surface water is affected by the chemicals used and problems of acid
mine water are experienced. In this regard, it is argued in fact that when “… mine
waters are discharged into streams, lakes, and the oceans, serious degradation of
water quality and injury to aquatic life can ensue …” (Nordstrom, 2011, p. 393).
Another example may be seen from the Chernobyl nuclear power plant where a
disaster still affects humans and the environment. In this instance a strong positive

correlation was reported between high levels of Cesium (137Cs) in the soil and milk,
and the concentration of Strontium (90Sr) in the soil. These high levels are reported
to be the “… second most important radionuclide contributing to chronic expo-sure”
(Dubrova et al., 1997, p. 275).
Also, it is averred that people living near businesses complain of “…respiratory
illnesses. Infants are being diagnosed with asthma caused by the poor quality of the
air …” (All about Energy Resources, 2011). In China on the other hand, it is
reported that coal combustion is a major contributor to air pollution, with cities such
as Taiyuan and Lanzhou having Sulphur dioxide (SO2) levels almost 10 times the
WHO guidelines (National Environmental Protection Agency [NEPA], 1996). Also
in India, about 55 per cent of Delhi's population is reportedly directly affected by air
pollution that can translate into 3,000 ‘premature deaths’ annually due to air
pollution related diseases (Centre for Science and Environment 2012). In Africa
particularly in South Africa, the domestic sector especially domestic coal burning
from power stations for generating electricity is responsible for high levels of air
pollution (Department of Environmental Affairs and Tourism [RSA], 2005).
Similarly with respect to water pollution high rates of urbanization and
industrialization are reported to have aggravated the threat to wetland resources
(Coetzee, 1999).
If the problem of environmental pollution is not addressed now, then the future may
be laden with more problems. It is therefore extremely necessary of the world’s
citizens to be aware of the great harm we are causing to the environment. When
people have proper awareness, knowledge and understanding of their environment it
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will go a long way in shaping their attitudes. On the contrary if they are not aware
and knowledgeable they will worsen the situation. An advantage of the awareness,
knowledge and understanding of the environment is that these will be passed on to
children who are the future generation.
2.2 Coal in South Africa – An Overview
South Africa is the world’s third largest coal exporting country, exporting 25% of its
production internationally while it uses 53% of the balance on electricity generation,
33% for petrochemical industries (Sasol), 12% for metallurgical industries
(ArcelorMittal) and 2% for domestic heating and cooking (Coal mining in South
Africa, 2012). Eskom is the 11th largest electricity generator in the world, while
Sasol is the largest coal-to-chemicals producer (ibid.). South African coal which
comes from the Witbank coalfield is mainly used for electricity generation and due
to the lack of suitable alternatives this situation is reportedly unlikely to change over
the next 10 years (Prevost, 2007). However, electricity generation releases 170
million tons of carbon dioxide annually, about 0.7 million tons of nitrogen oxides
and about 1.5 million tons of sulphur oxides into the environment (Lloyd, 2002). In
fact a major problem with mining and electricity generation is that is also affects the
people, the environment as well as farming in general. For example, Mpumalanga
farmers have lamented water pollution from mining and they have pointed out that
this may result in a national food crisis (Craven, 2012).

22

2.3 Environmental Pollution
The term pollution was derived from the Latin word ‘pollutionem’ meaning to make
dirty (Rajkoomar, 2011). Environmental pollution therefore is about making the
environment dirty. This environment is dirtied by introduction of harmful substances
for instance in the air, water and land (ibid.). The harmful substances also called
pollutants leads to an unhealthy environment that threatens the survival of life
(ibid.).
The NEM Act 107 of 1998 defines pollution as (Department of Environmental
Affairs, RSA, 1998, pp. 8 - 10):
any change in the environment caused by—
(i) substances;
(ii) radioactive or other waves; or
(iii) noise, odours, dust or heat.
emitted from any activity, including the storage or treatment of waste or
substances, construction and the provision of services, whether engaged in by
any person or an organ of state, where that change has an adverse effect on
human health or well-being or on the composition, resilience and
productivity of natural or managed ecosystems, or on materials useful to
people, or will have such an effect in the future.
Others have defined environmental pollution as involving the presence of substances
such as gases and particulate matter generated by natural processes and human
activities in their environment (Lucas & Gilles, 2003). There are three major forms
of environmental pollution identified in literature. The main is air pollution which is
followed by water pollution (Gambhir, Kapoor, Nirola, Sohi, & Bansal, 2012). The
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third is about land or soil pollution, which may be as a result of radioactive material,
plastics thrown away or oil spillage (Nathanson, 2012).
Environmental pollution has been a major problem in both the developed and
developing countries. It remains a major source of health risk everywhere it is
experienced by citizens. Environmental pollution is reported to be worse in
developing countries due to lack of investment in modern technology, poverty, lack
of basic sanitation and weak environmental legislation (Briggs, 2003). Over the
years, research studies have indicated that increased combustion of fossil fuel such
as coal for electricity generation in most countries is majorly responsible for
environmental pollution (Kampa & Carstanas, 2008). For the purposes of this study
only air and water pollution are considered.
2.3.1 Air pollution
Our immediate environment comprises of air on which all forms of life depend for
survival and existence. Clean air is composed of a mixture of gases namely, Nitrogen
(78.1%), Oxygen (20.9%), and Carbon dioxide (0.03%). For instance, humans need
approximately 10 m3 - 20 m3 of oxygen per day (Park, 2009). However, fossil fuel
combustion is reportedly the single largest pollutant accounting for 80% of
anthropogenic greenhouse gas emissions (Quadrelli & Peterson, 2007). It is
estimated that more than 2 million premature deaths each year can be attributed to
the effects of urban outdoor and indoor air pollution (WHO, 2005). Research studies
have indicated that exposure to air pollution may be associated with increased
respiratory symptoms, reduced lung function, cardiovascular diseases and increased
number of deaths from respiratory diseases (Brunekreef & Holgate, 2002; Dockery
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& Pope, 2002; Samet, Dominici, Curriero, Coursac, & Zeger 2000; Stieb, Judek, &
Burnett, 2002).
2.3.2 Water pollution
Water is the most abundant and important compound on earth. It covers 70.9 percent
of the earth surface and it is very essential to all life (Kukurova, 2012). Water
pollution is defined as any chemical, physical or biological change in the quality of
water that has harmful effect on any living thing that drinks uses or lives in it
(Lenntech, 2011a). In general human activities are responsible for the pollution of
drinking water, lakes, and the oceans resulting in great harm to human health, plants,
animals (Kukurova, 2012). For example, industrial activities such as mining are
reported to be responsible for water pollution (Amezaga et al., 2011). The adverse
effects of water pollution may be seen from the WHO (1997) report that estimates
that approximately one billion people drink unsafe water of which about 10 million
children die each year.
2.4 Coal and Its Combustion
Coal like other fossil fuels (oil and natural gas) is a combustible carbon rich mineral
formed from fossilised plant life subjected to pressure and heat millions of years ago
during the carbonaceous period (Environmental Health and Engineering Inc., 2011;
The NEED Project, 2011). This fossil fuel is the world’s most abundant and an
important energy source particularly in power generation. In fact it is estimated that
there is about 1000 billion tonnes of coal reserves in countries such as the USA,
Russia, South Africa, China and India (World Coal Association, 2012). The demand
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for coal has grown rapidly over the last decade, outgrowing that for gas, oil, and
other energy sources. Among all the fossil fuels, coal accounts for 40% of global
electricity generated from coal-fired power plants (Burnard & Bhattacharya, 2011).
An example of the dependence on coal for electricity generation may be illustrated
by: South Africa (93%), Poland (92%), China (79%), India (69%) and the United
States (49%). Moreover the growing energy needs of the developing world are likely
to ensure that coal remains a key component of the power generation mix in the
foreseeable future (ibid.).
Carbon (C) is derived from the Latin word ‘carbo’ and is the sixth most abundant
non-metallic element on earth (Cleveland, Hogan, Gulledge, Duffy, & Jorgensen,
2011). Carbon has been shown to exist in various allotropic forms such as coal,
diamond, and graphite. There are about ten million known carbon compounds and
some of the most important carbon compounds are: carbon monoxide (CO), carbon
dioxide (CO2), and hydrocarbons such as Methane (CH4), ethylene (C2H4), acetylene
(C2H2), benzene (C6H6), as well as their alcohol and acid derivatives like ethyl
alcohol (C2H5OH) and acetic acid (CH3COOH) (ibid).
Among these fossil fuels coal and its combustion contributes the largest percentage
to global anthropomorphic emissions of carbon monoxide and carbon dioxide. These
greenhouse gases are largely responsible for climate change and global warming
(Burnard & Bhattacharya, 2011; Moore, Stanitski, & Jurs, 2008). Carbon monoxide
is a colourless and odourless gas referred to as ‘silent killer’ (Cunha, 2012). It is
created when carbon containing substances such as coal are burned (ibid.). Human
exposure to CO results in immediate death (Raub, Mathieu-Nolf, Hampson, &
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Thom, 2000). In fact, carbon monoxide poisoning is reportedly a leading cause of
mortality in the United States (Kent & Olson, 1984). Carbon dioxide is also a
colourless and odourless compound found in the atmosphere. It is known to be the
most common and dangerous greenhouse gas released into the atmosphere. It is
mostly caused by combustion of coal in power plants (Reay & Pidwirny, 2010). In
fact coal combustion accounts for more than 70% of CO2 emissions (Burnard &
Bhattacharya, 2011). It is argued that CO2 emissions from power plants will increase
by a third in 2020 and almost double in 2050 (Jones, 2012). A problem with
increased concentration of CO2 is that it will negatively affect the sea temperature
and ocean acidification which will invariably adversely affect aquatic lives (Moore
et al, 2008). Already it is indicated that the increase in CO2 emissions have resulted
in high levels of respiratory diseases in the United States (Epstein, 2005). Specific to
South Africa, this nation is estimated to release about 400 million tonnes of CO2
yearly (Naidoo, 2009). This amount I felt, must affect the people and the
environment around which this CO2 is released.
2.4.1 Exemplars of pollutants from coal
While coal is a source of energy it is also one of the most polluting substances to the
environment. The effects of its pollution are experienced from coal mining, in its
transportation to its combustion. In essence, the exploitation of coal results in
pollution that affects the air, water and soil (Kearting, 2001). Other than CO and CO2
coal contains pollutants that are released into the environment and which invariably
also affect human health and the general environment (Sabbioni, Goetz, & Bignoli,
1984). Examples of these pollutants are: Ozone, Sulphur dioxide, Nitrogen dioxide,
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particulate matter, Lead, Arsenic, Nickel, Mercury, Cadmium (ibid.). As has already
been pointed out, coal is a source of energy however its usage results in pollutants
that are either harmful or affect the environment. Some of the resulting pollutants
like Ozone (O3), Nitrogen oxide (NO2), Sulphur dioxide (SO2), and Lead (Pb) are
provided as examples here.
2.4.1.1 Ozone
Ozone is a type of gas that forms due to the combination of three oxygen atoms.
There are two types, which will be referred to as ‘good ozone’ and ‘bad ozone’ here.
Good ozone is naturally formed and is found in the upper part of the atmosphere
(stratosphere). This ozone layer is good because it protects life on earth by shielding
it from harmful ultraviolet rays from the sun. The bad ozone is found at ground level
in the lower part of the atmosphere (troposphere). It is a major constituent of smog (a
combination of smoke and fog) and is very harmful to human health, plant and
animals (United States Environmental Protection Agency [USEPA], 2003). This
ozone is formed by the reaction of volatile hydrocarbons with nitrogen oxides, which
are by-products of coal combustion (Pitts & Pitts, 1999 cited in Sagar et al., 2001).
A problem with exposure to this O3 is that it affects human and animal health in
respect of respiratory and eye problems (USEPA, 2003). In terms of plants O3
concentrations have been reported to affect plant growth and also soil fertility (Allen,
2002). This author has for example reported that overexposure to O3 results in plants
metabolizing less carbon dioxide, which reduces carbon flow from the atmosphere to
the roots (ibid.). A research study conducted at the University of Southern California
revealed that pregnant women who breathe air heavily polluted with ozone are at
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particular risk of giving birth to children afflicted with Intrauterine Growth
Retardation (IUGR) (Salam, Millstein, Li, Lurmann, Margolis, & Gilliland, 2005). It
is also reported that O3 exposure is a major cause of absenteeism among school
children where about 83 percent experience upper respiratory illnesses (Gilliland et
al., 2001).
2.4.1.2 Nitrogen dioxide
Nitrogen dioxide (NO2) is a reddish-brown gas that comes majorly from the burning
of fossil fuels. It reacts with moisture in the atmosphere to form acid rain, which
causes harm to human beings, plants and animals and water bodies (Agency for
Toxic Substances and Diseases Registry, 2002). People who live near combustion
sources such as coal fired plants may be exposed to higher levels of NO2 (ibid). NO2
has been reported to be a very strong respiratory irritant which affects the respiratory
tract (Chitano, Hosselet, Mapp, & Fabbri, 1995). Some studies have also reported a
relationship between increasing exposure to NO2 in ambient air and a rise in hospital
admissions due to asthma and other respiratory conditions among adults (Linn &
Gong, 1999; Sunyer, Castellsague, Saez, Tobias, & Anto, 1996; Tenias, Ballester, &
Rivera, 1998) as well as among children (Dockery, Speizer, Stram, Ware, Spengler
& Ferris, 1989; Gehring et al., 2002; Nicolai et al., 2003). In fact in a study in
Denmark investigating the effects of coal mining, it is reported that workers had lung
cancer as a result of long term exposure to NO2 (Nafstad et al., 2003). Also, studies
have reported a correlation between human exposure to NO2 and mortality
(Campbell & Tobias, 2000; Kan & Chem, 2003; Touloumi et al., 1997). For
example in a study in Los Angeles it was reported that exposure to NO2 caused
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deaths, due to cardiovascular and respiratory diseases (Kinney & Ozkaynak, 1991).
Similarly, in Japan school children exposed to NO2 were also found to have suffered
from respiratory illnesses (Shima & Adachi, 2000).
2.4.1.3 Sulphur dioxide
Sulphur dioxide (SO2) is a gas produced by burning sulphur or sulphur-containing
compounds. One such compound is coal (Levy, 2007). Sulphur dioxide like NO2
also reacts in the atmosphere to form acid rain which contributes to the acidification
of lakes and streams, accelerated corrosion of buildings (Ontario Ministry of The
Environment, 2010). Human exposure to SO2 may result in respiratory illnesses and
cardiovascular diseases (Pikhart et al., 2002). In fact, in the United States coal mine
workers exposed to SO2 were reported to invariably die from chronic lung diseases
(Bridbord et al., 1979). Specifically to school going children studies have also
reported the association between exposure to SO2 and illness resulting in
absenteeism in Korea (Park, Lee, Ha, Lee, Kim, & Hong 2002) and in Europe
(Sunyer et al., 2003).
2.4.1.4 Lead
Lead (Pb) is a bluish white lustrous metal found naturally in the environment
(Lenntech, 2011b). This element has long been recognized as a dangerous pollutant
which affects plants, animals, water bodies, soil and human beings. It is reported that
contamination of the environment by Pb is generally high relative to other elements
(Fregal & Smith, 1992 cited in Tong, Von Schirnding, & Prapamontol, 2000). There
has been a great increase globally in the concentrations of lead in the environment as
a result of human activities (Nriagu & Pacnya, 1988). In terms of its effect on
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humans a study conducted in the United States revealed that a high concentration of
lead in the blood was responsible for 89% increase in deaths from cardiac diseases
(Menke, Muntner, Batuman, Silbergeld, & Guallar 2006). Regarding children, it is
reported that exposure to Pb affects the nervous system (Heinze, Gross, Stehle,
Dillon, 1998; Schutz et al., 1997; Malcoe, Lynch, Keger, & Skaggs, 2002; Okonkwo
Salia, Lwenje, Mtetwa, & Shilongonyane, 2001).
2.4.1.5 Arsenic
Arsenic is a naturally occurring element widely distributed in the earth’s crust. In the
environment, arsenic is combined with oxygen, chlorine, and sulphur to form
inorganic arsenic compounds (Agency for Toxic Substances and Disease Registry
[ATSDR] (2011). Arsenic in bituminous coal occurs primarily in pyrite and, to a
lesser extent, in organic portions of the coal. A small fraction of this arsenic is
emitted during coal combustion (Arsenic in Coal, 2006). It is reported that 80.000
tonnes of arsenic per year are released by the burning of fossil fuels. Also it is
pointed out that while it may be a deadly poison it is an essential trace element in
human and animals unless its intake is at about 0.01 mg/day (Lenntech, 2011c).
Arsenic (As) as a pollutant is toxic and carcinogenic (Shi, Shi, & Liu, 2004). It is
reported that industrial processes such as mining activities contribute to As
contamination of water (Gebel, 2001; Smedley & Kinniburgh, 2002). A study
conducted in Taiwan on exposure to arsenic, among children in schools located
around some coal power plants revealed that exposure to this carcinogenic metal
may contribute to DNA damage in children. Prevalence of asthma and allergic
rhinitis among the study participants were also observed (Wong et al., 2005). In a
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related manner, children drinking water with high levels of As (e.g., 50 µg/L) were
reported to have significantly lower performance scores than those drinking water
with less than 5.5 µg /L. (Wasserman et al., 2004).
2.5 The environment and sustainable development
Sustainable development is defined in many ways but the most prominent is “… the
development that meets the needs of the present without compromising the ability of
future generations to meet their own needs …” (Bansal, 2005, p, 197). A critical
aspect of sustainable development is that people should develop knowledge, values
and skills in order to participate in decisions about the way things are done. The
knowledge, values and skills are critical for improving the quality of life now while
not damaging the planet for the future (Palmer, 1998). Over the past few years, the
term sustainable development has emerged as a result of the global crisis plaguing
the environment (Lélé, 1991). In recognition of the environmental issues, the quest
has been to address problems by considering ways and means by which the
international community could address these (Brundtland, 1987). In essence the
quest was to propose long-term environmental strategies for sustainable development
by the year 2000 and beyond (ibid).
Despite all these efforts to address environmental problems, it is reported that, the
more we try, the less sustainable our world environment is becoming
(Govindaswamy, 2006). This author is of the view that there is an urgent need for
every citizen to be empowered with essential knowledge and information about the
environment if an acceptable level of global environmental sustainability is to be
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achieved (ibid.). So for sustainable development to be a reality, it is argued that the
starting point requires the participation of everyone, providing knowledge, making
decisions and changing daily routines and lifestyles that leads to the degradation of
the environment (Myers & Macnaghten, 1998). In concurrence it is averred that
awareness, knowledge, attitude, values and practices of the people will go a long
way to sustain the quality of our environment (Mansaray & Ajiboye, 1998). It is in
this context that environmental education is a very important tool in promoting
sustainable development and improving the capacity of the people to address
environmental issues (Huckle & Sterling, 1996).
2.6 Environmental Education
2.6.1 Historical background
Environmental Education was mentioned for the first time in 1948 by Thomas
Pritchard at a meeting of the International Union for the Conservation of Nature and
Natural Resources [IUCN] (Disinger, 1984). Before 1948, Environmental Education
was formerly known as Conservation Education. This old term was defined based on
the recognition of the interdependence of humans with the environment (ibid.). The
term Environmental Education gained prominence in 1966 when Clay Schoenfeld
the founding editor of the Journal of Environmental Education used it for the first
time in an academic context. It was only in 1969, that Bill Stapp and a number of
colleagues from the University of Michigan authored a paper entitled ‘The Concept
of Environmental Education.’ In this seminal paper, these authors were the first to
define what Environmental Education entails (Gough, 1997). Environmental
Education gained international recognition in 1972 with the United Nations (UN)
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Conference on the Human Environment, in Stockholm, Sweden, which adopted the
use of Environmental Education as the means to address environmental issues
worldwide. In 1975 a Belgrade Charter was also adopted where United Nations
representatives defined the goal statements for environmental education (North
American Association of Environmental Education [NAAEE], 1996). This was
followed by an intergovernmental conference on Environmental Education in 1977
at Tblisi (USSR) (UNESCO-UNEP, 1978). Following this ground-breaking
conference there has been many others, organised by the UN such as the World
Summit on Sustainable Development (WSSD) in Johannesburg, South Africa in
2000 (UNESCO-UNEP, 2007).
2.6.2 Definition
Environmental Education according to Stapp et al., 1969 (p. 30) is defined as a
process “… aimed at producing a citizenry that is knowledgeable concerning the biophysical environment and its associated problems, aware of how to help solve these
problems, and motivated to work toward their solutions ...” This definition is
regarded as the most influential definitional statement for Environmental Education
because all others have their basis on it (Disinger, 1984).
From a global perspective Environmental Education has also been defined. For
instance, According to the Belgrade Charter:
Environmental Education is a process that aims to develop a world
population that is aware of, and concerned about, the total environment and
its associated problems, and which has the knowledge, attitudes, skills,
motivation, and commitment to work individually and collectively toward
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solutions of current problems and the prevention of new ones (UNESCO –
UNEP, 1976).
In the Tblisi conference in 1977 the definition was:
… learning process that increases people’s knowledge and awareness about
the environment and associated challenges, develops the necessary skills and
expertise to address the challenges, and fosters attitudes, motivations, and
commitments to make informed decisions and take responsible actions
(UNESCO – UNEP, 1978).
Environmental Education has also been defined by other authors in various ways.
Examples of these definitions are (i) IUCN: Environmental Education is the process
of recognizing values and clarifying concepts in order to develop skills and attitudes
necessary to understand and appreciate the inter-relatedness among man, his culture
and his biophysical environment (Palmer, 1998); (ii) “…concept that teaches
children and adults how to learn about and investigate their environment, and to
make intelligent, informed decisions about how they can take care of it” (NAAEE,
2000). (iii) “... aid learners in becoming environmentally knowledgeable and, above
all, skilled and dedicated human beings who are willing to work, individually and
collectively, toward achieving and/or maintaining a dynamic equilibrium between
the quality of life and quality of the environment …” (Hungerford, Volk, & Ramsey,
1994, p. v).
2.6.3 Goals and objectives of environmental education
The following goals

and objectives were recommended at the Tbilisi

intergovernmental conference on environmental education (UNESCO-UNEP, 1978).
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2.6.3.1 Goals
The goals of environmental education are:
1)

To foster clear awareness of, and concern about, economic, social, political and
ecological interdependence in urban and rural areas;

2)

To provide every person with opportunities to acquire the knowledge, values,
attitudes, commitment and skills needed to protect and improve the
environment;

3)

To create new patterns of behaviour of individuals, groups and society as a
whole towards the environment.

2.6.3.2 Objectives
The following five components were recommended as the objectives of
environmental education:
1)

Awareness: to help social groups and individuals acquire an awareness of and
sensitivity to the total environment and its allied problems

2)

Knowledge: to help social groups and individuals gain a variety of experience
in, and acquire a basic understanding of, the environment and its associate
problems

3)

Attitude: to help social groups and individuals acquire a set of values and
feelings of concern for the environment, and the motivation for actively
participating in environmental improvement and protection

4)

Skills: to help social groups and individuals acquire the skills for identifying
and solving environmental problems

5)

Participation: to provide social groups and individuals with an opportunity to
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be actively involved at all levels in working toward resolution of environmental
problems
The aim of the goals and the objectives enumerated here is to eliminate irresponsible
behaviour (Bradley, Waliczek, & Zajicek, 1999). Also, these are meant to define an
environmentally responsible citizen who is aware and sensitive to the biophysical
environment and its associated problems (Hungerford & Volk, 1990).
2.6.4 Teaching and learning
For any environmental education programme to achieve its purpose and objectives it
must be planned and taught with proper care and attention to detail like any other
subject (Palmer & Neal, 1994). The onus is in fact on the school system to develop
in children positive attitudes towards the environment. This is possible by
incorporating in the school curriculum the teaching of environmental concepts to
enhance learners’ awareness of the need for its preservation and protection (Mutisya
& Barker, 2011). Researchers (e.g., Said, Ahmadun, Paim, & Masud, 2003), argue
that teachers play a significant role in determining the successful implementation of
environmental education among the young. Their responsibility is to help in
imparting into learners the knowledge about the biophysical environment, to identify
the basic environmental problems, discover their causes and provide them with skills
needed in solving these (Palmer, 1998).
In Israel for instance, it is reported that that teacher’s awareness, knowledge, attitude
and behaviour towards the environment has a way of affecting and influencing
students’ attitude towards the environment (Tartar, 1998). This suggests that the
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training of teachers is paramount for them to be able to teach learners these
environmental concepts effectively (Athman & Monroe, 2001; Esa, 2010).
Two issues are identified for teachers to develop learners who are both capable of
and willing to respond to environmental issues in responsible ways (Hungerford &
Peyton, 1994):
1)

learners must own the issues in question

2)

learners must feel empowered to effect change

Specifically, these authors said “… If we want to develop large numbers of learners
who are skilled and dedicated environmental citizens, the learners must feel a sense
of ownership toward issues needing resolution and a sense of empowerment with
respect to helping with that resolution …” (p. viii).
Environmental education should not only be taught to make learners aware of the
environment and the problems. The purpose should be to change their perception and
attitude about their environment by helping them develop the desire and skills to
become environmentally involved in their communities as well (Hungerford & Volk,
1990). It is suggested that learners should be able to identify and deal with
environmental problems that affect their daily lives first, in their local communities
(Bas, Teksoz, & Ertepinar, 2011). When they are able to deal with the local issues, it
is envisaged that in the long term such understanding will go a long way in helping
them in dealing with national and global problems (ibid.). In a similar vein, it is
emphasised that unless problems are adequately defined and solved at the local
levels they will never be adequately defined and solved at national or global level
(Sonowal, 2009). Environmental education should be an active learning process
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where learners interact with each other in respect of thinking of and discussing about
environmental issues in their school surroundings. If it is handled this way, there is a
high probability that this will increase learners’ awareness and knowledge about the
causes and effects of problems. A resultant effect of all this, is that learners will take
ownership to and take action by solving identified problems (Mutisya & Barker,
2011). An advantage of such action is that learners will develop positive attitudes
toward preserving and protecting their environment (ibid).
Environmental Education need not only be a classroom business, that is, it should
not only be taught theoretically, but also practically as an extra-curricular activity.
This will expose learners to real life situations thereby helping them to be able to
providing solutions to environmental issues (Bas et al., 2011). In fact environmental
education should be a continuous lifelong process beginning at primary school level,
into all formal and informal education and later in life (Palmer, 1998).
2.6.4.1 Categorical threads of environmental education
Three categorical threads of environmental education are identified in literature.
These are: (i) education about the environment, (ii) education for the environment
and (iii) education in or through the environment (Palmer & Neal, 1994). Education
about the environment is aimed at instilling in learners the basic knowledge,
understanding and awareness of the natural processes that take place in the
biophysical environment. Also, teaching them about the major environmental
problems that threaten our environment such as global warming, climate change,
acid rain and deforestation (ibid). Education for the environment teaches learners on
how to use problem solving and decision making skills to help bring about change. It
39

has to do with developing in learners’ values and positive attitudes for the
environment as well as the skills and knowhow needed in solving environmental
problems. Some of these skills may be; planting trees, preparing materials for
recycling (ibid).
Education in or through the environment is about using the environment as a
resource for learning. This uses the immediate environment and real life situations as
a basis for learning. Such learning should enable the development of a greater level
of knowledge and understanding as well as skills of problem solving. This is
normally done outside the classroom in the school vicinity for example. This type of
education encourages active participation of students in their surrounding
communities (ibid).
2.7 Environmental Education in South Africa
It is pointed out that in the early 1970s environmental education in South Africa
focused on soil erosion, outdoor and conservation education emphasising on the wise
use of natural resources and basic ecology and not on the political, social and
economic concerns as it does now (Panday, 2002). On attaining democratic rule,
South Africa defined environmental education as (Department of Education [DoE],
1995):
… involving an interdisciplinary, integrated and active approach to learning,
must be a vital element of all levels and programmes of the education and
training system, in order to create environmentally literate and active citizens
and to ensure that all South Africans, present and future, enjoy a decent
quality of life through the sustainable use of resources.
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In spite of the recognition of the importance of environmental education, the
department suggested that concepts relating to this should be included in other
subjects. It fact researchers (e.g., Mosidi, 1997) have also lamented the fact that
environmental education was not allowed to be a standalone subject.
2.7.1 Related initiatives
Various initiatives and projects have been founded to promote environmental
education thereby addressing environmental issues in South Africa such as, Wildlife
and Environment Society of South Africa (WESSA), National Environmental
Education Project (NEEP), National Environmental Education Project- General
Education

and

Training

(NEEP-GET)

Environmental

Education

Policy

Initiative(EEPI), Environmental Education Curriculum Initiative (EECI) and many
others (Baloyi, 2005). WESSA founded in 1926, is the oldest and largest
environmental project in South Africa. This organisation has been at the forefront of
promoting public participation in caring for the Earth. It focuses on educating and
training of individuals in partnership with Rhodes University. WESSA has been in
the forefront in developing courses as a response to the growing concerns about
environmental issues. An important aspect is also the fact that this organization
produces a bi-monthly magazine called environKids that targets young South
Africans. This magazine provides information about the environment and also
encourages actions to address environmental challenges (WESSA, 2011).
NEEP is an initiative of the Department of Education that was launched on the
World Environment Day (June 5) in 2000. The NEEP project is jointly coordinated
by the DoE and the Department of Environmental Affairs and Tourism (DEAT). Its
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purpose is to support teachers in implementing environmental education at schools
(NEEP, 2003). Considering that very few South African educators are actually
trained as environmental specialists the NEEP plays a significant role. This is a view
supported by researchers (e.g., Rosenberg, 2009) who have argued that there is need
to strengthen educators’ professional capacity especially in matters relating to
environmental education.
2.8 Theoretical Framework
This study is underpinned by environmentalism theory. Environmentalism is a
theory concerned with protecting, conserving, preserving and restoring the natural
environment. It is also a theory that has to do with control of pollution (MerriamWebster Dictionary, 2012). The theoretical framework for this study is based on and
adapted from the work of Hines, Hungerford, and Tomera (1987). These authors
conducted a meta-analysis and a synthesis of research on responsible environmental
behaviour. From the meta-analysis they reported that it is difficult to pinpoint the
most influential variables that motivate people to take responsible environmental
action (Hines et. al., 1987). The meta-analysis resulted in six variables that were
associated with responsible behaviour. The variables were: - Awareness of issues,
Knowledge, Locus of control, Attitudes, Verbal commitment and Individual
responsibility. For the purposes of this study, three of the six variables were
considered. The three were: Awareness, Knowledge and Attitudes. The motivation
for selecting this three rather than all was the indication that awareness, knowledge,
and attitude play an influential role in students’ sense of environmental
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responsibility inside and outside the classrooms. This environmental responsibility is
said to continue throughout their lives (Lasso de la Vega, 2004; 2006).
Also, it is argued that being aware and knowledgeable without positive attitude about
the environment is useless because these three variables are inter-related (Hassan &
Ismael, 2011). For instance, it is averred that students’ positive attitudes towards the
environment is influenced by the amount of knowledge they have acquired (Harun,
Hock, & Othman, 2011). For example, if their knowledge is good about a particular
environmental issue, then their attitude will be positive (ibid.). This will also make
them appear more inclined to take citizenship responsibility toward environmental
problems. In fact it is stated that “…increased knowledge leads to favorable
attitudes…which in turn lead to action promoting better environmental quality”
(Ramsey & Rickson 1977 cited in Hungerford & Volk, 1990, p. 258). Further, it is
opined that knowledge increases awareness which when combined with attitude
leads to environmentally responsible actions (Harun et al., 2011). Following these
arguments I was convinced that indeed if my study sample were not knowledgeable
about environmental issues then they could not be aware nor have good attitude
towards this.
Literature that has addressed the variables such as awareness, knowledge, and
attitude has explored these from the demographic perspective of students and
teachers (c.f., Alli, Ganapathy, & Muthumanickam, 2011; Aminrad, Azizi, Wahab,
Huron, & Nawawi, 2010; Harun et al., 2011; Nagra, 2010; Shobeiri, Omidvar, &
Prahallada, 2006). In terms of the demographic perspective of students and teachers
variables such as the gender; age; grade level; qualification; area of specialization;
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teaching experience and school type were the ones investigated. In this study the
demographic perspective of students and teachers was similarly as indicated here.
The following is an overview of the main variables of this study, namely: awareness,
knowledge, and attitude including the demographic variables. Following that will be
a brief outline of studies that have investigated these variables among students and
teachers. These studies were selected for this outline on the basis that they were
conducted in different parts of the world.
2.8.1 Environmental awareness
The 1977 Tbilisi intergovernmental conference of environmental Education defines
awareness as: to help learners acquire an awareness and sensitivity to the total
(natural and man-made) environment and its related problems (UNESCO-UNEP,
1978). Before an individual can act to solve a particular environmental problem,
such individual must first be cognizant of the existence of the problem (Hines et al.,
1987). Today’s learners are going to be the future custodians, planners, policy
makers and environmental educators. This means it is necessary for schools to teach
and make them aware of their biophysical environment and its problems. So teaching
them should make them aware of problems such as global warming and climate
change, the ozone layer depletion, acid rain, deforestation and loss of biodiversity
(Trumper, 2010). Being cognizant of the problems, that is, knowing what goes on in
the environment should motivate them to work towards finding solutions (Hines et
al., 1987).
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2.8.1.1 Past studies on awareness
The first study outlined here, was a comparative investigation of Iranian and Indian
secondary school students (Shobeiri et. al., 2007). These authors reported significant
differences with respect to awareness among students in both countries. A second
study, conducted in India among secondary school students concluded that they had
moderate levels of awareness regarding the environment (Kang & Chawla,
2011). A study in Nigeria looking at the same variable among teachers
reported low levels of awareness of environmental issues (Ekpoh & Ekpoh,
2011). Similarly, these findings were reported for teachers from Iran. In fact,
it was reported that they had moderate levels of environmental awareness and only
a few had high levels of environmental awareness (Larijani, 2010). In contrast
however, teachers in Punjab were reported to show high levels environmental
awareness (Nagra, 2010).
These high levels of teacher environmental awareness were also reported in
Kuwait (Hel-S, 2003). On the other hand, a study conducted among secondary
school teachers and students in Malaysia revealed that both groups had positive
environmental awareness (Hassan & Ismael, 2011). Meanwhile Shahnawaj (1990)
reported that both secondary school teachers and students had positive
environmental awareness. Also, that environmental awareness levels were higher in
teachers compared to their students.
2.8.2 Environmental knowledge
Knowledge of environmental issues is about helping learners gain a variety of
experiences and acquire a basic understanding of the biophysical environment and its
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associated problems (UNESCO-UNEP, 1978). An in-depth knowledge and proper
understanding of the biophysical environment by learners is very important. This is
very important because it will help learners become more aware and knowledgeable
of the environment as well as understand what it means to protect it (Hungerford &
Volk, 1990). The following section gives a few examples of published studies on
environmental knowledge.
2.8.2.2 Past studies on knowledge
A number of studies have been conducted in different parts of the world to determine
the knowledge of individuals about the environment. In a study conducted in New
York on environmental awareness, knowledge and concern among secondary school
students it was reported that their scores on environmental knowledge were very low
(Hausbeck et al., 1992). This finding was also reported for Turkish Secondary school
students (Alp, Ertepinar, Tekkaya, & Yilmaz, 2006). Meanwhile, in Texas it was
reported that students with higher knowledge scores had more favourable
environmental attitudes compared with students with lower knowledge scores
(Bradley et al., 1999). In Malaysia however, a mixture of findings was reported. In
some instances it was found that students had high level of environmental
knowledge while in others this was low (Harun et al., 2011). In Singapore,
environmental knowledge was found to be high among secondary school students
compared to variables such as attitude and behaviour (Ivy, Road, Lee, & Chuan,
1998).
A comparative study of Lebanese and Australian prospective teachers reported that
the Lebanese students lagged behind their Australian counterparts with respect to
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environmental knowledge (Vlaardingerbroek & Neil Taylor, 2007). For studies that
have investigated the teachers’ knowledge it is reported from Malaysia that their
environmental knowledge was generally poor (Said et al., 2003). This was also the
case among Nigerian teachers (Mansaray et al., 1998). However, in Swaziland
teachers exhibited high level of knowledge about the environment (Mlipha &
Manyatsi, 2005). In Kuwait it was found that for both students and teachers
knowledge about environmental issues was generally poor which affected their
attitude towards the environment (Al Khamees & Alamari, 2009). This situation was
not found in Florida though, because teachers were reported to display higher means
scores in knowledge compared to their students (Lasso de la Vega, 2004; 2006).
2.8.3 Environmental attitude
Attitude is about helping learners acquire a set of values, strong feelings of concern
for the environment and the motivation for actively participating in its protection and
improvement (UNESCO-UNEP, 1978). Attitudes toward the environment are
defined in literature as feelings that may be positive or negative about features of the
environment (Holahan, 1982; Newhouse, 1990). In another sense attitudes reflect a
set of beliefs, affect, and behavioural intentions a person holds in respect of the
environment (Schultz, Shriver, Tabanico, & Khazian, 2004). People with positive
attitudes or concern for the quality of the biophysical environment are critical
because they tend to participate in solving environmental problems (Disinger, 1983).
2.8.3.1 Past studies on attitude
Regarding attitude too, a number of studies have been conducted in different parts of
the world. For instance in Bangladesh it was found that overall, secondary school
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students had positive attitude towards the environment (Sarkar, 2011). A similar
finding was reported in Australia where researchers indicated that 70 - 90% of high
school students expressed positive attitude towards the environment (Worseley &
Skrzypiec, 1998). However a study conducted among Indian and Filipino students on
environmental awareness, knowledge and attitudes reported that a majority lacked
the consciousness and attitude needed to protect their environment (Chapman &
Sharma, 2001). These authors argued that the poor attitudes were as a result of a lack
of awareness and knowledge emphasized by their teachers (ibid.).
With respect to teachers’ attitude towards the environment it is reported in Nigeria
that negative attitudes were more prevalent among secondary school teachers
(Mansaray et al., 1998). In contrast, teachers in India were found to show positive
attitude (Lahiri, 2011). A comparison of teachers’ and their students’ attitude in
Florida revealed that the former had higher mean scores (Lasso de la Vega, 2004;
2006). Meanwhile in Kuwait both teachers’ and their students’ attitudes were found
to be sub-optimal (Al Khamees & Alamari, 2009). These authors attributed this to
their low levels of environmental knowledge (ibid.).
2.8.4 Influence of demographic variables
A number of researchers have examined the effects of demographic variables on
environmental awareness, knowledge and attitude. These studies have reported a
variety of findings, conclusions, and recommendations. On the main, studies
focusing on students have examined issues relating to environmental awareness,
knowledge and attitude against gender, age, grade level, and school type. For
teachers on the other hand, variables such as qualification, teaching experience and
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specialisation were also added. The following are examples of studies that have
examined the influence of demographic variables on environmental awareness,
knowledge and attitude (AKA).
2.8.4.1 Gender and AKA variables
In Rajasthan, in a study on environmental awareness and environmental attitude of
secondary and higher secondary students, females had significantly higher levels of
awareness than males (Shahnawaj, 1990). In Nebraska too researchers reported
findings where female students had positive attitude and concern with regards the
environment than males (Davidson & Freudenburg, 1996). In Uttar Pradesh the
opposite was found where males had higher awareness levels than females (Triphati,
2000). Also, in Varanasi city - India, a study conducted on secondary school students
revealed that males had more environmental awareness compared to their female
counterparts (Astalin, 2011). While differences have been reported with respect to
gender some studies could not establish this (c.f., Shobeiri et al., 2007). Meanwhile,
a statistically significant difference for the effect of gender on attitude was
established while there was no gender effect on environmental knowledge (Alp et
al., 2006). Here females had higher levels of environmental attitude than males.
With respect to teachers, the general trend has been for females exhibiting higher
levels of awareness, knowledge and attitudes towards the environment than males
(c.f., Özden, 2008; Zelezny, Chua & Aldrich, 2000). However, recently no gender
differences have been established (c.f., Alli et al., 2011; Nagra, 2010). The exception
was in Nigeria and Kuwait where males had higher levels of awareness of compared
to female teachers (Ekpoh & Ekpoh, 2011; Hel-S, 2003).
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2.8.4.2 Age and AKA variables
Studies conducted in Hong Kong, Kentucky (USA), as well as in Slovakia have
revealed that younger children had positive attitude compared to older children on
issues relating to the environment (Lee, 2008; Ma & Bateson, 1999; Prokop &
Kubiatko, 2008). In fact it was reported that young people readily accepted new and
innovative ideas and supported environmental protection than the older generation
(Lee, 2008). In contrast, in England it was found that older children had more
positive attitude than the younger children (Strong, 1998) whereas in Malaysia, older
students had higher environmental awareness and attitude that the younger students
(Aminrad et al., 2010). A similar finding was also reported in Cincinnati where older
school children displayed positive attitude and behaviour about environmental issues
(Smith, Rechenberg, Cruey, Magness, & Sandman, 1997). In Iowa too, older
students had higher scores in environmental awareness, knowledge and attitude
(O’Brien, 2007). In Illinois however, it was found that while the older students
appeared to be more knowledgeable and skilled than the younger students, the latter
appeared to have more positive feelings about the environment, a greater willingness
to take positive actions toward the environment, and a higher level of participation in
pro-environmental behaviour (Volk, 2011).
In the case of teachers, it was found that environmental awareness was directly
related to age (Hel-S, 2003). In fact, this view is illustrated by findings in Iran where
it was found that teachers within the age group 31 - 50 years had higher levels of
environmental awareness compared to those less than this age group (Larijani,
2010). Similarly, in Greece, those who were in the age group 46 - 55 had higher
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levels of understanding of environmental issues than their younger counterparts
(Michail, Stamou, & Stamou, 2006).
2.8.4.3 Grade level and AKA variables
In Nigeria, a study conducted on secondary school students’ grade level against
environmental awareness, knowledge and practices reported a significant difference
between the variables (Ifegbesan, 2010). In fact in Turkey and in Cincinnati, students
in higher grade levels had significantly higher levels of environmental knowledge,
positive attitude, and behaviour than counterparts in lower grade levels (Alp et al.,
2006; Smith et al., 1997). Similarly in Malaysia and in Greece, students in higher
grade levels had higher environmental knowledge than those in lower grade levels
(Harun et al., 2011; Liarakou, Athanasiadis, & Gavrilakis, 2011). On the other hand
in Washington D.C., it was found that students in lower grades had higher
environmental attitude and knowledge than those in the higher grade levels (Malkus
& Musser, 1997). However, in Kentucky there was no clear cut variance among the
grade levels. To this effect the authors reported that students in many grades
exhibited positive attitude about environmental issues (Ma & Bateson, 1999).
2.8.4.4 School type and AKA variables
In New York and in Cincinnati, students in private school were reported to have
higher scores in environmental awareness, knowledge, behaviour and concern than
students in public schools (Hausbeck et al., 1992; Smith et al., 1997). It was argued
that the differences may have been due to the fact that private school students tended
to be more affluent and racially homogeneous (Smith et al., 1997). Similarly in India
students in private schools had higher environmental attitude levels than students in
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government schools (Shivajumar & Vamadevappa, 2011). However, in Nigeria
school type had no influence on students’ environmental awareness, knowledge, and
attitude (Akomolafe, 2011).
In the case of teachers, in Iran, those working in private schools were found to have
significantly higher levels of environmental awareness than teachers working in
public schools (Larijani, 2010). However, in Nigeria no significant difference was
established (Jekayinfa &Yusuf, 2008). These authors went further to say that the
reason was that teachers in both school types had the same environmental influences
(ibid.). On the other hand, in a comparative study between Iranian and Indian
teachers no difference was found on the environmental attitude of teachers in both
countries (Shobeiri et al., 2006).
2.8.4.5 Teachers’ qualifications and AKA variables
In Malaysia, a significant and positive relationship between teachers’ academic
qualifications and environmental awareness and attitudes was reported (Masitah et
al., n.d.). Also in Gujarat, it was reported that graduate teachers displayed higher
level of environmental awareness than their non-graduate counterparts (Patel, 1999
cited in Nagra, 2010). On the other hand, in South Africa there was no significant
difference between teachers’ environmental literacy and different academic
qualifications were established (Swanepoel, Loubser, & Chacko, 2002). This study
also reported that teachers who received training in environmental education
demonstrated a significantly higher level of awareness, attitude and participation
than those who did not receive such training (ibid.).
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2.8.4.6 Teaching experience and AKA variables
In Kuwait, teachers with long teaching experience had higher scores than those with
less teaching experience (Hel-S, 2003). Similarly in Gujarat, it was observed that
teachers with long years of experience (more than 35 years) displayed higher levels
of environmental awareness than those with less experience (Patel, 1999 cited in
Nagra, 2010). Also, in Greece, this was about teachers with twenty years and more
(Michail et. al., 2006). However, the comparative study conducted between Iran and
India reported no teaching experience influence on environmental awareness
(Shobeiri & Prahallada, 2008).
2.8.4.7 Teachers’ area of specialisation and AKA variables
The comparative study in Iran and India reported that science teachers exhibited
higher levels of environmental awareness than arts teachers (Shobeiri & Prahallada,
2008). Similarly, in Punjab science teachers showed higher levels of environmental
awareness than social science teachers and language teachers (Nagra, 2010).
However in South Africa, teachers teaching science subjects particularly natural
science reported higher levels of environmental knowledge than teachers teaching
other subjects (Swanepoel et al., 2002). In contrast, Nigerian teachers specialising
with Arts, Social Science and Natural Science had negative environmental attitude
(Mansaray et al., 1998).
2.9 Sources of Environmental Information
Apart from exploring students’ and teachers’ environmental awareness, knowledge
and attitude, researchers have also investigated the sources of their information. The
sources of information have varied from people to the media, in the form of both
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print and electronic as the following examples will illustrate. Also, these sources
have varied from country to country.
Among students the most prevalent source of information has generally been
television. For instance in Malaysia students indicated that television (84%) was
their main source of information. This was followed by the internet (6%),
newspapers (5%), radio (4%) and textbooks (1%) (Said, Yahaya, & Ahmadun,
2007). In New York students identified their sources as electronic media [television,
radio, internet] (44%), print media [newspaper and magazines] (19%), school (12%),
friends and family (8%) (Hausbeck et al., 1992). Also in Iran a majority of students
(43.6%) indicated that mass media particularly the radio and television was their
main source. This was followed by newspapers and magazines (19.3%). To a lesser
extent, teachers/school (16.4%); friends (9.8%); other sources (10.9%) were also
identified as sources of information (Shobeiri & Prahallada, 2007).
Among students from Singapore, media (newspapers, magazines radio and
television) accounted for 53.7% of the information while school education accounted
for 30.7% (Ivy et al., 1998). In the UK students indicated that their major source of
information was mostly television including other electronic sources like internet
followed by the school and friends (Boyes & Stanisstreet, 2001). In Greece too,
television was the source of choice for information about environmental matters
(Liarakou et al., 2011). In Australia as in other countries over 50% of participating
students identified television and the internet as their primary sources (Nagel, 2004).
Further, students described television and the internet as most significant in teaching
them about environmental matters (ibid.). Similarly, in a comparative study of
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Canadian and Taiwanese students “[T]elevision was the most popular source of
environmental information for both groups of children” (Huang & Yore, 2003, p.
419).
Among Indian and Filipino students television was identified as the most important
source while magazines and newspapers were secondary (Chapman & Sharma,
2001). These students further indicated that their parents were poor sources of
environmental information compared to any other (ibid.). In contrast to students
from other parts of the world, Turkish secondary school students reported that the
school was their main source of information (39%), this was followed by television
(24%), newspapers (17%), the internet (14%) and radio (3%) (Kılınç, Stanisstreet, &
Boyes, 2008). Similarly, in Ethiopia school subjects were identified as the major
source by students (Feleke, 2010).
With the exception of Turkish and Ethiopian students, what the different studies
from around the world seem to indicate is that television is regarded as extremely
important by students as a source of information. There is nothing wrong with
television being the source of choice when it comes to information about
environmental issues for school children. It is however surprising that the school is
not among the leading sources. In fact, it is pointed out that the dominance of
television over the school should be cause for concern for teachers (Liarakou et. al.,
2011).
Among teachers there was variance with respect to sources of environmental issues.
In Nigeria for example, teachers indicated that they do not have access to any
55

sources of information (Ekpoh & Ekpoh, 2011). This study was also confirmed by a
study conducted in another area of Nigeria where it was reported that an
overwhelming number of teachers (70.3%) claimed they have never heard of
environmental education (Mansaray et al., 1998). In Greece teachers identified
newspapers, magazines, and television as their major sources of information
(Michail et al., 2006). In Lebanon teachers revealed that education (school) was their
most important source of information about environmental issues. This source was
followed by television and radio. Following that were newspapers and magazines
while very few teachers identified the internet as a source of information
(Vlaardingerbroek & Neil Taylor, 2007). In Kuwait among students and teachers
books were the most important source. These were followed by the school, radio,
television while family members were seen as the least important sources (Al
Khamees & Alamari, 2009).
2.10 Summary
In summary, this chapter has provided a perspective on environmental issues both
from an environmental education and a purely scientific context. From an
environmental education context the issues raised in this literature review are
perhaps encapsulated by Stapp and colleagues who have said (Stapp et al 1969, p.
35:
… for environmental Education to achieve its greatest impact on learners, it
must: 1) provide factual information which will lead to understanding of the
total environment, 2) develop a concern for environmental quality which will
motivate citizens to work toward solutions to biophysical environmental
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problems, 3) inform citizens as to how they can play an effective role in
achieving the goals derived from their attitudes.
Specifically this study focused on literature that investigated issues related to
environmental awareness, knowledge and attitude. Also, the focus was on what has
been reported in the international studies. In doing this the aim was to contextualise
what has been studied in other countries to what this study investigated. This was
critical because a study such as this one has not been carried out in a South African
coal polluted environment.
From a scientific context the focus was on literature that explains the elements and
chemical compounds that result from dealing with coal. Specifically, the
understanding of the scientific aspect was meant to explain what happens from a
purely environmental pollution perspective. This was important in order to highlight
problems that may emanate from this type of pollution. Examples highlighted here
were generally health related.
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CHAPTER THREE
RESEARCH DESIGN AND METHODS
3.1 Introduction
A research design is described as “… the strategy, the plan, and the structure of
conducting a research project” (Carriger, 2000, p. 1). In this chapter the research
design used in the study is described. Literature points out that the function of a
research design is “… to ensure that the evidence obtained enables us to answer the
initial question as unambiguously as possible” (What is research design?, 2006, p.
9). To answer the questions raised in this study, a description of all the methods used
will be provided. In doing this, the data sources, research methods, data collection,
the analysis of data as well as the findings will be described. The research design of
this study used a mixed model with two phases. The first phase was a survey using
questionnaires and the second an ex post facto investigation.
3.2 Survey and ex post facto designs
Here, a brief description of the survey and ex post facto designs are outlined. In each
instance a definition of the design is provided.
3.2.1 Survey design
Survey research design is a data-gathering and analysis approach in which respondents
answer questions or respond to statements that were developed in advance (Kasunic,

2005). One advantage of surveys is that it they can be used together with other designs
(Garbers, 1996). The usefulness of surveys stems from the fact that (Owens, 2002):

1.

Uniqueness: gather information not available from other sources

2.

Probability Sampling: unbiased representation of population of interest

3.

Standardization of measurement: same information collected from every
respondent

4.

Analysis needs: use survey data to compliment existing data from secondary
sources

In this design phase, a quantitative approach was used to collect data on the levels of
Awareness, Knowledge and Attitude. In this approach a questionnaire was
administered to both learners and educators.
3.2.2 Ex-post facto design
The expression, ex post facto literarily means "after the fact” (Cameron, 2009). The
ex post facto research design is defined as “… a method of teasing out possible
antecedents of events that have happened and cannot, because of this fact, be
engineered or manipulated by the investigator” (Cohen & Manion 1989, p. 176).
This is a design whereby a researcher decides to study the possible effect of an
environmental factor that has occurred long before or prior to the study itself
(Quantitative Research Methodologies, 2009). In this design, to determine the levels
of pollutants, water and air samples for laboratory analysis were collected.
3.3 Data Sources
The research site for the study was the town of Emalahleni. Emalahleni is a coal
mining town that also supplies the coal to adjacent power stations for electricity
generation. Also there are a number of smelting companies around the mines who
use the coal in the foundries. The effect of the mining, electricity generation and
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industry in the area is the release of coal related gasses. In fact, conversations with a
number of the town’s residents revealed that almost every evening one would notice
smog emanating from the mines (personal communication, September, 2010).
Further, a conversation with one high school principal revealed that there were
approximately 15 mines in the general vicinity of her school (personal
communication, March, 2011). As there was reported environmental pollution, this
particular site was chosen with the aim of exploring learners’ and educators’
understanding of environmental pollution. Data were collected in two forms. First,
quantitative data was collected using questionnaires. The questionnaires were
administered to learners and educators. Secondly, scientific data was also collected.
Here water and air samples from the vicinity of the research site were the data
sources.
3.4 Research Methods (Quantitative)
Here, the population and sample is described. This is followed by the instruments
and procedures used to collect data.
3.4.1 Population and sample
The population was made up of individuals from 22 public and 5 private secondary
schools in Emalahleni. In selecting the sample, the local department of education
was contacted. The officials indicated that schools in circuit 1 and 2 were the most
appropriate to choose. This is because these schools were within the coal mining and
power generating plants’ precinct. In these two circuits there were about twelve
schools comprising nine public schools and three private schools. For the study three
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public schools and two private schools were randomly selected. In selecting the
public schools each school’s name was given a unique number written in a piece of
paper. The papers were put in a hat and three schools representing the public schools
were drawn. A similar process was followed for the private schools.
When the schools were selected, the principal in each was approached and the
research process was explained. The different principals were not keen on the
researcher going to the classrooms. However a compromise was reached whereby a
teacher within each school was requested to administer the questionnaire to 20 each
of Grade 8 to Grade 12 learners. This suggests that the learners were effectively
selected by the schools. Subsequent to the compromise, about 100 learner
questionnaires we delivered to the different schools. Regarding the selection of
educators, the schools also decided on who was to participate. Following this, 20
educator questionnaires were delivered in each school.
3.4.2 Instruments and procedures
To collect quantitative data a learner and educator questionnaire was used. The
learner and educator questionnaire solicited the same information from both groups.
This particular questionnaire had three parts. The first part requested participants to
provide demographic data such as age, gender, grade level for learners and teaching
experience for educators. The second part comprised 36 - items on a 5 point Likert
type scale on environmental pollution issues. The third part requested the
participants to indicate their sources of information in relation to environmental
pollution issues. There were 10 sources of information on pollution issues for
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learners’ and 7 for educators (see Appendix 1). Scientific data on the other hand was
collected using vials for water and air samplers.
The questionnaire used in the second part was a 36 - item Likert type scale adapted
from three other questionnaires. The first questionnaire was a 51 – item Likert type
scale measuring student attitudes about environmental issues (Yilmaz, Boone, &
Anderson, 2004). The questionnaire developed by these authors is reported to
involve 30 distinct environmental issues. The full version of this instrument was
requested from the authors. The questionnaire received was in Turkish and it was
kindly translated for the purposes of this study by the Turkish embassy in Pretoria.
The second questionnaire was developed by Lasso de la Vega (2006) to evaluate
awareness, knowledge and attitude on environmental issues. The author indicated
that he had adapted the instrument from others [e.g., Dunlap, Van Liere, and Jones
(2000); La Trobe and Acott (2000); Morrone, Manci and Carr (2001); Marcinkowski
(1997) as well as Bogan and Kromrey (1996)].
He further reported that he selected items from these studies because of their
contemporary content and their reported reliability (Lasso de la Vega, 2006). This
particular questionnaire was made up of 80 items with four different modalities of
question types. The first question type was a four point Likert type response scale
made up of 50 items. The second question type asked participants to either choose
between yes and no, or between agree and disagree with item statements. This
question type had 21 items. The third question type was made up of two multiple
choice questions. While the fourth question type related to seven demographic
questions about the participants.
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The third questionnaire used in this study was a 45 - item Likert type scale that
measured environmental attitude of elementary school students (Bas et al., 2011).
These authors used the Environmental Attitude Questionnaire that was originally
developed by Herera (1992) and adapted by Worsley and Skrypiec (1998) which was
later translated to Turkish (Tuncer, Ertpinar, Tekkaya, & Sungur, 2005). The
instrument comprised 4 dimensions: (a) General awareness of environmental
problems, (b) General Attitudes towards solutions, (c) Awareness of individual
responsibility and attitude through changing lifestyles and (d) Awareness of national
environmental problems. The reported internal consistency alpha of the scale scores
was .87 (Bas et al., 2011).
A decision was made to accept a 36 item questionnaire named AKA with 12 items
each representing Awareness, Knowledge and Attitude. Participants were requested
to register their views on a five point scale anchored by 1 = Strongly Disagree and 5
= Strongly Agree. The items were selected from the three questionnaires described
here. In South Africa learners do not take environmental education as a subject. So
the basis for choosing 12 items was because the researcher looked into the secondary
school curriculum for Grades 8 – 12 in subjects where environmental concepts are
taught. These concepts were mentioned in subjects such as Life orientation as well as
in Life and Natural Sciences. For instance, item statements contained concepts such
as climate change, ozone layer, global warming, and acid rain all taken from the
curriculum (see Table A2.1 in Appendix 2).
The questionnaires were administered to both the learners and educators with the
help of some educators in the various schools. The researcher administered the same
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questionnaire to both learners and educators. This was intentional because one of the
research questions sought to determine differences between the two with respect to
the AKA variables. The completed questionnaires were collected a week later.
3.5 Research Methods (Scientific Data)
The scientific data was collected in two forms. Firstly air samples both inside
classrooms and outside the classrooms were collected. Secondly water samples were
collected. The water samples were collected from a river in the vicinity of a coal
fired power station. The reason for collecting water from this river system was
because it is used for human consumption in the research area of this study. The
second set of water samples was collected from taps in selected schools of the study
sample.
3.5.1 Collection of air samples
The air samples were collected using Radiello ® samplers. The aim of collecting air
samples was twofold. Firstly, the study sought to determine whether scientifically
known pollutants resulting from coal related activities, would be found in the air in
and around the schools. The scientifically known pollutants from dealing with coal
are compounds such as NO2, SO2, O3, and Pb. The determination for pollutants was
based on the fact that the schools were in the proximity of the coal mines and the
allied industries such as electricity generating plants. Also, this determination was
influenced by the 2005 WHO Air Quality Guidelines (AQGs) designed to offer
global guidance on reducing the health impact of air pollution (WHO, 2005; 2011).
This was because major sources of (a) anthropogenic emissions of NO2 among
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others are identified as combustion processes; (b) SO2 involve the burning of fossil
fuels such as coal and (c) O3 are photochemical smog that is formed by the reaction
of sunlight (photochemical reaction) with pollutants such as nitrogen oxides (ibid.).
Specifically, Radiello cartridges measuring the presence of NO2, SO2, O3, and a filter
measuring the presence of Pb was used. Secondly I wanted to establish the levels or
densities of each of the identified compounds in the air within the vicinity of the
participating schools. For the collection of the air samples all the five selected
schools participated. Four samplers were put in each school. Two samplers were put
inside the classrooms and two were put outside the classrooms (in the school
premises). One sampler was used to collect both NO2, and SO2. The other sampler
was used to collect only O3.
The first setting up of equipment and sample collection for NO2, SO2, and O3
commenced on June 5, 2012. The O3 samples were taken away after 7 days (on June
12) for analysis. Two weeks was allocated for the sampling of NO2 and SO2. So for
these two compounds the collection period was June 05 – June 19, 2012. To collect
Pb sampling pumps with filters were used to collect this air pollutant over a period of
7 days (June 12 - June 19 2012). In this instance, two sampling pumps were put in
two schools, School C and School E. The pumps were connected to an electricity
power source and the filters were fixed in the mouth of each pump. The filters were
then used to collect air particulates from the school environment. On collection of
the equipment at School E on the 7th day, it was noticeable that the pump had been
touched or tempered with. The equipment at School C however was intact.
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3.5.2 Collection of water samples
Drinking water samples were collected from two schools, School B and School D.
Another sample was collected from the Witbank River which runs right beside a
coal-fired electricity generating power station. Water from this river is used by
households in the study area for consumption purposes and other domestic activities
such as gardening etc. To collect the water samples, bottles ranging in volume from
250 ml to 1L were used.
3.6 Data Analysis (Quantitative Data)
Quantitative data were coded and entered into SPSS © version 19 which was used
here for analysis. The data were then cleaned to address any mistakes that could have
been made while entering the data. Of the 36 items in the questionnaire, eight had
negative statements. In the data file the ratings in respect of the negative items were
reversed. For example, the ratings for the item: Industrialization does not lead to
global warming - were reversed. The main statistics computed included descriptive
statistics, un-paired t-test, principal components analysis (PCA), and analysis of
variance (ANOVA and MANOVA).
The first analysis established the rate of return of the questionnaires. Secondly
biographical data was ascertained. Before analysing the questionnaire, issues of the
reliability and validity were addressed. To establish the reliability of scores obtained
from the questionnaire, Cronbach’s (1951) alpha as a measure of internal
consistency was computed. To establish validity, two processes were followed. First,
face validity was determined by giving the questionnaire to two senior academics
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with the brief of advising on its validity. Second, content validity was determined
through an exploratory statistical analysis. Specifically, principal components
analysis (PCA) was computed. Here the researcher argued that if PCA could result in
a 3-factor solution that made theoretical sense then content validity would be
acceptable. By theoretical sense, is meant that if most items loaded on one factor
then that factor would be examine and named. For example, if most items on
awareness loaded on Factor 1 then that factor will be named awareness.
The next analysis investigated whether the AKA variables were correlated. The
following analysis determined the scores obtained for each of the AKA variables.
Here the computation involved determining the means, modes, median, standard
deviation as well as the 25th and 75th percentiles. The next analysis involved
establishing differences between the AKA variables against the biographical data
variables. Specifically ANOVA was computed in analysing AKA variables against
gender and school type while MANOVA was used in analysing the AKA variables
with respect to Age, Grade level, Qualification, Area of specialisation and teaching
experience. Un-paired t-test was used to establish difference between learners’ and
educators’ AKA scores. Further, the item: Schools must offer environmental
education as a subject was analysed separately. This item was meant to determine
the participants’ view as this is not the case in South Africa now. In analysing the
data descriptive statistics were computed. Finally participants were requested to rate
their sources of environmental information, which is reported in descriptive statistics
here. For all analyses computed here, the significance level was pegged at 0.05.
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3.7 Data Analysis (Scientific Data)
Here the scientific methods followed to analyse both the air samples and the water
samples are provided. In analysing the air samples for instance spectrophotometric
analysis and atomic absorption spectroscopy were used. In analysing water samples
on the other hand a variety of methods were used. Among the methods used in the
analysis were Gravimetric analyses at different temperatures; Pt - Co method
comparison; and titrations.
3.7.1 Analysis of air samples
In all, ten Radiello cartridges were collected for the determination of NO2 and SO2.
Also, ten cartridges were collected for the determination of O3. Meanwhile, one filter
was collected for the analysis of Pb. In analysing for the presence of NO2 and SO2,
initially extraction of the cartridges was performed with diluted hydrogen peroxide
(H2O2). The main analysis after the extraction involved the use of ion
chromatography. O3 was determined by spectrophotometric analysis according to the
method published by Radiello ®. Finally, to test for the presence of Pb the exposed
filter was initially subjected to acid digestion. Following this, Pb was determined by
graphite furnace atomic absorption spectroscopy.
3.7.2 Analysis of water samples
In analysing the water samples, the determination of components in the water was
divided into three parts. The first determination was for physical and aesthetic water
quality parameters such as electrical conductivity, pH value, Turbidity, Colour,
Biochemical Oxygen Demand (BOD), Chemical oxygen Demand (COD), Total
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Dissolved solids (TDS), Total Suspended Solids (TSS), Acidity, and Alkalinity. The
second determination was for chemical water quality parameters. The chemical
water quality parameters involved looking for dissolved oxygen, Magnesium,
Calcium, Lead, Nickel Arsenic, and Mercury. The third was a microbiological
determination of the water quality. It is reported that the major parameters to test for
are the bacterial indicators mainly Total Coliforms and Escherichia coli (E coli)
(Stevens, Ashbolt, & Cunliffe, 2003).
For the analysis different chemical methods were used. Examples included titrations,
gravimetric analyses at different temperatures and membrane filtration. A
comprehensive list of all the analytical methods used to analyse the water sample
may be seen in Table 4.17 in the results section.
3.8 Consent to conduct research
Initially, permission to conduct research was sought from different authorities.
Firstly, circuit managers of Nkangala district were provided with a letter signed by
the supervisors. The circuit managers consented that the study could be undertaken.
A letter confirming the managers’ consent was then taken to principals of the schools
participating in this study. The principals allowed the researcher to explain the
research process to the educators. Educators’ participation together with that of their
students was requested. They were told upfront that if they so wished they could
decline participation. Further they were informed that the study was mainly for
academic purposes so their views would only be used for that reason. Finally
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educators who wanted to participate were requested to sign a consent form which
they duly did (see Appendix 7).
3.9 Summary
This chapter provided a detailed description of the research design in terms of all the
activities that were carried out in order to answer the questions of this study. Firstly
data sources in respect of both the quantitative and scientific data were described.
Here the site of study was identified. Also, it was revealed that questionnaires were
administered to both learners and educators. Scientific data on the other hand, was
collected through water and air samples from the research site. In respect of
quantitative data, the selection of the study sample was described. This was followed
by an explanation of the adaptation of the instrument and procedures used to collect
the quantitative data. Issues relating to voluntary participation and consent were also
addressed. Data analysis and statistical techniques followed to answer the
quantitative aspects of the study were also described.
In relation to scientific data, to collect air samples Radiello ® cartridges were used.
The cartridges were used in respect of the collection of NO2, SO2, and O3. For the
collection of Pb samples a measuring filter was used. To collect water samples on
the other hand sterilised bottles were used. The determination of NO2, SO2, and O3
involved the use of ion chromatography. On the other hand the determination of Pb
was carried out through atomic absorption spectroscopy. The analysis of the water
samples involved a number of analyses such as titrations, colorimetric, gravimetric
and membrane filtrations.
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Figure 3.1 shows a schematic description of the study’s research design. The figure
shows that the data for this study were collected from a quantitative and a scientific
analytical perspective. Specifically, for quantitative data questionnaires were used.
On the other hand, for the scientific analytical data, air and water samples were
collected. Data analysis for the quantitative aspects of the study was through the
computation of different statistical methods using SPSS. The analysis of the air
quality involved the use of different methods such as spectrophotometric and atomic
absorption spectroscopy. Also, the analysis of the water quality involved methods
such as Titrations and Cold vapour generation/ICP. Finally, the figure illustrates the
results from the perspective of both the participants’ Awareness, Knowledge and
Attitude as well as the levels of different chemical components in the air and water.
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Figure 3.1: Summary of the design of the study
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Chemical components
in air and water

CHAPTER FOUR
DATA ANALYSIS AND INTERPRETATION
4.1 Introduction
This chapter is about the analysis and interpretation of the collected data. Data were
collected for both learners and educators. Included here was a scientific analysis of
both the water and air quality in the sample schools’ environment. In presenting the
results firstly findings from the learners’ perspective will be addressed. That will be
followed by a presentation of findings from the educators’ perspective. At the end of
these two presentations, a comparison of the AKA data from both samples will
follow. The results are presented in the following order: first the rate of return of the
distributed questionnaires is described followed by the biographical data of the
participants. Thirdly, reliability and validity issues relating to the administered
questionnaire are reported on. Fourthly, scores obtained by the participants on each
of the AKA variables are presented. Fifthly, results based on the main research
questions are presented. Lastly, the scientific analysis is presented followed by a
summary of the results.
4.2 Results from the Learners’ Perspective
The results from the learners’ perspective are presented initially in terms of the rate
of return of the administered questionnaires. This is followed by the learners’
biographical data. Issues of reliability and validity with respect to the collected data
are then addressed. Following this, learners’ AKA variable scores are presented.
Also, the results of the effect of the AKA variables on the different biographical

variables are provided. Finally, learners’ sources of environmental information are
outlined.
4.2.1 Rate of return of learners’ questionnaires
A total of 500 questionnaires on awareness, knowledge and attitude of pollution
issues were distributed to participants in three public schools and two private schools
in Emalahleni, Mpumalanga Province. Out of the 500 questionnaires 423 (85%)
copies were returned.
4.2.2 Learner biographical data
Table 4.1: Biographical data of learners (N = 423)
n

%

Male

189

44.7

Female

234

55.3

13- 15

160

37.8

16 - 17

184

43.5

18 +

79

18.7

8

127

30.0

9

95

22.5

10

94

22.2

11

89

21.0

12

18

4.3

Public

250

59.1

Private

173

40.9

Gender

Age in years

Grade

School type
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Participants were 189 (44.7%) males and 234 (55.3%) females who were from Grade
8 to Grade 12. Their ages ranged between 13 years and 23 years (M = 16.0 years, SD
= 1.8). Table 4.1 shows a more comprehensive biographical data of learners.
4.2.3 Reliability and validity (Learners)
In this section a justification of the reliability and validity of the scores obtained
from the learners is provided. These issues are important because they allow for the
results to be acceptable and believable.
4.2.3.1 Reliability of learners’ scores
Reliability of learners’ scores for the AKA variables was determined by computing
Cronbach’s (1951) alpha. Alpha is a measure of internal consistency that is actually
“…a function of the interrelatedness of the items in a test …” (Schmitt, 1996, p.
350). The internal consistency alpha value of the AKA variables was found to be .85
[95 % CI: α = .82 to α = .87] (Barchard, 2007; Feldt, 1965). This value of alpha was
seen to be good based on the rule of thumb “… _ > .9 – Excellent, _ > .8 – Good, _ >
.7 – Acceptable, _ > .6 – Questionable, _ > .5 – Poor, and _ < .5 – Unacceptable”
(George & Mallery, 2003, p. 231).
4.2.3.2 Validity of instrument and learners’ scores
Initially face validity of the questions comprising the AKA was ascertained. As the
items of the AKA were adapted from other questionnaires it was important that the
resulting questions should solicit what was desired for the study. It should be pointed
out that some of the questions’ content and structure was modified for the ease of
understanding by the targeted study sample. For instance, the initial question was:
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The climate of Turkey gradually gets warmer every passing year. This question was
reformulated to read: The climate of South Africa gradually gets warmer every
passing year. Following the changes, the reconstituted questionnaire was given to
two senior academics in the department of Mathematics, Science and Technology
Education. The academics were briefed about the development of and the intention
of the questionnaire. Their brief was to study the AKA and advise on any changes
that they recommended. The academics were happy with the content of the AKA, so
no further changes were made. They however recommended some technical
changes. For instance the biographical section was at the end of the questionnaire
and they suggested that this be at the beginning. Also, the original font was 10 points
with single spacing and they suggested that this be changed to 12 points with double
spacing for the ease of reading by participants. Having effected all the suggested
changes, face validity of the questionnaires was then accepted.
Content validity of learners’ scores from the AKA variables was ascertained by
computing a principal components analysis. The basis for the analysis was the
argument that the questionnaires measuring the levels of Awareness, Knowledge and
Attitudes were developed and reported in literature already. Based on this, content
validity was accepted a priori in this study. It was then argued that: if principal
components analysis could produce a meaningful 3 - factor solution that is consistent
with the three AKA variables then content validity would be acceptable.
First, principal components analysis was computed using SPSS 19. A varimax
rotated matrix with eigenvalues greater than unity was accepted as an extraction
method. No solution was found however because the rotation failed to converge in25
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iterations. A five and a four factor solution were then computed. The five factor
solution had a total explained variance of 37.2%. However, inspection of the
resulting five factors did not make theoretical sense. This is because all the three
AKA variables were mixed in the five factors. Similarly, the four factor solution
which had a total explained variance of 33.6% and once more the AKA variables
were interspersed in all of these.
Finally, a three factor solution was computed and this appeared to make better
theoretical sense. This is because this solution had 12 items associated with each
factor; which was consistent with the number of items in each AKA variable.
Further, closer inspection of the items indicated that 9 items associated with
Attitudes loaded on factor 1, 9 items associated with Knowledge loaded on factor 2
while 6 items associated with Awareness loaded on factor 3. Table 4.2 shows the
structure coefficients of the three factor solution. The three factors had eigenvalues
of 6.52, 2.27 and 1.78 respectively as well as accounted for 29.4 % of the variability
in the scores.
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Table 4.2: Structure coefficients from principal components analysis of AKA
variables, three-factor model (N = 423)
1
1.

Schools must offer environmental education as a subject

.657

2.

We must conserve our resources for future generations

.647

3.

Acid rain destroys green areas

.588

4.

Fossil fuel such as coal should be used less

.539

5.

Industries that pollute the environment should be made to clean

.480

Factors
2

up and resuscitate the environment
6.

In my view, environmental pollution is a temporary problem so

.455

there is no need to worry about it
7.

More trees should be planted to prevent environmental pollution .450

8.

I am prepared to participate in the prevention of environmental

.450

pollution in my community
9.

To protect our environment, renewable resources should be used .432
to generate electricity instead of fossil fuels

10.

Forests are decreasing as a result of damage to the land

.419

11.

The toxic run off wastes from industries pollute our water ways

.397

12.

There should be limits placed on the amount of gases released

.343

into the environment.
13.

South Africa is very rich in natural resources; therefore it is not

.616

possible to finish them
14.

Global warming is not an international problem.

.570

15.

The depletion of ozone layer is not caused by environmental

.529

pollution
16.

Industrialization does not lead to global warming

.516

17.

Environmental pollution is not related to population growth

.511

18.

Smoke and fumes produced by industries do not lead climate

.511

change.
19.

Acid rain is not created by sulphur dioxide.
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.475

3

Table 4.2: Structure coefficients from principal components analysis of AKA
variables, three-factor model (N = 423) (Continued)
20.

Industrialization does not cause environmental pollution.

.451

21.

There is no environmental pollution in South Africa.

.404

22.

World environment day is held yearly in June.

-.398

23.

The sustainable use of natural resources means the continuous

-.381

use of them.
24.

Sustainable development means “development that provides

-.373

jobs and shelter”
25.

Drinking polluted water can cause harm to one’s health.

.558

26.

Human beings are severely abusing the environment.

.545

27.

Individual responsibilities are very important in preventing

.507

environmental pollution.
28.

Environmental pollution causes serious illnesses.

.502

29.

Environmental pollution has harmful effects on human health.

.479

30.

Many plants and animals species in our country are facing

.435

extinction as result of environmental degradation.
31.

The air we breathe is composed of gases.

.434

32.

Sustainable development means “using resources while

.429

preserving the environment for future generations
33.

The climate of South Africa gradually gets warmer every

.406

passing year.
34.

The solution to environmental pollution is raising awareness.

.404

35.

As the population increases in South Africa, the potential for

.391

environmental pollution also increases.
36.

People must be aware of environmental problems.

.379

Eigenvalues

6.5

2.3

1.8

Variance (%)

18.1

6.3

4.9
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4.2.4 Relationship among AKA variables
Table 4.3: Pearson correlation coefficients and alpha values for each of the AKA
variables
1

2

3

1. ATTITUDES

α
.79

2. KNOWLEDGE

.406**

3. AWARENESS

.539**

.60
.506**

.72

** p < .05
For each of the three factors, the internal consistency of scores using Cronbach’s
(1951) alpha was computed. Table 4.3 shows the correlation coefficients together
with the alpha values for each of the AKA variables (factors). It may be seen from
the table that the three variables were correlated to each other. Also, that the alpha
values for Attitudes and Awareness are acceptable while that of Knowledge is
questionable (George & Mallery, 2003). It was concluded then that factor 1
represented the Attitudes variable, while factor 2 represented the Knowledge
variable and factor 3 the Awareness variable. The major finding here was the fact
that principal components analysis provided a three factor solution that appears to be
consistent with the AKA variables. This finding was used as a basis for accepting the
content validity of the AKA variables.
4.2.5 Learners’ AKA scores
Each of the AKA variables had 12 items on a Likert-type scale where respondents
had to indicate whether they agreed on disagreed with statements. The scores
therefore ranged between a maximum of 60 and a minimum of 12. Table 4.4 shows
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the measures of central tendency including the 25th and 75th percentiles in respect of
the AKA variables. Awareness scores ranged from 24 to 59 (M = 48.0, SD = 5.9).
Table 4.4: Measures of central tendency including the 25th and 75th percentiles in
respect of the AKA variables for learners
Awareness

Knowledge

Attitudes

Mean

48.0

41.8

47.7

Median

49.0

42.0

48.0

Mode

49

43

50

Std. Deviation

5.9

5.8

7.2

25

45.0

38.0

42.0

75

52.0

46.0

53.0

Percentiles

Knowledge scores ranged from 23 to 58 (M = 41.8, SD = 5.8). Attitudes scores
ranged from 24 to 60 (M = 47.7, SD = 7.2). In terms of the percentiles it may be seen
from the table for instance that 75% of the participants obtained scores below 52
(Awareness), 46 (Knowledge) and 53 (Attitudes).
4.2.6 Establishing learner differences by gender
Analysis of variance (ANOVA) was computed to determine differences between the
learners’ gender against the AKA variables. In determining the homogeneity of
variance (Levene’s Statistic), it was found that for Awareness [F (1, 421) = 1.80, p =
.179] and Attitudes [F (1, 421) = 0.40, p = .526] the variances were homogenous
while this was not the case with Knowledge [F (1, 421) = 1.80, p = .005]. The
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ANOVA revealed a statistically significant difference was between learners’ gender
and Attitudes [F (1,421) = 5.82, p < .05, partial ε2 = .01 with a power of .67]. Here
female learners had relatively higher mean scores than their male counterparts (see
Table 4.5 or Figure A3.1, Figure A3.2 and Figure A3.3 in Appendix 3).
Table 4.5: Frequency distribution, means and standard deviations of the Awareness,
Knowledge and Attitudes by Gender

Awareness
Knowledge
Attitudes

Gender

N

M

SD

Males

189

47.4

6.2

Females

234

48.5

5.7

Males

189

41.6

6.3

Females

234

41.9

5.4

Males

189

46.7

7.4

Females

234

48.4

6.9

4.2.7 Establishing learner differences by age
To determine differences between the learners’ age against Awareness, Knowledge
and Attitudes a multivariate analysis of variance (MANOVA) was computed. The
null hypothesis that the observed covariance matrices of the dependent variables are
equal across groups was rejected [Box’s M (12, 307153.597) = 28.51, p < .05]. The
null hypothesis that the error variance of the dependent variable is equal across
groups (Levene’s test of equality of error variance) was rejected for Awareness [F (2,
420) = 3.36, p = .036]. However the null hypothesis was accepted for Knowledge [F
(2, 420) = 1.57, p = .209] and Attitudes [F (2, 420) = 2.74, p = .066]. This means that
the variances were homogenous for Knowledge and Attitudes while this was not the
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case with Awareness. The multivariate tests revealed that the model was statistically
significant [F (6, 836) = 4.35, p < .05; Wilk’s λ = 0.94, partial ε2 = .03, Power = .98].
The test of between subjects - effects revealed that there was a statistically
significant difference between learners’ age and Awareness [F (2, 420) = 3.15, p <
.05; partial ε2 = .01, Power = .60]. The post hoc analysis using Scheffe indicated that
the difference was between learners in the age range 13 years – 15 years and those
who were 18 years and older (see Figure 4.1). It may be inferred from the figure that
the distribution of learners whose ages were 13 years to 15 years was not different to
that of learners with the age range 16 years to 17 years but the distribution of those
who were 18 years and older was lower.

Figure 4.1: Box plot showing the distribution of learners’ age and Awareness
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With respect to learners’ age and Knowledge, the test of between subjects - effects
also revealed a statistically significant difference [F (2, 420) = 5.85, p < .05; partial
ε2 = .03, Power = .87]. The post hoc analysis using Scheffe indicated that the
difference was between learners in the age range 13 years – 15 years and 16 years to
17 years as against those who were 18 years and older (see Figure 4.2). It may be
observed from the figure that the distribution of the younger ages was higher than
that of learners whose ages were 18 years and older.

Figure 4.2: Box plot showing the distribution of learners’ age and Knowledge
Regarding learners’ age and Attitudes, the test of between subjects - effects revealed
a statistically significant difference too [F (2, 420) = 12.43, p < .05; partial ε2 = .06,
Power = 1.00]. The post hoc analysis using Scheffe indicated that as in the case of
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Knowledge the difference was between learners in the age range 13 years – 15 years
and 16 years to 17 years as against those who were 18 years and older (see Figure
4.3).

Figure 4.3: Box plot showing the distribution of learners’ age and Attitudes
4.2.8 Establishing learner differences by grade level
To determine differences between the learners’ grade level against Awareness,
Knowledge and Attitudes a multivariate analysis of variance (MANOVA) was
computed. The null hypothesis that the observed covariance matrices of the
dependent variables are equal across groups was rejected [Box’s M = 43.17, F (24,
28173.562) = 1.75, p < .05.] The null hypothesis that the error variance of the
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dependent variable is equal across groups (Levene’s test of equality of error
variance) was accepted for Awareness [F (4, 418) = 1.48, p = .208] and Knowledge
[F (4, 418) = .88, p = .478]. However the null hypothesis was rejected for Attitudes
[F (4, 418) = 2.54, p = .039]. The multivariate tests revealed that the model was
statistically significant [F (12, 1100.924) = 2.81, p < .05; Wilk's λ = 0.92, partial ε2 =
.03, Power = .97].
The test of between subjects - effects revealed that there was a statistically
significant difference between learners’ grade level and Awareness [F (4, 418) =
4.82, p < .05; partial ε2 = .04, Power = .95]. The post hoc analysis using Scheffe
indicated that the difference was between learners in the Grade 8 and learners in
Grade 10 (see Figure 4.4). The figure shows that the range of the Grade 8
distribution was much wider than all the others.
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Figure 4.4: Box plot showing the distribution of learners’ grade level against
Awareness
With respect to mean differences between learners’ grade level and Knowledge as
well as Attitudes none were statistically significant (see Table A3.1 in Appendix 3).
4.2.9 Establishing learner differences by school type
Table 4.6 shows the means and standard deviations of the learners’ school type by
Awareness, Knowledge and Attitudes. It is noticeable from this table that the mean
for private school learners was higher than that of public school learners (see Figure
A3.4, Figure A3.5 and Figure A3.6).
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Table 4.6: Frequency distribution, means and standard deviations of the School type
by Awareness, Knowledge and Attitudes

Awareness

Knowledge

Attitudes

School type

N

M

SD

Public

250

47.2

6.459

Private

173

49.1

4.886

Public

250

40.7

5.857

Private

173

43.5

5.383

Public School

250

46.5

7.244

Private School

173

49.4

6.755

Analysis of variance (ANOVA) was computed to determine differences between the
learners’ school types against the AKA variables. In determining the homogeneity of
variance (Levene’s Statistic) it was found that for Awareness this was not so [F (1,
421) = 14.1, p < .05]. On the other hand, the homogeneity of variances for
Knowledge [F (1, 421) = 2.56, p = .110] and Attitudes [F (1, 421) = .81, p = .369]
was accepted. In this instance statistically significant differences were established
among all the AKA variables. This was in the order of Awareness [F (1, 421) = 11.2,
p < .05; partial ε2 = .03, Power = .92]; Knowledge [F (1, 421) = 25.5, p < .05; partial
ε2 = .06, Power = 1.00]; and Attitudes [F (1, 421) = 17.6, p < .05; partial ε2 = .04,
Power =.99] respectively.
4.2.10 Learners’ sources of environmental information
Learners were asked to rank different sources of information about pollution issues
in the order that they preferred. Newspapers (24.5%) were reported to be the highest
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source of information, followed by school lessons (19.9%). At the other end, books
(6.2%) as well as friends (6.3%) were the least sources of information (see Table
4.7).
Table 4.7: Learners’ rankings and percentages of their sources of information
Sources

Ranking

%

Newspapers

1

24.5

School lessons

2

19.9

Internet

3

7.9

Television

4

7.7

Magazines

5

7.6

Radio

6

7.1

Parents

7

6.4

Extracurricular activities

7

6.4

Friends

9

6.3

Books

10

6.2

4.3 Results from the Educators’ Perspective
As with the results from the learners’ perspective, the educators’ findings are
presented initially in terms of the rate of return of the administered questionnaires.
This is followed by the educators’ biographical data. Reliability and validity issues
are addressed in order to strengthen the credibility of the findings. The next issue
provides the educators’ AKA variable scores. The results of the effect of the AKA
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variables on the different educators’ biographical variables are provided. Finally,
their sources of environmental information are sketched.
4.3.1 Rate of return of the educators’ questionnaires
The researcher expected 20 educators from the five participating schools to complete
the questionnaire. This means that a total of 100 questionnaires on awareness,
knowledge and attitude of pollution issues were distributed. Of the total, 50 (50%)
questionnaires were returned. On inspection, six of the returned questionnaires were
not included in the final analysis of data. This was because these educators did not
fill in the biographical data section while they responded to the rest of the
questionnaire. So the analysed and reported data in this study is for the 44 educators
who completed the entire questionnaire.
4.3.2 Educators’ biographical data
Participants were 15 (34.1 %) males and 29 (65.9 %) females. These educators were
teaching different grades at either public or private schools. Their ages ranged
between 20 years and 72 years (M = 41.7 years, SD = 10.8). Their teaching
experience ranged between 3 years and 36 years (M = 14.8 years, SD = 8.8). Most
(56.8 %) educators had a bachelor’s degree as their highest qualification. In terms of
specialisation, a majority (40.9 %) reported that they had specialised in science.
Finally, as expected 70.5 % was teaching in public schools. This was expected
because the population had more public schools than private schools. Table 4.8
shows a more comprehensive biographical data of the educators.
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Table 4.8: Biographical data of educators (N = 44)
n

%

Male

15

34.1

Female

29

65.9

20 - 35

13

29.5

36 - 51

20

45.5

52 +

11

25.0

Matric

1

2.3

Diploma

14

31.8

Bachelor degree

25

56.8

Honours degree and higher

4

9.1

Science

18

40.9

Social Sciences

10

22.7

Arts

14

31.8

Education

2

4.5

3 - 12

19

43.1

13 - 22

16

36.4

23 +

9

20.5

Public

31

70.5

Private

13

29.5

Gender

Age in years

Qualification

Specialisation

Experience

School type
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4.3.3 Reliability and validity (Educators)
Here the reliability and validity of the scores obtained from the quantitative data
collected from the educators is provided. These issues are addressed in order for the
results interpreted from reliable and valid data to be acceptable and believable.
4.3.3.1 Reliability of educators’ scores
Reliability of educators’ scores for the AKA variables was determined by computing
Cronbach’s (1951) alpha. The internal consistency alpha value of the AKA variables
was found to be .83 [95 % CI: α = .75 to α = .90] (Barchard, 2007; Feldt, 1965). This
value of alpha was seen to be good based on the rule of thumb “… _ > .9 –
Excellent, _ > .8 – Good, _ > .7 – Acceptable, _ > .6 – Questionable, _ > .5 – Poor,
and _ < .5 – Unacceptable” (George & Mallery, 2003, p. 231).
4.3.3.2 Validity of educators’ scores
Face validity relating to the questions comprising the AKA is already covered in the
learners’ report. Content validity of from the AKA variables was accepted a priori
for educators because the same instrument was used to collect data as in the case of
learners. In a sense it was felt that conducting another exploratory analysis using
principal components analysis would just mean a repetition of work already covered.
4.3.4 Educators’ AKA scores
As reported in the case of learners scores from the AKA variables ranged between a
maximum of 60 and a minimum of 12. Table 4.9 shows the measures of central
tendency including the 25th and 75th percentiles in respect of the AKA variables.
Awareness scores ranged from 44 to 60 (M = 53.2, SD = 4.0). Knowledge scores
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ranged from 25 to 56 (M = 46.3, SD = 5.9). Attitudes scores ranged from 43 to 60
(M = 53.1, SD = 4.6). In terms of the percentiles it may be seen from the table for
instance that 75% of the participants obtained scores below 56 (Awareness), 50
(Knowledge) and 56 (Attitudes).
Table 4.9: Measures of central tendency including the 25th and 75th percentiles in
respect of the AKA variables for educators
Awareness

Knowledge

Attitudes

Mean

53.2

46.3

53.1

Median

53.0

47.0

53.5

Mode

53

49

56

Std. Deviation

4.0

5.9

4.6

25

50.2

43.2

50.0

75

56.0

50.0

56.0

Percentiles

4.3.5 Establishing educator differences by gender
It may be observed from Table 4.10 that mean scores for males and females with
respect to Awareness and Attitudes were similar. However regarding Knowledge the
mean score of males was higher than that of females. Analysis of variance
(ANOVA) was computed to determine whether differences between the educators’
gender against the AKA variables could be established. Homogeneity of variance
(Levene’s Statistic), revealed that for all three variables the variances were
homogenous; .Awareness [F (1, 42) = 0.23, p = .637]; Knowledge [F (1, 42) = 1.151,
p = .289] and Attitudes [F (1, 42) = 0.24, p = .629] The ANOVA revealed no
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statistically significant difference between gender and all the three AKA variables;
Awareness [F (1,421) = 0.32, p > .05, partial ε2 = .01 with a power of .09]
Knowledge [F (1,421) = 3.74, p > .05, partial ε2 = .08 with a power of .47]; Attitudes
[F (1,421) = 3.19, p > .05, partial ε2 = .07 with a power of .41] (see Figure A3.7,
Figure A3.8 and Figure A3.9 in Appendix 3).
Table 4.10: Frequency distribution, means and standard deviations of the
Awareness, Knowledge and Attitudes by Gender

Awareness

Knowledge

Attitudes

Gender

N

M

SD

Males

15

53.7

4.35

Females

29

53.0

3.89

Males

15

48.6

4.44

Females

29

45.1

6.22

Males

15

54.8

4.00

Females

29

54.2

4.73

4.3.6 Establishing educator differences by age
To determine differences between the educators’ age against Awareness, Knowledge
and Attitudes a multivariate analysis of variance (MANOVA) was computed. The
null hypothesis that the observed covariance matrices of the dependent variables are
equal across groups was accepted [Box’s M (12, 50001.42) = 14.33, p > .05]. The
multivariate tests revealed that the model was not statistically significant [F (6, 78)
=.534, p = .78; Wilk's λ = 0.92, partial ε2 = .04, Power = .20]. Further, the null
hypothesis that the error variance of the dependent variable is equal across groups
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(Levene’s test of equality of error variance) was accepted for all the AKA variables;
Awareness [F (2, 41) = 0.30, p = .74]; Knowledge [F (2, 41) = 1.02, p = .37] and
Attitudes [F (2, 41) = 1.24, p = .30].

Figure 4.5: Box plot showing the distribution of educators’ age and Awareness
The test of between subjects - effects revealed that there was no statistically
significant difference between the educators’ age and the AKA variables; Awareness
[F (2, 41) =.68, p > .05; partial ε2 = 0.03, Power = .16] (see Figure 4.5); Knowledge
[F (2, 41) =.61, p > .05; partial ε2 = 0.03, Power = .14] (see Figure 4.6) and Attitudes
[F (2, 41) = .42, p > .05; partial ε2 = .02, Power = .02] (see Figure 4.7).
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Figure 4.6: Box plot showing the distribution of educators’ age and Knowledge

Figure 4.7: Box plot showing the distribution of educators’ age and Attitudes
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4.3.7 Establishing educator differences by qualification
Analysis of variance (ANOVA) was computed to determine differences between the
educators’ qualification against the AKA variables. Here, qualification was looked at
in terms of whether the educators had a degree or not. In determining the
homogeneity of variance (Levene’s Statistic), it was found that Awareness [F (1, 42)
= 5.23, p < .05] was not homogenous however for Knowledge [F (1, 42) = 0.46, p =
.50] and Attitudes [F (1, 42) = 0.96, p = .33] the variances were homogenous. The
ANOVA revealed that there was no statistically significant difference between the
qualifications with respect to Awareness and Knowledge. On the other hand there
was a statistically significant difference between the qualifications with respect to
Attitudes [F (1, 42) = 4.878, p = 0.033] (see Table 4.11).
Table 4.11: Means, standard deviations and F test in respect of educators’
qualifications against AKA variables
Variables

No degree (N = 15)

Degree (N = 29)

M

SD

M

SD

F

Awareness

52.5

3.09

53.7

4.42

.86

Knowledge

44.7

7.22

47.1

4.98

1.64

Attitudes

51.1

4.89

54.2

4.17

4.88*

* p < 0.05
4.3.8 Establishing educator differences by specialisation
To determine differences between the educators’ specialisation against Awareness,
Knowledge and Attitudes a multivariate analysis of variance (MANOVA) was
computed. The null hypothesis that the observed covariance matrices of the
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dependent variables are equal across groups was accepted [Box’s M (12, 4379.85) =
16.35, p > .05]. The multivariate tests revealed that the model was not statistically
significant [F (3, 9) = 1.237, p = .28; Wilk's λ = 0.76, partial ε2 = .09, Power = .46].
Further, the null hypothesis that the error variance of the dependent variable is equal
across groups (Levene’s test of equality of error variance) was accepted for all the
AKA variables; Awareness [F (3, 40) = .598, p = .620]; Knowledge [F (3, 40) = .755,
p = .526] and Attitudes [F (3, 40) = 1.663, p = .190]. It was concluded therefore that
specialisation had no effect on the AKA variables.
4.3.9 Establishing educator differences by experience
To determine differences between the educators’ experience against Awareness,
Knowledge and Attitudes a multivariate analysis of variance (MANOVA) was
computed. The null hypothesis that the observed covariance matrices of the
dependent variables are equal across groups was accepted [Box’s M (12, 3308) =
10.07, p > .05]. The multivariate tests revealed that the model was not statistically
significant [F (3, 6) = 0.88, p = .52; Wilk's λ = 0.88, partial ε2 = .06, Power = .33].
Further, the null hypothesis that the error variance of the dependent variable is equal
across groups (Levene’s test of equality of error variance) was accepted for all the
AKA variables; Awareness [F (2, 41) = 1.06, p = .36]; Knowledge [F (2, 41) = 1.66,
p = .20] and Attitudes [F (2, 41) = .16, p = .86]. It was concluded therefore that
experience had no effect on the AKA variables.
4.3.10 Establishing educator differences by school type
Analysis of variance (ANOVA) was computed to determine differences between the
educators’ school type against the AKA variables. In determining the homogeneity
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of variance (Levene’s Statistic), it was found that all the variables were homogenous;
Awareness [F (1, 42) = 1.33, p = .25] was not however for Knowledge [F (1, 42) =
2.88, p = .10] and Attitudes [F (1, 42) = .70, p = .41]. The ANOVA revealed that
there was no statistically significant difference between the school type with respect
to Awareness [F (1, 42) = .26, p = .613], Knowledge [F (1, 42) = .30, p = 0.58] and
Attitudes [F (1, 42) = 0.01, p = .92] (see Table 4.12).
Table 4.12: Means, standard deviations and F test in respect of educators’ school
type against AKA variables
Variables

Public school (N = 31)

Private school (N = 13)

M

SD

M

SD

F

Awareness

53.4

4.35

52.8

3.19

.260

Knowledge

46.6

6.58

45.5

3.78

.302

Attitudes

53.2

4.77

53.0

4.42

.011

4.3.11 Educators’ sources of environmental information
Educators were asked to rank different sources of information about pollution issues
in the order that they preferred. It is noticeable from Table 4.13 that the internet
(15.7%) was reported to be the highest source of information, followed by television
(14.6%). At the other end, radio and magazines (13.6%) were the least sources of
information.
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Table 4.13: Learners’ rankings and percentages of their sources of information
Sources

Ranking

%

Internet

1

15.7

Television

2

14.6

Friends

2

14.6

Books

4

14.0

Newspapers

5

13.9

Magazines

6

13.6

Radio

6

13.6

4.4 Comparison of Learners and Educators
Among the questions of this study corresponding to the quantitative research aspects,
Question 4 was: Is there a difference in learners’ scores on the three AKA variables
compared with those of educators? In answering this, the views of both the learners
and educators with respect to introducing environmental education as a subject were
initially analysed. This was followed by comparing mean scores obtained by learners
and educators for each of the AKA variables. In comparing the two sets of scores, an
unpaired t test was computed to determine whether statistically significant
differences could be established.
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4.4.1 Environmental education as a subject

Figure 4.8: Bar chart showing the distribution of learners’ views on introducing
environmental education as a subject
Among the AKA questions both learners and educators were asked to indicate what
they felt about schools introducing environmental education as a subject. It may be
observed from Figures 4.8 and 4.9 that a majority of both learners and educators
were of the view that environmental education should be introduced as a taught
subject.
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Figure 4.9: Bar chart showing the distribution of educators’ views on introducing
environmental education as a subject
4.4.2 Comparison of learners’ and educators’ AKA data
Table 4.14: Mean scores, standard deviations and t values from the AKA variables
for learners and educators
Variables

Learners (N = 423)

Educators (N = 44)

M

SD

M

SD

t

Awareness

48.0

5.94

53.2

4.02

5.74*

Knowledge

41.8

5.83

46.3

5.86

4.86*

Attitudes

47.7

7.18

53.1

4.62

4.91*

* p < 0.05
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It may be seen from Table 4.14 that in all the three variables educators had higher
scores than their learners. Unpaired t test showed that the mean differences in all the
variables were statistically significantly different.
4.5 Scientific Analysis
In order to provide a sense of what is really happening in the study site, a montage of
pictures showing different aspects the environment and the collection methods is
provided (see Appendix 5). The results presented here are based on the analysis of
the collected air samples for the presence of NO2, SO2, O3 and Pb. Also, the results
present findings from the analysis of the water samples. The scientific analysis of the
air and water quality was commissioned to the Centre for Scientific and Industrial
Research (CSIR) [see the adapted versions of the analyses in Appendix 6].
4.5.1 Results of air analysis
Before presenting the air analysis of this study’s findings, it is perhaps prudent to
highlight South Africa’s acceptable levels of the pollutants reported her. Table 4.15
shows the national ambient air quality standards for NO2, SO2, O3 and Pb as
proposed by the department of Environmental Affairs (Department of Environmental
Affairs, RSA, 2004). For all intents and purposes it should be explained that it is
difficult to argue for the actual benchmarking with the national ambient air quality
standards (RSA, 2004) and the WHO (2011) values as the averaging periods
differed. All one can do is to extrapolate however a disadvantage of doing that would
be speculative in nature. The values were provided here to provide a better picture of
how the pollutants may affect teaching and learning in schools.
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Table 4.15: National ambient air quality standards for NO2, SO2, O3 and Pb§
Averaging period

Density

NO2
1 hour

200 µg/m3

1 year

40 µg/m3

10 Minutes

500 µg/m3

1 hour

350 µg/m3

24 hours

125 µg/m3

1 year

50 µg/m3

8 hours

120 µg/m3

1 year

0.5 µg/m3

SO2

O3
Pb

§ adapted from Department of Environmental Affairs, RSA (2004)
In order to maintain the anonymity of the participants and their schools as was
promised, the schools are identified as School A, School B … School E. The
compounds found in the air were NO2, SO2, and O3. In analysing the results, all the
calculations in respect of the determination of NO2, SO2, and O3 were based on an
average ambient temperature that was obtained from the South African Weather
Service. Table 4.16 shows the densities depicting the presence of NO2, SO2, and O3
in the air in the vicinity of the schools.
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Table 4.16: Densities of NO2, SO2, and O3 measured inside and outside the
classrooms in each school
School

Location

Sample ID

NO2

SO2

O3

(µg/m3)
School A

O-12-1680

19

4.8

40

School B

O-12-1691

20

3.0

10

O-12-1693

20

6.0

30

School D

O-12-1695

26

38

26

School E

O-12-1697

28

8.8

18

School A

O-12-1690

9.9

17

110

School B

O-12-1692

24

20

82

O-12-1694

19

17

110

School D

O-12-1696

24

84

66

School E

O-12-1698

27

31

75

School C

School C

Inside

Outside

It is observable from the table that the density of NO2 inside the classrooms ranged
between 19 (µg/m3) and 28 (µg/m3) while outside the classroom the range was 9.9
(µg/m3) – 27 (µg/m3). In fact, the results show that the NO2 density inside and
outside the classrooms was relatively constant. The WHO (2011) recommended
exposure values to NO2 at a rate of 40 µg/m3 on an annual mean and 200 µg/m3 on a
10-minute mean. As a clarification, an x-hour mean is calculated every hour, and
averages the values for x hours. So a 10-minute mean entails exposure to the
indicated amount of 200 µg/m3 in 10 minutes. Both inside and outside the
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classrooms learners in this study were exposed to relatively low levels of NO2 (see
Table 4.16).
In terms of SO2 the density inside the classroom ranged between 3.0 (µg/m3) and 38
(µg/m3) while outside the classrooms the range was from 17 (µg/m3) to 84 (µg/m3).
These results indicate that the amounts of SO2 were extremely high inside School
D’s classrooms. The recommended exposure values to SO2 at a rate of 20 µg/m3 on a
24-hour mean and 500 µg/m3 on a 10-minute mean (WHO 2011). It may be observed
from Table 4.16 that SO2 levels inside the classroom were well below the
recommended levels. Outside the classroom however the levels were at the threshold
for School B while they were high for School E and School D respectively. For O3
the density ranged between 10 (µg/m3) and 40 (µg/m3) inside the classroom while it
was between 75 (µg/m3) and 110 (µg/m3) outside the classroom. The WHO (2011)
recommends acceptable levels of exposure to O3 at 100 µg/m3, on an 8-hour mean.
The results presented in Table 4.16 show that in all the schools the exposure levels to
O3 were acceptable within the classrooms. However they were beyond the
acceptable threshold outside the classrooms in School A and School C.
As indicated previously, the filter placed at School E was found to be tempered with.
In fact the filter did not take any particulate material, so no results could be reported
from it. The filter placed at School C was actually the one which a Pb reading could
be assessed from. With respect to the presence of Pb, atomic absorption
spectroscopy was used after acid digestion of the exposed filter. The results indicated
that Pb density was < 0.007 (µg/m3). It appears that this value would still be low
over a period of a year from a South African perspective.
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4.5.2 Results of water analysis
To contextualise the results of the water analysis, it is worth pointing out first that
the Department of Water Affairs and Forestry, RSA, (2011) has recommended the
acceptable levels of parameters that could be in drinking water (see Table A4.1). The
parameters appear in the South African National Standard (SANS 241-1: 2011,
edition 1) for drinking water quality (ibid.). In this study, the SANS was used as a
basis for comparing this study’s results. In fact, in the standards, the expectation is
that drinking water shall comply with the numerical limits for the microbiological,
physical and aesthetic, as well as chemical determinants (see Table A4.1). With
respect to drinking water the Department of Water Affairs also expects that 99%
must meet the SANS determined quality (Luyt, Muller & Tandlich, 2011).
The results indicated that the tested parameters in the drinking water from the
schools and the river were at acceptable levels (see Table 4.17). This suggests that
the collected water samples complied with the SANS recommended levels. With
respect to the presence of Pb in the water, it was found that this element was right at
the threshold of the SANS recommended levels. Regarding the Microbiological
water quality parameters, these were found to be at acceptable levels for drinking
water collected in the schools, that is tap water. However, for drinking water from
the river, the levels for both Total Coliform and E coli were high respectively.
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Table 4.17: Results of water analysis including the analytical methods followed
Sample Id

Tap Water

River Water

Bottle Method

School B School D (Power Station)
Acidity

mg/ℓ CaCO3

<3

<3

<3

1L

Titration

BOD #

mg/ℓ BOD

< 10

< 10

< 10

1L

Referred

COD (CMP 24)

mg/ℓ COD

12

15

37

1L

Colorimetric

Dissolved Oxygen

%

52.4

60.3

Calcium (CMP 1)*

mg/ℓ Ca

52

59

65

1L

ICP

Magnesium (CMP 1)*

mg/ℓ Mg

30

41

47

1L

ICP

Total Hardness (Calc)

mg/ℓ CaCO3

253

316

356

1L

Calculation

Alkalinity (CMP 17)

mg/ℓ CaCO3

71

106

112

1L

Titration

Elect Conductivity (CMP 14)

mS/m [25°C]

58

62.2

66.6

1L

Conductimetric (25oC)

pH (CMP 11)

pH units [25°C]

7.6

7.8

8.2

1L

Electrometric

Turbidity (CMP 13)

NTU

0.5

0.4

4

1L

Nephhelometric

57.3

250ml DO meter

Table 4.17: Results of water analysis including the analytical methods followed (Continued)
Sample Id

Tap Water

River Water

Bottle

Method

School B School D (Power Station)
TDS (CMP 15)

mg/ℓ [180°C]

434

411

471

1L

Gravimetric (180oC)

TSS (CMP 16)

mg/ℓ [105°C]

8

<3

10

1L

Gravimetric (103oC - 105oC)

Colour (CMP 12)

mg/ℓ [Pt-Co]

5

9

55

1L

Pt-Co method comparison

Lead (CMP 1)

mg/ℓ Pb

<0.01

<0.01

<0.01

1L

ICP

Nickel (CMP 1)

mg/ℓ Ni

<0.02

<0.02

<0.02

1L

ICP

Arsenic**

mg/ℓ As

0.00111

0.0015

0.00198

1L

ICP

Mercury (tot) (CMP 3)

mg/ℓ Hg

<0.001

0.001

0.002

1L

Cold vapour generation/ICP

Total Coliform (MMP 2)

count/100mℓ

0

0

20

500ml

membrane filtration

E coli (MMP 8)

count/100mℓ

0

0

4

500ml

membrane filtration

# referred not SANAS accredited; * Not SANAS accredited in house; ** As - subcontracted SANAS accredited
CMP = Chemistry Method; MMP = Microbiology Method; DO meter = Dissolved Oxygen; ICP = Inductively coupled plasma atomic
emission spectrometry; BOD = Biochemical Oxygen Demand; COD = Chemical Oxygen Demand; TSS = Total Suspended Solids; TDS
= Total Dissolved Solids

4.6 Summary
This chapter was about the analysis and interpretation of the data. In doing this, a
combination of both the quantitative aspects and the scientific aspects of data
analysis and interpretation were presented. Before any analysis could be carried out
on the quantitative aspects of the study, issues of reliability and validity were
addressed. Among learners it was reported that females had higher mean attitude
scores compared to their male counterparts. Regarding age differences, learners who
were 17 years and less had higher scores on the three AKA variables than those who
were 18 years and older. With respect to grade level learners in the Grade 8 were
found to have lower awareness scores than learners in Grade 10.
About differences between public school and private school learners, it was reported
that on all the AKA variables, learners from the latter schools had higher scores.
With respect to educators no differences were established in relation to all the
variables tested. Also, among the AKA variables educators were found to have
higher scores that their learners. It was in fact found that both learners and educators
had higher scores for Attitude and Awareness compared with Knowledge. Finally
regarding sources of information, learners identified Newspapers as their most
important while the educators’ choice was the Internet.
In the scientific aspect of the data the air sampling analysis revealed that the density
of NO2 was relatively constant inside and outside the classrooms. For SO2, the
density values were found to be much higher outside the classrooms. The exception
here was inside the classrooms of School D where the SO2 level was high. Similarly,
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O3 was much higher outside the classroom than inside. The results in respect of Pb
indicated that the presence of this metallic pollutant was very low.
Results from the water samples on the other hand, indicated that dissolved
substances in the water were within acceptable levels as prescribed in South Africa.
This was however not the case for Pb in all the collected water samples. In terms of
both the Total Coliform and E coli it was found that these were high only in the river
system water.
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CHAPTER FIVE
DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
5.1 Introduction
This chapter is about the discussion, conclusions, recommendations, and limitations
of the study. The discussion of the results will be in two perspectives: (i)
Quantitative and (ii) Scientific data. The discussion of results from the quantitative
perspective is based on the questions of this study. In essence, in presenting the
discussion the question is highlighted followed by the discussion of findings. It is
worth pointing out that the discussion of findings is separated according to learners
and educators. This will be followed by the discussion of result from the scientific
analysis. Thereafter conclusions based on the finding will be drawn. Following this
will be recommendations. The recommendations will be two-fold. Firstly the
recommendations will cover issues emanating from the findings. Secondly,
suggestions for further research will be put forward. Lastly, the limitations
encountered in conducting the study will be outlined.
As a recap, this study sought to assess the levels of awareness, knowledge and
attitudes of secondary school learners and educators about environmental pollution
in a coal mining area.
5.2 Discussion of Quantitative Aspects
Learners’ and educators’ results are discussed based on the research questions that
this study set out to answer. These results are further compared with those reported
in literature. The comparison is meant to provide a context as well as a benchmark of

sorts against which the results presented in this thesis may be construed in respect of
what has been reported throughout the world.
5.2.1 Relationship among awareness, knowledge and attitude
The relationship was determined by computing Pearson’s correlation coefficients. A
positive association was reported among the three variables for both learners and
educators. With regards to learners this study’s findings are consistent with that
reported in literature. For instance, Hassan and Ismael (2011) reported that being
aware and knowledgeable without positive attitude about the environment is useless
because these three variables are inter-related. Similarly, significant relationships
among these variables have been reported (c.f., Lasso de la Vega, 2004; 2006;
Hausbeck et al., 1992; O’Brien, 2007).
In other studies, similar findings have also been reported, however, in these studies
this relationship has generally been in a combination of two rather than the three
together. For example, a statistically significant correlation was found between
knowledge and attitude scores of students (Abd El-Salam, El-Naggar, & Hussein,
2009; Bradley et al., 1999). A similar study conducted in Nigeria reported a very low
correlation between students’ environmental knowledge and attitude (Ibrahim &
Babayemi, 2010). These researchers bemoaned the fact that the mean knowledge
score was not just low but very low which affected their attitude towards the
environment (ibid). A dissenting finding however was that which reported no
significant relationship between students’ environmental attitude and knowledge
(Leeming, Porter, Dwyer, Cobern, & Oliver, 1997).
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From the teachers’ perspective studies conducted elsewhere have similarly reported
findings consistent with this study (c.f., Lasso de la Vega, 2004; 2006). Meanwhile a
high correlation coefficient was reported among teacher’s environmental knowledge
and attitude (Esa, 2010). However, a non-significant relationship was also reported
between level of knowledge, attitudes and awareness among school principals
(Azizi, Masitah, Mohamed, & Noriati, 2010).
5.2.2 Comparing participants’ scores in respect of AKA variables
Comparing participants’ scores was achieved by analysing measures of central
tendency including the percentiles. The results indicated that for the learners and
educators the highest mean score was in respect of awareness, followed by attitude
while knowledge had the lowest mean score. It is worth pointing out though that the
means for awareness and attitude were not statistically significantly different. The
difference here is that educators had higher mean scores that their learners. This is
also highlighted by the fact that the 75th percentile for the two was similar while that
of knowledge was low. This finding is consistent with studies about learners where a
similar analysis was carried out in other parts of the world (c.f., DeChano 2006;
Hausbeck et al., 1992; Lasso de la Vega, 2004; 2006; Makki, Abd-El-Khalick, &
Boujaoude’s, 2003).
Similarly in a comparative study among Canadian and Taiwanese students it positive
behaviour, attitudes and high concern towards the environment but moderate levels
of environmental knowledge were reported (Huang & Yore, 2005). However, this
study’s findings were in contrast with the study in Singapore where students level of
environmental knowledge was high compared to the other variables investigated (Ivy
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et al., 1998). Similar findings were also reported about educators (c.f., Spiropoulou,
Antonakaki, Kontaxaki, & Bouras, 2007; Pe’er, Goldman, & Yavetz, 2007).
However my findings were in variance with a Malaysian study that indicated that
teachers demonstrated a high score in environmental knowledge (Esa, 2010).
5.2.3 Comparing biographical variables against the AKA variables
The discussion that follows is separated according to the different demographic
variables.
5.2.3.1 Gender
To answer the question about gender against the AKA variables ANOVA was
computed. For learners the results indicated that the only statistically significant
difference was in attitude where females had higher scores than males. This was in
contrast to studies conducted in New York and Nigeria where statistically significant
differences were found between environmental awareness and knowledge (Hausbeck
et al., 1992; Ifegbesan, 2010). Other than the previous exceptions, studies conducted
elsewhere have also reported females to display higher levels of environmental
attitude than males (c.f., Alp et al., 2006; Cavas, Cavas, Tekkaya, Cakiroglu, &
Kesercioglu, 2009; Davidson & Freudenberg, 1996; Duan & Fortner, 2010;
Hausbeck et al., 1992; Huang & Yore, 2003; Onur, Sahin, & Tekkaya, 2012;
Zelezny, Chua, & Aldrich, 2000; Yilmaz et al., 2004; Taskin, 2009; Uzun, Atli, &
Sag̈ lam, 2010). Also no significant differences between males and females on
environmental attitude were reported (Aminrad et. al., 2010; Arcury & Christianson,
1993; Eagles & Muffitt, 1990), Van Liere & Dunlap, 1981).
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In the case of teachers, the general trend has been for females exhibiting higher
levels of awareness, knowledge and attitudes towards the environment than males
(c.f., Özden, 2008; Zelezny et al., 2000). The exception was in Nigeria and Kuwait
where males had higher levels of awareness of compared to female teachers (Ekpoh
& Ekpoh, 2011; Hel-S, 2003). However, the findings of this study revealed no
statistically significant difference between gender and all the three AKA variables.
This was consistent with studies in India (c.f., Alli et al., 2011; Nagra, 2010).
5.2.3.2 Age
Differences between the learners’ and educators’ ages against Awareness,
Knowledge and Attitudes were computed through MANOVA. The results indicated
that learners between the ages 13 years to 17 years had higher levels of Awareness,
Knowledge and Attitudes levels compared to those who were 18 years or more. In
looking at findings reported from other parts of the world, these have been varied.
For example a study conducted in Hong Kong reported that younger students
expressed higher levels than older students (Yiu, 2004). On the other hand, older
students displayed higher levels than the younger students in Malaysia (Aminrad et
al., 2010) in the US (O’Brien, 2007) and in the UK (Strong, 1998).
In this study no age differences we established among the teachers. This suggests
that among the teachers of Emalahleni their levels of Awareness, Knowledge and
Attitudes about environmental issues were not dependent on how old they were. In a
study conducted in Kuwait though it was found that the teachers’ age was related to
environmental awareness (Hel-S, 2003). Meanwhile in Iran (Larijani, 2010) and in
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Greece (Michail et al, 2006) it was reported that older teachers had higher levels of
environmental awareness and understanding than their younger counterparts.
5.2.3.3 Grade level
Differences between the learners’ grade level against levels of Awareness,
Knowledge and Attitudes were determined by computing a MANOVA. Here no
differences were established except for Grade 8 and Grade 10 learners who differed
with respect to Awareness. Specifically learners in Grade 8 had lower Awareness
levels than their counterparts in Grade 10. In essence this study found no effect in
terms of the AKA variables with respect to grade level. In terms of studies conducted
in other parts of the world, mixed findings are reported with respect to the effect of
AKA variables on the grade level. Some studies have reported learners in lower
grades with higher levels of environmental awareness than those in the higher grades
(c.f., Uzunboylu, Cavus, & Ercag, 2009; Musser & Diamond, 1999). While others
(e.g., Aminrad et al, 2011; Aydin, Kaya, & Coşkun, 2011) reported that students in
higher grades had a higher levels of environmental awareness than those in the lower
grades. Also, in some instances no differences between students’ grade levels and
the AKA variables were established (c.f., Astalin, 2011; Feleke, 2010; Oguz et al.,
2010).
5.2.3.4 School type
Differences between the learners’ school types against the AKA variables were
determined by computing ANOVA. Here it was reported that private school learners
had higher mean scores on all the AKA variables than their public school
counterparts. Private schools by virtue of the finances they collect tend to have a lot
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of resources compared to public schools, which could be a mitigating factor for the
findings reported here. In a sense this finding may be a socio-economic indicator of
sorts because it revealed variance that could be attributed to financial matters. This
view is perhaps supported by the fact that a number of studies conducted elsewhere
have reported similar findings (Hausbeck et al., 1992; Smith et al., 1997; Shivajumar
& Vamadevappa, 2011; Tuncer et al., 2005). There have been studies reporting
differently though where no significant differences were established (e.g.,
Akomolafe, 2011; Tripathi, 2000; Uzun et al., 2010).
In the case of teachers, ANOVA revealed no statistically significant differences. The
fact that with educators no differences were observed suggests that with teachers
there are common factors. For instance in South Africa almost all teachers would
have been educated in a similar manner at universities. This means that where they
end up teaching does not really impact on their views and attitudes on environmental
issues. The findings reported here are not unique to this study in that they have been
reported in other countries too (c.f., Jekayinfa &Yusuf, 2008; Shobeiri et al., 2006).
However, statistically significant differences were reported by Larijani (2010) where
teachers working in private schools were found to have significantly higher levels of
environmental awareness than teachers working in public schools.
5.2.3.5 Qualification
Differences between the educators’ qualification against the AKA variables was
determined by computing ANOVA. The result revealed that there a statistically
significant difference was only between the qualifications with respect to Attitudes.
A similar result was also reported by researchers (Masitah et al., n.d.). No
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statistically significant difference between the qualifications with respect to
Awareness and Knowledge was established. This result was consistent with that
reported also in South Africa (c.f., Swanepoel et al., 2002).
5.2.3.6 Experience
Differences between the educators’ experience against Awareness, Knowledge and
Attitudes were determined through computing a MANOVA. Here, no statistically
significant difference between teaching experience and AKA variables were
established. This suggests that teaching experience had no effect on AKA variables.
This finding corresponds with that of a study that reported no significant difference
between teaching experience and environmental awareness (Shobeiri & Prahallada,
2008). Meanwhile in other studies researchers have established statistically
significant differences (e.g., Hel-S, 2003; Michail et. al., 2006; Patel 1999 cited in
Nagra, 2010).
5.2.3.7 Specialisation
As in the other analyses differences between the educators’ specialisation against
Awareness, Knowledge and Attitudes were determined by computing MANOVA. It
was found that specialisation had no effect on the AKA variables. This finding was
in contrast with studies that reported significant differences between teachers’
specialisation and different variables (Nagra, 2010; Mansaray et al, 1998; Shobeiri &
Prahallada, 2008; Swanepoel et al, 2002).
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5.2.4 Comparing learners’ AKA scores with educators’
It has been mention already that educators had higher scores than their students. This
is good because if students had better scores then it would mean that they espouse
environmental issues more than their educators. This result in fact is not surprising
because it has generally been reported likewise in other studies (c.f., Lasso de la
Vega, 2004; 2006; Shahnawaj, 1990). However in Mexico it was reported that
students had low levels of environmental awareness, and lack the necessary
knowledge and skills with which to make environmentally-friendly changes in their
lifestyles (Isaac-Márquez et al., 2011). These researchers lamented the fact that
students showed an interest in environmental issues, but their teachers’ low levels
discouraged them (ibid).
5.2.5 Sources of environmental information
About sources of environmental information, students in many countries have
identified the television as their most important source (c.f., Boyes, & Stanisstreet,
2001; Nagel, 2004; Huang & Yore, 2003; Chapman, & Sharma, 2001; Said et al.,
2007; Liarakou et al., 2011). In this study however this was not the case. Instead
newspapers were identified as the students’ most important source of environmental
information. This finding is consistent with a study in Singapore where newspapers
and magazines were students’ most important sources of environmental information
(Ivy et al., 1998). Interestingly, parents and friends were not found to be useful as
sources of information, a result also found among Indian and Filipino students
(Chapman & Sharma, 2001). A possible reason for parents especially not being
useful sources may be education related. In conversations with some of the learners,
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they indicated that their parents were not educated (personal communication with
learners).
Educators in this study on the other hand identified the internet followed by
television as their main sources of information. This finding was very interesting
because it suggests that the educators relied on technology to keep up with
environmental matters. This was in contrast with Lebanese teachers where it was
reported that very few teachers identified the internet as a source of information
(Vlaardingerbroek & Neil Taylor, 2007). However in countries like the United
States, Bolivia and Turkey the internet and associated electronic media such as
YouTube, Webcasts and blogs were the sources (c.f., Campbell, Medina-Jerez,
Erdogan, & Zhang, 2010).
5.2.6 Views about introducing environmental education
Here, both learners and educators indicated that environmental education should be
introduced as a taught subject. This finding is significant from a South African
perspective because as has been illustrated elsewhere in this study environmental
education is not a standalone subject. What is pleasing though is the fact that
government is on a consultative drive on issues relating to the introduction of
environmental education in teacher education (Department of Environmental Affairs,
2012). This finding is comparable to a New York study’s finding where 56% of
students reported that they would like additional environmental education to be
offered in school (Hausbeck et al., 1992). Similarly in Ireland where it was reported
that environmental education should be taught as a separate, compulsory subject area
in the secondary curriculum (Murphy, 2000).
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5.3 Summary of Quantitative Aspects
The findings reported here are extremely important. The fact that learners especially
the younger ones have shown an awareness, knowledge and attitudes about the
environment is extremely crucial because it is they who will grow to be
environmentally responsible parents. This situation may be exploited in a sense as a
starting point for sustainable awareness projects both within the school and outside.
In fact it is argued that lack of knowledge is the critical barrier to change people’s
behaviour if they are to display positive attitudes (Bas, Teksoz, & Erterpinar, 2011;
Kollmuss & Agyeman, 2002).
An advantage of investing in sustainable awareness projects with children is that
these values will be carried on to adulthood and later passed on to the next
generation. Such awareness will certainly break the cycle where parents and friends
are not seen as important sources about environmental issues, as has been established
here. In this regard, it is suggested that environmental education should not only be
limited to school learners and educators alone. The target population should
encompass all ages and all spheres of society. The view is that society should be
involved because everyone has to make decisions about the environment, either
relating to them or sometimes affecting other people as well (Brennan, 1974).
What is certain from the findings of this study is the fact that there is need to
introduce environmental education in schools in South Africa. While this study
covered a non-representative South African sample the findings nonetheless speak
for themselves so to speak. For example, in this study it was shown that in terms of
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the AKA variable students had relatively high scores. This is in contrast to what was
found in Dutch secondary schools where it was pointed out that students’ “…
knowledge about environmental problems was fragmentary and often incorrect …”
(Kuhlemeier, Van Den Bergh, & Lagerweij, 1999, p. 4). This is important because as
Elliot points out, responsible behaviour can be achieved when environmental
education as part of science education develops individuals who will be conscious of
and act positively toward the environmental issues (Elliott, 1999).
5.4 Discussion of Scientific Aspects
This study revealed that pollutants such as SO2, NO2, O3 and Pb were indeed present
in the vicinity of the schools. The reality about these pollutants is that they may
result in harmful health effects. About SO2 it is reported that it can affect the
respiratory system and the functioning of the lungs. Problems from these are
associated with coughing, mucus secretion, the aggravation of asthma, and chronic
bronchitis that makes people more prone to infections of the respiratory tract (WHO
2011). SO2 is also reported to be the main cause of irritations of the eyes (ibid.). The
fact that SO2 levels at School C were high is a cause for concern. In fact two issues
need to be addressed in this school. Firstly, learners’ and educators’ health should be
constantly monitored. Secondly, the levels of the SO2 should be monitored too and
appropriate action be taken to reduce these.
In this study it was reported that NO2 inside and outside the classrooms could be at
levels between 19 (µg/m3) and 28 (µg/m3). This may look innocuous when compared
to the WHO (2011) guidelines of 40 µg/m3 on an annual mean. The main issue
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though is prolonged exposure to the NO2. It is reported in fact that epidemiological
studies have indicated that symptoms of bronchitis in asthmatic children increase
proportionately with long-term exposure to NO2 (ibid.).
On the other hand, O3 is reportedly responsible for breathing problems for instance.
It is said that it may trigger asthma, reduce lung function and cause lung diseases
(WHO, 2011). In this study, the amount of Pb measured at School C was found to be
< 0.007 (µg/m3). This amount of Pb is reasonably low because in the US for
example, the recommended air quality level for this pollutant is 1.5 µg/m3 for a
maximum quarterly calendar average (USEPA, 2006). In fact the WHO (2004)
recommended level is 0.5 µg/m3 to 1.0 µg/m3 on an annual mean.
A good aspect about the Pb content in this study is that it was extremely low. This is
in contrast to a study conducted in inner city schools in the Western Cape Province.
In that study it was reported that children were at risk of excessive exposure to
environmental Pb because over 90% of their blood had levels of 10 µg/m3 (Mathee,
Röllin, vonSchirnding, Levin, & Naik, 2006). Instead, the Western Cape study was
comparable with a South Western Nigerian result that reported high levels of Pb in
the air in the school environment. Further, this study reported high levels of Pb that
were above the recommended WHO air quality guidelines, in the urine of children in
both urban and rural schools (Esimai & Awotoye, 2009).
It may be argued however that the air pollutants reported in this study were not as
high compared to the guidelines provided in South Africa. The problem here though
is prolonged exposure. For instance, learners starting in Grade 8 in one of the
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schools are likely to be exposed to the pollutants for the next five years if they are to
study there until Grade 12. What the compounded effect of this exposure results in,
should be a source for concern. It is critical therefore that better environmental
pollution management systems should be implemented by the mines and the allied
industry. This could be achieved by these entities assisting in ensuring that there is a
marked decrease in the amounts of the pollutants they churn out. Major reductions
will certainly assist in learners and educators breathing pollution free air. About this
issue, it is argued that an important issue is the fact that health benefits accrue in the
long run from improvements in environmental management (Remoundou &
Koundouri, 2009). Also, in Europe it has been shown that considerable reduction in
pollutants such as sulphur dioxide (SO2) has been observable in the last decade
(Devalia et al., 1993).
With respect to the water samples it was reported that the dissolved parameters were
within the recommended levels in South Africa. It should be cautioned though that
these parameters were however present. For example, heavy metals like Arsenic (As)
and Mercury (Hg) were detected in the water. The problem with heavy metal
accumulation is that it affects the quality of crops and thereby humans, the animals
and drinking water (Kawada & Suzuki, 1998). In fact it is further pointed out that
heavy metals affect the quality of fodder that animals consume and impact
negatively on their health and that of humans (Adriano 2001).
The presence of heavy metals has its inherent dangers because it is reported that long
term exposure to these pollutants in drinking water leads to human health problems
(c.f. Duda-Chodak & Blaszczyk, 2008; Kaspizak, Sunderman Jr., & Sanikow, 2003;
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Raymond & Ralston, 2004). Here, the fact that Arsenic was at acceptable levels for
example, does not indicate what the cumulative effect is from drinking water with
this. This is because it is reported that prolonged intake of Arsenic in drinking water
may result in cancer of various types and respiratory infections (Shi, Shi, & Liu,
2004). This issue is more critical considering that children in Taiwan that were in
schools around coal power plants were reportedly susceptible to DNA damage,
asthma and allergic rhinitis (Wong et al., 2005). Also, prolonged exposure to
Arsenic in drinking water is reported to affect academic performance of school
children (Wasserman et al., 2004).
Mercury too is one of the most dangerous chemicals. This heavy metal is reported to
have no beneficial biological function but it affects living organisms. In fact, Hg is
reported to lead to ailments such as cancer and birth defects (Eisler, 2000). In the
aquatic environment for instance, the effects of Hg have been reported to lead to
physiological, reproductive and biochemical abnormalities (Boening, 2000). What
prolonged exposure will do to the learners of this investigation can only be assumed
considering what the other studies referred to here have indicated.
In this study Pb was found to be at the threshold of the SANS acceptable levels.
Lead is a fairly dangerous heavy metal with devastating effects. In fact in the United
States high concentrations of this metal in the blood were reported to be responsible
for 89% increase in deaths from cardiac diseases (Menke et al., 2006). Regarding
children, it is reported that exposure to Pb affects the nervous system (Heinze et al.,
1998; Schütz, Bergdahl, Ekholm, Skerfving, 1996; Malcoe et al., 2002; Okonkwo et
al., 2001). While it may appear that the Pb found in the water in this study was fine,
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this could still cause major health problems with children. The Pb content may be a
problem with children because it is reported that “… even small exposures are
associated with reduced IQ, increased ADHD and other health problems in children
… No safe blood-lead level for children has been identified” (Young, 2012, p. 3A).
Regarding the microbiological water quality both the Total Coliform and E. coli
were found to be high. This should not be the case with water that humans drink
because, “… Total Coliform group is a larger collection of different kinds of
bacteria. … E. coli is a sub-group of fecal coliform” (Michigan Department of
Environmental Quality, 1998). In fact, Total Coliform and E. coli should not at
whatever quantity be present in any water system, when this happens, the drinking
water standards are violated (New Hampshire Department of Environmental
Services, 2010). Further their presence in any water system should be a public health
concern (Michigan Department of Environmental Quality, 1998). The concern
comes from the fact that the effects of these bacteria may lead to severe illnesses
such as gastro-intestinal problems. The gastro-intestinal problems may result in
nausea, vomiting and diarrhoea (Health Canada, 2008).
5.5 Summary of Scientific Aspects
In terms of air pollutants it was found that indeed these were present around the
schools. In one school in particular it was found that SO2 levels were high. It was
argued that these pollutants may result in harmful health effects for both the learners
and the educators in the schools. Similarly, with water pollutants a number of heavy
metals were identified albeit in acceptable levels. Lead which is regarded as
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dangerous for children irrespective of quantity was also found in the drinking water.
With regards, to Total Coliform and E coli count in the river water, it was found that
these quantities were high. Such quantities are not suitable for human and animal
consumption because they lead to harmful diseases.
5.6 Conclusion and Recommendations
In this section an overview of the main findings of this study is provided. Included
here are recommendations that invariably are based on the findings.
5.6.1 Conclusion
This study was about assessing the levels of awareness, knowledge and attitude
about environmental pollution as well as the presence of pollutants in the vicinity of
schools in a coal mining area. The study was conducted in a coal mining town
wherein there are also coal-fired electricity generating power stations and ferrometal foundries. The main aim of the study was twofold. Firstly, it was to determine
secondary school learners’ and educators’ levels of awareness, knowledge and
attitudes about environmental pollution. The AKA variables were investigated with
respect to demographic variables: gender, age, grade level, school type, teachers’
qualification, teachers’ specialization and teaching experience. Secondly, to collect
water and air samples to establish the pollutants that could possibly be attributed to
the mines and industry.
The findings revealed that on the main, younger learners were more aware,
knowledgeable and had positive attitudes towards environmental pollution than their
older counterparts. Learners attending private schools had higher scores in all the
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three AKA variables than their counterparts in public schools. Both learners and
educators had higher scores with respect to environmental awareness and attitude
compared to environmental knowledge. Once more, for both learners and educators,
females had higher scores on environmental attitude than males. Among educators
no differences were established on all the AKA variables in relation to the different
biographical variables.
It was also found that educators had higher scores on AKA variables than their
learners with respect to all the tested biographical variables. About sources of
environmental information, learners ranked newspapers at the top. On the other
hand, the internet was ranked highest by educators. With respect to the introduction
of environmental education as a standalone subject at school, there was unanimity
among both learners and educators that this should be so.
The findings of the scientific aspects also revealed that pollutants were present in
both the air and the water in the vicinity of the selected schools in this study. A
source of concern with the pollutants identified here is the fact that they are
responsible for a number of harmful effects. For example the harmful effects of
heavy metals such as Arsenic and Mercury as well as those of bacteria like E coli
were outlined in this study.
The main conclusion in this study relates to the fact that participants may have had
appropriate levels of awareness, knowledge and attitudes however the presence of
pollutants both in the air and water is a source for concern. This is because on the
main the participants have absolutely no control on the pollution of their
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environment, the monitoring thereof, and legislation ruling on what should be done.
Based on the findings of this study, a number of recommendations are advanced.
5.6.2 Recommendations
The results of this study, have led to recommendations that are advanced here. The
world over, environmental issues are taking centre stage. It is important therefore
that future generations should not inherit environments that are polluted or
completely destroyed. It was reported here that younger learners had better scores
that their older counterparts. It is recommended that investment in environmental
education should be as early as possible in children’s schooling. Such an investment
is envisaged to have good long term spinoffs. Early education will ensure that
children have a proper understanding and knowledge about the environment around
them. The knowledge should be useful in changing perceptions of what affects the
environment. Further, investing in such knowledge as early as possible is critical,
because it will take a lifetime of consciousness about caring for the environment.
Also, there is a possibility that relatives and friends will also be swayed into thinking
about and acting with responsibility towards the environment.
It was reported in this study that the learners’ most important source of
environmental information were newspapers instead of school lessons. This finding
should be a cause for concern to the education community. While newspapers and
other media are important as sources of information there is no guarantee that they
will reach every child as the school has the potential to. Essentially, it is
recommended that the school should be the primary source of disseminating
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environmental information to learners while other sources could be secondary. In
effect, such secondary sources will enhance what learners have gleaned from school.
This study reported that scores on environmental pollution knowledge by both
learners and educators were low compared to the two other variables. The conjecture
reached is that this may be because environmental concepts are taught within other
subjects and not as a separate subject. It is recommended then that education
authorities should consider introducing Environmental Education as a subject. In
implementing this recommendation my view is that learners especially will get
wholesome knowledge of scope and complexity about environmental pollution and
issues in general. Further, the concepts as taught in other subjects should still remain
however. Continuing teaching the concepts in other subjects may be equated to the
utility of mathematics which in a much smaller scale is used in other subjects such as
biology, medicine, chemistry, and economics for instance.
From a scientific point of view, as it was shown that air pollutants are present within
the schools, it is recommended therefore that there should be monitoring equipment
in order to ensure that dangerous levels are never reached. Not only that, I want to
recommend that learners and the educators should be medically checked from time
to time. This is because while it may be argued that the levels as reported in this
study were not at ‘dangerous’ levels the participants nonetheless spend most part of
everyday of their lives in the schools. The presence of learners and educators in that
environment on a daily basis means that they are vulnerable to the pollution effects
of these compounds.
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The presence of heavy metals like As, Hg and Pb in the water should be a cause for
concern in terms of the health of both learners and educators. Also the presence of
bacteria like E coli in the water these participants are likely to drink will certainly
render them prone to diseases. It is recommended once more that medical
supervision of particularly the participants of this study should be carried out. The
fact that a majority of these participants are children makes this issue even more
urgent. The situation is urgent because the average age of the learners was 16 years,
if they are to be exposed to the chemicals and bacteria until adulthood then their
health prospects are really threatened.
If the wellbeing of the participants of this study is to be of primary importance it is
critical that: (a) there should be constant monitoring of the pollution prevalent in
their environment; (b) government should come up with legislation that addresses
the polluting industry. These recommendations are critical because if they are left
unaddressed then the status quo continues and the people will be at the mercy of the
chemicals identified here.
5.7 The study’s novel contribution to science
The uniqueness of this study is in the fact that it was specifically conducted in
schools in the vicinity of coal mining and allied industrial activities. More pleasing
though is the fact that the findings reported here have also been consistently reported
in literature from different parts of the world. The complementarity of the findings in
(South Africa and elsewhere) in a sense assures the internal and external validity of
the results reported here.
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The gap identified in this study related to the levels of awareness, knowledge and
attitudes about environmental pollution and the presence of pollutants within
schools. The novelty of this is that if people have proper knowledge about pollution
and pollutants in their vicinity then they are likely to take action that will lead to
good environmental practices. Also, when they are aware of the health implications
of the pollutants, this will even assist them to be more active in protecting their
environments. This means that people will be more vigilant and make sure that
industry that releases pollutants take the necessary action to clean up and avoid
doing this.
In order to publicise this contribution, papers have been written and submitted to
three peer reviewed journals. Also, presentations based on the study were made at
three international conferences.
5.8 Suggestions for Further Research
South Africa is a mineral rich country with a number of towns surrounded by mines
and allied industry. It is recommended therefore that similar studies as this one
should be carried out in other areas. Such studies will also add to the body of
knowledge already generated here. It could be that the studies will validate what was
reported here or may report different findings. Studies should also be carried out in
areas that do not overtly have pollution potential as in the case of coal mines. It
would be interesting to find out in fact how learners especially from ‘clean’ areas so
to speak view environmental pollution in comparison with their counterparts from
pollution prone areas.
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It was reported here that females in general have higher awareness, knowledge and
attitudes toward environmental pollution than males. It is recommended that future
studies should be conducted where the aim would be to harness the participation of
males in environmental issues. Also, it was found that both learners and educators
were keen on the subject environmental education being a standalone subject at
school. While this is the case internationally already further studies in the South
African context probing this aspect will be useful in recommending a speedy address
of this issue by the education authorities. It was further reported here that parents and
friends were not important sources of information. It would be interesting to find out
how learners from other areas view this matter.
Also, critical in this study’s results were the sources of information identified by the
learners and their educators. Studies that investigate this issue in other parts of the
country will be very informative. In fact they may assist the education authorities in
devising the appropriate media so to speak that may be used to help teach society
about environmental matters in general. This view is important because it will assist
in changing people to take responsibility on environmental issues. When
environmental education as part of science education is utilised, this will help in
developing environmentally conscious individuals. Such individuals will be useful in
addressing pollution issues experienced for instance in this study’s research site.
The scientific results of this study revealed that air pollutants such as NO2, SO2, and
O3 were present both within and outside the classrooms. In this study a more
practical period for collection of data in terms of savings time and money was a
week to two weeks. I recommend therefore that a more resourced study should be
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carried out where the average periods as recommended in the national ambient air
quality standards for NO2, SO2, O3 and Pb (RSA, 2004) will be followed precisely.
In terms of water pollution, it was reported that harmful heavy metals as pollutants
were present in varying degrees. I suggest therefore that the cumulative effect of
these in the bodies of both the learners and educators should be evaluated. In the US
as indicated in this study, the presence of Pb in whatever quantity is not acceptable
for children. Chemical related studies should therefore be conducted in order to find
ways of eliminating Pb and other heavy metals as pollutants from the source. That is
from the industrial enterprises producing these.
It was reported here that the tap water did not contain Total Coliform and E coli
however the river system did. I further suggest therefore that studies should explore
and recommend ways of dealing with these where the main aim will be to eliminate
them.
Further I suggest that a research study should evaluate the levels of absenteeism in
the schools. Such a research study should also determine the main causes of the
absence from school. In fact, in my view a study integrating both the schooling
aspects and the medical wellbeing of the educators and learners in areas around coal
mining precincts would shed better light.
5.9 Summary
First, this chapter provided a discussion of the major findings of the quantitative
aspects of this study. The discussion covered the AKA variables as well as all the
biographical variables against which the evaluation was based. Included was a
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contextualisation of findings reported in this thesis with those reported in other parts
of the world. Second, was a discussion of the scientific aspects of the study where air
and water pollutants from the study area were identified including the quantities in
which they were in each respect (air and water). This was followed by the
conclusions and recommendations that were based on the findings of this study. Also
forming part of this chapter were suggestions for further research. Finally, the
chapter presents limitations that I feel could have played a role in how this thesis
turned out.
5.10 Limitations of the Study
This study was about the exploration of awareness, knowledge and attitude of
participants from a coal mining area. The eMalahleni area was selected for the
purposes of this study however coal is not necessarily only mined in this area of the
province. This suggests that whatever is reported in this study may not be
generalised to all learners and educators in the coal mining belt of the province.
Another limitation stems from the fact that some principals were not willing for me
to participate actively in the collection of data because they indicated that everybody
was busy. This meant that interviewing some learners and educators was not
possible. Also, I did not have control over the selected learners and educators. It
could be that the selections by the principals were because participants would be
more expressive on the matters investigated than their counterparts.
I acknowledged however that without minor obstacles such as indicated here this
research study would have been ‘too perfect’. The obstacles were taken as consistent
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with allowing for participants’ consent and ethical issues in research in general. The
findings nonetheless provide baseline information that may be used as a basis for
follow up studies on environmental issues affecting students in the coal mining
environment.
In terms of the scientific aspects of the study there were limitations too. For
example, Table 5.1 shows the recommended ambient air quality standards for SO2 in
South Africa. An ideal situation would have been to measure the air quality
following the periods depicted in this table as they are at best or by selecting one
period or two. In an academic research study the practicality though is the fact that
time and money becomes a practical restricting issue. Money would have been an
issue because more samplers would be needed for example to collect data on a 10
minutes average in the different schools.
Table 5.1: Recommended ambient air quality standards for SO2 in South Africa
Pollutant

Averaging period

Density

SO2
10 Minutes

500 µg/m3

1 hour

350 µg/m3

24 hours

125 µg/m3

1 year

50 µg/m3

Also, leaving the samplers in the schools for long periods could have impacted on
this study because as shown in School E the equipment was tampered with and this
meant that no results could be analysed.
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In terms of water pollution once more the practical situation is such that one can only
measure at a point in time. That is, for all intents and purposes one cannot be
sampling for ever. For example one could collect a sample in one minute and a
ferro-metal industrial company may release its effluent in the river system a minute
later. This will mean that whatever is contained in the effluent will be missed.
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APPENDICES
Appendix 1
Appendix 1.1: Awareness, Knowledge and Attitudes of Pollution Issues
(Learners)
Researcher: A. C. Olufemi
N.B.

This is not a test, so your opinions will not be judged as right
or wrong. Any information you give will be treated with
confidentiality and will be used only for research purposes.

SECTION A: Background information
What is your current age in years?

………………………………………

Male:
Female:
In what Grade are you?
Grade 8

Grade 9

Grade 10

Grade 11

Grade 12

Type of school:
Public (government) school:
Private school:

TURN OVER

SECTION B: Awareness, Knowledge and Attitudes of Pollution issues
Directions:

Please indicate the degree to which you agree or disagree with each
statement below by marking with an X the appropriate letters to the
right of each statement.

SD
Strongly disagree

D
Disagree

IDK
I don’t know

A
Agree

SA
Strongly Agree

1.

Schools must offer environmental
education as a subject

SD

D

IDK

A

SA

2.

We must conserve our resources for
future generations.

SD

D

IDK

A

SA

3.

Acid rain destroys green areas

SD

D

IDK

A

SA

4.

Fossil fuel such as coal should be used
less

SD

D

IDK

A

SA

5.

Industries that pollute the environment
should be made to clean up and
resuscitate the environment

SD

D

IDK

A

SA

6.

In my view, environmental pollution
is a temporary problem so there is no
need to worry about it

SD

D

IDK

A

SA

7.

More trees should be planted to
prevent environmental pollution

SD

D

IDK

A

SA

8.

I am prepared to participate in the
prevention of environmental pollution
in my community

SD

D

IDK

A

SA

9.

To protect our environment,
renewable resources should be used to
generate electricity instead of fossil
fuels

SD

D

IDK

A

SA

10.

Forests are decreasing as a result of
damage to the land

SD

D

IDK

A

SA

11.

The toxic run off wastes from
industries pollute our water ways

SD

D

IDK

A

SA

12.

There should be limits placed on the
amount of gases released into the
environment.

SD

D

IDK

A

SA
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12.

There should be limits placed on the
amount of gases released into the
environment.

SD

D

IDK

A

SA

13.

South Africa is very rich in natural
resources; therefore it is not possible
to finish them

SD

D

IDK

A

SA

14.

Global warming is not an international
problem.

SD

D

IDK

A

SA

15.

The depletion of ozone layer is not
caused by environmental pollution

SD

D

IDK

A

SA

16.

Industrialization does not lead to
global warming

SD

D

IDK

A

SA

17.

Environmental pollution is not related
to population growth

SD

D

IDK

A

SA

18.

Smoke and fumes produced by
industries do not lead climate change.

SD

D

IDK

A

SA

19.

Acid rain is not created by sulphur
dioxide.

SD

D

IDK

A

SA

20.

Industrialization does not cause
environmental pollution.

SD

D

IDK

A

SA

21.

There is no environmental pollution in
South Africa.

SD

D

IDK

A

SA

22.

World environment day is held yearly
in June.

SD

D

IDK

A

SA

23.

The sustainable use of natural
resources means the continuous use of
them.

SD

D

IDK

A

SA

24.

Sustainable development means
“development that provides jobs and
shelter”

SD

D

IDK

A

SA

25.

Drinking polluted water can cause
harm to one’s health.

SD

D

IDK

A

SA

26.

Human beings are severely abusing
the environment.

SD

D

IDK

A

SA

27.

Individual responsibilities are very
important in preventing environmental
pollution.

SD

D

IDK

A

SA
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28.

Environmental pollution causes
serious illnesses.

SD

D

IDK

A

SA

29.

Environmental pollution has harmful
effects on human health.

SD

D

IDK

A

SA

30.

Many plants and animals species in
our country are facing extinction as
result of environmental degradation.

SD

D

IDK

A

SA

31.

The air we breathe is composed of
gases.

SD

D

IDK

A

SA

32.

Sustainable development means
“using resources while preserving the
environment for future generations

SD

D

IDK

A

SA

33.

The climate of South Africa gradually
gets warmer every passing year.

SD

D

IDK

A

SA

34.

The solution to environmental
pollution is raising awareness.

SD

D

IDK

A

SA

35.

As the population increases in South
Africa, the potential for environmental
pollution also increases

SD

D

IDK

A

SA

36.

People must be aware of
environmental problems.

SD

D

IDK

A

SA
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SECTION C:
Please rate the following sources of information on pollution issues in the order
of importance to you: Where the highest is 1 and the lowest is 10
1.

Daily newspaper

2.

Environmental magazines

3.

Television

4.

Radio

5.

Internet

6.

Books

7.

Parents

8.

Friends

9.

Extra-curricular activities e.g., school clubs, quizzes and debates

10. School lessons (teachers)

The End
Thank you very much for spending time completing this questionnaire, it is
much appreciated
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Appendix 1.2: Awareness, Knowledge and Attitudes of Pollution Issues
(Educators)
Researcher: A. C. Olufemi
N.B.

This is not a test, so your opinions will not be judged as right
or wrong. Any information you give will be treated with
confidentiality and will be used only for research purposes.

SECTION A: Background information
What is your current age in years?

………………………………………

Male:
Female:
What is your qualification?
Years of teaching experience

………………………………………
………………………………………

What is your area of specialisation?

………………………………………

Type of school:
Public (government) school:
Private school:
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SECTION B: Awareness, Knowledge and Attitudes of Pollution issues
Directions:

Please indicate the degree to which you agree or disagree with each
statement below by marking with an X the appropriate letters to the
right of each statement.

SD
Strongly disagree

D
Disagree

IDK
I don’t know

A
Agree

SA
Strongly Agree

1.

Schools must offer environmental
education as a subject

SD

D

IDK

A

SA

2.

We must conserve our resources for
future generations.

SD

D

IDK

A

SA

3.

Acid rain destroys green areas

SD

D

IDK

A

SA

4.

Fossil fuel such as coal should be used
less

SD

D

IDK

A

SA

5.

Industries that pollute the environment
should be made to clean up and
resuscitate the environment

SD

D

IDK

A

SA

6.

In my view, environmental pollution
is a temporary problem so there is no
need to worry about it

SD

D

IDK

A

SA

7.

More trees should be planted to
prevent environmental pollution

SD

D

IDK

A

SA

8.

I am prepared to participate in the
prevention of environmental pollution
in my community

SD

D

IDK

A

SA

9.

To protect our environment,
renewable resources should be used to
generate electricity instead of fossil
fuels

SD

D

IDK

A

SA

10.

Forests are decreasing as a result of
damage to the land

SD

D

IDK

A

SA

11.

The toxic run off wastes from
industries pollute our water ways

SD

D

IDK

A

SA

12.

There should be limits placed on the
amount of gases released into the
environment.

SD

D

IDK

A

SA
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13.

South Africa is very rich in natural
resources; therefore it is not possible
to finish them

SD

D

IDK

A

SA

14.

Global warming is not an international
problem.

SD

D

IDK

A

SA

15.

The depletion of ozone layer is not
caused by environmental pollution

SD

D

IDK

A

SA

16.

Industrialization does not lead to
global warming

SD

D

IDK

A

SA

17.

Environmental pollution is not related
to population growth

SD

D

IDK

A

SA

18.

Smoke and fumes produced by
industries do not lead climate change.

SD

D

IDK

A

SA

19.

Acid rain is not created by sulphur
dioxide.

SD

D

IDK

A

SA

20.

Industrialization does not cause
environmental pollution.

SD

D

IDK

A

SA

21.

There is no environmental pollution in
South Africa.

SD

D

IDK

A

SA

22.

World environment day is held yearly
in June.

SD

D

IDK

A

SA

23.

The sustainable use of natural
resources means the continuous use of
them.

SD

D

IDK

A

SA

24.

Sustainable development means
“development that provides jobs and
shelter”

SD

D

IDK

A

SA

25.

Drinking polluted water can cause
harm to one’s health.

SD

D

IDK

A

SA

26.

Human beings are severely abusing
the environment.

SD

D

IDK

A

SA

27.

Individual responsibilities are very
important in preventing environmental
pollution.

SD

D

IDK

A

SA
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28.

Environmental pollution causes
serious illnesses.

SD

D

IDK

A

SA

29.

Environmental pollution has harmful
effects on human health.

SD

D

IDK

A

SA

30.

Many plants and animals species in
our country are facing extinction as
result of environmental degradation.

SD

D

IDK

A

SA

31.

The air we breathe is composed of
gases.

SD

D

IDK

A

SA

32.

Sustainable development means
“using resources while preserving the
environment for future generations

SD

D

IDK

A

SA

33.

The climate of South Africa gradually
gets warmer every passing year.

SD

D

IDK

A

SA

34.

The solution to environmental
pollution is raising awareness.

SD

D

IDK

A

SA

35.

As the population increases in South
Africa, the potential for environmental
pollution also increases

SD

D

IDK

A

SA

36.

People must be aware of
environmental problems.

SD

D

IDK

A

SA

TURN OVER

184

SECTION C:
Please rate the following sources of information on pollution issues in the order
of importance to you: Where the highest is 1 and the lowest is 7
1.

Daily newspaper

2.

Environmental magazines

3.

Television

4.

Radio

5.

Internet

6.

Books

7.

Friends

The End
Thank you very much for spending time completing this questionnaire, it is
much appreciated
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Appendix 2: Environmental Concepts required by the Department of Education
Table A2.1: Environmental Concepts required by the Department of Education in
SA for Grades 8-12 in Life Science, Life Orientation, Natural Science,
Geography, and Social science*#
Grade
Concepts
Concepts
8
1.
2.
3.
4.
5.
6.
7.

Environmental Health Issues
Protection and preservation of the
environment
Environmental Laws
Development and implementation
of environmental programs
Minerals and mining in SA*
Urbanization*
Global Warming*

8.
9.

Green House Effects*
Climate Change

10.
11.

Conservation of resources
Sustainable use of resources *

12.
13.

Waste disposal*
Impacts of coal mining

4.
5.

9
1.
2.
3.

Minerals & Mining in SA*
Impact of mining on the
environment*
Resource use and sustainability*

6.

Soil Erosion
Renewable &Non-renewable
resources
Overfishing

1.
2.
3.
4.
5.
6.

Biodiversity*
Pollution*
Ecosystem
Population Growth*
Water Resources*
Ozone depletion*

7.
8.
9.
10.
11.
12.

Global Warming*
Climate change*
Greenhouse gases& effects
Water cycle
Species extinction
Coal deposit in SA

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Human Health
Atmosphere
Climate change*
Co2 & methane emission
Green house effects*
Global warming*
Ozone depletion
Effect of mining on quality of water
Pollution*
Rhino Poaching in SA
Population Growth*

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Loss of Biodiversity
Habitat destruction
Urbanization*
Deforestation*
Sustainable use of environment*
Solid waste disposal*
Recycling
Acid rain
Desertification
Exploitation of resources

10

11

12
1.
Safe &healthy living
3. Mining in SA*
2.
Climate & weather*
4. Population Ecology*
* Repeated concept, presented in more than one grade; # Table adapted from the
Department of Education
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Appendix 3: Box plots and Tables showing different distributions
Figure A3.1: Box plot showing the distribution of learners’ gender against
Awareness
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Figure A3.2: Box plot showing the distribution of learners’ gender against
Knowledge
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Figure A3.3: Box plot showing the distribution of learners’ gender against Attitudes

189

Table A3.1: Frequency distribution, means and standard deviations of the
Awareness, Knowledge and Attitudes by learners’ grade level

Awareness

Knowledge

Attitudes

Grade

N

M

SD

8

127

46.19

6.08

9

95

48.52

6.30

10

94

48.87

5.43

11

89

48.53

5.85

12

18

50.56

7.23

8

127

40.93

6.14

9

95

41.33

5.58

10

94

42.12

5.26

11

89

42.99

5.85

12

18

43.22

6.80

8

127

47.06

6.99

9

95

47.68

6.68

10

94

48.70

6.85

11

89

47.75

7.65

12

18

46.28

10.09
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Figure A3.4: Box plot showing the distribution of learners’ school type against
Awareness
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Figure A3.5: Box plot showing the distribution of learners’ school type against
Knowledge
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Figure A3.6: Box plot showing the distribution of learners’ school type against
Attitudes
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Figure A3.7: Box plot showing the distribution of educators’ gender against
Awareness
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Figure A3.8: Box plot showing the distribution of educators’ gender against
Knowledge
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Figure A3.9: Box plot showing the distribution of educators’ gender against
Attitudes
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Appendix 4: SANS recommended drinking water guidelines
Table A4.1: South African national standard for drinking water quality: Acceptable
limits for the presence different parameters in water
Parameters

Unit

National Acceptable Limit‡

Elect Conductivity at 25°C

mS/m

≤ 170

pH at 25°C

pH units

Turbidity

NTU

≤1

TDS

mg/L

≤ 1 200

Colour

mg/L Pt-Co

Lead

mg/L

≤ 0.01

Nickel

mg/L

≤ 0.07

Arsenic

mg/L

≤ 0.01

Mercury

mg/L

≤ 0.006

Total Coliform

Count per 100 ml

≤ 10

E coli

Count per 100 ml

Not detected or 0

≥ 5 to ≤ 9.7

‡ Department of Water Affairs and Forestry, RSA, (2011).
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Appendix 5: Montage of pictures showing some study site features and air sample
collection
Figure A5.1: Pile of coal in a powder form (may be blown by wind and cause smog)
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Figure A5.2: Typical air pollutant emissions from a foundry
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Figure A5.3: Proximity of the foundry from the school*

* The roof in the picture is that of one of the study schools
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Figure A5.4: Proximity of the coal fired electricity generating plant and electricity
pylons from the school†

† The picture is taken from behind one of the classrooms from one study school
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Figure A5.5: A depiction of how the Radiello samplers were installed
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Figure A5.6: A typical Radiello sampler inside the classroom
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Figure A5.7: A typical Radiello sampler outside the classroom at different schools

204

Figure A5.8: River from which water samples were collected including the power
station along which it runs
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Appendix 6: CSIR results
Appendix 6.1: Original air analysis report from the CSIR*

* Names of the schools are removed
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Appendix 6.2: Original water analysis report from the CSIR
To see the entire Excel Spreadsheet double click within the document and scroll down (only for Library CD copy)

Contact Person

Adejoke Christinah Olufemi

Report

Company

Tshwane University of Technology
Adeyinka Adedapo
706 Arcadia Street
Pretoria
0084
078-834 6772
Jokephemmy22@yahoo.com

Date Received 2012/06/07

Address 1
Address 2
Address 3
Postal Code
Telephone
Email

10965

Water
Sample Description
3
No. samples received
Start date

2012/06/07

Appendix 7
Appendix 7.1: Letter 1 from supervisor
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Appendix 7.2: Letter 2 from supervisor
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Appendix 7.3: Permission letter from Circuit Managers, eMalahleni

Appendix 7.4: Consent
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LETTER OF CONSENT
Dear Participant,
I am Adejoke Olufemi, a doctoral student at Tshwane University of Technology. I am
conducting a study on the awareness, knowledge and attitudes of pollution issues. Your
participation will involve responding to a questionnaire and on pollution issues referred to
above.
Please note that your participation is voluntary. If you choose not to participate or to
withdraw from the study at any time, there will be no penalty. The results of the research
study will be published in my thesis, but your name will not be included. Any written work
collected as part of this study will only be used for my study’s purposes.. I will be happy to
explain any other issues you would like to raise with me.
Sincerely,
Ms. Adejoke C. Olufemi

-----------------------------------------------------------------------------------------------------I give consent to participate in the above study. I understand that I will answer a
questionnaire by Ms Olufemi.

Print Name

Signature

Date
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