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ABSTRACT

Fluorescent lamps, because of their mercury content, are regarded as
hazardous waste and fall under the category of electrical waste. This is
due to mercury’s toxicological, physical, and chemical or persistence
properties, which may have acute or chrenic detrimental impact en human
health and the environment. This study adopied a quantilative research
approach, which aimed at determining how fluorescent lamps are
managed in selected public schools. The investigation followed an
exploratory design.This research was done under the umbrelia of the
World Health Organisation Collaborating Centre for Urban Health’s Health,
Environment and Development study. The sample population included 22
public schools, and proportionate purposive sampling was used and data
was collected through the use of structured questionnaires and
ohservation checklist. There were no formal guidelines available for the
management of flucrescent lamps in schools as a result improper
handling, storage or dispesal thereof, poses a health risk to the leamers,
employees and the environment, The ocutcome of this study indicated the
need of formal guidelines for the management of fluorescent lamps in
public schools to the Department of Education, and to produce guidslines

for operational procedures.
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CHAPTER 1
INTRODUCTION AND BACKGROUND

1.1 INTRODUCTION

This Chapter provides an introduction to and outline of the entire study;
furthermore, it discusses fluorescent iamps and their hazardous nature. As
the use of fluorescent lamps becomes widespread so too are the concems
relating to their mercury content and the associated hazards. Despite the
hazards associated with fluorescent lamps, these lamps are being
embraced internationally and nationally because of their energy-saving
properties. The following section will provide a background to fluorescent
lamps and their management.

1.2 BACKGROUND

Fluorescent lamps, because of their mercury content, are regarded as
hazardous waste and fall under the category electrical waste (e-waste)
according to Lombard and Webb {2008).

Finley and Liechti {2008) state that e-waste embraces all types of waste
containing electrically powered components and are categorised as
hazardous waste by international convention. They further state that
electrical waste, regarded as hazardous waste, is an increasing globai
concern because it poses a risk 1o human health and the environment
directly or indirectiy. This is due to its persistent properiies {chemicali,
physical, and foxicological) which might have an acute or chronic
detrimental impact on human heaith as weli the environment.

The problems associated with management of solid waste in today's
sociely are complex because of the qualily and the nature of waste,
According o Krikkle (2008} the world produces about 40 million tons every
year of:
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¢ personai computers;

¢ cathode ray tubes;

e screens;

o facsimile machines;

¢ game consoles;

« mobile phones; and other electrical waste including

¢ fluorescent lamps.

In most office buildings, stores and schools fluorescent lamps are used to
provide lighting. The North Carolina Division of Pollution Prevention and
Environmental Assistance_(ZOOQ) states that in schools fluorescent lamps
are found in areas such as science labs, art rooms, maintenance areas,
home economics rooms and others. However, mercury is a key element in
most energy-efficient lamps, which may pose a health risk because of their
toxic, flammable or reactive properties (North Carolina Division of Pollution
Prevention and Environmental Assistance, 2009).

1.2.1 Efficiency of Fluorescent lamps

Gale (2001) states that fluorescent light is the most common type of
electrical light found in the United States, where it is used for practically all
commercial lighting, i.e. offices, factories, stores and schools, adding up to
an estimated 1.5 billion fluorescent lamps in use nationwide. it is indicated
that fluorescent lighting is popular due to its high efficiency, as it produces
between three to five times more light than an incandescent famp
consuming the same electnical power. The main reason for its high efficacy
is that a fluorescent lamp employs a phosphor, which converts non-visible
light produced by the lamp into visible light, whereas a large fraction of the
output from incandescent lamp is infra-red light, which escapes as heat
(Gale, 2001).

Kennedy (2008) also compared the two types of lamps and stated that
compact fluorescent lamps (CFL's) are {about 75%) more energy-efficient
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compared to incandescent light bulbs. As a resuit they last 10 times
longer, and thus have quickly become a modem-day environmental icon.
However, he agrees that these CFL’s do have one dim spot on their
otherwise bright green image: the mercury that makes the bulbs' inner
phosphor coating to fluoresce and produce flight. The U.S. Environmental
Protection Agency (EPA) estimates that about 290 million CFL’s were sold
in 2007 (Kennedy, 2008).

Although Becquerel in the 1860s referred to fluorescent lamp, Gale {(2001)
notes that it was not until 1938 that fluorescent lamps became available
(commercially) due to the introduction of phosphors that endured the
rigours of operation over a period of time. Since then fluorescent lamps
have been improved in all aspects as follows:

electrodes;
phosphors;

gas mixtures; and

control circuitry.

These improvements are most essential given that there are various famps

available.
1.2.2 Classification of mercury containing lamps

According to Jang et al. (2005) fluorescent lamps rely on mercury as the
source of radiation for the production of visible fight. Reclite (2008) also
notes that mercury is the key element in most energy-efficient lamps and
the popular mercury containing lamps are as follows:

¢ Fluorescent linear tubes - (range between 5 and 15mg of mercury
(Hg) depending on type, manufacturer and when it was
manufactured). _

+ Compact fluorescent lamps - energy savers (range between 4
and 6mg of Hg).
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* High-intensity discharge (HID) lamps - (range between 13 and
80 mg of Hg and between 10 and 170 mg of metal halide).
e Sodium lamps - (range between 15 and 30 mg of Hg).

 Automotive Mercury - Xenon lamps.

Figure 1.1 illustrates that inert gas is filled in a typical fluorescent lamp and
a small quantity of mercury turn to vapour. Producing fluorescent light
happens in two phases. Firstly, cathodes emit electrons creating an
electrical arc generated by mercury vapour. Secondly, ultraviolet radiation
produced strikes phosphor coating thereby releasing visible light
(Henkenius and Thompson, undated). Although a single fluorescent tube
has a small amount of mercury, collectively large numbers of them
contribute to the total amount of mercury that is released into the

environment (Reclite, 2008).

FLOURESCENT TUBE "

Figure 1.1: Fluorescent tube lamp (Source: Henkenius and

Thompson, undated)
1.2.3 Mercury and its forms

The World Health Organisation states that mercury is an element that
occurs naturally and is found in soil, water, and air. It is also found in
different inorganic and organic forms and is persistent in the environment
(WHO, 2008). The three predominant forms include:
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+ elemental mercury {(Hg0);
+ ionic mercury (known as inorganic mercury, Hg2+), which exists in
nature as complexes in solution or mercuric compounds; and

+ organic mercury with methyl mercury (MeHg).

Weathering of rocks that contain mercury ore leads to the release of
mercury into the air and water. Mercury can also be released through
human activities such as mining, industrial processes, buming of forest
fires, buming of fossil fuels {coal) and waste incineration, induding a
number of products that contain mercury such as dental amalgam,
electrical applications, laboratory and medical instruments (South Africa,
2011).

Bellinger (2002) describes mercury as a fascinating substance, a metal
that is liquid at room temperature and which expands and contracts in
direct relation to temperature and pressure. He also states that mercury is
a commonly used substance in thermometers and other temperature-
sensing equipment like thermostats and temperature detectors in ovens. It
is also common in pressure-sensing equipment like blood pressure cuffs
and barometers.

Bellinger (2002) defines mercury as a heavy metal, a type of substance
that can poison the human nervous system. Furthermore, mercury is also
used in it switches inside the hoods of motor vehicles and washing
machines to tum the light on when the lid is open, and off when it closes.
Since mercury is a good conductor of electricily, it is used extensively in
batteries and in the switches of fluorescent light bulbs. Some of these
uses of mercury, fike battenes, are being phased out because of mercury's
poisonous effects (Bellinger, 2002).

1.2.4 United Nations’ initiatives to address effects of mercury

Due to the hamful effects of mercury there are initiatives being
undertaken by the United Nations Envionment Programme (UNEP) to
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address the global preblem of mercury (South Africa, 2011:1-3). UNEP’s
Global Mercury Assessment Report noted that there is enough proof for
immediate intervention o protect the environment ard human heaith from
the release of mercury and its compounds. This action should be
facilitated by technical assistance and capacity buiilding from UNEP,
govemments, and relevant intemational organisations. UNEP conciuded
that further long-term intemational action was required to reduce such
risks, and decided to assess the need for further action on mercury,
including the possibility of a legally binding instrument, parinerships, and
other actions {South Africa, 2011:1-3).

At its 25" Session, held during 2008 in Nairobi, the UNEP Goveming
Council {GC} agreed to formulate a legally binding instrument on mercury,
and requested UNEP to convene an Intergovernmental Negotiating
Committee (INC), with the mandate to prepare for such an instrument
(South Africa, 2011:1-3). South Africa also participated in the 2™ INC in
Japan from 24-28 January 2011, which sought to prepare an instrument
on mercury. The meeting discussed mainly the substantive elements to be
contained in a treaty on mercury. These proposed elements inciude the
following:
» to specify the objectives of the instrument;
+ {0 reduce the supply of mercury and enhance the capacity for its
environmentally sound storage;
+ to reduce the demand for mercury in products and processes;
+ to reduce intemational trade in mercury;
+ to reduce atmospheric emissions of mercury,
+ to address mercury-containing waste and remediation of
contaminated sites;
+ to increase knowledge through awareness raising and scientific
information exchange; and
+ to specify arrangements for capacity-building and technical
assistance. (South Africa, 2011:1-3). |
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1.3 INTERNATIONAL CONTEXT

Mercury continues to be used in a variety of products, in spite of its
potential risks {e.g. fluorescent lamps) and processes globally because of
its unigue properties (WHO, 2008). Starting with Australia, governments
are now promoting and even mandating the use of compact fluorescent
lamps {CFL's) and other energy-efficient light bulbs to address concerns
about rising energy costs and climate change (Herro, 2007). It is also
stated that lighting absorbs nearly one-fifth of giobal electricity generation,
which is more than what is produced by hydroelectric or nuclear power
stations. Lawmakers in California, New Jersey, United Kingdom, Canada
and a growing number of other states hope fo follow Australia’s lead.

In Europe, lighting manufacturers have agreed to work together to
promote energy-efficient lighting, including light emitting diodes, or LED’s,
which can save even more energy than CFL's (Herro, 2007). it is also
indicated that the European Lamp Companies Federation, which includes
General Electric, Siemens, and Royal Fhilips Electronics, plansto promote
public incentives for consumers to buy more efficient products and to set
performance standards that will eliminate less efficient products from the
market. Herro (2007) points out that even Russia, a country with huge oil
and gas reserves, is beginning to promote CFL's, though it's all about
conserving energy supplies and limited consideration for the environment.
Herro (2007) further agrees that a worldwide step to efficient lighting
systems could reduce the electricity bill globally by nearly onetenth.

According to Galbraith (2009) tougher energy-efficiency requirements
were announced by President Obama in the U.S. for specific types of
incandescent and fluorescent lighting as a move by the administration to
reduce the country's energy use. Galbraith (2009) furlher siates that this
new rule, scheduled to take effectin 2012, will cut the amount of electricity
used by affected lamps by 15 to 25% and save $1 billion to $4 billion a
year for consumers in America.
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India has aiso taken some steps by seeking to replace 400 million
inefficient, incandescent light bulbs with energy-saving compact
fluorescent lamp (CFL) bulbs. This is being done at noticeably reduced
cost to the consumer and simultaneously it is expected to avoid the
release of 40 million tons of carbon dioxide {8Singh, 2010). The Bachat
Lamp Yojana {BLY) project {"Savings Program through Lamps”"} promises
to lower the price of CFL’s to 15 rupees (about R2.50) each, instead of the
current market price of 100 rupees (about R16.75). According to Singh
(2010) it is expected that half the households in india will immediately
benefit from this project.

The BLY project taps a unique public-private partnership linking the
govermment of India, pnvate-sector CFL suppliers, and state-level
electricity distribution companies {Singh, 2010). Under the scheme, Singh
{2010} notes that 60 watt and 100 watt incandescent lamps will be
replaced with 11 to 15 watt and 20 or 25 watt CFL’s, respectively. In 2008,
734 million incandescent lamps were sold in India, whereas CFL sales
were only 199 million. The combined penetration share of incandescent
lamps for lighting in the commercial and residential sectors was nearly
80% {Singh, 2010).

Compact fluorescent fight bulbs {(CFL) are being embraced worldwide as
an energy-efficient altemative than the incandescent buibs that have
reigned supreme for 125 years, however, there are some concems that
have arisen about the potential for mercury contamination from the newer
bulbs (Scheer, 2008). While each CFL contains only a trace amount of
mercury, Scheer (2008) states that landfill managers are concemned that
large volumes of them disposed of in their facilifies could pose problems
for empiloyees, not to mention the surrounding communities.

Scheer (2008) further states that the Environmental Protection Agency of
the U.S. recommends switching over to the bulbs for the energy and
greenhouse gas emissions savings; however, it also acknowledges that
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the newer bulbs pose a contamination probiem when they break. Scheer
(2008) indicates that currently only seven states of the U.S, ban putting
CFL’s in the regular landfill-bound garbage, and there are sfill very few
CFL recydling cenires.

According to Scheer (2008), CFL manufacturers are working hard to
minimise the amount of mercury in their bulbs while simultaneously
utilising other high-efficiency bulbs that do not contain toxic elements
(such as light-emitting diode bulbs and high-efficiency incandescent). A
solution is needed urgently, as Australia, China and now the U.S. have
made big commitments to CFL’s in order to lower their carbon footprints.

14  NATIONAL CONTEXT

Considering that fluorescent lamps are part of electrical waste streams,
Osibanjo (2007} states that developing countries face challenges in
electrical waste management. These challenges include the lack of
appropriate infrastructure for waste management; specific legislation
dealing with electrical waste;, implemeniation of extended producer
responsibility; or any framework for end-of-life product fake-back. it is
further stated that many developed countries, including Switzerland and
Netherlands, have taken steps to develop policy guidelines and fegislation
for developing electrical waste management systems.

Finley and Liechti (2008) also agree that developing counfries, including
South Africa, stifl require numerous interventions along such lines, and
most of the elecirical waste processing is done by the private sector,
which responded instinctively to the profit potential in recycling discarded
technology. In 2004 South Africa, together with India and China {as part of
the interventions to address challenges of e-waste), became parnt of a
global e-waste knowledge-sharing programme initiated by the Swiss State
Secretariat for Economic Affairs (SECQ) and implemented by the Federal
Laboratories for Material Testing and Research (EMPA), This support
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catalysed the formation of e-Waste Association of South Africa (eWASA)
{Finley and Liechti, 2008).

According to Finley and Liechti (2008) volumes of e-waste are expected 1o
rise considerably also in South Africa in the near future. Yet there are still
challenges of consumer awareness, collection, recycling processes, and
the disposal of electrical waste. They further note that collective action is
needed for dealing with electrical waste challenges in South Africa,
including developing frame work policy and legislation, and a practical
electrical waste management solution that involves all stakeholders.
Krikkle (2008) states that only 20% of this highly toxic wasle is properly
disposed of and recycled. Some electrical waste is stripped of precious
metal and unusable components are dumped in landfills, poisoning the soil
and precious water resources. Therefore, this means that failure or
inability fo salvage and reuse such materials economically results in the
unnecessary waste and depletion of natural resources.

According to Finley and Liechti (2008} South Africa faces a number of
recycling challenges when it comes 1o e-waste. They further state that
health and safety policies are loosely enforced whereas basic
environmental precautions are not available at some recyclers, While the
cost of logistics (transport) is an on-going challenge (faced by recyclers) e-
waste projects currently piloted demonstrate that at least a minimum wage
is possible through the manual dismantling of discarded technology. The
assessment suggests that recycling of e-waste creates job opportunities
and promotes economic development. However, the assessment also
indicates that informal e-waste recycling includes mostly the early stages
of recycling, collection, crude dismantling and sorting. Due to these
activities informal recyclers are vulnerable and often deal with e-waste in a
hazardous way and are open 1o exploitation.

Fluorescent lamps in South Africa are supposed to be landfilled in
permitted hazardous waste disposal sites according to the South African
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Minimum Requirements for Handling, Classification and Disposal of
Hazardous Waste {(South Africa, 1898a:2-3). The client is then issued with
a certificate of safe disposal; however, most of the times these lamps are
disposed of in the municipal waste stream and are landfilled in the local
general waste disposal site (Reclite, 2008).

A study was conducted as a result of concemn about mercury absorption
amongst residents of a peri-urban area in Cape Town, South Africa, in
close proximity to waste disposal sites and an industrial area (Dalvie &
Ehrlich, 20086). The two samples were comparable with respect to
background and potential confounding varables. The prevalence of
urinary mercury levels greater or equal than the WHO reference range in
the exposure area was higher than that in the control area (13% and 0%
respectively). Dalvie and Ehrlich {2006) notes that this was the first study
of community inorganic mercury absorption in a developing country
setting, and where airbome mercury exposure was of concem. it was
concluded that the health risk associated with the urinary mercury levels of
residents in the exposure area was very low. However, low-level
environmental exposure in the area of concem couid not be excluded.

1.5 CONCEPTUALISATION OF THE PROBLEM

Reclite (2008} states that millions of spent lamps countrywide, which
contain mercury, are disposed together with municipal waste every year,
Since most of these iampé are commingled with general waste, breakages
are inevitable. This practise results in mercury being released into the
environment, instead of encouraging recycling and controlled crushing.

The general public is not well-informed in terms of the hazards of lamps
that contain mercury and what to do in the event that a lamp breaks
(Reclite, 2008). It is also siated that currently such products are not
reguiated in ferms of domestic disposal, seme industries are not disposing
of them at hazardous landfill sites, and the transportation of fluorescent
lamps is not regulated, and neither is the crushing or disposal of lamps.
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WHO (2008) states that the primary fargets for mercury and mercury
compounds are the nervous system, the kidneys, and the cardiovascular
system. Effects on the nervous system (especially the developing nervous
system) appear to be the most sensitive toxicological endpoint observed
foliowing exposure to elemental mercury, WHO (2008) further states that
mercury vapour's effecis are also seen, depending on dose, in the oral

mucosa,

The effects on the nervous system appear to be the most sensitive
toxicological endpoint observed following exposure to elemental mercury.
Symptoms associated with elemental mercury-induced neurotoxicity
inciude the following: tremors, initially affecting the hands and sometimes
spreading to other paris of the body; emotional fiability, often referred to as
"erythrism" and characterised by imitability, excessive shyness, confidence
joss, and nerwusness, insomnia, neuromuscular changes ({e.g.,
weakness, muscle atrophy, muscie twitching), headaches; polyneuropathy
(e.g., paresthesia, stocking glove sensory loss, hyperactive tendon
reflexes, slowed sensory and motor nerve conduction velocities), and
memory foss and performance deficits in test of cognitive function. At
higher concentrations, adverse renal effects and pulmonary dysfunction
may also be observed. A few studies have provided suggestive evidence
for potential reproductive toxicity associated with exposure to elemental
mercury (NEWMOA, 2010).

A case study was conducted in Sweden to (1) reduce the risk of potential
mercury exposure of students and school staff, (2) minimise releases of
mercury to the environment by eliminating mercury from schools, and {3)
educate students and staff about the dangers of mercury. The resuits
showed that use of mercury-detecting dogs is both a cost-effective way to
find mercury and an excellent tool for teaching students about the dangers
of mercury. In 1998, two specially trained dogs checked 1,100 schools in
Sweden. As a result, about 1.4 tonnes of mercury were removed from
tr;ése schools (Hubbard, 2009). This indicates that employees and
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learners are exposed to mercury at schools and there is a great need to
take action on raising awareness and to safeguard public health,

Therefore, employees and leamers {in public schools) may be exposed to
elemental or inorganic mercury through inhalation of ambient air in
classrooms when fluorescent lamp(s) are broken, or when fluorescent
lamps are being handled, stored or disposed of improperly in schools
leading to the release of mercury to the environment.

1.6 RESEARCH STRATEGY

The study adopted a quantitative research approach which aimed at
determining how fluorescent lamps, as a hazardous waste stream, are
managed in public schools. The investigation therefore followed an
exploratory study design since little research has been done on mercury
exposure from fluorescent lamps in South Africa. This study design is
essential whenever the researcher is breaking new ground, and it can
always yield new insights i'hto a topic for research. Exploratory study
design also indicates the viability of undertaking further investigation and
the methods to be used {Babbie, 2006:76).

Data was collected through the use of structured questionnaires during
interviews, The most suitable respondents during interviews were the
school principals, as they are answerable fo all matters arising from school
{and they are also responsible for the enforcement of any guidelines if
available). Data was also collected through the use of a checklist during
observation, Designing and pre-testing data-coliection tools - i.e.
structured questionnaires and observation check list — were done before
the actual study to ensure that only the information required is addressed
in a reliable and consistence manner. A pilot study included three public
schools and where necessary corrections were made on data-collection
tools, as discussed in Chapter 3. A clear explanation of the aim of the
study was provided and the research commenced only when permission
was granted by the Gauteng Department of Education. Informed consent
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was sought from principals at selected public schools, and ethical
clearance was granted by the University of Johannesburg (refer to
appendix 4 and 8).

This study was camied out under the umbrella of the World Health
Organisation Collaborating Centre for Urban Health's (WHOCCUH)
Health, Environment and Development (HEAD} study, which aims to
monitor changes in living conditions and health status, alongside
government development initiatives (WHOCCUH, 2007). The sample
population included public schools from within and around each of the five
selected HEAD study geographic locations within Johannesburg. These
geographical locations ~included Hillbrow, Bertrams, Riverlea,
Braamfischerville and Hospital Hill,

The City of Johannesburg has grown rapidly especially when compared
with other surrounding urban centres such as Ekurhuleni and Pretoria
(WHOCCUH, 2007). The effects of the rapid increase in population (where
it has exceeded the pace of delivery of housing and health infrastructure to
meet the demand) may be noticed in areas such as informal settlements,
degraded inner-city areas and certain mass-based low-cost housing
developments (WHOCCUH, 2007).

The WHOCCUH is committed to community participation, sustainable
development, addressing inequities in access to resources and services.
The well-being and health needs of the most vulnerable low-income urban
populations are at the heart of the centre. Although located in South
Africa, the WHOCCUH recognises that similar urban health challenges
face many African countries, and aims to contribute to finding solutions of
relevance to the entire continent (WHOCCUH, 2007).
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1.7 PROBLEM STATEMENT

Employees and leamers at schools may be exposed to elemental or
inorganic mercury through inhalation of ambient air in classrocoms when
fiuorescent lamps are broken, or when fluorescent lamps are being
handled, stored or disposed of improperly in schools, leading to the
release of mercury into the environment. It is in this regard that the study
intended fo determine the management of fluorescent lamps in selected
public schools within the Johannesburg Metropolitan Area.

1.8 AIM AND OBJECTIVES
The following aim and objectives are applicable to this study.
1.8.1 AM

The aim is fo determine how fluorescent lamps as a hazardous waste
stream are managed at selected public schools in the Johannesburg
Metropolitan Area.

1.8.2 OBJECTIVES
To achieve the abovementioned aim the objectives of the study are to:

s Determine the awareness levels of staff at selected public schools
regarding the hazardous nature of fluorescent lamps.

+ Identify if any guidelines exist whether formal! or informal for
fluorescent lamps management in selected public schools.,

» Assess possible routes of exposure related to employees and
learners and possible environmental exposure to mercury,

» Compare the effectiveness of available operational procedure
guidelines in selected public schools on fluorescent lamps
management {whether formai or informal) to minimum national
requirements and international guidelines.

+ Propose possible guidelines for operational procedures.
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1.9 WAY FORWARD

Fluorescent lamps (FL's) have played a key role in energy-efficiency
campaigns locally and internationally. Their energy-saving properties
present a simple but effective measure against ever-increasing global
energy constraints, raising energy costs and concemns about climate
change (Venier and Van Der Walt, 2008}, However, as the use of Fl's
becomes increasingly widespread so too are the concerns relating to their
mercury content and the associated hazards. Using fluorescent lamps
makes economic sense, because their cost is significantly lower than
incandescent lighting. At the same time, fluorescent lamps need to be
handled very carefully because they contain mercury at an average of 5
mg mercury per lamp (Venter and Van Der Wall, 2008).

As a consequence, if fluorescent-lamp management is to be accomplished
in én efficient and orderly manner, the fundamenial aspects and
relationships involved must be identified — that is, acfivities from the point
of generation fo final disposal. Inefficient and improper methods of
handling, storage and disposal of.ﬂuorescent lamps create serious
hazards fo public health (human and environment). It is in this regard that
the anticipated outcome of the study would be to depict the need for
general guidelines for the management of fluorescent lamps in public
schools to the Department of Education, and a possible model for
operational procedures,
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CHAPTER 2
LITERATURE REVIEW

21 INTRODUCTION

The prominence of climate change concerns and energy constrainis
globaily have prompted an intensified focus on energy efficiency
measures, resulting in a significant increase in the usage of fluorescent
lamps (Hex ef al, 2009). According to the White Paper on Integrated
Pollution and Waste Management (South Africa, 2000:3) South Africa has
extensive environment, polluiion and waste management legisiation, and
responsibility for its implementation is scattered over a number of
depariments and institutions.

Chapter 1 gave the background and an outline of the enfire study,
however, this Chapler discusses the literature reviewed in order fo
understand the hazardous nature and the management of fluorescent
lamps. This literature is discussed under the foliowing topics: mercury-
containing lamps, hazardous waste legisiation in South Africa,
management of hazardous waste, management of fluorescent lamps and
CFL waste stream, environmental impact, health effects, mercury in
schools, World Health Organisation guidelines and threshold levels, routes
of exposure to mercury and susceptible populations.

22 MERCURY-CONTAINING LAMPS

The looming energy crisis, electricilty load-shedding and frequent power
outages became a reality in South Africa in early 2008 {Lombard and
Webb, 2008). Eskom has since embarked on a concentrated national
campaign to raise awareness of the need to conserve electricity and to
fast-track alternative energy sources.

Lombard and Webb (2008) further states that significant savings can be
made by changing the type of electricity lights used. Traditional
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incandescent lamps are less efficient than fluorescent lighting and
therefore, over the past year, millions of fluorescent lamps have been
handed out by Eskom fo increase awareness and to encourage the
changeover to fluorescent lamps.

Lombard and Webb (2008) further allude that the South African market is
currently serviced with imported fluorescent lamps only. Since 2004 to
2007, Eskom alone purchased 12 million CFL’s and in 2008 this increased
fo 20 million in the quest fo make lighting more efficient and thus reduce
the demand for eleciricity. Table 2.1 shows the volumes that have been
imported into South Africa in 2005/2006 are reported by Eskom as follows
(Lombard and Webb, 2008)."

Table 2.1 Volumes of lamps imported into South Africa: 2005/6 (Source:
Lombard and Webb, 2008)

Type of lamp No. Imported in 2005/6
Incandescent ' 92,421,000

Tungsten Halogen 3,321,000

Dichroic 4,821,000
High-intensity Discharge (HID) 1,869,000

Linear Fluorescent 16,330,000

Compact Fluorescent 19,095,000

Total Lamps 137,857,000

Lombard and Webb {2008) notes that the traditionally used incandescent
lamps emit light from a tungsten filament that heats up and glows white
hot. In contrast, gas-discharge lamps, such as fiuorescent tubes and
CFL’s, do not generate light by heating a metal filament but instead use an
electric current through special gas which either emits light direcily or
causes other chemicals to fluoresce and emit light.

Furthermore, Lombard and Webb (2008) states that a typical fluorescent
lamp is composed of a phosphor-coated glass tube, with electrodes
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located at either end. The tube contains mercury (Hg), of which only a very
small amount is in vapour form. When a voltage is applied, the electrodes
energise the mercury vapour, causing it to emit ultraviolet (UV) energy.
The phosphor coating absorbs the UV energy, causing the phosphor fo
fluoresce and emit visible light. Without the mercury vapour to produce the
UV energy, there would be no light. There are variations in the structure of
gas-discharge lamps, but generally the average lamp life and efficiencies
of different types of fluorescent and High-intensity Discharge (HID) lamps
are far higher than incandescent lamps, as shown in Table 2.2. HID lamps
inciude metal halide, sodium and mercury vapour lamps (Lombard and
Webb, 2008).

Table 2.2 Relative efficiencies and lamp life (Source: Lombard and Webb,
2008}

Ty;}e of lamp Lamp life {hours) Efficiency {lumens per
, watt)

100 W incandescent 750 20

Linear Fluorescent 12,000-20,000 100

Compact Fluorescent 10,000 80

Metal Halide 7,500-20,000 90

Mercury Vapour 24,000 50

High-Pressure Sodium 24,000+ 85

Low-Pressure Sodium 18,000 125

{no mercury)

2.3 HAZARDOUS WASTE LEGISLATION IN SOUTH AFRICA

According to Brice ef al {2006) there are many legisiative requirements
that regulate the management of waste in South Afnca. These include
international conventions, national acts and regulations, provincial
regulations, and local municipal by-laws. This section therefore discusses
related hazardous waste legisiation in South Aftica that applies in the
management of fluorescent lamps as a hazardous waste streaml,
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In South Africa, fluorescent lamps because of their mercury content are
classified in terms of the Minimum Requirements for Handling,
Classification and Disposal of Hazardous Waste (South Africa, 1998a:A6-
6) as a corrosive chemical Class 8 (llf), with a hazard rating 1 {(highly
hazardous), because mercury is corrosive. Mercury is also carcinogenic
{Class C&D carcinogen) and has mutagenic and teratogenic properties.
Regarding the disposal of fluorescent lamps, the Depariment of Water
Affairs and Forestry (South Africa, undated} states that no fluorescent
tubes collected in large quantities from the premises of industries or
commercial activities may be disposed of under any circumstances in a
general waste disposal site. Lombard and Webb (2008) states that the
incineration of mercury—confaining wastes is prohibited because burning
will release mercury emissions,

The South African Constitution (South Africa, 1996:7/8) establishes basic
environmental rights, including the nght to an environment that is not
detrimental to one’s health;” just administrative action and access to
information. These form the basis for the country’s environmental and
waste legislation. The Occupational Health and Safety Act (OHSA) (South
Africa, 1903:3-17) provides for the health and safety of persons at work
and specific regulations that deal with waste management is considered
as a background to specific legislation dealing with e-waste management.

The primary objective of the Environment Conservation Act (ECA) (South
Afnca, 1980:12/13) is to provide for the effective protection and controlled
utilisation of the environment. The ECA makes specific reference to waste
disposal, and Section 20 of the ECA defines the roile of the Department of
Water Affairs and Forestry (DWAF) in permitting waste disposal sites. This
responsibility is addressed through the formulation of the "Minimum
Requirements” documents guiding the disposal of waste by landfill. These
minimum requirements state the requirements, standards and procedures
that apply in waste disposal and handling facilities.
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The White Paper on Integrated Pollution and Waste Management (South
Africa, 2000:10-12) outlines the principles for the allocation of
environmental and waste management functions as well as powers for
national, provincial and local govemments. The National Waste
Management Strategy (NWMS) and action plans followed, through a joint
venture between the Department of Environmental Affairs and Tourism
(DEAT) and the Department of Water Affairs and Forestry (DWAF} in an
initiative supported by the Danish donor agency. The action plans
developed under the NWMS initiative focuses on the following:

. Integratéd waste management pianning;

» Waste information system;

o (eneral waste collection;

*  Waste treatment and disposal; and

o Capacity building, education, awareness and communication.

South Africa currently does not have any specific legisiation dealing with
fluorescent lamps and as a result are treated as part of electrical and
electronic waste {e-waste). However, the National Environmental
Management Act (South Africa, 1998b:2) states that it is the duty of the
state, businesses and all citizens to prevent poliution and other damage to
the environment, and to promote conservation and sustainable
development.

All levels of govemment, whether national, provincial, or local, have a duty
to take reasonable steps in their current functions as well as future plans
to prevent pollution, promote conservation, and ensure sustainable
development (South Africa, 1998b:2). In addition, DWAF has developed a
number of policies that relate to specific waste streams and to disposal
site authorisations.

The Minimum Requirements for the Handling, Classification and Disposal
of Mazardous Waste (South Africa, 1998a:1-1) is the most applicable
document that aims to ensure the sustained fitness for use of South
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Africa's water sources and to protect both the public and the environment
from harmful effects of incorrect waste management without impairing the
economic development that is essential to South Africa.

The National Environmental Management: Waste Act (South Africa,
2008:24) makes provision for a municipélity in terms of a by-law to identify
requirements for the management of waste, incuding requirements in
respect of the avoidance of the generation of waste and the recovery, re-
use and recycling of waste. The municipality has powers to ensure that
waste management services are provided within the municipality in a
manner that priontises the recovery, re-use or recycling of waste and
provides for the treatment and safe disposal of waste as a last resort.
However, it also specifies the extended producer responsibility to be taken
in respect of a product or class of products, or person or category of
persons who must implement waste management services and their
responsibility.

The requirements in respect of the implementation and operation of an
extended producer responsibility programme include the requirements for
reduction, re-use, recycling, recovery, treatment and disposal of waste
{South Africa, 2008:34). In accordance with the cradie-to-grave principle, it
is the generator of fluorescent lamps who is responsible for the
management of fluorescent lamps from their inception to their final
disposal. In this case, it is the responsibility of public schools to ensure the
proper management of fluorescent famps in their institutions untit they are
finally disposed of in a safe manner. Hence, the need to determine how
fluorescent lamps as a hazardous waste stream, are managed at selected
public schools and to make recommendations accordingly.

24 MANAGEMENT OF HAZARDOUS WASTE: HANDLING,
STORAGE AND DISPOSAL

This section discusses the management of hazardous waste at sources of
generation until final disposal.
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2.4.1 Handling and storage at source

According to the Minimum Regquirements for Handling, Classification and

Disposal of Hazardous Waste (South Africa, 1998a:2-7), hazardous waste
| must be securely contained during handling, storage and transportation to
prevent risk to the environment. It is essential that all waste generated
should be accumulated at its point of origin and should not be allowed to
'remain at the source for any length of time or mixed with other wastes of a
different nature or composition. The waste generator may be an individual,
an industry or any other party whose activities result in the production of
waste (South Africa, 1998a:2-4).

In terms of storage, once the waste has been accumulated in a suitable
container, the waste container itself must be clearly marked during
temporary storage to prevent any risk of incorrect classification resuiting in
envimnmentai poliution. This area must be clearly demarcated and should
not be accessible to unauthorised persons (South Africa, 1898a:10-3).
Table 2.3 indicates the quantities of hazardous waste that can be kept at
source for a period not exceeding 80 days, depending on the nature and
toxicity of the waste generated, unless if the generator is licensed to keep
such waste.

Table 2.3 Quantities of hazardous waste that can be stored on site
(Source: South Africa, 1898a:10-3)

Hazard Risk Quantity (kgs)
Hazard 1 Extreme 10

Hazard 2 High 100

Hazard 3 Moderate 1000

Hazard 4 Low 10000

On-gsite processing of spent fluorescent lamps reduces siorage space
requirements and prevents mercury-containing famp contents from
entering the municipal waste stream, but such processing activities are
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fypicaily not carried out in facilities specifically designed for the operation.
This circumstance is of particular concern because lamp-handling and
crushing operations can release mercury vapours and aerosols that
consfitute an occupational exposure risk. Lucas and Emery (2006)
reported that sampling for airbome mercury was performed during the
processing of fluorescent lamps in an enclosed work area and in an open,
outdoor work environment. in both enclosed and open work environments,
exposures in excess of the established mercury exposure limit were -
detected.

Kennedy (2008) notes that the research group of the Institute for
Molecular and Nanoscale innovation broke a series of new and used
CrL’s to measure the release of mercury vapour into the air, In the hour
immediately after each breakage, the team recorded mercury gas
concentrations near the bulb shards between 200-800ug [micro-gramsl.
For comparison, the average eight-hour occupational exposure limit
allowed was 100ug. Within four days a new 13-W CFL released about
30% of its mercury, with the remainder appearing to remain trapped in the
bulb debris; picking up the glass shards after breakage reduced mercury
release by 67%. Used buibs followed similar patierns but with lower rates
{Kennedy, 2008).

The study, which was funded by the NIEHS Superfund Basic Research
Program, was reported on in the 1 August 2008 issue of Environmental
Science and Technology (Kennedy, 2008). This kind of information couid
help regulators provide better information on how to handle broken CFL's.
In 2007, the Maine Department of Environmental Protection performed
one of the only other studies evaluating mercury exposure from broken
CFL's. The EPA's current recommendation to ieave the room for at least
15 minutes immediately after breaking a CFL is denived from that study.
The EPA also recommends that broken CFL pieces be scooped up and
placed in a plastic bag. However, Hurt's research as quoted by Kennedy
(2"008) suggests that the peak for escaping mercury vapour lasts a few
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hours and that plastic bags leaked mercury vapour. Hurf's group has
therefore developed prototype packaging and disposal bags that can act
as a barrier to neutralise as well as to prevent mercury from escaping.

2.4.2 Disposal

Fluorescent lamps in South Africa are supposed to be landfilied in
permitted hazardous waste disposal sites, according to the South African
Minimum Requirements for Handling, Classification, and Disposal of
Hazardous Waste (South Africa, 1998a:9-2/3). The client is then issued
with a ceriificate of safe disposal, however, most of the time these lamps
are simply disposed of in the municipal waste stream and are landfilled in
the local general waste disposal site {South Africa, 1998a).

The general public is not educated in terms of the dangers of mercury
containing lamps, how to handle them or what to do in case of breakage
(Reclite, 2008; Lombard and Webb, 2008), It is also stated that currently
there are no regulations in terms of domestic disposal, some industries are
not disposing at a hazardous landfill site, and the transportation of
fluorescent lamps and the crushing, or disposal of them are not regulated.

Reclite {2008) as well as Lombard and Webb (2008) remark that,
nationwide, millions of mercury-containing lamps are discarded each year
and most of these are discarded with municipal waste. All mercury-
containing fluorescent lamps will release mercury into the environment
through breakage or leakage, outside a controlied crushing and recycling

process.

Lombard and Webb (2008} also notes that improper disposal methods
could lead to release of elemental mercury, which can be converted into
an organic form that accumulates in living organisms and can contaminate
the food chain. The combined action of heat and soil bactena under
anaerobic conditions transforms it into the highly toxic and more volatile
méthyl mercury, which can be released from the soil. Hence the best-
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practice hazardous landfill with a high-integrity lining may seem a fitting
disposal site, since anaerobic micro-organisms fix mercury as mercuric
sulphide, which remains as an immobile precipitate within the landfill. As
long as conditions remain stable within the landfill and with a pH just
above neutral, the presence of mercury should not be problematic;
however, there is always the risk of such mercury being mobilised if the
landfill is opened up or mismanaged {L.ombard and Webb, 2008). Lombard
and Webb (2008) also states that there are reportedly elevated levels of
mercury in air over landfills where unireated mercury-containing lamps are
disposed of. Therefore it is safer not to dispose of mercury-containing
wastes in a landfili as far as possible.

25 MANAGEMENT OF FLUORESCENT LAMPS AND CFL. WASTE
STREAM

Thrbughout Europe and the USA the regulations goveming the handling of
electronic waste have become so strict that landfilis are no longer a viable
option for disposal (Lombard and Webb, 2008). The European Directive
on Waste Electrical and Electronic Equipment (WEEE) as quoted by
Lombard and Webb (2008} has also paved the way for mandatory and
comprehensive recydling of used electronic equipment. The intemational
trend is to move away from the landfilling of lighting lamp waste that
contains mercury towards recydling. Lamp recycling started in the mid-
1990s in the UK. California, for example, has banned the disposal of
fluorescent tubes in landfills, as its recyding fadilities are fully operational.
South Africa is also considering recycling fighting lamp waste as electronic
waste (e-waste)} becomes a bigger chalienge (LLombard and Webb, 2008).

Lombard and Webb (2008) further state that recycling is the best
environmental alternative, as, nationwide, millions of mercury-containing
lamps are discarded each year and most of these are discarded with
municipal waste. This will result in all mercury-containing lamps releasing
mercury into the environment through breakage or leakage, outside a
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controlled crushing and recycling process. Recycling also reduces landfill
volumes, since all the components of fluorescent lamps can be recovered
and recycled, thus avoiding the wastage of valuable resources.
These components are:

* glass,

* piastic;

+ flucrescent powder,

¢ aluminium;

» ferro metal; and

» mercury.

Recycling also creates empl'oyment and the opportunity for skills training.
The need for an environmentally acceptable, yet cost-effective, spentlamp
management programme has become one of the environmental prionties
in South Africa. The National Health Act (South Africa, 2003:15-22) makes
provision for the foundational structure of the National, Provincial, and
District healthcare system. Hex et al. (2008) indicates the role played by
the government to encourage best practice to ensure compliance with
relevant legislative requirements for the responsible handling of spent
lamps.

Lombard and Webb {2008} outline the recycling process as foliows:

» Collection
Spent lamps are to be kept whole where possible and stored in a dry
locked area, which minimises lamp breakage. Any broken lamps must
be stored separately in a sealed container or drum that prevenis
mercury vapour emissions.
Collection centres are to be infroduced throughout South Africa, these
being: wholesaler facilities, retailers (Pick 'n Pay and Woolworths'
initiative, aiready launched), garden centres, and landfill sites, large
industries can allocate collection areas.

. Delivery to recycling facility
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* Processing {recycling)
s Re-using recycled products

2.5.1 National and Provincial Government Responsibility

Hex ef al (2008) suggest that national government support for a
nationwide CFL recovery mechanism is critical {o the success of the
guidelines initiative. The Department of Environmental Affairs and
Tourism’s involvement is governed by the national legislation framework,
including the Constitution (South Africa, 1996), and the National
Environmental Management: Waste Act {South Africa, 2008). The main
objective is to encourage thorough legislation and regulations and to
enforce separation at source of all recyclable and particularly hazardous
waste. It is stated that emphasis should be placed on the importance of
appropnate handling of hazardous waste among all role players and every
entity is under legal obligation to comply.

2.5.2 Local Authority / Mu n.icipaf Responsibility

Hex et al. (2008) further state that the municipalities should proactively
encourage separation at source of all recyclable and hazardous household
waste, including specifically CFL's. Waste separation is an important step
in the government drive for waste minimisation and key to achieving the
waste hierarchy: Reduce, Re-use, and Recycle {MHex ef al,, 2008).

According to Hex ef al {2008) it is the duty of municipalities to educate
and create awareness among the public regarding the need for wasle
separation and specifically the need for separating CFls and other
hazardous waste from the waste stream. The role played by the
Department of Environmental Heaith cannot go unnoticed, as it is
responsible for promoting the proper handling and disposal of hazardous
substances {such as fluorescent lamps), at both local and provincial level.
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2.6 ENVIRONMENTAL IMPACT

The use of energy-efficient lamps rather than incandescent lamps has
environmental benefits, according to Lombard and Webb (2008).
Furthermore, lamp life has an effect on the waste generation rate, while
the efficiency determines how much energy is consumed. The longer the
lamp life, the less frequently lamps have to be discarded as waste, while
the more efficiently a iamp can convert energy into visible light, the less
electricity it will consume. A reduced power demand, in turn, helps reduce
mercury vapour, and greenhouse gas and acid gas emissions from power
planis.

Lombard and Webb {2008} argues that no mercury is released when the
fluorescent lamps are unbroken or in use. Exposure is only possible when
a lamp has been broken, but it is well known that these iamps are fragile
and can break easily. Mercury can aiso be released into the air when the
lamps break as a result of improper disposal such as inclusion in the
domestic waste stream, or being discarded into skips and other general
waste containers {(Lombard and Webb, 2008).

The cumulative impact of the mercury present in each lamp, even though
small, could result in adverse environmental impacis if broken or used
fluorescent lamps are not properly treated or disposed of (Lombard and
Webb, 2008). Furthermore, all over the world it is continuing fo
contaminate forests and water, resulting in severe damage to ecosystems.
Mercury bio-accumulates in the tissues of animals and humans that eat
contaminated food and the symptoms of mercury poisoning will become
evident over time. Mercury contamination in water supplies poses a similar
sernous threat to humans and animals and is almost impossibie to remove
{(Lombard and Webb, 2008).

Davidson ef al. (2004) states that mercury is naturally present in the
environment: it is part of the composition of the earth’s crust and can be
found in the air, water, soil, aquatic sediments, and living plants and
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animals. He further states that it ocours in several chemical forms,
including elemental mercury {pure mercury} and both inorganic and
organic mercury compounds. Davidson et al. (2004) also indicates that of
the approximately 3400 metric tons per year of elementary mercury
released into the global environment, 95% resides in terrestrial soils, 3% in
ocean surface waters, and the remaining 2% in the atmosphere. He
further states that in these three forms, mercury remains in the
environment indefinitely.

Harris ef al. (2007) states that mercury concentrations in many regions of
the globe have increased as a result of industrial activities. Mercury
contamination can occur as a localised issue near points of release and as
a long-range transboundary issue arising from atmospheric emissions,
franspori, and deposition. Most of the mercury released into the
environment is inorganic, but a small fraction is converted by bactena into
methyl mercury, a foxic organic compound. This is imporiant because
methyl mercury bio-accumulates through aquatic food webs so effectively
that most of the mercury in fish is methyl mercury and fish consumption is
the primary exposure pathway for methyl mercury in humans and many
wildlife species (Harris ef al., 2007).

Regulations controlling mercury release have been proposed or put in
place for major seclors of the U.S. economy releasing mercury to the
environment, including a recent rule to control emissions of mercury from
coal-fired boilers {(Harris et al, 2007). Harris ef al (2007) states that many
scientists and policy-makers are concerned, however, that existing
monitoring programmes do not provide an adequate baseline of mercury
concentrations in the environment to compare against future trends or
evaluate the effectiveness of emission controls. Local watershed and site
conditions can exert large influences on mercury concentrations, as year-
fo-year, seasonal, and even daily varations in meteorclogy. Large-scale
environmental changes such as acid deposition, land use, or climate
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change also have the potential to enhance methyl mercury production and
contribute to higher fish mercury concentrations (Harris ef al,, 2007).

2.7 HEALTH EFFECTS

Mercury is a powerful poison and neurotoxin, as stated by Williams (2005).
Even in small amounts it is more foxic than lead, cadmium, and arsenic.
Symptoms of toxicity are extensive. Senous health nisks may include
retardation, seizures, cerebral palsy, atiention and sensory deficit, and
learning disability in children. Psychological symptoms may include anger,
irritability, nervousness, anxiety, poor self-conirol, fatigue, drowsiness,
depression, intellect decline, memory loss, fimidity, and insomnia.
Neurological effects include headaches, tremors, weakness, finnitus
(ringing in the ears), impaired vision, and paraethesia (abnormal).

Williams (2005) also states that cardiovascular / respiratory symptoms
may inciude tachyarrhythmia (itegular heart beat), chest pain, change in
blood pressure, persistent "cough, emphysema, shallow or irregular
breathing. Endocrinological symptoms may include chronic fatigue,
subnormal temperature, excessive perspiration, edema, weight loss, cold
clammy hands and feet, muscie weakness, hypoxia {oxygen deficiency in
the tissues), appetite loss, joint gums, thyroid dysfunction, and infertility.
Oral cavity symptoms may include excessive salivation, metallic tasté, and
swollen tongue with scalloped edges, periodontal disease, bleeding gums,
losing of teeth, and bone loss around teeth (Williams, 2005).

Davidson et al. (2004) states that children are seldom exposed to high
levels of vapour, which occur mainly in occupational settings, but under
such circumstances, they may exhibit a syndrome known as acrodynia
(painful limbs) or pink disease. Davidson et al. (2004) further states that
during the first half of the 20™ century, children were often treated with
teething powder that contained inorganic mercury in the form of calomel,
and acrodynia was common. Clinically, it consisted of imitability,
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photophobia, erythema of the hands and feet, hypertension, and failure to
thrive while death sometimes occurred (Davidson ef al.,, 2004).

Wedam (2010) states that, although the luminance appears consistent to
the human eye, much more time is actually spent in near-darkness under
fluorescent lighting than with incandescent lighting. The eye and the body
must accommodate continuous rapid gradations in  brightness.
Incandescent light produces steady light with a low and consistent energy
field compared with fluorescent lighting with its changes in lumens and
electromagnetic  fields. Processing these light-intensity and
electromagnetic-field changes may confuse both the human eye and the
brain. Fluorescent light is” a pulsating energy source that produces
measurable resonant frequencies capable of interacting with the human
body on a variety of levels. The effect of the strength of the energy field
can be described in terms of the duration of the exposure, and the
intensity of and the proximity to the source (Wedam, 2010).

Wedam (2010} indicates that since the eye is another receptor organ for
light, just as the skin, fluorescent lighting contracts the 100 million
receptors in the retina. Visual information is then preprocessed and
transmitted directly to the brain via the 1.2 million nerve fibres of the optic
nerve. Thus, photoreceptor cells activate neuronal circuitry to regulate
metabolic response. As incandescent lighting is phased out, prolonged
exposure to fluorescent lighting will increase. Fluorescent lighting will
become the dominant source of illumination. Energy-saving technology is
now making it possible to extend the use of fluorescent lighting into the
body’s personal space, increasing the intensity due to proximity (Wedam,
2010).

All humans are exposed to some level of mercury, according to the WHO
(2008). The pnmary targets for toxicity of mercury and mercury
compounds are the nervous system, the kidneys, and the cardiovascular
- system. Effects on the nervous system (especially the developing nervous
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system) appear to be the most sensitive toxicological endpoint observed
following exposure to elemental mercury (WHO, 2008)

Effects on the nervous system appear to be the most sensitive
toxicological endpoint observed following exposure to elemental mercury.
A few studies have provided suggestive evidence for potential
reproductive toxicity associated with exposure to elemental mercury. Data
from two studies in rats demonstrate developmental effects of elemental
mercury exposure, These were behavioural changes associated with both
in utero and prenatal exposure (NEWMOA, 2010).

Table 2.4 shows a comparnison of heaith effects due to exposure of
humans to mercury through inhalation, ingestion of or bodily contact with
mercury, whether in its elemental form or combined with an inorganic
element or compound (NEWMOA, 2010).

Table 2.4: Human health effects from exposure to mercury. Source.
Northeast Waste Management Officials’ Association (NEWMOA, 2010)

inorganic and Elemental Mercury Methyl mercury

Renal toxicity Neonatai brain damage

. Nephritis - inflammation of
Skeletal muscie degeneration _
the kidney

e Paresthesia -~  tingling
Gastrointestinal irritation . _
sensation of the skin

o Muscle fasciculation ~—
Pulmonary edema ~fluid in the lungs

twitching muscles
Elevated blood pressure Abnormal heart thythms
Low-grade or intermittent fevers Chromosomal aberrations

Dermatitis - skin
Flushing of palms and soles . .

inflarmmation
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2.8 MERCURY IN SCHOOLS

Sankaya ef al. (2001) recorded a case study of a 36-year-old woman who
presented to the emergency depariment with a three-day history of
abdominal pain, diarrhoea and fever, one week before this her daughter
had brought mercury in liquid form from school without permission from
her teacher. She had played with the mercury, and then put it on the
heating stove and waiched its vaporisation. Meanwhile,' her mother breast-
fed her 14-month oid sister; 24 hours after this event the baby got fever
and died before admission to the hospital without any specific diagnosis.
The autopsy report disclosed suspected mercury poisoning, which might
have led fo cardiorespiration collapse resulting in the death of the infant.

Sarikaya et al. {2001) further state that acute inhalations of mercury
vapours can cause pnsumonia, adult respiratory distress syndrome,
progressive pulmonary fibrosis and death. Also elementai (metaliic)
mercury can readily pass into systemic circulation via alveoli or directly
through the skin. Elementary mercury can pass directly from nursing
mothers to infants via breast milk. The predominance of gastrointestinal
symptoms and historical findings suggest intoxication with elemental
mercury in the case investigated here.

Sarikaya ef al. {(2001) states that historical findings played a critical role in
this case. Tests for additional acid, alkali, and arsenic, phosphorous or
iron ingestion did not yield any suspicious findings. History of exposure to
mercury, gastrointestinal symptoms and the suspicious death of a breast-
fed baby led to the presumptive diagnosis of acute mercury poisoning,
Since brain maturafion is not complete in young children and foetuses,
even a small exposure can be fatal. The death of the previously healthy
baby in 24 hours prompts consideration of necrofising bronchitis,
pneumonia or respiratory distress syndrome, inhalation of mercury by the
baby can be thought to be the main reason of death. This case
emphasises the importance of public education on poisoning and,
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specifically, the potential hazards of mercury for preventive community
health. Training on poisoning with heavy compounds is recommended for
school children and teachers (Sarikaya ef al., 2001).

In a case study, White and Smolinske (2001) describe the actions taken
by a regional poison cenfre in response fo the accidental elemental
mercury c¢ontamination of a school. The regional poison centre was
contacted shortly afier a spillage of elementary mercury in a science
classroom. Mercury beads were noted throughout the school. Many
children played with the mercury and had already returned home. The
appropriate authonties were mobilised and recommended the retrieval of
students’ personal items, many of which later found to be highly
contaminated.

The regional poison centre then responded to the school's wish fo offer
medical screening to potentially impacted chiidren by (1} developing
medical screening forms; (2) developing a strategic plan for medical
staffing/equipment acquisition; {3) creating a tracking system; and (4)
providing risk communication to the public through media releases, fact
sheets, and parent meetings. The regional poison centre also co-ordinated
laboratory results interpretation and medical follow-up (White and
Smolinske, 2001).

Finally, the regional poison centre spearheaded the formation of a Mercury
Reduction in Schools Taskforce, which coordinated the following
agencies: local public schools; country school systems; state science
teachers’ association; the United States Environmental Protection Agency;,
local, country and state health departments; department of environmental
quality; hospitals; rnedia relations; and other interested agencies. Teacher
workshops highlighting chemical safety in schools and mercury risk to the
community and environment have been sponsored by this task force and
had reached over 150 schools by 2001. Regional poison cenire can
potentially play a key role in mitigating the effects of hazardous materials
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incidents through early mobilisation of appropriate agencies, coordination
of medical response, and sponsorship of activities designed to prevent
future occurrences (White and Smolinske, 2001).

Williams (2005) states that mercury spillages in schools are seriously
considered and dealt with now than in the past. A certain school in
Baltimore was closed for 35 days in 2003, and clean-up costs for the
mercury contamination amounted to US$1.5 million. Besides disrupting
classes, mercury spills in schools pose a danger {o students, staff and
environment, The National Science Teachers’ Association and the US
Environmental Protection Agency (EPA) are encouraging schools to
remove mercury compounds and mercury-containing equipment. So far,
nine states have created programmes to hasten mercury removal from
schools {Williams, 2005).

2.9. WORLD HEALTH ORGANISATION GUIDELINES AND
THRESHOLD LEVELS

in most cases the adverse human health effects caused by elemental
mercury are due to inhalation of mercury vapour. Elemental mercury
exposure is triggered by the spillage of mercury-containing products, such
as breakage of fluorescent lamps. Elemental mercury spilied by these
" accidents becomes mercury vapour at normal room temperature because
of its chemical property. Approximately 80% of mercury vapour crosses
the alveolar membrane and is rapidly absorbed into the blood (WHO, '
2008). Absorbed elemental mercury is rapidly distributed to all fissues,
although it accumulates to the greatest extent in the kidney.

An acute exposure {(>0.1 mg-mercury/m®) to mercury vapour causes
respiratory effects such as cough, dyspnoea and chest tightness as well
as bronchitis and bronchiolitis with interstitial pneumonifis, airway
obstruction, and decreased pulmonary function. The WHO air quality
guideline for mercury is 1 pg-Hg/m® {annual average). The recommended
health-based exposure limit for metallic mercury is 25 pg-Hg/m?® for long-
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term exposure as the time-weighted average (TWA), which is the time-
weighted average concentration for a normal eight-hour day and 40-hour
work week to which nearly all workers can be repeatediy exposed without
adverse effect (WHQ, 2008),

210 ROUTES OF EXPOSURE TO MERCURY

The factors that determine the occurrence and severity of adverse health
effects include: the chemical form of mercury, the dose, the age or
developmental stage of the person exposed, the duration of exposure, and
the route of exposure (inhalation, ingestion, and dermal contact) {(WHO,
2008). Staff and leamers may be exposed to elemental or inorganic
mercury through inhalation of ambient air in classrooms when fluorescent
lamps are broken, or when fluorescent lamps are being handled, stored or
disposed of improperly in schools, leading to the release of mercury into
the environment.

241 SUSCEPTIBLE POPULATION

A susceptible population is a group that may experience more severe
adverse effects at comparable exposure levels or adverse effects at lower
exposure levels than the general population (WHO, 2008). The greater
response of these sensitive subpopulations may be a result of a variety of
intrinsic or extrinsic factors. It is stated that, for mercury, the most sensitive
subpopulations may be developing organisms. Data is also available
indicating that other factors may be associated with the identfification of
sensitive subpopulations; these include age and gender. Generally there
are two susceptible subpopuiations, namely, those who are more sensitive
to the effects of mercury and those who are exposed to higher levels of
mercury. The foetus, the newbom and children are especially susceptible
to mercury exposure because of the sensitivity of the developing nervous
system (WHO, 2008).
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Wedam (2010) states that some individuals are more sensitive and
susceptible to the hamnful effects of flucrescent lighting than others due to
their general health and generic, hereditary, lifestyle, and environment
factors. The type, condition, and age of the fluorescent lighting cause
physical impairment in intolerant individuals. Such a disability marginalises
certain people socially, restricts their activities, and limits their choice of
employment (Wedam, 2010).

However, Al-Saleh {2000) states that each of the mercury forms pose a
different risk to human health. Mercury ¢an be transferred prenatally to the
developing foetus via the placenta from breast mikk to the nursing infant. it
is further stated that children are potentially more susceptible to mercury
than adults due to differences in the stages of brain development and
organ growth that occur during the foetal, infant and childhood
development periods.

212 CONCLUSION

Most people are ignorant of the hazards associated with fluorescent lamps
once they break (Lombard and Webb, 2008). Hence it is vital that public
schools become betier informed about the danger that mercury-containing
lamps can pose and how important it is to manage them safely when they
become waste. The literature reviewed demonstrated the availability of
mercury and mercury-containing substances (including fluorescent lamps)
in schools. It has also revealed that children are not only fascinated by
mercury but actually like playing with it, and at the same time they are the
highly susceptible group because their nervous system is still developing.

The case studies also pointed out the necessity of taking a holistic
approach to properly manage and where possible remove mercury and
mercury-containing substances in schools. The exposure of leamners,
employees and the environment to mercury is inevitable if fluorescent
lamps are improperly handled, stored and disposed of in schools,
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Chapter 3 explains the methodology and the logic behind research
methods and techniques used in this study in order to determine the
management of fluorescent lamps, as a hazardous waste stream, in
selecied public schools. -
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CHAPTER 3
METHODOLOGY

3.1 INTRODUCTION

In Chapter 2 literature was reviewed in an endeavour to understand the
hazardous nature of fluorescent lamps and the management thereof. This
Chapter explains the activities and procedures undertaken during the
course of the study. These activities and procedures include the research
approach that was adopted, the study design followed, the research
population used, how the sample was selected, and how the data was
collected and analysed. According to Welman ef al {2005:2) research
methodology considers and explains the logic behind research methods
and techniques.

The study was done under the umbrella of the World Health Organisation
Collaborating Centre for  Urban Health's (WHOCCUH) Heaith,
Environment and Development (MHEAD) study, which aims to monitor
changes in living conditions and health status, alongside govemment
development initiatives (WHOCCUH, 2007). The sampie population
included public schools from within and around each of the five selected
HEAD study geographic locations in the Johannesburg Metropolitan Area,

3.2 RESEARCH APPROACH

According to Welman ef al (2005:6) there are two main research
approaches to research namely: quantitative, also known as the positivist
approach, and qualitative, known as the anii-positivists. Welman et al
{2005:6) states that the purpose of quaniitative research is to evaluate
objective data consisting of numbers; as a result, the quantitative
approach uses a process of analysis that is based on complex structured
methods to confirm or disprove hypotheses. Welman et al. {2005:6-7)
further states that, in quantitative research, fiexibility is limited to prevent
any form of bias in presenting the results, and this approach tries fo
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understand the facts of a research investigation from an outsider's
perspeciive. Furthenmore, it is believed that detaching and objectively
viewing the facts will keep the research process free from bias. On the
other hand, De Vos ef al. (2005:357) agree that the quantitative approach
is more highly formalised, as well as more explicitly controlled than the
qualitative, with a range that is more exactly defined, and that is relatively
close to the physical sciences.

In contrast, the purpose of qualitative research is to deal with subj'ective
data that is produced by the minds of respondents or interviewees and
data is presented in language instead of numbers (Welman at al,, 2005:8).
Furthermore, the qualitative approach emphasises processes and
meanings that are not rigorously examined, or measured, in terms of the
following:

o Quantity;

e Amount;

» Intensity; or

» Frequency.

However, qualitative research methods aim to establish the socially
contracted nature of reality, in order to stress the relationship between the
researcher and the object of study. Welman ef al. (2005:8) also states that
qualitative research is flexible and enables data to change as it tries to
achieve an insider's view by talking to subjects or observing their
behaviour in a subjective way. Nevertheless, De Vos et al, (2005; 357)
describes tha qualitative approach as those procedures that are not strictly
formalised. The scope is also more likely to be undefined, and a more
philosophical mode of operation is adopted.

Given the aim of the study, it therefore adopted a quantitative research
approach. The study aimed at detenmining how fluorescent lamps as a
hazardous waste stream are managed at selected public schools.
Therefore the quantitative approach was most appropriate for describing
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human behaviour in this phenomenon, unlike the qualitative approach,
which describes the experences of humans as a phenomenon. According
to Welman ef al. (2005:188) quantitative research approaches are more
usefui for hypothesis festing. in this study the guanfitative research
approach provided appropnate data to prove or disprove the hypothesis
that employees, leamers, and the environment might be exposed to
elementary mercury if flucrescent lamps are improperly managed in public
schools.

3.3 STUDY DESIGN

De Vos et al. (2005:132) states that research design is the plan, recipe or
biueprint for the investigation, and as such provides a guideline according
fo which a selection can be made of which dafa collection method(s) will
be most appropriate. However, Babbie (2006:72) indicates that a research
des.ign is a strategy for finding out something, as it heips to specify clearly
what the researcher wants to find out and the way fo do it. There are
different kinds of research designs as listed below:

s Exploratory;
+ Explanatory,
+ Descriptive; and

+ Experimental.

Babbie (2006:79) states that an exploratory study explores a research
question about which little is known - in other words, it uncovers
generalisations and develops hypotheses that can be tested later. This
study design is essenfial whenever the researcher is breaking new
ground, and it can always yield new insights info a topic for research
{Babbie, 2006:79). Exploratory research designs also indicate the viability
of undertaking further investigation and the methods to be used, whereas
De Vos ef al. (2005:1086) states that exploratory designs arise out of a lack
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of information on a new area of interest, or in order to get acquainted with
a situation so as to formulate a problern or develop a hypothesis.

De Vos ef al. (2006:106) argues that a descriptive design begins with a
well-defined subject and research is conducted to describe it accurately,
whereas in exploratory studies, the research is conducted in order for the
researcher {0 become more conversant with basic facts and to create a
general picture of conditions. In an explanatory design a study is
conducted on an issue that is already known and has been described,
however, the study probes questions concerning why things happen the
way they are happening - therefore such a study builds on exploratory
and descriptive research (De Vos ef al,, 2006:106). The last study design
is defined as the correlational research design (expenmental design),
which helps to demonsirate causal relationships between the intervention
and the behaviours and related conditions targeted for change {(De Vos ef
al., 2006:106).

The study therefore followed an exploratory research design since there is
litile or limited research that has been conducted on the subject of mercury
exposure in public schools, or on employees, learners, and the
environment, resulting from the improper management of fiuorescent
lamps in South Africa. Therefore the results of this study will contribute
towards a sequence of studies that may follow.

3.4 TYPE OF RESEARCH

Welman ef al (2005:25) lists four types of research: historical research,
case study research, action research, and applied research. In this study,
applied or intervention research was used. This kind of research applies
the research in practice and seeks to extend knowledge of human
behaviour relafing to human service intervention. It is directed towards
shedding light on, or providing possible solutions to, practical problems
(Welman et al, 2005:26). Therefore, applied research is relevant to this
study, as the knowledge gained through this study can be utilised to:
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» plan possible interventions 1o redress the problem;

» create awareness on proper management of fluorescent lamps in
pubiic schools;

» promote recycling; and

» formulate a possible model for operational procedures in public
schools.

3.5 PILOT STUDY

A pilot study was conducted before the major research endeavour was
attempted. De Vos et al. (2005:2086) state that a pilot study can be viewed
as the “dress rehearsal’ for the main investigation: it is a smail-scale
implementation of the planned investigation in an attempt to bring possible
deficiencies to the fore timeously. Furthermore, De Vos ef al. (2005:206)
defines a pilot study as a small study conducted prior to a larger piece of
research to determine whether the methodology, sampling, instruments
and analysis are adequate and appropnate. According to De Vos et al.
(2005:207) a literature study is imporiant not only io formulate the
problem, but aiso to execute the planning and actual implementation of the
investigation. Babbie (2006:244) states that no matter how carefully a
data-collection instrument is designed, there is always the possibility of
error, and the surest protection against such error is pre-testing the
instrument. For example, it may emerge from the pilot study that a
significant number of respondents skip a certain question or interpret it
incorrectly.

lLiterature was reviewed during the pilot study {(as discussed in both
Chapters 1 and 2) on electrical waste, and specifically fluorescent lamps,
to try to understand the following aspects:
» the hazardous nature of fluorescent lamps;
» fluorescent lamp management, including recycling;
+ the existence of guidelines on the management of fluorescent
lamps;
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» the most susceptible populations and routes of exposure;
» the environmental impact, and

» awareness in public schoois.

This was done for orientation purposes and to asceriain whether literature
on fluorescent lamps exists, and what kind of literature it is. Experts from
the Electrical Waste Association of South Africa (eWASA) were also
consulted during the literature review in an endeavour to leam more about
the challenges posed by spent lamps in the field.

Three public schools, which were not part of the sample population but
complied with the inclusion critenia, were used for the pilot study, and the
respondents were the school principals or any res;iondent who
represented the school management. The information collected and
analysed durning the pilot study revealed that

+ during data coliection the researcher should not be present while
the respondent completes the questionnaire, as he or she is likely
to ask the researcher for assistance in completing some of the
questions; in fact, in order to save time it is betier to do some
observations while they complete the questionnaire;

« the researcher should be prepared to coliect the completed
questionnaire some other time suitable for the respondent in cases
were the respondents could not complete the questionnaire during
the interview.

» itis better for the researcher fo be escorted specifically by someone
who is responsible for handling and disposing of fluorescent lamps
during observations as they are more acquainted with storage and
disposal area;

« it is necessary to develop an introductory statement that ensures
consistency, and for every important aspect to be covered in the
briefing process during introduction in each school; and
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s it is necessary always to phone the schools a day before the
appointment to remind them lest they forget; in some cases they
rescheduled the appointment, and this avoids disappointment and
saves {ime and transport costs.

The structured quesfionnaire and the observation checiklist were
developed and pre-tested during the pilot study to identify any ambiguity in
the data-collection tools. Limited number of changes was made fto
enhance the effectiveness of both the questionnaire and the checklist.

Quantitative data analysis was used to process data collected during the
pilot study to ensure that the responses' reflect sufficient variables to test
the hypothesis of the study, and to ascertain that the analysis of data
ensures that the study is able to achieve its intended objectives. De Vos ef
al. {2005:15) states that it is possible that unforeseen problems may crop
up only during the data analysis phase. Data was analysed, presented and
interpreted in simple statistical analysis (Microsoft Excel). Frequency of
responses was converied into percentages, and tables and figures were
used to present data.

3.6 RESEARCH POPULATION

Welman et al. {2005:52/3) defines population as the study objects, and
these consist of individuals, groups, organisations, human products and
events, or the conditions to which they are exposed. Population also
encompasses the fotal collection of all units of analysis about which the
researcher wishes to make specific conclusions. However, De Vos ef al,
(2005:193/4) defines population as the total set from which the individuals
or units of the study are chosen; as the set of elements that the research
focuses upon and to which the obtained results should be generalised; as
the sampling frame; and as the totality of persons, events, organisational
units, case records or other sampling units with which the research
problem is concemed. Therefore, in this study, the population consisted of
the public schools within the five selected HEAD study geographic
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locations in the Johannesburg Metropolitan Area. These locations are
regarded as relatively impoverished settlements that cover a ramge of
formal areas, namely Hillbrow, Berirams, Riverlea, Braamfischerville, and
Hospital Hill as the only informal area écccrding to WHOCCUH {(2007).

3.7 SAMPLING

According to De Vos ef al (2005:194) a complete coverage of the total
population is seldom possible, as all the members of a population of
inferest cannot possibly be reached. A sample thus comprises elements of
the population considered for aclual inclusion in the study, or can be
viewed as a subset of measurements drawn from a population in which we
are interested. Therefore we study the sample in an effort to understand
the popuiation from which it was drawn,

The sample population included a total number of 13 primary schools out
of 21 and a total of 9 secondary schools out of 17 were sampled, Table
3.1 highlighted the selection and distribution of the schools selected for the
study. Proportionate purposive sampling was used fo select a fotal sample
of 22 out of 38 public schools. De Vos ef al, (2005:202) states that
purposive sample is based entirely on the judgment of the researcher, in
that a sample is composed of elements that contain the most
charactenstic, representative or typical attributes of the population.

Table 3.1 Sample population of public schools

Secondary

Area Primary School School Total
Bertrams 3 1 4
Braamfischervill

& 3 1 4
Hillbrow 2 2 4
Hospital Hill 3 2 5
Riverlea 2 3 5
Total 13 9 22
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3.8 DATA COLLECTION

Morris (2006:41) states that a well-designed questionnaire should meet
the objectives of the research, obfain the most complete and accurate
information possible, and do this within the limits of available time and
resources. Two data-collection instruments were designed - namely, a
structured questionnaire and an observation checklist. Data was collected
through the use of structured questionnaires during interviews (refer to
Appendix 1). Questionnaires were hand-delivered to the respondents and
each respondent determined how much time he/she needed to complete
the questionnaire. The questionnaire was used to determine:

o the awareness levels in public schools regarding the hazardous
nature of fluorescent lamps;

» if any guidelines existed, whether formal or informal, for fluorescent
larmp management, including handling, storage and disposal;

¢ handling of fiuorescent lamps before use in public schools; and

o storage and disposal of spent lamps in public schools.

The most suitable respondents for the interviews were the school
principals, as they are responsible for all matters arising at school, and are
also responsible for the enforcement of any guidelines available in the
school. All completed questionnaires were hand-collected, either the same
day {after the observations), or at some other time that was suitable for the

respondent.

Data was collected using a checklist during observation to assess possible
routes of exposure related to employees, leamers, and possible
environmental exposure fo mercury from storage to final disposal of
fluorescent lamps in public schools {refer to Appendix 2}. The investigation
observed the effectiveness of available operational procedure guidelines
on fluorescent iamp management, whether formal or informal,
Observations were camied out to investigate the:
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» storage area of fluorescent lamps before use;

» availability of guidelines (formal or informal);

» crushing area, where practised; and

» receplacles used for spent lamps before collection for disposal.

The details of the questionnaire and the observation checklist are
discussed in Chapter 4. Telephonic appointments were made with the
schools in advance, to book the schoodl principals or respondents who
represented the school rrianagement, to present the questionnaire and to
carry out observations. An introductory statement was designed to ensure
consistency (in sampled schools) and to ensure that every important
aspect was covered in the briefing process during introduction {refer to
Appendix 3).

3.9 RELIABILITY AND VALIDITY

According to De Vos ef al _‘(2005:162) and Welman ef al. (2005:9) the
reliability of a measurement procedure is the stability or consistency of the
measurement. if the same variable is measured under the same
conditions, a reliable measurement procedure wili produce identical
measurements. Furthermore, reliability refers to a measuring instrument's
ability to yield consistent numerical results each time it is applied; it does
not fluctuate unless there are variations in the variable being measured.

Designing and pre-testing data-collection tools was done for reliability
purposes — i.e. struclured questionnaires and observation checklists were
tested in three different schools before the aciual study was camied out.
Some changes were made o the data-collection tools as discussed under
the pilot study section 3.5. Duning the pilot study three public schools were
sampled to ensure that the questionnaire and the observation checklist
collected the intended information and also to verify consistency. The
consistency of data collection tools (questionnaire and observation
checklist} meant that the study couid be caried out by a different
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researcher altogether using the same techniques to produce the same
results, uniess if there had been changes in the management of
fluorescent lamps in the schools selected.

Babbie {2006:122} states that validity ensures that only information
coliected and processed accurately reflects the concept it was intended to
measure. De Vos ef al. (2006:160) also state that validity, therefore, has
two aspects: that the instrument actually measures the concept in
question, and that the concept is measured accurately. The content of the
research instruments exiensively covered the stages involved in the
management of fluorescent lamps from storage before use to the final
disposal method practised in public schools. Content validity indicated
that, during the pilot study, the data-coliection toois collected correct and
adequate data that was intended to be colledted during the actual study.

On the other hand face validity ensured that the questionnaire and the
observation checklist were. the appropriate toois to be used for the
collection of data in public schools. Therefore, content validity and face
validity were both used and the data-collection instruments were defined
to determine how weli the sample depicted the management of flucrescent
lamps in public schools. The study will generalised the results or outcome
of the study to other public schools within the Johannesburg Metropolitan
Area.

3.10 DATA ANALYSIS

De Vos ef al (2005:218) state that quantitative data, in professional
research, can be analysed either manually or by computer. if the sample is
relatively small, some statistical analyses can be performed manually with
calculators, In this study quantitative data analysis was used to determine
the management of fluorescent lamps by public schools as a hazardous
waste siream. Determining awareness levels (very low, low, moderate,
high and very high} at public schools regarding the hazardous nature of
fluorescent lamps was depicted by their practices (whether it was due to a
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lack of awareness or not). This was achieved by respondents’ answers to
guestions being rated in the likert-type scale {refer to table 3.2).

Table 3.2 Level of awareness at selected public schools

Levels of Awareness Percentage (%)
Very High 80 - 100

High 65 -79
Moderate 50 - 64

Low 30 - 49

Very Low T-29

Identifying the existence of available guidelines (whether formal or
informal) will assist in adopting them as formal in public schools, adiusting
them, or demonstrating the need for new guidelines. These options were
based on the effectiveness of available guidelines, taking into
consideration all stages of fluorescent lamp management from sforage to
final disposal, as well as measures to be faken in cases of mercury
spillages due to fluorescent lamp breakages. Assessment of possible
exposure {levels and routes) of employees and learners to mercury was
conducted througb probing questions on when replacement of spent
lamps was done, how lamps were being stored before and after use, and
how lamps were disposed of. The level of exposure was determined by
the quantity of spent lamps being replaced and the frequency of disposal.
Assessment of the environmental exposure considered the storage and
disposal of spent lamps in relation to underground water and air pollution.

Data was collected (through the questionnaire and checklist) from the
selected public schools and was presented, analysed and interpreted in
simple statistical analysis. This data was coded and captured on a
Microsoft Excel statistical package and analysed by applying statistical
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technigues. The responses were then converted into percentages, and
presenied in tables and figures.

3.11 ETHICAL CONSIDERATIONS

De Vos et al. (2005:57) define ethics as a set of moral principles which is
suggested by an individual or group, is subsequently widely accepted, and
which offers rules and behavioural expectations about the most correct
conduct towards experimental subjects and respondents, employers,
sponsors, other researchers, assistants and students, It is further stated
that ethical guidelines also serve as standards, and a basis upon which
each researcher ought to evaluate his own conduct. De Vos et al,
{2005:57) go on fo emphasise the point by stating that ethical principles
should thus be intemalised in the personality of the researcher to such an
extent th'at ethically guided decision-making becomes part of his total
lifestyle.

3.41.1 Informed Consent

In this study, a clear explanation of the aim of the study was provided to
the respondents beforehand, and the respondents were informed that they
could withdraw their consent and refuse to paricipate in the study at any
given time. The procedures, possibilities and disadvantages as well as the
dangers that may arise were explained fo the respondents to enable them
to make informed decisions. The respondents were made aware that this
study will raise their awareness related to the proper management of
fluorescent lamps in public schools, thereby minimising the exposure of
employees and learmers from hazards associated with handiing and
disposal of fluorescent lamps. However, they were also made aware that
data collection might take about an hour of their time. Informed written
consent was obfained from the principals of the respective schools (refer
to Appendix 4). Approval was sought with and granted by the Faculty of
Health Sciences Higher Degrees Commiltee and Academic Ethics
Committee from the University (refer to Appendix 6). However, the

Page 52 of 120



research commenced only when permission was granted by the
Department of Education {refer toc Appendix 5).

3.11.2 Privacy and Voluntary Participation

The privacy of the persons concemed and the confidentiality of their
personal information were respected, to such extent that the information
obtained shali not be disclosed for purposes other than for which it was
collected. Individual responses were presented in a generalised manner
and the results of the study will be disclosed only to the schools that were
invoived in the study, the Gauteng Depariment of Education and for
academic discussions e.g. conferences and publications. All respondents’
rights were respected by treating everyone equally with respect and
dignity. The rights to freedom of choice {e.g. fo discontinue with
interviews), expression and access to information of persons involved
were respected. In order to ensure this, respondents (prior interviews)
were fully informed of their rights as far as the interviews were concerned.
The respondents in this study were encouraged to participate voluntarily
(refer to Appendices 3 and 4).

312 CONCLUSION

This Chapter explained the methodology used in capturing the data ~ i.e.
the activities and procedures undertaken dunng the course of the study.
The study adopted a guantitative research approach because it such an
approach would be most helpful in depicting or describing the situation in
selected public schools without considering someone’s opinion, beliefs or
past experiences as far as fluorescent lamps managernent in public
schools was concerned. The investligation therefore followed an
exploratory study design, since there is very little research conducted on
the subject of mercury exposure in public schools. In this study, applied or
intervention research was used, which is based more on addressing the
application of research in practice and extending the knowledge of human
behaviour relating to human service intervention.
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A pilot study was conducted before the major research endeavour was
~ attempted. During the pilot study the literature on electrical waste, and
specifically fluorescent lamps, was reviewed. This was done for orientation
purposes and to find out whether literature on fluorescent lamps existed,
and, if so, what kind of literature it was. Experis from the Elecirical Waste
Association of South Africa (eWASA)} were also consulted during the
literature review in an endeavour to leam more about challenges posed by
spent lamps in the field. Three public schools, which were not part of the
sample population, were used in the pilot study and the respondenis were
the school principals or any respondent who represented the school
management.

Therefore, in this study, the population consisted of the school principals
or respondents who could represent the school management, fluorescent
lamp storage areas before and after use, receptacles used for spent
lamps, and crushing areas. The sample population included public schools
from within and around each of the five selected HEAD study geographic
locations in Johannesburg Mefropolitan Area. These locations were
Hillbrow, Berirams, Riveriea, Braamfiischervile and Hospital Hill.
Proportionate purposive sampling was used to select a total sample of 22
out of 38 public schools.

Two data-collection instruments were used, namely, a structured
questionnaire and an observation checklist. Designing and pre-testing the
data-collection tools was done for reliability purposes — i.e. the structured
questionnaire and observation checklist were fested in three different
schools before the actual study was camied out. S8ome changes were
made to the data-collection tools as discussed under pilot study section
3.5, Content validity and face validity were used, and the data-collection
instruments were precisely defined to determine how well the sample
depicted the management of fluorescent lamps in public schools.
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In this study, a clear explanation of the purpose of the study was provided
to the respondents beforehand, and the respondents were informed that
they couid withdraw their consent and refuse fo participate in the study at
any given time. The prvacy of the persons concemed and the
confidentiality of their personal information were respected, in that the
information obtained shall not be disclosed for purposes other than those
for which it was collected. Quantitative data anaEysis was used to
determine the management of fluorescent lamps as a hazardous waste |
stream in public schools, and this is discussed in detail in Chapter 4.
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CHAPTER 4
DATA ANALYSIS AND INTERPRETATION

4.1  INTRODUCTION

Chapter 3 focused on the methodology used in capiuring data, including
activities and procedures underiaken during the course of the study.
These activities and procedures inciuded the résearch approach that was
adopted, study design followed, research population used, how the
sample was selected, and data collection and analysis. This Chapter,
however, further elaborates on data collection, analysis and interpretation
regarding the management of fluorescent lamps in selected public schools
within the Johannesburg Metropolitan Area. The questionnaire was used
fo determine the awareness levels of selected public schools regarding the
hazardous nature of fluorescent lamps, and to identify if any guidelines
existed, whether formal or informal, for fluorescent lamp management on
handling, storage and disposal. The structured questionnaire and the
observation checklist were designed to collect the following data,
respectively. The questionnaire was divided into four sections, namely:

s Awareness in selected public schools regarding the hazardous
nature of fluorescent lamps.

» Existence of guidelines {formal or informal) for fluorescent lamp
management in selected public schools.

+ Handling of fluorescent lamps in selected public schools.
» Storage and disposal of spent lamps in selected public schools.

A checklist was used during the observations 10 assess the leveis and
possible routes of exposure of employees and leamers to mercury, and its
impact on the environment, in selected public schools. The observation
checklist was divided into four categories (refer to Appendix 2) namely:
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Storage of fluorescent lamps before and after use.

Handling of spent lamps.

Availability of written guidelines, whether formal or informal.

Crushing of spent lamps if practised at source.

Data collected from the selected pubilic schools was captured and
interpreted in simple statistical analysis. This data was coded and
captured on a Microsoft Excel statistical package before it was analysed.
The responses were converied into percentages, and {ables and figures
were used to present data.

4.2 AWARENESS OF SELECTED PUBLIC SCHOOLS REGARDING
THE HAZARDOUS NATURE OF FLUORESCENT LAMPS

This section analyses the awareness of selected pubiic schoois regarding
the hazardous nature of fluorescent lamps.

Table 4.1 shows that 77% of the selected public schools were aware that
fluorescent iamps contain mercury vapour. It aiso indicates that 68% of the
schools were aware that fluorescent iamps should be regarded as
hazardous waste because of mercury vapour. The Table also shows that
91% of the schools were aware that fluorescent lamps (mercury
emissions) due fo breakages in class pose a health risk to employees and
leamers. The schools were also aware that fluorescent lamps should be
stored separately from other waste stream.

Concerning the storage of fluorescent lamps, 86% of the selected public
schools were aware that fluorescent lamps should be stored separately in
a dry lockable area to control unauthorised access and, preferably in a
closable container and in their original packaging material to minimise
jamp breakage. Only 45% of the schools were aware that these
fluorescent jamps can be recycled.
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Table 4.1: Awareness levels of selected public schools

Response True
Question.
Response
%
Are you awere that fluorescent lamps: True False
a) coniain mercury vapow?
) v vap 17 8 77
b} are regarded as hazardous waste because of
M ercury vapour? 15 7 88
¢) release emissions due fo breakages in
classrooms that pose a health sk to staff and 20 Py o1
leamers.,
d} should be stored separately from other waste
stream at the school? 20 2 91
e} should be kept in a dry lockable area to control
unauthorised access and to minimise famp 19 3 88
breakage?
f} can be recycied?
10 12 45

Figure 4.1 indicates the fotal percentage distribution regarding the

awareness levels of selected public scheols: 77% represents the

awareness level of schools on the hazardous nature of fluorescent lamps,

while 23% represents the unknown hazardous nature of fluorescent

lamps.
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Awareness Levels

Figure 4.1 Total percentage distribution of awareness levels on hazardous

nature of fluorescent lamps in selected public schools

A likert-type scale (refer to Table 3.2) was used to determine the levels of
awareness in selected public schools. According to a likert-type scale it
means that the awareness level of selected public schools regarding the

hazardous nature of fluorescent lamps is high.

4.3 EXISTENCE OF GUIDELINES FOR FLUORESCENT LAMP
MANAGEMENT

This section depicts the existence of guidelines (whether formal or
informal) in selected public schools as well as the need for formal

guidelines.

4.3.1 Existence of guidelines

In Table 4.2, 18% of the selected public schools had guidelines regarding
storage of fluorescent lamps before use; however, all of these guidelines
were informal. In contrast, another 18% of the schools were not sure of the
availability of guidelines relating to storage of fluorescent lamps at
schools. However, 64% of the selected schools had no guidelines at all on
the storage of fluorescent lamps before use. On the guidelines regarding
the replacement of spent fluorescent lamps, 14% of the schools had

informal guidelines and only 9% of the schools were not sure if
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replacement of spent lamps guidelings were available. Seventy seven per
cent {77%) had no guidelines at all regarding the replacement of spent
lamps at schools. With regard to the cleaning of spillages due to broken
lamps, only 9% of the schools had informal guidelines, whereas another
9% of the schools were not sure of the availability of guidelines. However,
82% of the schools had no guidelines at all relating to the cleaning of
spillages in cases of lamp breakage. The existence of guidelines for
fluorescent lamp management (whether formal or informal) in selected
schools is indicated in Table 4.2.

Table 4.2: Existence of guidelines in selected public schools for
fluorescent lamp management

Question, Response
Are there any Total
guidelines, Not No. of
formal or informal, Yes No Sure | schools
in terms of the
following:- Formal informal
a) storage before use? 4 14 4 22
b} replacement of spent

lamps? 3 17 2 22
¢} cleaning of spillages

(broken lamps)? 2 18 2 22
d) storage after use? 2 18 2 22
) disposal? 3 17 2 22

Conceming storage of fluorescent lamps after usage, 9% of the schools
had informal guidelines and another 8% were not sure of the availability of
~ guidelines. On the other hand, 82% of the schools had no guidelines,
whether formal or informal, pertaining to the storage of fluorescent lamps
after use. Regarding the disposal of spent lamps, 14% of the schools had
informal guidelines, 77% of the schools had no guidelines at all relating to
disposal of spent lamps and 9% of the schools were not sure if guidelines
for disposal of spent lamps were available at school.
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Table 4.3 shows the total average distribution of responses regarding the
availability of guidelines from storage before use to final disposal of
fluorescent lamps in selected public schools. On average only three
schools had informal guidelines, while 17 schools had no guidelines at all,
and two schools were not sure of the availability of guidelines for

fluorescent lamp management.

Table 4.3: Total average distribution of responses indicating the existence

of guidelines
Yes
Response (informal) No Not Sure
Total number of
responses 3 17 2

As shown in Table 4.3 as well as Figure 4.2, a total of 3 responses
indicated the availability of informal guidelines, which represents only 14%
of the selected public schools. A total of 17 responses (77%) indicated that
guidelines regarding the management of fluorescent lamps at schools
were not available at all, whereas there were 2 responses (9%) indicating
that they were not aware whether there were guidelines on the
management of fluorescent lamps at public schools. Table 4.3 also

indicates that the existing guidelines are all informal.

Existence of Guidelines

® Not sure |
9% |

® Yes
14%

Figure 4.2: Percentage distribution of the existence of guidelines
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4.3.2 The need of formal guidelines

The need of formal guidelines in selected schools is indicated in Table 4.4

and in Figure 4.3 respectively. Table 4.4 shows the total responses of

public schools pertaining to the need of formal guidelines. Nineteen (19) of

the selected public schools expressed a need for formal guidelines, while

the other three felt that there was no need for formal guidelines.

Table 4.4: Indication of the need for formal guidelines

Question Selected Public schools
Yes No
Is there a need for
Formal
| guidelines? 19 3

The percentage distribution on the need for formal guidelines is given in

Figure 4.3: 86% of the selected public schools indicated a need for formal

guidelines while 14% did not think that there was a need.

Need For Formal Guidelines

mYes mNo

Figure 4.3: Percentage distribution on the need of formal guidelines in

selected public schools
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4.4 HANDLING OF FLUORESCENT LAMPS

The information in table 4.5 shows that 85% of the schools stored the
fluorescent lamps in the storercom. The remaining 5% of the schools kept
fluorescent lamps before use in the maintenance department located
elsewhere outside of the school premises.

Table 4.5: Storage of fluorescent lamps before use

Question Response Number of Percentage
Schools

Where do you | Storeroom 21 a5
store

Office 0 0
fluorescent
lamps before

Other 1 5
use?
Total 22 100

Figure 4.4 indicates that 86% of the schools had access control to the
storerooms and 14% did not have access control to the storercoms. The
school rules or policies were the control measures available in schools.
These control measures specified employees responsible for keeping the
keys, persons with access, and stipulated that the storercom should be
locked at all times. The principal and the janitors had greater access fo the
storeroom than any other emplovyees, however, this varied from school to

school.
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Access Control to the Storage

i ® No 14%

Figure 4.4: Percentage distribution of access control to the storeroom

where fluorescent lamps are kept

Figure 4.5 illustrates that janitors are the persons who mostly have access
to the storage area. This was the case in 16 schools, then principals in 13
schools, followed by other (administration and maintenance department
staff) having access to the storage area in five schools. Security and
teachers were three and two respectively, while no learners had access to

the storerooms.

Access to the storage Area

18 ————— —

16 | —

14 | — :
12 — = e _
10 | —

Janitor | Princip Other Securit | Teach | Leaner |
s | als o ers | s

Total
(0]
|

oON B
|
|
|

' Employees with access 1o |

the storeroom 16 13 5 3 2 0

Figure 4.5: Access control distribution of respondents to the storage area

The information in Figure 4.6 shows that janitors constitute 41% of the

persons with access to the storage area, whereas 33% comprise
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principals, followed by other administration and maintenance department
staff which makes up to 13% of the persons with access to the storage
area. Security 8%, teachers 5% and leamers followed with 0%

respectively.

Access to the Storage Area

Teachers
5%

Learners
0%

Security
8%

Figure 4.6: Percentage distribution of persons with access to the storage

area

Table 4.6 indicates that 100% of the selected public schools kept their

fluorescent lamps in their packaging material before use.

Table 4.6: Packaging material

Question Response Number of Percentage
Schools

How are | With packaging 22 100
fluorescent material
lamps stored

Without 0 0
before use?

packaging

material
Total 22 100
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Figure 4.8 illustrates that 77% of the schools replaced their spent lamps

after classes. However, 14% of the schools replaced during class periods,

whereas 9% were replaced during break time.

‘ Replacement of Spent Lamps

Other times
During breaks 0%

9%

During class
periods
14%

Figure 4.7: Percentage distribution on replacement of spent lamps

Table 4.7 shows that 82% of the persons responsible for replacing spent

lamps were the janitors. These were followed by maintenance department

with (14%) and security personnel with the remaining 4%.

Table 4.7: Persons responsible for replacing spent lamps in selected

public schools

Question Response Number of Percentage
Schools
Who replaces | Janitors 18
spent lamps
i Security 1
in selected
public Maintenance 3
schools? department
Total 22

Page 66 of 120



The information in Table 4.8 shows that 27% of the schools replaced the

spent lamps in the presence of learners and staff, whereas 73% replaced

spent lamps in the absence of learners and staff.

Table 4.8 Availability of learners and staff in classroom during replacement

of spent lamps

Question Response Number of Percentage
Schools

If replacement Yes 6 27

occurs during

class periods

do learners or No 16 73

staff remains

in class?

Total 22 100

Figure 4.8 indicates that only 50% of the persons responsible for cleaning

spillages in the event that lamps break use protective clothing, e.g. gloves

and masks.

Use of protective clothing

mNo mYes

Figure 4.8: Percentage distribution on the use of protective clothing in

selected public schools
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Figure 4.9 indicates that 79% of the persons responsible for cleaning
spillages of lamps due to breakages in schools were the janitors. Other
responsible persons, who constitute 13%, were from the maintenance
department. Security staffs, which are also responsible for cleaning
spillages in some schools, constitute 8% of the total percentage of

persons responsible for cleaning.

79
80
60
40
19
. 20 8 13
00 00 2 3 )
0 . AR AT __//

Learners Teachers Security Janitors Other
mresponse ®percentage

Figure 4.9: Persons responsible for cleaning spillages in selected public

schools

The information in Figure 4.10 illustrates that 56% of the schools sweep
and collect after lamp breakages or spillages in class, while 35% of the
schools sweep collect and wash the affected areas and 9% use vacuum

cleaners.

‘ Methods of Cleaning
® vacuum cleaner
9%

®  sweeping,
collecting and
washing
affected areas
35%

® sweeping and
collecting
56%

Figure 4.10: Cleaning methods used after breakage/spillage in selected

public schools
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4.5 STORAGE AND DISPOSAL OF SPENT LAMPS

Table 4.9 points out that 50% of the schools separated spent lamps from
other solid waste stream during storage, whereas the other 50% did not

separate spent lamps from other solid waste stream during storage.

Table 4.9: Separation of spent lamps during storage in selected public

schools
Question Response | Number of Percentage
Schools
Do you store spent lamps Yes 11 50
separate from other solid
No 1 50
waste?
Total 22 100

Figure 4.11 depicts that 59% of spent lamps was stored for collection by
refuse collectors to be disposed of in general landfill sites. Twenty-seven
per cent (27%) of schools crushed their lamps at source before collection
for disposal. This crushing happened mostly in bulk containers of 6m®.
Fourteen per cent (14%) of the schools dumped spent lamps in open
spaces, and some buried them in sand within the school grounds. None of

these spent lamps were recycled, as indicated in the figure below.

59
| 60 |
40 27
13 14
0 & A v/
store for recycle crush other !

collection |

mresponse Mpercentage

Figure 4.11: Handling of spent lamps in selected public schools
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The information in Table 4.10 shows that 55% of the schools stored their

spent Jamps in wheelie bins before collection for final disposal, while 14%

of the schools also used galvanised metal bins. However, 27% of the

schools also used bulk storage containers. It is in these bulk sforage

containers that crushing was practised. Four per cent (4%} of the schools

used other means for the storage of spent lamps before they are disposed

of. Rubber bins and refuse bags were not used in any of the selected

public schools.

Table 4.10: Receptacles used for disposing of spent famps in selected

public schools

Response

Question Number of Percentage
Schools
What kind of | Wheelie bins 12 55
receptacles {210lirs)
do you use for
) ) Galvanised bins 3 14
disposing of
(85ltrs)
spent lamps?
Rubber bins 0 0
(75ltrs)
Refuse bags 0 0
Bulk storage 6 27
(6m°)
Other {(bury) 1 4
Total 22 100

Table 4.11 shows that 32% of the schools indicated that their spent lamps

were collected on a weekly basis, while 23% said their lamps were

collected monthly and another 23% indicated that their lamps were
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collected every three months. Four per cent (4%) of the schools have their

lamps collected after six months and about 18% were not sure about the

frequency of spent lamp collection from their school.

Table 4.11: Collection frequency of spent lamps in selected public schools

Question Response Number of Percentage
Schools
How often are | Weekly 7 32
spent lamps
P P Monthly 5 23
coliected for
disposal? Three monthly 5 23
Six monthly 1 4
Other (not sure) 4 18
Total 22 100

The information in Table 4.12 shows that there were no recycling

companies that were recycling spent lamps in any of the selected public

schools.

Table 4.12: Availability of recycling companies in selected public schools

Question Response Number of Percentage
Schools

Are there any | Yes g 0

companies that

are already | No 22 100

recycling  your

spent lamps?

Total 22 100
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Table 4.13 depicts that 77% of spent lamps was collected together with
other solid waste stream for final disposal. This indicates that spent lamps
became commingled with other solid waste during collection and are
disposed of in general landfill site. However, 23% of the schools said that
their spent lamps were collected separately from other waste stream;
some of these schools were the ones that ended up burying, dumping
spent lamps in open spaces, or leaving them lying in storerooms. There
were variations in the way selected public schools managed their
fluorescent lamps from handling, storage to final disposal of the spent

lamps.

Table 4.13: Collection of spent lamps in selected public schools

Question Response Number of Percentage
Schools
How are spent| Together with other 17 77
lamps solid waste stream
collected?
Separate from 5 23
other solid waste
stream
Total 22 100

4.6 OBSERVATIONS ON FLUORESCENT LAMP MANAGEMENT

This section observes the practises on storage of fluorescent lamps before
use, handling of spent lamps and crushing of spent lamps observed during
the school visits. Observations were done to substantiate data collected
through the use of a structured questionnaire and significant variations

were noted.
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4.6.1 Storage of fluorescent lamps before use

Figure 4.12 illustrates that 91% of the selected public schools stored
fluorescent lamps in the storeroom before use together with other goods
such as stationary, teaching material and equipment. However, 9% stored
their lamps in the workshop or maintenance department outside of the

school premises.

! Storage Before use

i Other Office
(workshop/ 0%
maintenance)
9%

Figure 4.12: Storage before use

Table 4.14 indicates that 86% of the selected public schools observed had
access control to their storerooms and 14% did not have access control to
their storerooms where they stored their lamps before use. The school
rules or policies were the control measures available in schools. These
control measures specified employees responsible for keeping the keys,
persons with access, and stipulated that the storeroom should be locked

at all times.
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Table 4.14: Access control in the storage area

Enquiry Observation Number of Percentage
Schools
Access control | Yes 18 86
in the storage
No 3 14
area,
Total 22 100

in Table 4.15 observation revealed that 81% of the schools stored their
lamps before use in their packaging material and 9% of the schools stored

their lamps before use without packaging material.

Table 4.15; Packaging of spent lamps during storage

Enquiry Observation Number of Percentage
Schools
Packaging  of | With packaging 20 G1
spent lamps material
Without packaging 2 g
matenal
Total 22 100

Table 4.16 shows that 18% of the schools separated their spent lamps
from other waste during storage. However, it was observed that 82% of
the schools did not separate their spent lamps during storage.
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Table 4.16: Separation of spent lamps from other waste

Enquiry Observation Number of Percentage
Schools
Separation of Yes 4 18
spent lamps
No 18 82
Total 22 100

Figure 4.13 illustrates the mixture of spent lamps with other solid waste.

The picture below shows some broken spent lamps being kept together

with other general waste stream in a wheelie bin.

Figure 4.13: Mixture of spent lamps with other solid waste
4.6.2 Handling of spent lamps

As Table 4.17 indicates, observation revealed that 64% of the schools
stored their spent lamps for collection, while 27% of the schools crushed

their lamps in bulk storage containers before it was collected for disposal.
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Table 4.17: Handling of spent lamps

Enquiry Observation Number of Percentage
Schools
Handling of Store for collection 14 64
spent lamps
Recycle 0 0
Crush 6 27
Other 2 9
Total 22 100

Figure 414 shows crushed spent lamps stored in bulk containers at

school before being collected for final disposal.

Figure 4.14: Crushed spent lamps mixed with other solid waste in a 6m°

container

Page 76 of 120



The other 9% of the schools dumped spent lamps in open spaces within

the school grounds or buried them in the ground. See Figure 4.15 for an

illustration of open-space dumping.

Figure 4.15: Dumping of spent lamps in open spaces within the school

grounds

The information in table 4.18 indicates that 64% of the schools stored their
spent lamps in wheelie bins. It was also observed that 27% of the schools
stored their spent lamps in bulk containers before collection. The
remaining 9% of the schools stored their spent lamps in the storeroom

without packaging material before they were disposed of.
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Table 4.18: Receptacles used for storage of spent lamps

Enquiry Observation Number of Percentage
Schools
Receptacles Wheelie bins 14 64
used for storage | (210ltrs)
Galvanised bins 0 0
(85ltrs)
Rubber bins (75Itrs) 0 0
Refuse bags 0 0
Bulk storage (6m3) 6 27
Other 2 9
Total 22 100

Figure 4.16 shows some of the spent lamps being kept on the floor in the

storeroom without packaging material before being disposed of.

Figure 4.16: Spent lamps being kept in storeroom without packaging

material
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4.6.3 Availability of written guidelines

Table 4.18 shows that none of the schools had written (formal) guidelines
as far as the management of fluorescent lamps was concerned,

Table 4.19: Existence of written Guidelines

Enquiry Observation Number of Percentage
Schools
Existence of Yes 0 0
written
No 22 100
guidelines -
Total 22 100

4.6.4 Crushing of spent lamps

Qut of the 22 public schools selected for this study, six practised the
crushing of spent lamps, which means 27% of the selected public schools
crushed their spent lamps in bulk coniainers, which were not sealed. This
is depicted in Table 4.20.

Table 4.20: Crushing area

Enquiry Observation Number of | Percentage
Schools
Crushing area | In sealed containers 0 0
In unsealed containers 6 100
Total 6 100

A metal, liquid-filled lensatic compass was used to detect direction during
observations in crushing areas. Six of the selected public schools
practised the crushing of spent lamps. In three of these schools the wind
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was blowing towards the playing grounds, in two schools it was blowing
towards houses and in one school it was blowing towards the offices. This
is Hlustrated by Table 21 and Figure 18 respectively.

Table 4.21: Wind direction

Enquiry Observation Number of
Schools

Wind direction Towards the classroom 0
_Surrounding parks 0
Playing grounds 3
Offices 1
Houses 2
Other 0

Total 6

Figure 4.17 shows the south-easterly winds blowing towards the playing
grounds from the crushing area. Wind play a great role in dispersing
mercury vapour from crushing points to the environment thereby
contaminating the atmosphere and the ground.
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Figure 4.17: lllustration of wind direction from the crushing area

Table 4.22 indicates that in all six schools that practiced crushing there

was a possible impact of mercury on the surrounding environment.

Considering that wind was blowing towards the school playing grounds,

the nearby houses and the school offices. Air, land and underground water

was at risk of being polluted as a result of improper crushing of spent

lamps in public schools.

Table 4.22: Possible impact of mercury on the surrounding environment

Enquiry Observation Number of Percentage
Schools

Possible impact | Yes 6 100

of mercury on

the surrounding [qg 0 0

environment

Total 6 100
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Figure 4.18 illustrates the wind direction from the open spaces within the
school grounds where crushing of spent lamps took place. The wind is
blowing towards the nearby informal settlements along the school security

fence (a distance of about 15m separates the crushing area from the

informal settlements).

Figure 4.18: Shacks built along the school security fence in the direction of

wind.
47 CONCLUSION

This Chapter focused on how data was collected, analysed and
interpreted. Through the use of a structured questionnaire and the
observation checklist, data collected during the study revealed that
awareness of selected public schools as to the hazardous nature of
fluorescent lamps was high. The study also showed that the available
guidelines were all informal; however, 86% of the selected schools
expressed a need for formal guidelines. Handling before use, storage and
disposal of spent lamps in the schools varied significantly from school to
school regardless of whether it is a primary or a secondary school. There
were no recycling companies collecting spent lamps in any of the schools,
and as a result some schools have resorted to crushing spent lamps in
bulk storage containers before they are disposed of. Data collected during

interviews and observation showed that although the selected schools
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knew about the hazardous nature of fluorescent lamps, these lamps were
not treated accordingly to minimise the exposure of employees, learners
and the environment from mercury vapour. Further discussion on the

results of the study is undertaken in Chapter 5.
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CHAPTER 5

RESULTS AND DISCUSSION
51 INTRODUCTION

Chapter 4 explained how data on the management of fluorescent lamps as
a hazardous waste stream in selected public schools within the
Johannesburg Metropolitan Area was collected, analysed and interpreted.
In this Chapter, the goal and objectives of the study are discussed in
relation to the empirical findings, and conclusions are drawn from the facts
deduced during data analysis. The resulis of this study are discussed in
the following sections:

Awareness in selected public schools regarding the hazardous
nature of fluorescent lamps;

-~ « Existence of guidelines {formal or informal) for fluorescent lamps
management in selected public schools;

« Handling of fluorescent lamps in selected public schools;
« Storage and disposal of spent lamps in selected public schools;

5.2 AWARENESSIN SELECTED PUBLIC SCHOOLS REGARDING
THE HAZARDOUS NATURE OF FLUORESCENT LAMPS

The findings revealed that 77% of the schools were aware that fluorescent
lamps contain mercury vapour. However, only 68% knew that spent lamps
are regarded as hazardous waste because of this vapour. This means that
32% of the schools were not aware that spent lamps must be regarded as
hazardous waste because of mercury vapour. As a consequence, 32% of
the schools were likely, due to a lack of knowledge, to be exposed to
mercury vapour in cases where fluorescent lamps break in the presence of
employees and leamers, Therefore, it is important that public schools be
educated about the health nsks posed specifically by mercury, as itis a
deleterious substance that is of concem in the management of fluorescent
lamps. According to Hex et al. {2008} it is the duty of the municipalities to
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educate and create awareness among the public regarding the need for
waste separation specifically the need for separating CFL’s and other
hazardous waste at sources of generation,

Eighty-six per cent {(86%) of the schools were aware that fluorescent
lamps should be kept in a dry lockable area in order to control
unauthorised access and to minimise lamp breakage. This referred
specifically to the storage of fluorescent lamps before use ~ and in this
respect there was no access control in 14% of the schools. This means
that there is a chance that some employees and leamers, in 14% of the
schools, would be exposed to mercury vapour - i.e. if fluorescent lamp{s)
break in the storeroom.

A significant number {(91%) of the schools were aware that fluorescent
lamp emissions due to breakages in classrooms pose a health nsk to
employees and leamers. However, this was not enough, as 32% of the
schools were not aware that fluorescent lamps were regarded as
hazardous waste because of mercury vapour. it was noticed during
observation that (of the 91%) most of the schools were more concerned
about broken glass as a health hazard to leamers, as leamers could get
injuries if they played with broken fluorescent lamps, than it was with
inhaling mercury vapour or getting into contact with mercury. If public
schools could be educated about mercury vapour, susceptible
populations, routes of exposure and the health effects of mercury in both
humans and environment, this would encourage public schools to practise
the proper management of fluorescent lamps at school level responsibly,
and thereby prevent the exposure of employees, leamers and the
environment as far as is reasonably practicable,

It was noted that 81% of the schools were aware that spent lamps should
be stored separately from other waste, yet only 18% (during observation)
were found to be separating spent lamps from other waste. This means
that even if the schools were aware of separating spent lamps from other
waste, before disposal, certainly they were not aware of either its
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significance or how spent lamps should be disposed of This was
evidenced by the fact that only 45% of the schools were aware that spent
lamps can be recycled. Yet even among those that were aware, none of
the schools practised recycling or safe disposal of spent lamps. According
to Hex et al. (2009) waste separation is an important step in the
government drive for waste minimisation and the key to achieving the
waste hierarchy: Reduce, Re-use and Recycle.

Therefore, the {otal average percentage of awareness at the schools as to
the hazardous nature of fluocrescent lamps was 77% {high), while 23%
were not aware of this. The Likert-type scale in Table 5.1 shows that the
level of awareness at schools regarding the hazardous nature of
fiuorescent lamps was high.

Table 5.1 L.evel of awareness at schools

Levels of Awareness Percentage (%)
Very High 80 — 100

High 6579
Moderate 50 - 64
Low 30 -~ 49
Very Low 129

53 EXISTENCE OF AND THE NEED FOR FORMAL GUIDELINES

The insights gained duning data analysis were that only 18% of the
schools had guidelines on the storage of fluorescent lamps before use;
however, ail of these guidelines were informal. On the other hand, 18% of
the schools were not sure about the availability of guidelines relating to the
storage of fluorescent lamps at school. In 64% of the schools guidelines
on the storage of fluorescent iamps before use at school, whether formal
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or informal, were not available at all. This further emphasises the point that
schools did not regard the management of fluorescent lamps as important,
and the improper management thereof could pose health threats to
humans and the environment.

As regards guidelines on the replacement of spent lamps, 14% of the
schools had informal guidelines, while 9% of the schools were not sure
about the availability of such guidelines. In 77% of the schools there were
no guidelines available at all regarding the replacement of spent lamps.
The absence of formal guidelines for the replacement of spent lamps
meant that each school replaced spent lamps differently {in terms of how
and when spent lamps were replaced). According to the guidelines in the
Southern African Power Pool (SAPP, 2010) care should be taken when a
bulb is removed from H$ packaging, and when it is installed andfor
replaced. These guidelines also state that the lamp would always be
screwed or unscrewed by its base {not the glass) and the CFL. should
never be pushed into a light socket with force.

With regard to cleaning of spillages from broken lamps, only 9% of the
schools had informal guidelines, whereas another 8% of the schools were
not sure as to the availability of such guidelines. This meant that in 82% of
the schools, guidelines relating to ¢leaning of spillages were not available
at all. As a result, schools varied greatly in the way how the cleaning of
spillages was done, and this included vacuum cleaning, sweeping and
collecting, to sweeping, collecting and washing of affected areas. In cases
where lamp(s) break, the following precautions should be taken, according
to SAPP (2010} guidelines:

» QOpen a window and leave the room for 15 or more minutes.

» Use awetrag to clean it up and put all the pieces and the rag into a
plastic bag.

s Place all matenal in a second sealed plastic bag and send it to
modem municipal landfill as hazardous waste.
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Spent lamps should not be sent to an incinerator, which would
disperse the mercury into the atmosphere.

Spent CFL's should be coliected and be sent to facilities capable of
treating, recovering or recycling them.

Carefully scoop up glass fragments and powder using stiff paper or
cardboard and place them in a glass jar with metal lid (such as
canning jar) or in sealed plastic bag.

Use sticky tape, such as duct tape; to pick up any remaining small
glass fragments and powder.

Wipe the area clean with damp paper towels or disposable wet
wipes and place them in a plastic bag.

Do not use a vacuum or broom to clean up broken bulbs on hard
surfaces.

If clothing materials come into direct contact with broken glass or
mercury-containing powder from inside the bulb that may stick to
the fabric, the clothing should be discarded.

Do not wash such ciothing because mercury fragments in the
clothing may contaminate the machine or pollute the sewage.

Conceming the storage of spent lamps, 9% of the schools had informal

guidelines, while another 9% of the schools were not sure of the

availability of guidelines. In 82% of the schools no guidelines, whether

formal or informal, were available pertaining to the storage of fluorescent

lamps after use. According to the CFL Recovery, Recycling and Disposal

Implementation Guidelines (Hex ef al,, 2009) CFL’s are not supposed to

be thrown away with domestic {general) waste; instead they should be

kept separate until they are safely taken to drop-officollection points. Hex
et al. (2009) advise that spent CFL’s shouid be taken to the nearest

participating retailer, At present, Wooiworths and Pick ‘n Pay stores offer
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CFL collection points. 1t is further stated that spent CFL’s should ideally
amive at a drop-off point unbroken.

As for the disposal of spent lamps, in 14% of the schools only informal
guidelines were available, in 77% of the schools no guidelines were
available at all, and 9% of the schools were not sure of the availability of
such guidelines. This indicates that most of the spent lamps were
disposed of with general waste; as a result, spent lamps end up in general
landfill sites. General landfill sites are not designed to accommodate the
release of mercury (SAPP, 2010). Mercury needs to be freated
(encapsulated in concrete or similar) to prevent leaching and release into
the environment. Spent CFL’s should be disposed at licensed hazardous
jandfill sites, and containers in which CFL's are treated and transported to
the landfill site may not be opened and should be labelled according to
their contents (SAPP, 2010).

Observation showed that there were no formal guidelines available in any
of the schools across all siages of fluorescent lamp management. The
existing informal guidelines were not written down anywhere and each
school managed spent lamps differently. As discussed in Chapter 4 {refer
to section 4.4), this is evidenced by variations in per centages showing the
inconsistency in the way public schools handled fluorescent iamps. The
informal guidelines that existed were incomplete in each school. This
means that a particular school will have informal guidelines on the storage
of fluorescent lamps before use and will have no other guidelines for
replacement of spent lamps, cleaning of spillages, storage of spent lamps
and disposal thereof. In this regard, the available informal guidelines did
not address all the stages in the management of flucrescent famps from
storage before use up to final disposal.

Eighty-six per cent (86%) of the schools indicated the need for formal
guidelines, while 14% did not feel that there was a need for formal
guidelines. Hex et al. (2009) indicate that the need for an environmentally

acceptable, yet cost-effective, spent lamp management programme has
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become one of the environmental priorities in South Africa, They further
state that this includes steps and activities for the safe management of
fluorescent lamp waste, from separation at source to ultimate disposal at a
hazardous landfill site or to a recycling facility. As a result an overview of
the best practice to ensure compliance with relevant legislative
requirements for the responsible handling of spent lamps has been
initiated {Hex ef al,, 2009). This initiative demonsirates the need for formal
guidelines, which can commit public schools to be accountable and
responsible for the proper management of fluorescent lamps at source.
Without formal guidelines for fluorescent lamp management at public
schools, exposure of empioyees, learners and the environment to mercury
will remain inevitable.

54 HANDLING OF FLUORESCENT LAMPS

It was revealed durng interviews that 95% of the schools stored
fluorescent lamps before use in the storeroom. However, during
observations, only 81% stbred fluorescent lamps before use in the
storeroom. This discrepancy was caused by the fact that 9% of the
schools used workshops or maintenance depariments as the storage area
for fluorescent Tamps before use, some of which were located off the
school premises. For example, the maintenance department would come
with new fluorescent lamps and replace spent lamps as per request by the
school. Nevertheless, 86% of the schools must be commended for having
access control to the storerooms, and thereby minimising the chances of
lamp breakages during storage. However, the use of a storercom for
keeping fluorescent lamps in schools seemed to be widely practised for
security reasons {to prevent theft, in other words), rather than for the
health safety of employees and leamers. Hence, health education of
public schools is necessary to create awareness about the hazardous
nature of fluorescent lamps in case fluorescent lamps break during
storage.
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All {(100%) of the schools stored fluorescent lamps before use with
packaging material; observation showed that only 91% of the schools
stored fluorescent lamps with packaging material before use. This means
that in the 9% of schools that stored fluorescent lamps without packaging
material, lamps were more likely to break during storage than in schools
that stored fluorescent lamps with packaging material. As a consequence,
the employees (janitors, principals and others) who have access to the
storeroom {refer to Figure 4.7) in schools that stored fluorescent lamps
without packaging material were more likely to be exposed to mercury
vapour than in schools that stored fluorescent lamps with packaging
material before use. It was also noticed that the persons who are most
likely to be exposed to mercury vapour in the event of fluorescent lamp
breakage during storage were the janitors and principals because they
had more access o the storeroom than any other employees in the

schools.

The results showed that 77% of the schools replaced spent lamps after
class periods. However, 14% of the schools replaced spent lamps during
class periods, while 9% of the schools repiaced them during breaks. It was
also revealed that 27% of the schools replaced spent lamps in the
presence of leamers and employees, whereas 73% of the schools
replaced spent lamps in the absence of learners and employees. This
means that in 27% of the schools there were chances of employees and
leamers being exposed to mercury vapour in cases where a fluorescent
lamp breaks during replacement. Having noticed that 91% of the schoois,
as indicated in section 4.2 in Chapter 4, were aware that fluorescent lamp
emissions due to breakages in classroom pose a health risk to employees
and leamers, it is therefore a cause for concem that 27% of the schools
still replaced spent lamps in the presence of leamers and employees. The
janitors constituted 82% of the persons responsible for the replacement of
spent lamps and were once again likely to be exposed to mercury vapour
during replacement of spent lamps. This further indicates that there is a
need for formal guidelines that will commit public schools to replace spent
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lamps in a manner that will minimise, as far as is reasonable possible, the
exposure of employees and learners to mercury vapour.

Of the persons responsible for cleaning spillages due to lamp breakages
in schools, only 50% used protective clothing. Janitors constituted 79% of
the persons responsible for cleaning;, however, they had inadequate
protective ciothing i.e. face masks and gloves. These are very important to
avoid inhalation of mercury vapour during cleaning and being in direct
contact with mercury. Data analysis showed that schools varied in the
cleaning of breakages or spillages of fluorescent lamps: 56% of the
schools swept and collected; on the other hand, 35% of the schools swept,
collected, and washed the affected areas and only 9% used a vacuum
cleaner for cleaning spillages. Great care should be taken when cleaning
mercury spillages: using vacuum cleaners or brooms to clean up broken
lamps on hard surfaces is strongly discouraged, as it can blow mercury
into the air, exposing the persons responsible for cleaning to mercury
vapour inhalation or being in-contact with mercury (SAPP, 2010),

55 STORAGE AND DISPOSAL OF SPENT LAMPS

Fifty per cent (50%) of the schools did not separate their spent lamps from
other waste, It was noted during observation that only 18% of the schools
separated spent lamps from other waste, and 82% did not do so. It was
also leamt that, in 82% of the schools, spent lamps were broken during
storage in bulk storage containers {e.9. m°) as well as in wheelie bins
{210ltrs). This was practised fo avoid children from salvaging spent
fluorescent lamp tubes, and also to ensure that spent lamps fitted into the
wheelie bins. It was observed that none of the schools labelled the
receptacies used {during storage) to indicate the contents, the hazardous
nature thereof and the date from which it was stored for disposal, as
required by the Minimum Requirement for Handling, Classification and
Disposal of Hazardous Waste (South Africa, 1998a:10-3). As a result,
breakages of spent lamps during storage would mean that most of the
mercury vapour would escape into the environment at this stage, while the

Page 92 of 120



remaining mercury would find its way into a general landfill site together
with commingled waste.

The resulis of the interviews indicated that 59% of the schools stored
spent lamps for collection, while 27% of the schools crushed spent lamps
at source before these were collected for disposal. However, during
observations, it was noted that 64% of the schools stored spent lamps for
collection and 27% of schools crushed spent lamps at source before
collection. The remaining 9% of the schools dumped spent lamps within
the school grounds, buried spent lamps, and also bumt spent lamps
together with other solid waste in open spaces (refer to Figure 4.19). This
practice, though done by few schools, poses threats to public health and
the environment. Dumped and buried spent lamps are most likely to
release mercury into the ground and thereby contaminate underground
water sources, while buming spent lamps will result in air pollution,

The crushing of spent lamps, which was the practice in 27% of the
schools, took place in bulk siorage open containers. These open
containers are placed where the refuse collectors have easy access io the
container and minimal consideration is given to human and environmental
health impact. Dunng crushing, leamers, the nearby residents, and
employees might be exposed to mercury vapour, which is most likely to be
blown towards the playing grounds, houses, and offices respectively, as
shown in Table 4.21.

None of the spent lamps were recycled at any of the schools, Lombard
and Webb (2008) states that recycling is the best environmental
alternative, as, nationwide, millions of mercury-containing lamps are
discarded each year, and most of these are discarded with municipal
waste. As a result all mercury-containing lamps will release mercury into
the environment through breakage or leakage outside a controlled
crushing and recycling process {Lombard and Webb, 2008). Recycling
also reduces the volume of landfills, since all the components of
fluorescent lamps c¢an be recovered and recycled, thus avoiding the
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wastage of valuable resources. The recycling of spent lamps will therefore
significantly reduce the amount of mercury being disposed of in general
landfill sites and that is lost into the environment. According to Reclite
(2008) Pick n’ Pay and Woolworth stores are already collecting spent
lamps for safe disposal, Therefore, there is a need to raise awareness on
storage, transportation and regycling, and safe disposal of spent lamps at
public schools in and around the Johannesburg Metropolitan Area.

5.6 CONCLUSION

The study determined that the awareness levels of schools regarding the
hazardous nature of ﬁucr@scent lamps were high. However, it is evident
that a lot of effort is needed to specifically address mercury as a
hazardous substance that is of concern during fluorescent lamp
management in public schools, If public schools were educated about the
handling, storage and disposal of fluorescent lamps, cleaning of spillages,
mercury vapour, susceptible population, routes of exposure and the health
effects of mercury in both humans and environment, this would encourage
public schools to practise the proper management of fluorescent lamps at
public schools responsibly and thereby prevent the exposure of
employees, leamers and the environment as far as is reasonably
practicable.

The study also revealed during observations that there were no formal
guidelines available in any of the schools that covered all stages of
fiuorescent lamp management. Moreover, in the 13% of the schools that
did have guidelines, these were informal, were not written down anywhere,
and each of the schools managed spent lamps differently. Health risks and
environmental and underground water pollution are inevitable considering
that there are no guidelines in place to commit public schools to be
accountable and responsible for the proper management of fluorescent
lamps at school level.
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It is commendable that most of the schools stored fluorescent lamps in
lockable storerooms, and with original packaging, as this minimises the
chances of fluorescent lamp breakages during siorage, before use.
However, access conirol {o the storage area, replacement of spent lamps,
and use of protective clothing during cleaning and methods of cleaning
remain a challenge as far as the handling of fluocrescent lamps in public
schools is concemed.

It was noted during observations that 82% did not separate spent lamps
from other waste, which meant that most of these spent lamps are
disposed of in general landfill sites. The crushing of spent lamps, in 27%
of the schools, took place in bulk storage open containers e.g. 6m>. These
open containers are placed where the refuse collectors have easy access
to them, and minimal consideration is given fo the human and
environmental health impact. In cases where spent lamps are dumped,
hurnt and buried in open spaces {which occurred in 8% of the schools), air
and underground water sources are exposed to mercury contamination.

None of the spent lamps was recycled at any of the schools. Recycling is
regarded as the best environmental altemative. Recycling is regarded as
the best environmental altemative, as, nationwide, millions of mercury-
containing lamps are discarded each year. Most of these lamps are
discarded with municipal waste, and this result in all mercury-containing
lamps releasing mercury into the environment through breakage or
leakage outside a controlled crushing and recyding process (Lombard and
Webb, 2008). Therefore, it is of paramount importance to promote
recycling and the safe disposal of spent lamps in public schools.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

6.1 INTRODUCTION

Chapter 5 provided the overview of the findings, and this final chapter
draws conclusions and recommendations for possibie interventions that
can be used to redress the anomalies in the management of fluorescent
lamps at public schools. The study set out to test the hypothesis that
employees and learners may be exposed to elementary mercury through
inhalation of ambient air in classrooms when a fluorescent lamp breaks, or
when fluorescent lamps are handled, stored, or disposed of improperly in
schools, leading to the release of mercury into the environment. To prove
or disprove this hypothesis, the study aimed at determining how
fluorescent lamps, as hazardous waste stream, are managed at selected
public schools within the Johannesburg Metropolitan Area. To answer the
study aim, specific objectives were met, as discussed in the conclusion

section below.
6.2 CONCLUSIONS

The findings of the study were that 77% of the selected public schools
were aware that fluorescent lamps contain mercury vapour. This indicated
that the level of awareness at these schools regarding the hazardous
nature of fluorescent lamps was high. However, only 68% of the schools
knew that spent lamps are regarded as hazardous waste because of
mercury vapour. This means that 32% of the schools were not aware that
spent lamps must be regarded as hazardous waste (specifically} because
of mercury content. As a consequence, due to lack of awareness, 32% of
the schools were likely to be exposed to mercury vapour, in the event that
a fluorescent lamp breaks in the presence of employees and leamers.

it was noted that of the 91% schoois that were aware that lamp breakages
in class pose a health nsk, most schools were more concemed about
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broken glasses as a health hazard to leamers, as leamers could get cut
injuries if they played with broken fluorescent lamps, than it was with
inhaling mercury vapour or coming into contact with mercury. Therefore, i
was evident that a lot of effort is needed to address mercury vapour as a
hazardous substance that is of more concem than broken glass in
fluorescent lamp management in public schools. Only 45% of the schools
were aware that spent lamps can be recycled, yet even in those that were
aware, none of them practised recycling or safe disposal of spent lamps.

Observation revealed that there were no formal guidelines covering all
stages of fluorescent lamp management in any of the schools. Only 14%
of the schools had guidelines, and these were all informal. in other words,
they were not formalised and documented anywhere, and as a result,
each school managed spent lamps differently. Moreover, the informal
guidelines that existed were incomplete in each school. This meant, for
example, that a particular school had informal guidelines on the storage of
fluorescent lamps before use, but had no guidelines for the replacement of
spent lamps, for the cleaning of spillages, or for the storage and disposal
of spent lamps. Thus, the informal guidelines that did exist in a small
minority of the schools did not address all the stages of fluorescent lamp
management from storage before use up to final disposal.

Eighty-sixty per cent (86%) of the schools indicated the need for formal
guidelines, while 14% did not feel there was a need for formal guidelines.
This indicates that there is indeed a need for formal guidelines that would
commit public schools to be accountable and responsible for the proper
management of fluorescent lamps at schools. Without formal guidelines
for fluorescent lamp management at public schoois, the exposure of
employees, learners and the environment to mercury will remain
inevitable,

It is commendable that 81% of the selected public schools stored
fluorescent lamps in lockable storerooms, and with original packaging, as
this minimises the chances of fluorescent lamp breakage during storage,
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before use. However, the use of a storeroom for keeping fluorescent
lamps before use seemed to be widely practised for security reasons (to
prevent theft) rather than for the health safety of employees and learmers.
Hence, health education of public schools is necessary to create
awareness about the hazardous nature of fluorescent lamps in case

fluorescent lamps break during storage.

The study also revealed that 27% of the schools replaced spent lamps in
the presence of leamers and employees, whereas 73% of the schools
replaced spent lamps in the absence of learners and employees. This
meant that in 27% of the schools there were chances of employees and
learners being exposed to mercury vapour in cases where fluorescent
jamps break during replacement.

Of the persons responsible for cleaning spillages due to lamp breakages
in schools, 50% used protective clothing while the other 50% did not.
Janitors (comprising 79%) were the persons most commonly responsible
for cleaning; however, they had inadequate protective ciothing — ie.
facemasks and gloves. These are very important to avoid the inhalation of
mercury vapour during cleaning and coming into direct contact with
mercury. Janitors were likely to be exposed to mercury vapour during
cleaning because of the incorrect cleaning methods used.

The study also showed that in the schools examined there was varation in
the cleaning of breakages or spillages of fluorescent lamps: 56% of the
schools swept and collected; 35% swept, collected, and washed the
affected areas and only 9% used vacuum cleaners for cleaning spillages.
Great care should be taken when cleaning mercury spillages. Using
vacuum cleaners or brooms to clean up broken lamps on hard surfaces is
strongly discouraged as it can blow mercury into the air. This may expose
the persons responsible for cleaning to mercury vapour inhalation or
causing them to come into skin contact with mercury, Therefore, persons
responsible for cleaning in the schools surveyed were more likely to be
exposed to mercury vapour dunng cleaning of mercury spillages.
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Moreover, access control to the storage area, replacement of spent lamps,
and the use of protective clothing during cleaning and methods of cleaning
remain a challenge as far as the handling of fluorescent famps in public
schools is concerned,

It was noted that 82% of the schools did not separate spent lamps from
other waste stream during storage after use and this meant that most of
these spent lamps are disposed of in general landfill sites. As a result,
breakages of spent lamps during storage would mean that most of the
mercury vapour would escape info the environment at this stage, while the
remaining mercury would find its way to a general landfill site together with
commingled waste. Separation is an important step in the management of
spent lamps in public schools in order to: reduce spent lamps disposed of
with general waste, promote safe disposal (in hazardous landfill sites) and
recycling of spent lamps. The crushing of spent lamps, in 27% of the
selected public schools, took place in bulk storage open containers. Open
containers were put strategically for the refuse collectors to have easy
access to them, and minimal consideration was made to the human and
environmental heaith impact. in cases where there was dumping, burning
and burying of spent lamps in open spaces (9% of the schools), air, and
underground water sources was exposed to mercury contamination.

None of the spent lamps was recycled at any of the schools. This meant
that spent lamps were broken and crushed during storage ({before
disposal) thereby releasing mercury into the environment. Recycling
reduces volume to landfill sites, since ali the components of flucrescent
lamps can be recovered and recycled, thus avoiding the wastage of
valuable resources. This therefore means that the recycling of spent lamps
will significantly reduce the amount of mercury being disposed of in
general landfill sites and lost into the environment. Therefore, it is of
paramount importance to promote recycling and the safe disposal of spent
lamps in public schools,
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6.3 RECOMMENDATIONS

This section outlines the key recommendations based on the findings of
the study. The recommendations are discussed under the following
sections: health education, need of formal guidelines, handling of
fluorescent lamps and recycling.

€.3.1 Heaith education

The responsibifity of health education at public schools regarding
fluorescent lamp management requires a collaborative approach.
However, the Depariment of Education piays a major roie to oversee that
schools have cerfain pbiicies in place including (formulation and
adherence) fluorescent lamps management guidelines at public schools.
This holistic approach of raising awareness should cover handling,
storage, and disposal of fluorescent lamps, cleaning of spillages, mercury
vapour, susceplible populations, and routes of exposure and impacts of
mercury in both humans and the environment,

6.3.2 Need of formal guidelines

The study drew attention to the need for formal guidelines on fluorescent
lamp management at public schoois within the Johannesburg Metropolitan
Area. Therefore, the Department of Education should provide formal
guidelines and ensure compliance with regard to the following aspects:

¢ Storage of fluorescent lamps before use: a specific place
separate from other goods stored within the storeroom should be
provided. Preferable, fluorescent lamps must be stored in their
onginal packaging material in a container, or a shelf or a cupboard
that provides a secure storage area and where there is access
control s0 as to minimise lamp breakages during storage before

use.
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+ Replacement of spent lamps: fluorescent lamps must be replaced
after school classes in the absence of employees and learners.
Care must be exercised when removing a bulb from its packaging,
installing and/or replacing it, making sure always to screw the lamp
by its base (not the glass) and never to fwist the bulb into a light
socket with force.

+ Handling of spent lamps: spent lamps should be stored
separately from other waste stream in a closable container in the
storeroom where access thereof is controlled, preferably spent
lamps should be kept in their oniginal packaging material when put
in the container, to minimise breakages and for safe disposal
puUrposes,

s Cleaning of spillages: using brooms and vacuum cleaners for
cleaning spent lamp spillages or breakages should be avoided
{refer to the handling of spent lamps in sub-section 6.3.3 belo‘w)v

s Storage of spent lamps: spent lamps should not be stored at
school for a period of more than 90 days, because of mercury
content; spent lamps are regarded as highly hazardous waste. The
receptacles used during the storage of spent lamps should
therefore be labelled accordingly (contents and the date of storage)
to prevent any nisk of wrong identification resulting in environmental
poilution.

s Disposal of spent lamps: spent lamps must be taken to collection
points for recycling purposes or for the safe disposal thereof at
hazardous fandfill sites,

6.3.3 Handling of fluorescent lamps
The Southem Afnican Power Pool (SAPP, 2010) recommended guidelines

to be used in the management of fluorescent jamps at household
{domestic} level, however, a similar approach to the management of
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fluorescent lamps at institutions such as public schools can be adopted.
According to these guidelines (SAPP, 2010):

e Care shouid be taken when removing a bulb from its packaging,
installing and or replacing it.
¢ Always screw or unscrew the lamp by its base {(not the glass) and
never twist the CFL into a light socket with force.,
in cases where lamps break, precautionary measures as mentioned to in
section 5.3 should be taken.

6.3.4 Recycling

Recycling or safe disposal of spent lamps was not practised in any of the
selected public schools. Therefore, it is recommended that public schools
should keep their spent lamps separately until they are safely taken to the
nearest collection points — at present, participating retailers that are
collecting spent lamps for safe disposal are Woolworths and Pick 'n Pay
stores.

64 FURTHER STUDIES

This study set out to explore the exposure of employees, leamers and the
environment to elementary mercury, and the findings suggested that
employees, leamers and the environment were exposed to elementary
mercury dunng the management of fluorescent lamps at selected public
schools.

Further studies are recommended to investigate the following:

e The level of mercury toxicity in the environment due to flucrescent
lamp exposure.

« Compliance of public schools pertaining to fluorescent lamp
management including recycling / safe disposal methods as may be
stated by lamp manufacturer.
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» To design an operational procedure model that can be used by
public schools for the efficient and effective management of
fluorescent lamps in South Africa.

6.5 SUMMARY

The findings of the study indicates that employees, learners and the
environment are exposed o elementary mercury during the management
of fluorescent lamps at selected public schools within the Johannesburg
Metropolitan Area. This was due to the improper management of
fluorescent lamps, especially from the replacement of spent lamps {o final
disposal. The findings revealed that there is a need for formal guidelines
and a possible model for operational procedures in fluorescent lamp
management at school level. These operational procedures include the
safekeeping of spent lamps until they are taken to a collection point for
recycling or safe disposal in a hazardous landfill site, since there was no
recycling or safe disposal of spent lamps practised in any of the selected
public schools. The findings of this study can be generadlised o be a
reflection of the situation in public schools within the Johannesburg
Metropolitan Area as far as fluorescent lamp management is concerned.
As a result, the recommendations of this study, though not limited to, must
be applied to public schools within the Johannesburg Metropolitan Area.
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Appendix 1

QUESTIONNAIRE FOR MANAGEMENT OF FLUORESCENT LAMPS IN PUBLIC
SCHOOL

SCHOOL NUMBER:

DATE OF INTERVIEW:

NAME OF INTERVIEWER:

1. Thank you for completing this questionnaire; your time and effort are much
appreciated,

2. Piease indicate your correct response by an X on the applicable columa, as
indicated by the exampie below.

Example: Do you know that prevention is better than cure?

Yes No
X

3 Where applicable if you are not sure indicate not sure as in example below

Exampie: Do you think health educafion is one of the important strategies in
curbing the spread of HIV?

Not
Yes | No | sure
X

1. Below is a set of statements about flucrescent famps; please choose the response
you think is correct.

Fluorescent lamps:-

True | False

a) contain mercury vapour?

b} are regarded as hazardous waste because of mercury vapour?

¢) emissions due fo breakages in classrooms pose a health risk to staff
and learners?

d) should be stored separately from other waste stream at the school?

e) should be kept in a dry lockable area to control unauthorised access
and to minimise lamp breakage?

f) can be recycled?

2. Are there any written guidelines available for fluorescent lamps management in the
school, in terms of the foliowing:
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Not
Yes | No | sure

a) storage before use

b) replacement of spent lamps

¢} cleaning of spiliages {broken lamps)
d) sforage after use

g} disposal

2.1 1s there & need for formal guidelines related to the criteria mentioned in question 27

Yes
No

3. If you have more than one option in the same question, please indicate all those
opfions accordingly.

3.1 Where do you store fluorescent lamps before use? Storeroom
Office
Other {specify)
3.2 Is there any control to prevent unauthorised access o the | Yes

storage area as per 3.17
No

3.2{(a) ¥, Yes what is the control measyre?

3.2(b) Who has access fo the storage area? Principal
Teachers
leamers
Secunty
Genitors
Other{specify)

3.3 How are fluorescent lamps stored before use? With packaging
matenial
Without
packaging
material

3.4 When are fluorescent lamps replaced? During class
perods
After classes
{Juring breaks
Other times
{specify)

3.5 Who replaces spent lamps?

3.6 If replacement occurs during class periods do learners or

staff remaing in class? Yas
No

3.7 In the event of fluorescent lamp breakages are persons Y
responsible for cleaning using protective clothing? E.g. &S
gloves and face mask. No
3.8 Who is responsible for cleaning? Teachers
learners
Secunty
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Genitors

Other(specify)

- " =
3.9 What cleaning methods are used after breakage/spillage” Viscuiin clanee

Sweeping and

collecting
Sweeping,
collecting and
washing of
affected area
Other (specify)

4. If you have more than one option in the same question, please indicate all those
options accordingly.

4.1 Do you store spent fluorescent lamps separately from other

solid waste? Yes
No
4.2 What do you do with spent lamps? Store for
collection
Recycle
Crush
Other (specify)
4.3 What kind of receptacles do you use for disposing of spent
lamps?

Wheelie  bins
(210ltrs)

Galvanised bins
(85ltrs)

thber bins
75Irs

Refuse bg_gs

Other (specify)

4.4 How often are spent lamps collected for disposal? Weekly

Monthly

Three monthly

Six monthly

Other (specify)

4.5 Are there any companies that are already recycling your
spent lamps? Yes

No
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4.8 How are spent fluorescent lamps coliected? Together  with
other solid
waste
Separate  from
other solig
waste

Thank you for your time, It is much appreciated.
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Appendix 2

OBSERVATION CHECKLIST FOR FLUORESCENT LAMP STORAGE FACILITIES IN
PUBLIC SCHOOLS

SCHOOL NUMBER:

DATE OF OBSERVATION:

NAME OF OBSERVOR:

The observation checklist shall be administered by the researcher during school visits.

Relevant observation will be indicated by an X in the applicable column.

1. Storage

1.1 Storage before use. Storeroom
Office
Other(specify)

1.2 Access control in the storage area to keep out Y

unauthorised access. es
No

1.2(a) If, Yes what is the control measure?

1.3 Packaging during stored before use. With
packaging
material
Without
packaging
material

1.4 Separation of spent lamps with other waste stream. YVes
No

2 Handling
2.1 Handling of spent lamps. Store for collection
Recycle
Crush
Other
2.2 Receptacles used for spent lamps. '

Wheelie bins (210ltrs)

Galvanised bins (85ltrs)

Rubber bins (75-85ltrs)
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Refuse bags

Other (specify)
2.3. Labelling of receptacles. e.g. “hazardous Vs
waste”.
No
2.4 Recycling measures in place.
Yes
No
3 Written Guidelines
3. Are there any written guidelines? Yes
No
3. (a) If Yes do they control accordingly? Yes
No
3. (b) If Yes are they approved? (signatories, and stamp / letter head) | Yes
No
3. (c) If Yes by which body are they approved?

4 Crushing (if it is practised)

4.1 Crushing area. _
In sealed containers

Non-sealed containers

4.2 Direction of the wind.
Towards the classrooms

Surrounding parks

Playing grounds

Offices
Houses
Other (specify)
4.3 Possible impact on areas referred to in 4.2 | yes
above. No
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Appendix 3
INTRODUCTORY STATEMENT

Introduction

My name is Wellington Siziba. | am a student at the University of
Johannesburg registered for the Master’s Degree in Environmental Health,
and am conducting research in selected public schools to determine the
management of fluorescent lamps which form part of the solid waste
stream. it is envisaged that this study will raise awareness related to the
proper management of fluorescent lamps in public schools, thereby
minimising the exposure of empioyees and leamers to the hazards
associated with the handling and disposal of fluorescent lamps. The
interview will not exceed an hour.

Issuing of approval letters

These are the approval letters {(one from the Gauteng Department of
Education and the other one is an ethical clearance from the University of
Johannesburg) approving this research project. Two data-collection
instruments will be used, namely a questionnaire and an observation
check list. The questionnaire will be completed by the principal or any
other respondent representing school management, while the observation
checklist will be compieted by me.

Brief explanation of the process (Issuing of a Consent form)
For the respondents to participate they need to sign a consent form to
show their understanding and willingness to be involved in this study,
Having said that, | would like to draw your attention to the following issues.
As a respondent
1. your privacy and the confidentiality of your personal information
shall be respected;

2. your responses shall be presented in a generalised manner and
the results of the study shail oniy be disclosed to schools that were
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involved in the study, the Department of Education and for
academic discussions; and

3. your rights to freedom of choice, expression and access to
information will be respected e.g. to discontinue with interviews or
refuse to participate in this study.

Question

Are you willing to participate in this study? If yes!

Thank you very much for your willingness to participate, please sign the
consent form. (colfect consent form)

Issuing of guestionnaire

The study will require you to answer all questions as indicated in the
questionnaire. Meanwhile | will also complete the observation checklist
and would request the person responsible for handling and disposing
fluorescent lamps to escort me as | do the observations. The observations
will not interfere with the leaming process in any way, as it shall be done in
the office, storercom, crushing area or storage area before disposal.

Collection of a completed questionnaire

Is it fine with you if | collect the completed questionnaire after the
observations or alternatively come and collect it some other day? If it's
another day when do you think it will be ready for collection? | am sure
there is no need to make an appointment; { will collect the questionnaire
from the reception if you don't mind.,

Once again thank you so much for your participation. Have a good day.
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CONSENT FORM

Appendix 4

., hereby acknowiedge that, in relation o

the study entitled MANAGEMENT OF FLUORESCENT LAMPS IN PUBLIC SCHOOLS

WITHIN THE JOHANNESBURG METROPOLITAN AREA”, | have;

s Received a full explanation regarding the aims, procedures and protocol of the study.,

s Agreed to be part of this study and accept the conditions of the study when | sign thig

consent form.

s Am aware that | am free to withdraw my consent and refuse paricipation in the study

at any given time,

s Given permission that the results of this study can be made publiic, provided that any

personal detaiis wili be kept sincly confidential,

Signature

Date;

The contact details of the researcher and the supervisors are indicated befow,

Wellington Siziba
Telk 011 550 6339
Email; 200711612@student ui.ac za

Prof A, Swart
Supervisor
Tel: 011 559 6225

Email. andres@uj.ac.za

Ms B. Afles
Co-Supervisor

Tel: 011 5§59 6521
Email; ballies@ui.ac.za

MAIN CAMPUS § Cont Korvgaway andd Unyarsdy Rosd Auckland Park
Posmswmnwmkm;m vi‘? T!SS‘??M?imwoﬁ Ia

|z Ty

<LF

UNWE RS!"!'Y
JOHANNESBURG

Page 117 of 120



Appendix 5

TR —

UMnyango WezeMiundo tefapha la Thuts
bepartment of Education Departemant van Cnderwys

Enquiries: Nomvals Ubist (011)3550488

Date: 23 June 2010
Name of Researchor: Shziba Wellington
Address of Researcher: PO Box 53361

Troyaville

Johannesburg 2134
Telephone Number: 076 761 837%
FazNumbaer; None

Management of Huorescentiamps In
Research Toplc: pubiic schools within the Johanneshurg
Motropolitan Aroa
. i Twenty three [23}; Primary and

Number and {yps of schools: Secondary
PistrictaiHb Johanneshurg East,-North and -South

Re: Aggrova!_in Respect of Reguest to Conduct Research

This letter serves to indicate that approval is hereby granted {o the shove-mentioned
researcher to proveed with research in respect of the study indicated above. The
onus rests with the researcher to negotiate approprate and relevant {ime schedules
with the school/s apfor offices invoived 1o condus! the research, A separale copy of
this letter must be presented io both the School (both Principal end SGB) and the
DistrictHead Office Senior Menager confimming that permission has besn granted for
the research to be conducted.

Permission has been granted to proceed with the above study sublect to the
caonditions (isted balow being met, and may be withdrawn should sny of these
conditions be Aouted:

1. The DistrictMead Office Senior Managor/s concemed must be presented with &
copy of this letter that would Indicate that the said ressarcher’s has/huave beon
granted pormission from the Gauteng Doepartment of Education to conduct the
rosoarch stnly. -

Yhe DistrictHead Office Senior Manager's must be approached soparately, and
In writing, for permission 1o invoive District/Hesd Office Officials In the profect.

3 A copy of this letter muet be forwerded fo the school principal end the
chalrperson of the School Governing Body (SG6) thet wauld Indicate thet the
researcher’s have been granted permission from the Gaufeng Depargnent of
Education to conduct the research study.

Cffics of the Chief Directon: Information and Knowledge Management
Rooer 502, £11 Commissioner Street, Johannesburg, 2000 P.O.Box 7710, fohanneshury, 2000
Tek {011 3550808 Fax (011) 35507534
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4 A letter / document that outiines the purpose of the research and the antlcipated
outcomas of such research must bo made evallable o the principals, 5G8s and
Districtifiexd Office Senfor Managers of the schopls and districts/offlces concemed,
respectively.

& Tho Resvarchor will meke every wffort obtain the poodwiil and co-operation of sif the GDE
officiais, principals, and chalrpersons of tha 5GBs, teachers and learers involved.
Parsons who offer thelr co-operation will not receive additicnsl remunerstion from the
Deaparfment while thuse that opt not fo participate will nof be penalised In any way.

f.  Research may only be condurted after school hours o that the normal schoot
programme s not intarrupted. The Princlpal (f st & school} and/or Director {if &t &
district/ead office} must be coasulied about sny sppropriate time when the resesrcher’s
may carry out their research af the sies thal they manage,

¥, Research may only commence from the second week of February and must be concluded
before the beginning of the last quarter of the acadamic yoar.

8. ftemns 6 and 7 will niof apply to any research effort being vndertaien on behalf of the GDE.
Such resesrch will have boon commissioned and be paid for by the Gauteng Department
of Education,

9. it s the researchor's responsibiiity to obtain written parental consent of eil fearmers that
are expected to participate In the study.

19, The researcher Is responsibie for supplying and utilising his/lrar own research msources,
stch'as statfonery, photorvoples, transport, faxes and felephones and shouvld not tepend
on the goodwill of the instituilons end/or the offives visited for supplying such resources.

11,  The namss of the GDE officlais, schools, principals, parents, teachers and learrers thet
participate in the study may not sppear in the research report without the written consent
of vaeh of thuse Individuais and/or organisstions.

12 On completion of the study the researcher must supply the Director: Knowledye
Managemen! & Research with one Hard Cover bound and one Ring bound copy of the
final, epproved research report, The researcher would elso provide the sald manager with
an alactronic copy of the research sbsteact/summary end/or annotation.

13, The researcher may be expected (0 provide shorf presentations on the putpose, Andings
and mcommandations of histher research fo both GDE officialy and the schools
concemst,

14, Should the researcher have bear: Involred with research st a school and/or & district/head
office leved, the Director concemed must also be suppiied with p brief summary of the
purpose, Rndings and mcommenciations of the resaarch atody.

The Gauteng Depariment of Education wishes you well in this important undertaking and
{ooks forward to examining the findings of your research study.

s

Kind regards

O b 2010-06- 23

Shadrack Phele MIRMSA
CHIEF EDUCATION SPECIALIST: RESEARCH COORDINATION

The contents of this letter has baen read and anderstood by the resesrcher,

Stgnature of Researcher: ] =il e,

PR L o ol

Date: 9010~ oG — ALy
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<F

SNIVERLTY

FOHANNDSRIRG

{

FACULTY OF HEALTH SCIENCES
ACADEMIC ETHICS COMMITTEE

AEC22/62.2010
26 May 2010

TITLE OF RESEARCH ?RO?OSAL: Management of fluorescent lamps in public
schoofs within the Johannesburg Metropoiitan

area

DERPARTMENT OR PROGRAMME: M.TECH : Environmental Health

RESEARCHER: SIZIBA, W STUDENTNO, 200711612
SUPERVISOR: Prof A Swart
CO-SUPERVISOR: MsRvanwyk X

The Faculty Academic Ethics Committee has scnutinised your research proposal and
confirm that i complies with the approved ethical standards of the University of

Johannesburg.

The attached recommendations wers made by the committee which will improve the
quakty of your proposal.

Please make these changes and correctons fo the sabisfaction of the supervisar/s

The AEC would iike to exiend their good wishes to you in your endeavour of your
research project.

Yours sincerely,

gjvr{:ﬁ
(.-GProf. arien Jooste

Chair: Facidly of Health Sciences: Academic Ethics Committee
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