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DEDICATION
This study is dedicated to my mother Rosina Ntlhane Tau who died prematurely on
the morning of 10 July 2001 because of an asthmatic attack, which could well be
associated to exposure to dust.

It is because of her sudden death that a topic relating to dust exposure and the
associated respiratory diseases was chosen.
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ABSTRACT
AIM:

The aim of the study was to evaluate employees’ awareness training, to

determine the extend of exposure to coal fly ash dust and to establish the levels of
toxic metals in the collected samples during the replacement of fabric bag filters in
bag houses at a power station.

METHODS: A repeated measure cross-sectional observational study with analytical
features was carried out between January 2002 and October 2002 amongst
employees engaged in filter bags replacement at a power station.

A gravimetric

sampling method with personal samplers was applied randomly to exposed
employees and on boundaries of the bag houses in order to determine the levels of
respirable fly ash dust. The resultant personal dust loads were further analysed by
ICP (Inductively Coupled Plasma) to evaluate the concentrations of toxic metals.

Physical observations as well as questionnaire methods were used to assess and
determine awareness of employees on the health effects of coal fly ash dust.

RESULTS: The results for personal dust sampling have revealed that all the results
are at and above the occupational exposure limit for respirable fly ash dust. These
results ranged from 20.7 to 447.2 mg/m3 with an average of 101.2 mg/m3. These
results were in most of the samples above the 5.0 mg/m3 specified in the Hazardous
Chemical Substances Regulations for respirable dust.
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The results for static dust sampling have revealed that the dust levels in some
instances were below the occupational exposure limit for respirable dust. However,
there were those results that were above the occupational exposure limit of 5.0
mg/m3. These results ranged from 2.2 to 28.7 mg/m3 with an average of 13.5 mg/m3.

For the toxic trace metals most of the results that were obtained were far below the
occupational exposure limit for the respective metals. The only exception was the
lead concentration where the result was in some samples approaching the
occupational exposure limit for this metal.

The questionnaires revealed a good understanding by employees regarding the
health effects of coal fly ash and awareness of respiratory zones.

There were

however, some pitfalls in training as well as on the implementation of the respiratory
protection programme.

CONCLUSION: It is evident from the study that employees are exposed to high
levels of fly ash dust during the replacement of fabric filter bags and that the results
for toxic trace metals in respirable fly ash dust were inconclusive.
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GLOSSARY OF WORDS AND ABREVIATIONS

Absorbed dose

The amount of a substance entering the worker’s
body after exposure.

Acute effect

Health effects that show up a short length time after
exposure.

Acute exposure

An exposure that occurs over a short period of time
and often at high levels.

Admixture

The act of mixing together; example "paste made by
a mix of flour and water".

Aerodynamic diameter

The diameter of a unit density sphere having the
same settling velocity as the particle in question of a
given shape and density.

Air monitoring

The sampling for and measuring of pollutants in the
atmosphere.

Allergic reaction

An abnormal physiological response to a chemical or
physical stimulus.

Alveoli

Tiny air sacs of the lungs, formed at the ends of
bronchioles.

Amaurosis

Loss of vision without discoverable lesion in the eye
structures or optic nerve.

Amorphous

Non crystalline

Anemia/Anaemia

Deficiency in the hemoglobin and erythrocyte content
of the blood.
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Anesthetic

Any substance that causes a loss of sensation.

Anorexia

Lack or loss of the appetite for food.

Aphasia

Total or partial loss of ability to use or understand
language; usually caused by stroke, brain disease, or
injury.

Bag house

Connotes the housing containing bag filters for
recovery

of

arsenic,

lead,

sulfur,

and

other

contaminants from flues of plants.
Ball mill

A grinding device using balls usually made of steel or
stone in a revolving container.

Benign

Not malignant. A benign tumor is one that does not
metastasize or invade tissue. Benign tumors may still
be lethal because of pressure on vital organs.

Boiler

A

combustion

chamber

for

steam

generation

necessary for power generation.
Breathing zone sample

An air sample collected in the breathing zone of
workers to assess their exposure to airborne
contaminants.

Bronchiolitis

A name given to an inflammation of the lungs that
usually begins in the terminal bronchioles.

Bronchioles

The slenderest of the many tubes that carry air into
the lungs.

Carcinogenity

Cancer producing or causing ability.

xx

Cardiovascular

Relating to the heart and to the blood vessels or
circulation.

Chronic effect

Health effect that shows up a prolonged length time
after exposure.

Cohort

A group of persons selected for a study.

Concentration

The amount of a given substance in a stated unit of
measure.

Cranium

The part of the skull that encloses the brain.

Cross-sectional study

A type of epidemiologic study design in which a group
of individuals are selected at a single point in time
and comparisons are made between the exposure
experiences of those who have the disease and
those who do not.

Cutaneous

Pertaining to the skin.

Cyclone

A dust collecting device that has the ability to
separate particles by size. Typically used to collect
respirable dust samples.

Cytotoxin

Substance developed in the blood serum, having a
toxic effect upon cells.

Delivered dose

Refers to the amount of a substance available for
interaction in a particular organ or cell.

Dermatitis

Inflammation of the skin from any cause.

xxi

Descriptive statistics

Simple statistical way to characterize the exposure
data obtained in a sample (example mean, standard
deviation, and etcetera).

Dose

The level of environmental contamination multiplied
by the length of time (duration) of exposure to the
contaminant.

Dose-Response

The relationship between dose and health effect. In
general, the curve that results when dose (X-axis) is
plotted against response (Y-axis).

Eczema

A skin disease or disorder. Dermatitis.

Electrostatic precipitators

Connotes the dust control equipment for recovery of
particulate contaminants from flues of plants.

Epidemiology

The study of disease occurrence in populations with
the

aim

of

relating

disease

occurrence

to

characteristics of people and their environment.
Erythema

Reddening of the skin.

Ethmoid

One of the eight bones of the cranium; a small bone
filled with air spaces that forms part of the eye
sockets and the nasal cavity.

Exposure

Contact with a chemical, biological or physical
hazard.

xxii

Fibrogenic dust

This is dust consisting of fibre material. Example of
such a dust is asbestos. This dust is capable of
causing an increase of connective tissue in the lung
with permanent alteration to lung structure.

Fibrosis

A condition marked by an increase of interstitial
fibrous tissue. Exposures to contaminants via skin
inhalation can lead to scarring of the lung, a particular
concern in industrial hygiene.

Flow rate

Generally used to mean the rate of air flow through
an air sampling pump; usually expressed in l/min.

Fume

Particulate that is formed by molten metals or molten
plastics. It is made up of minute solid particles
suspended in air. This heating is often accompanied
by a chemical reaction where the particles react with
oxygen to form an oxide.

Genotoxin

An agent that will attack the genes of the exposed
person.

Gravimetric

Pertaining to measurement by weight .

Gravimetric method

A procedure dependent upon the formation or use of
a precipitate or residue, which is weighed to
determine the concentration of a specific contaminant
in a previously collected sample.

Haemoptysis

Bleeding from the lungs, spitting blood, or bloodstained sputum.
xxiii

Hazard

The source of an adverse health effect.

Heamatite

This is the iron oxide metallic phase of fly ash and is
expressed scientifically as Fe2O3.

Heat stress

Relative

amount

of

thermal

strain

from

the

environment.
Hemianopia

The loss of one half of the visual field (left or right);
usually affects both eyes and is often caused by brain
injury, especially stroke.

Homogeneous exposure

A group of workers doing a similar job during a shift

group

and therefore exposed to similar stressors.

Hygroscopic

Readily absorbing or retaining moisture.

Impervious

A material that does not allow another substance to
penetrate or pass through it.

Inhalable particles

That fraction of a dust cloud that can be breathed into
the nose or mouth.

Innocuous

Not harmful or hazardous.

Irritant

A substance that produces an irritating effect when it
contacts skin, eyes, nose, or respiratory system.

Leachate

A resultant solution after leaching or extraction of
metals.

Limit of detection

The smallest concentration or amount of a substance
that an analytical method can distinguish as being
different from the background.

xxiv

Macrophage

Immune system cell whose normal function is to
engulf and remove foreign matter from the body
tissues.

Malignant

As applied to a tumor, cancerous and capable of
undergoing metastasis.

Manganic psychosis

A major mental disorder caused by exposure to
manganese fumes that affects the ability to function
normally on a daily basis.

Median

Is the value that is at the midpoint of the ranking.

mg/m3

Unit used to measure air concentrations of dusts,
gases, mists and fumes.

Monitoring

A continuing program of observation, measurement
and judgement all of which are necessary to
recognise the potential hazards and judge the
adequacy of existing control measures.

Mullite

This is the siliceous and aluminous phase of fly ash
and is expressed scientifically as Al6Si2O13.

Narcosis

Unconsciousness produced by narcotics or other
materials.

Neoplasm

A

new

or

abnormal

tissue

uncontrollable and progressive.
Nephrotoxic

Poisonous to the kidney.

Neuritis

Inflammation of the nerves.

xxv

growth

that

is

Nuisance dust

Dust with a long history of little adverse effect on the
lungs; does not produce significant organic disease
or toxic effect when exposures are kept at reasonable
levels.

Occupational exposure

Exposure to a stress factors in a work environment.

Occupational exposure limit

A value of the contaminant in air to which persons
may be exposed without developing any adverse
health effect.

Occupational asthma

A constriction of the bronchial tubes in response to
irritation, allergy or other stimulus in a work
environment.

Overexposure

Exposure beyond the specified limits.

Pathogenic

Producing or capable of causing disease.

Personal sample

This is a sample taken in a work environment, by
affixing a pump onto a person such that the collection
medium is at breathing zone.

Plasma

A plasma is a conducting gaseous mixture containing
a significant concentration of cation and electrons.
OR a gas that has been heated to a partially or
completely ionized condition, enabling it to conduct
an electric current.

Pleura

The thin membrane investing the lungs and lining the
thoracic cavity, completely encloses a potential space
known as the pleural cavity.
xxvi

Pneumoconiosis

ILO defines pneumoniciniosis as” the accumulation of
dust in the lungs and the tissue reaction to its
presence”. This may happen that effects appear even
after exposure has ceased.

Pneumocononiosis-producing

Dust, which when inhaled, deposited, and retained in

dust

the lungs,

may produce signs, symptoms, and

findings of pulmonary disease.
Pneumonitis

Inflammation of the lungs.

Pozzolanic

A pozzolan is a siliceous/aluminuos material that
when mixed with lime and water forms a cementitious
compound.

Psoriasis

A chronic skin condition characterized by inflamed,
red, raised areas that develop silvery scales.

Pulverised fuel

This fuel is produced by milling of coal in a mill to fine
particles that are then used for combustion in a boiler.

Pyrolusite

This is a complex molecule that can be broken apart
into simpler units by the use of heat.

Rash

Abnormal reddish colouring or blotch on some part of
skin.

Respirable particles

That fraction of inhaled airborne particles that can
penetrate beyond the terminal bronchioles into the
gas-exchange region of the lungs.

Route of entry

A path by which chemicals can enter the body.

xxvii

Sampling

A process of withdrawal or isolation of a fraction part
of a whole.

Sensitization

The process of rendering an individual sensitive to
the action of a chemical.

Siderosis

The deposition of iron pigments in the lung – can be
associated with diseases.

Silicosis

A disease of the lungs caused by the inhalation of
silica dust.

Static sample

This is a sample taken in a work environment, by
affixing a pump where people are working.

Sternutators

A chemical substance that causes sneezing and
coughing and crying; "police used a sternutatory to
subdue the mob".

Stomatitis

Inflammation of the mucous membrane of the mouth.

Susceptibility

Likelihood to be influenced or harmed by a particular
thing.

Teratogen

Physical defects in developing embryo caused by the
mother’s exposure to a chemical agent or material.

Time weighted Average

A way of expressing exposure such that the amount
of time spent exposed to each different concentration
level is weighted by the amount of time the worker
was exposed to that level.
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Toxicity

Is the ability of a chemical substance to produce
injury once it reaches a susceptible site in or on the
body.

Toxic Hazard

Is the measure of the likelihood of toxic effect
occurring.

Vertigo

A feeling of giddiness caused by looking down from a
great height. Dizziness, more exactly, the sensation
that the environment is revolving around one.

Vitrified

Converted into glass or a glass-like substance.

Warts

A characteristic growth on the skin, appearing most
often on the fingers, generally regarded as a result of
a virus infection.

Working environment

The atmosphere or workplace whether enclosed or in
open air.
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American Conference of Governmental Industrial Hygienists

APPA

Atmospheric Air Pollution Prevention Act

CAPCO

Chief Air Pollution Control Officer
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Chronic obstructive pulmonary disease
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CHAPTER 1
1.

INTRODUCTION

According to the World Health Organisation (WHO, 2002:1), occupational health is
fundamental to public health, for it is clear that major diseases need workplace
programmes as part of the disease control strategy. Occupational safety and health
can contribute to improving the employability of workers, through workplace redesign,
maintenance of healthy and safe work environment, training and retraining,
assessment of work demands, medical diagnosis, health screening and assessment
of functional capacities.

Occupational diseases are often not curable but they are always preventable.
Improving ventilation, wearing protective equipment, changing work procedures and
educating workers are the key factors for prevention (American Lung Association,
2000).

Occupational diseases are caused by exposure to harmful hazards (chemicals,
physical, biological and ergonomical) at the workplace. There is evidence that these
hazards affect a considerable number of people, particularly in rapidly industrialised
countries. In many cases occupational diseases are severe and disabling. However,
two factors make them easily preventable: first, the causal agents of these diseases
can be identified, measured and controlled; secondly, the population at risk are
usually easily accessible and can be regularly supervised and treated (WHO, 2002:1).
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Following to the above statement, section 8 of Occupational Health and Safety Act
(Act 85 of 1993) specifies that every employer shall provide and maintain, as far as is
reasonably practicable, a working environment that is safe and without risk to the
health of his employees. The Regulations for Hazardous Chemical Substances are of
importance for the employer to implement in order to identify, measure and control
exposure to hazardous chemicals that are in the work environment.

The

requirements for this legislation are that:

(i)

The employer must identify the risks in the work place, also to inform the
employees of these risks so that they are aware of the situation and are trained
to deal with the hazard should they come into contact with it.

This risk

assessment should be repeated as the process change, when there is a
reason to suspect that the previous assessment is invalid or every 2 years.
(ii)

In areas where employees are exposed by inhalation to the hazardous
substance, air monitoring must be conducted in order to determine the extent
of exposure.

(iii)

Control measures are to be implemented according to the provision of these
Regulations where the level of exposure exceeds the occupational exposure
limits for the identified hazardous chemical substances. A hazardous chemical
substance includes various dusts, organic and inorganic chemicals and gases.

According to the information in (WHO, 2002:2), dust as one of the occupational
hazards is present at many workplaces and can incapacitate men and women alike to
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impaired health and shortened lives.

Death often comes with little warning,

unfortunately the dusty job is rarely identified as the killer.

The following definitions for dust are given by the two scientific international
organisations.

According to the International Standardization Organisation (ISO

4225-ISO, 1994), dust is defined as: ”Small solid particles, conventionally taken as
those particles below 75µm in diameter, which settle out under their own weight but
which may remain suspended for some time”.

According to the Glossary of Atmospheric Chemistry Terms (IUPAC, 1990), dust is
defined as: “Small, dry, solid particles projected into the air by natural forces, such as
wind, volcanic eruption, and any mechanical or man-made processes such as
crushing, grinding, milling, drilling, demolition, shoveling, conveying, screening,
bagging, and sweeping. Dust particles are usually in the size range from about 1 to
100µm in diameter, and they settle slowly under the influence of gravity”.

Increased international concern about dust hazards during the last few decades has
resulted in more widespread applications of dust control practices, greatly reducing
the threat of many of the occupational dust diseases. This is mainly because it was a
key priority for top management, and workers are continually made aware of this
commitment. Incentive systems for supervisors and workers are designed to
encourage safe procedures and not just productivity (WHO, 2002:1).
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According to the information in (National Safety July/August, 2001:12), dust is
everywhere; we inhale some of it with every breath we take.

Most dusts are

harmless, but certain dusts can produce pathological changes in lung tissues,
changing healthy tissue into useless fibrous or scar tissue.

Particles of industrial dusts are in most cases very small to the extent that they are
only visible by microscope and are basically behaving like air.

These can pass

unimpeded through the protective hair and mucus in the upper airways. Dermatitis,
bronchitis, eye injuries and lung diseases can result from exposure to hazardous dust
(Vincent, 1995: Chapters 1, 5 and 6).

Particle size directly affects dust toxicity; the smaller the particles, the further it will
travel and reach in the lungs. Some particles are so small that they are breathed in
and out the same as molecules of air. The more dust is retained by the body, the
more severe the resulting illness. On the other hand it should be noted that the
health risk of exposure to dust depends on the type of dust (physical, chemical and
mineralogical characteristics) which will determine its toxicological properties.

Soluble dusts are absorbed from the lungs into the bloodstream, causing damages to
other organs. Insoluble dusts do not dissolve or only dissolve in small amounts and
often remain in the lungs for long periods of time.

It has been shown that the

accumulation of large enough burdens of insoluble particles in the lungs leads to
impaired clearance. This so-called “dust overload” condition may occur as a result of
prolonged occupational exposure, even at relatively low levels. (Marrow, 1992) have
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suggested that such overload may be a precursor to the formation of tumours, even
for substances which have previously been regarded as relatively innocuous.

According to Plog (1996:35, 36 & 175) the lung tissue is by far the most efficient
medium the body has for capturing and absorbing airborne contaminants. The lungs
are the most susceptible part of the human body, fight to repel pollutants, but many
modern industrial dust particles are so fine and penetrating that they are able to sink
deep into the lungs, eventually blocking and covering the main connections between
life-giving oxygen and the bloodstream. A scar tissue is produced (process called
fibrosis) because the lungs can neither remove nor destroy the dust. This occurs
because certain particles, such as silica-containing dusts are cytotoxic; this is when
they kill the macrophage cells that engulf any insoluble particles that are deposited on
the lung.

Pulmonary diseases from industrial dusts are classified as pneumoconiosis, which
literally means that dust is retained in the lungs.

Pneumoconiosis is the non-

neoplastic reaction of the lungs to inhaled mineral or organic dust and the resultant
alteration in their structure. It excludes diseases mainly of the airways like asthma,
bronchitis, and emphysema (Agius, 2001:3). Pneumoconiosis development depends
on the kind and size of dust particles and the individual workers’ susceptibility, but
also is affected by the duration of exposure and exposure to other chemicals or to
cigarette smoke at the same time. Coal workers' pneumoconiosis is caused by
inhalation of coal dust and is more prevalent in underground workers exposed to
higher concentrations of dust than in surface workers (Agius, 2001:3). Silicosis is a
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pneumoconiosis caused by inhalation of quartz which is lethal to macrophages that
ingest it and releases their enzymes. Pneumoconiosis was at one of its highest levels
during the 1930’s mainly because of the general lack of controls.

Dust control

safeguards the health of employees. It also helps to promote worker efficiency and
morale (Agius, 2001:3).

At a coal-fired electricity generating plant, coal is the main raw material of production
and it is well expected that employees will be exposed to coal dust (with the
probability of developing silicosis because of the prevalence of crystalline silica in
coal) at various stages of production.

Fly ash as a by-product of the electricity

generation consists mainly of fine particles. The particle sizes of fly ash dust are
according to Meij & te Winkel (2000:2) distributed on the basis of internationally
accepted differentiation between inhalable and respirable fractions in proportions as
shown in Table 1.1 below.

Table 1.1: Particle size distribution in fly ash dust
Particle size fraction

Percentage (%)

50µm

55

10µm

20

4µm

5

2.5µm

1

Employees at the coal-fired power generating plants are generally not exposed to
high concentrations of fly ash dust because the ash is enclosed within the production
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system. However, there are tasks or activities such as maintenance on electrostatic
precipitators, hoppers, bag houses and conveyers whereby employees are likely to
be exposed to high concentrations of this dust.

This study was conducted at Duvha Power Station during the replacement of fabric
bag filters in bag houses. The bag houses as means of controlling the emissions has
proved to be effective and efficient in the control of particulate air pollutants.

However, this method requires regular maintenance whereby the fabric filter bags are
replaced with new ones. This study focused in establishing the concentrations of
respirable fly ash dust in the workplace in order to build on more information
regarding the toxicity and hazards of exposure to fly ash dust, with more emphasis
being on the concentrations of toxic trace metals. The aim of this study was not to
reproduce the findings of any previous study on the health hazards of fly ash dust, but
to come out with or reveal additional information that will more describe the hazards
or risks of exposure to fly ash dust.

This study was initiated because of lack of sufficient scientific knowledge and
evidence by employees and employers alike at Duvha Power Station on the toxicity
and health hazards associated with exposure to fly ash dust. An extensive study was
therefore undertaken to cover aspects of importance that would best address the
concerns raised by the coal fired power station personnel in order to arrive at the
solution for this problem.
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2.

HYPOTHESIS

The main objective of this study is to determine the level of employees’ exposure to
fly ash dust during the replacement of fabric filter bags. Taking into consideration the
levels of toxic trace metals in the respirable fraction of fly ash dust will assist in
enhancing the finding for exposure to this contaminant.

By also observing work

practices through the taking of photos, adherence to personal hygiene whilst
performing the task, as well as the evaluation of training of workers who are involved
in the replacement of bag filters in bag houses at the power station will assist in
recommending the control measures.

The following hypotheses were formulated in order to continue with the study:

•

The employees that are responsible for the replacement of bag filters in the bag
houses are exposed to high fly ash dust levels that pose an occupational
hygiene risk.

•

Training guidelines and safety knowledge are inadequate to address the training
of workers responsible for replacing the bags in the bag houses.

3.

AIM AND OBJECTIVE

The objective and aim of this study is to investigate the Duvha Power Station
employees’ extent of exposure to fly ash dust in order to develop control measures for
minimizing the risk of exposure.
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3.1

Specific objective 1

•

To determine the level of employees’ exposure to respirable fly ash dust.

•

To determine the background concentration of fly ash dust within the boundaries
of bag houses during the replacement of fabric filter bags.

3.2

Specific objective 2

To identify and determine the concentrations of soluble and/or insoluble toxic trace
metals in the personal samples of the respirable fly ash dust that were collected
during the replacement of bag filters in the bag houses.

3.3

Specific objective 3

To evaluate the level of occupational hygiene, safety knowledge and training of
exposed employees.

3.4

Specific objective 4

To recommend the development of training guidelines for the control of personal
exposure to fly ash dust whilst the employees are replacing the fabric filter bags in the
bag houses.
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CHAPTER 2
REVIEW OF RELATED LITERATURE
2.1

INTRODUCTION

At the 3rd Conference of the Parties to the Basel Convention on Transboundary
Movements of Hazardous Wastes and their Disposal held in 1995, a ban was
adopted on the trade of hazardous wastes from industrialized countries to developing
countries. This international agreement was justified by the desire to protect the
importing countries from the influx of wastes presenting hazards to public health and
the environment (EURELECTRIC, 2000:1).

At the 4th Conference of the Parties held in 1998, two lists of wastes were defined;
List A, containing wastes considered as hazardous, and List B, specifying nonhazardous wastes. Both lists are now part of the Basel Convention (EURELECTRIC,
2000:2). Fly ash dust was found in both lists, which provides inconclusive finding
about the hazards of this compound.

It is because of the above information that an interest developed for the determination
and establishment of risks associated with employees’ exposure to fly ash dust. This
study aims to reveal information that will ultimately help in the classification of fly ash
as either a hazardous or non-hazardous material.

However, this study is limited

because of its focus on the determination of hazardous trace metals in the respirable
fly ash dust and not on fly ash at its totality.
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2.2

ORIGIN OF FLY ASH

According to US Environmental Protection Agency (1997:1-4), coal fly ash is defined
as a byproduct of burning coal at electricity utility plants and is transported from the
combustion chamber via exhaust gases and then collected by electrostatic
precipitators or fabric filters. It closely resembles volcanic ashes used in production
of the earliest known hydraulic cement about 2300 years ago. Fly ash is probably the
most abundant particulate pollutant produced by coal-fuelled power plants and heavy
industry.

Most of the South African power stations utilize poor quality coal with low calorific
value for the generation of electricity (Communication Services, Eskom, 1996). 30%
of South Africa's best coal is exported overseas to industrialized countries.

Eskom, Iscor and other industries use most of the coal mined in South Africa for fuel.
The other coal is used by Sasol for gasification (Alberts, 1987). Eskom burnt 104.4
million tons of coal to generate 32GW of electricity in 2003 (Eskom Annual report
2003:3). It is because of these large quantities of coal utilized in electricity generation
that a minimum of 15% of ash is created. This load of dust will in the long run create
waste problem if proper methods of waste management are not investigated or
established.

This kind of low grade coal result with a high yield of ash after combustion in the
boilers. It is because of this high yield that it would be logic to assume that there is a
probability of high concentration of toxic metals in the ash that is generated,
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considering that 15% of ash is produced from combustion of the coal. (Kyte, W.S et al
1999:1-15). Risks such as heavy metals’ poisoning by lead and mercury can further
be increased if there is a large content of these toxic metals in fly ash (Ashley, 2001).
This risk of toxic metals could well be expected mainly because most of Eskom’s
coal-fired electricity generating stations utilizes low-grade coal.

Although fly ash contains trace elements that are toxic, these are present in
concentrations that are biologically insignificant amounts. Their concentrations are
indeed said to be at trace levels and even at very high atmospheric concentrations of
fly ash dust, these would be below the exposure limits of the respective metals
(UNIPEDE, 1995:3).

The above statement by UNIPEDE needed to be proofed

scientifically and it was therefore necessary to conduct the current study for
establishing the concentration of toxic trace metals in the respirable fly ash dust.

Coal as received from the mine is kept at the stockyard, then in the staithes and
finally stored in boiler bunkers through conveyor belts before is fed into mills. Inside
the mills there are large steel balls or rollers that run in circular tracks to mill the coal
to very small particles of approximately 75µm.

(Duvha Technical Information,

1996:1).

The reason why pulverized coal is preferred over other methods of burning coal is
because pulverized coal burns like gas and therefore, fires are easily lighted and
controlled. Almost any kind of coal can be reduced to powder and burned like gas.
Another major reason for the success of pulverized coal burning is its ability to adapt
12

operating conditions to all coal ranks from anthracite to lignite (Singer,
1981:Chapter12:1).

In order to ensure complete combustion in the boiler for minimal carbon loss, it is
required that high rank coals must be pulverised to a finer size than coal of lower
rank. The following ranges of pulverised coal composition as shown in Table 2.1 have
been established through the operating experience (Singer, 1981:Chapter 12:1).

Table 2.1:

Particle size ranges of pulverised coal composition required for

combustion
Coal rank

Passing 74µm
Weight %

Retained on 297µm
Weight %

Subbatuminuous C coal and lignite

60-70

2.0

High volume Bituminous C
Subbatuminous A&B

65-72

2.0

Low & medium volume Bituminous,
High volume Bituminous A&B

70-75

2.0

The pulverised coal is highly combustible and is blown from each ball mills into boilers
at some 63 tons an hour to be combusted for the generation of steam and ultimately
electricity. This coal is burnt in the boilers at temperatures of above 1 000ºC. The
oxides of sulphur and nitrogen (SOx and NOx) are also given off during the
combustion of coal. After all the pulverised coal has been burnt in the boiler, two
types of ash are given off. Large particles are removed from the bottom of boiler
known as grate or bottom ash. The finer ash is removed from the boiler via the flue
gases, known as fly ash. The fly ash is extracted from the flue gases by a series of
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extractors, usually electrostatic precipitators or bag houses (Boswell, 1987;
Lorenzato, 1987).

Fly ash is further described as that percentage of ash, which is removed along with
the flue gas. Due to the high temperatures within the combustion chambers of the
power stations, possible melting, vapourisation and new mineral growth occurs,
making fly ash substantially different from coal ash because it is lighter (Bosch &
Willis, 1990:1-52).

Duvha Power Station is situated 15 km east of Witbank in Mpumalanga province. It is
the only Eskom’s coal-fired electricity generating station that utilizes both bag houses
and electrostatic precipitators as means of controlling the particulate emissions into
the atmosphere. The rest of Eskom’s coal-fired electricity generating stations utilize
either electrostatic precipitators or bag houses.

Three of the generating units at

Duvha Power Station utilize optipulse pulse-jet fabric filter in the bag houses. In 1993
Duvha Power Station became the first power station in the world to be retrofitted with
pulse jet fabric filter plant on three of its six units. The rest of the units function on
electrostatic precipitators. These plants contribute largely to the reduction of air
pollution by removing 99.99% of the fly ash otherwise released into the air through
the station's chimneys (Eskom Holdings, Generation Website, 2004).

For each corresponding unit there are 4 compartments or cells in a bag house. There
are about 6 724 filter bags in a compartment, each of which is eight meters long,
giving a total of 26 896 bags per unit (Duvha Technical Information, 1996:3).
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The bag house as means of controlling emissions is one of the approved, effective
and efficient methods in the control of particulate air pollutants. This method, just like
any production process requires maintenance whereby the fabric filter bags are
replaced with new ones.

At Duvha Power Station this process of replacing bag filters in the bag houses is
undertaken alternately in the units.

The frequency of the bag replacement is

depended on the performance of the stack emissions. The more dust that is emitted
from the stacks, which is indicative of poor performance of the bags, the more
frequent this operation will take place.

This operation for bag replacement if

undertaken at the most frequent period is biannually and this process is carried out
manually. Prior to the fabric filter bags’ replacement project, the unit or plant is shut
down or taken off production cycle for some time of bag house maintenance. This
action is undertaken in order to allow for the cooling down of the area and to reduce
the risk of exposure to the hazards of flue gases as well as heat.

There are 15 employees during a shift that are involved in the task of replacement of
bag filters inside a bag house. During the replacement of the fabric filter bags these
employees are in direct contact with fly ash dust. The fly ash dust is known to consist
mainly of particles that are below the 10µm size range. This dust fraction is therefore
considered to be respirable and will reach the alveoli once it is inhaled, thus could
increase the risk of causing pulmonary diseases such as silicosis if it contains
crystalline silica (HSE, 1986, MDHS 51).
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Figure 2.1: Power Station: Plant layout (Courtesy of Eskom’s intranet site)

Figure 2.2: Bag filters inside a cell in a bag house
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Figure 2.3: Fabric filter bags that are ready for disposal

2.3

CHARACTERISTICS AND PROPERTIES OF FLY ASH

Fly ash is a fine grey powder with virtually no odour. Fly ash is comprised mainly of
the inorganic fraction of the pulverised fuel. It is a fine-grained material that is made
up of spherical, glassy particles, mullite and quartz. Mullite (3Al2O3.2SiO2) consists of
the glassy particles that form a major part of the fly ash (Willis, 1987:1-12). There is a
correlation between the concentration of Al2O3 and mullite in fly ash.

Their

compositions are directly proportional to one another, which imply that by knowing the
concentration of one component will enable one to determine that of the other
species.

According to Treadwel et al. (1996), the mullite has unique thermal,

chemical and dielectric properties.
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Smaller amounts of crystalline calcium oxide, spine and hematite (Fe2O3) occur in fly
ash. Fly ash is very poorly soluble in water (EURELECTRIC, 2000:3). Less than 2%
of this ash is soluble in water (UKQAA, Technical Data Sheet 9.0, 2003:2).

Cook (1983:51) indicates that: “The characteristics of fly ash from a single source
may be uniform, or quite variable, depending on factors such as the source of the
coal, degree of coal pulverisation, age of plant, operating conditions, ash collection
and processing methods. By far the most influential factor of ash produced is the coal
source”. It is therefore evident that the percent composition of fly ash particles will
slightly differ because of the coal source.

Elemental analysis of the fly ash shows that the main components are silicon,
aluminium and calcium.

According to studies undertaken by (EURELECTRIC,

2000:3) an ideal fly ash from hard and brown coals are composed of the following
information as shown in Table 2.2.

Table 2.2: Coal fly ash composition
ASH
COMPOSITION (%)

HARD
COAL

BROWN COAL

SiO2

27 – 62

15 – 70

Al2O3

10 – 37

1 – 32

CaO

1 – 10

3 – 50

Fe2O3

2 – 18

1 – 30

SO3

0.1 – 2

0.5 – 20
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Due to its composition and genesis, coal fly ash exhibits pozzolanic properties; it
reacts with dissolved calcium hydroxide and water at normal temperature to form
strength developing minerals in a similar manner to cement (EURELECTRIC,
2000:3).

The composition of fly ash is dependent upon the mineral matter present within the
coal that is fired in the furnace and the effectiveness of combustion that has taken
place (Sear, L.K.A et al. 2004:5).

Cook (1983:54) specifies as follows: “Glassy particles in fly ash are probably the most
important pozzolanic constituent.

The reactions of the glassy particles with lime

released during hydration of cement produce secondary cementatious compounds”.
Cook (1983:54) further says that there is a general agreement that the finer the fly
ash, the higher the pozzolanic activity. In general, the finer ashes react quicker to
produce slightly higher early strengths and slightly faster set times.

The glass in fly ash is the most reactive component in cementation and an increase in
the mineral content would reduce the pozzolanic efficiency of the ash (Lesch,
1987:29).

According to studies undertaken by EURELECTRIC, (2000:3) an ideal fly ash is
composed of the following major oxides:
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Table 2.3: Major element oxides in fly ash (XRD analysis)
CHEMICAL COMPOSITION

PERCENTAGE (%)

SiO2

72

AlSO3

72

CaO

3 – 10

Fe2O3

3 – 10

SO3

1–3

TiO2

1–3

MgO

1–3

K2O

1–3

P2O5

1–3

Pb2O5

0.3 – 3

In summary, Sear L. K.A. et al. (2003:7) gives the following information about the
inorganic compounds in fly ash:

•

the majority of the ash is present as an alumino-silicate glass

•

most elements are present in very small qualities and are largely entrained in
the glassy material

•

typically, less than 2% of the fly ash is water-soluble; calcium and sulfate
constitute the majority of the water-soluble fraction

•

the water-soluble calcium and sulfate producing an alkaline environment
mainly determine the pH. When water is added to fly ash, it initially has a low
pH as the sulfate deposited on the surface of the particles is brought into
solution as sulfuric acid. This is a transient situation and, after a short time, the
pH rapidly rises as calcium is leached into solution. The pH is typically 8-11,
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although the pH for those ashes with higher free calcium oxide contents can
rise to 12. Only a very small quantity of free calcium is required to achieve the
higher pH (Sear et al. 2003:3).

In a study that was undertaken by Dreyer (1994:22) trace metals were determined in
the bulk fly ash samples that were taken in 3 of Eskom’s power stations. The study
focussed on the analysis of these trace metals in a total fly ash dust and not on the
respirable portion. The results of this study are shown below in Table 2.4.

Table 2.4: Concentration of trace metals in fly ash from three power stations at
Eskom

Trace metal

Duvha Fly ash
ppm

Kriel Fly ash
ppm

Matla Fly ash
ppm

Ba

1110-2000

1360-2370

1760-2920

Ni

63-143

41-78

50-90

Zn

50-149

8-55

13-39

Cr

196-246

129-239

139-249

Cu

47-85

49-81

46-84

V

120-203

96-236

139-249

As

4-83

1-26

2-23

Pb

40-165

40-82

35-121

It is because of the above results for the concentrations of trace metals in fly ash
samples from the 3 power stations that it was found necessary to undertake a study
at Duvha Power Station during the replacement of fabric bag filters in bag house.
The departure point from the study conducted by Dreyer (1994) is that trace metal
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determination will be conducted in respirable fly ash dust.

2.4

USES OF FLY ASH

Fly ash, or pulverised fuel ash (PFA) has been used for over 50 years for wide range
of applications in United Kingdom (Sear et al. 2003:1).

According to EURELECTRIC, (2000:3) fly ash is used more in high quality areas as
follows:

•

In the production of concrete and cement where it is used as a substitute for
natural resources.

It can be used as a component of Portland cement

concrete, either as an admixture with the cement or as a replacement for 15 to
50% of the Portland cement.
•

It is utilised in a wide range of applications in the road construction and in the
building industry as shown below in Figure 2.4.

The use of fly ash as a

building material allows energy savings and reduction of carbon dioxide
emissions as one ton of fly ash replacing cement saves a proportional amount
of carbon dioxide.
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Figure 2.4: Use of fly ash in building construction
(Courtesy: The Building Contractor, July 2001:35(9) 2-3)

Fly ash was used at the development of the R3.5 billion Melrose Arch as
shown above. During the construction of the “super basement” a concrete skin
over the majority of the construction site was required. This was achieved by
using an OPC/Fly ash mix, which was cost effective for the project and gave a
well-balanced mix for pumping and finishing. By the use of the OPC/Fly ash
mix, consistent concrete was achieved with no one-cube failure. A bonus for
using dense fly ash mix was that not a single slab has let a drop of water
through (The Building Contractor, July 2001:35(9) 2-3).

It was in 1979 that the South African Council for Scientific and Industrial
Research (CSIR) decided to look into the possible utilisation of fly ash waste
product from power stations. Since then the use of fly ash in road construction
has been promoted (Dyer, 1982:32).
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•

It is processed to give a material used for landfill cover and isolating lining that
has better technical and environmental characteristics than most natural clays.

•

Coal fly ash has also proven to improve the yield from agricultural land and can
be used as a pollution control agent, particularly for soil decontamination,
sludge and effluent treatment and in

hazardous waste stabilisation

(EURELECTRIC, 2000:4). It could be divided into three classes: (i) low
technology applications; (ii) medium technology applications; and, (iii) high
technology applications”.

According to Naik & Singh (CBU-1993-10) constructive use options for coal ash are:
•

The low technology applications include the use of coal ash in: (i) fills and
embankments, (ii) pavement and sub base course, (iii) sub grade
stabilizations, (iv) landfill cover, (v) soil improvement, (vi) land reclamation, (vii)
slurried flowable ash and (viii) water pollution control.

•

The medium technology applications include the utilization of coal ash in: (i)
blended cements, (ii) lightweight aggregates, (iii) various types of concrete,
precast products, bricks, blocks, paving stones, artificial reefs, and etcetera.

•

The high technology applications involves the use of fly ash as a raw material
for: (i) metal recovery, (ii) filler for metal matrix composite, (iii) polymer matrix
composites, and several other filler applications.”
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Where fly ash is utilised it has to meet special requirements requested by its users.
Therefore, the production system for fly ash (example boiler) needs to have
supervisory system which collates information on the type of coal that is burnt, the
performance of the coal mills, the combustion process, the fly ash collection and
precipitation process and finally, information on a range of fly ash properties (Naik &
Singh,1993).

In European countries, a proportion of fly ash produced is exported to the
neighbouring countries for recovery operations. The fly ash involved is valued as a
commercial product of high quality within the European building material market. It is
therefore a requirement that this type of fly ash has to meet quality standards that are
set in a document such as the European (CEN) Standard EN450 “Fly ash for
Concrete” (EURELECTRIC, 2000:4).

2.5

ENVIRONMENTAL IMPACTS AND HEALTH HAZARDS OF FLY ASH

Fly ash and its uses were discussed in section 2.4 of this study. Five percent or less
of the fly ash produced during coal combustion is released into the atmosphere,
which is accountable for the environmental impact (UNIPEDE, 1995:1). It is therefore
important to note that under normal operation of power generating plant minimal
amount of this fly ash is released into the environment.

The release of this fly ash dust into the environment either accidentally or through
industrial activities would result with the impact in air, land, water, structures and
people.
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2.5.1

Air pollution

Fly ash dust if liberated to the environment in high concentrations contributes to the
haze or smog that is seen on the sky and can reduce visibility, which may cause
traffic accidents. Aerosols in the atmosphere that scatter and adsorb light reduce
visibility. Fine particles like those of fly ash with diameter less than 2.5 micrometers,
have the largest effect on visibility.

2.5.2

Formation of acid rain

Electric power plants are major emitters of sulphur dioxide, which can be converted to
the sulphated particulates that contribute to haze, which consist mostly of dilute
sulphuric acid (Hill, 1997:90-91). When clouds are formed in the presence of this
haze, there is a possibility that the rain falling from such clouds will be acidic.

An acid rain is formed when sulphur dioxide and NOx emissions in the atmosphere
react with oxygen, oxidants and water to form acidic components, referred to acid
deposition or acid rain (EPA, 2003:Chapter 1:25). At the electricity generating plant
these gases are released from the combustion of coal that is impure because of large
sulphur and nitrogen contents. Excessive release of sulphur and nitrogen dioxides in
the atmosphere contributes to the formation of acid rain.
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2.5.3

Damage to structures

Fly ash dust can also cause damage to most of the infrastructure if combined with
wind and will reduce aesthetics.

Other environmental impacts occur when these

particles deposit onto man-made materials such as monuments or statues. Damage
occurs because of wet or dry depositions of contaminants on structures. This is
possible when excessive fly ash is released from the thermal power generating
stations.

2.5.4

Water pollution

Acid rain deposits into water and results in the elevation of the pH for lakes and other
water catchments resources.

The nitrogen in acid rain adds to the total loading of nitrogen in water-bodies. As
coastal ecosystems become overly rich in nitrogen, conditions favour more frequent
and more severe emergence of algal blooms, which deplete oxygen, harming fish and
reducing plant and animal diversity (EPA, 2003:Chapter 1:29).

2.5.5

Registration of industries and control of pollution

The majority of the fly ash produced in thermal power stations during the generation
of electricity is collected either by scrubbers, bag filters or electrostatic precipitators
and is not freely released into the atmosphere. The regulator through provisional and
registration certificates as well as provisional licenses and licenses that are issued to
each of the power plants control the emissions from these plants. The conditions of
emissions are described in the certificates and licenses that are issued.
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In South Africa, the registration is done through the Chief Air Pollution Officer
according to the requirements of Atmospheric Pollution Prevention (Act 45 of 1965).
This Act is explained briefly as follows:•

Part 1
It

provides

for

the

establishment

of

National

Advisory

Committee,

subcommittees and appeal boards; appointment of a chief air pollution control
officer and inspectors as well as their powers.

•

Part 2
It deals with the control of noxious or offensive gases and is enforced by the
chief officer who is employed by the Department of Health. This part deals
with the registration of scheduled processes.

There are 69 scheduled

processes registered in South Africa. These include power stations, chemical
industries, cement manufacturing and metallurgical processes. This part of
legislation specifies that no one can operate a process that emits noxious or
offensive gases unless he/she has a registration certificate.

•

Part 3
This part covers atmospheric pollution by smoke and is the responsibility of a
local authority. The local authority must set standards to be adhered to for
emission by smoke. This part prohibits a person to install an instrument that
will produce dark smoke exceeding the standard set by the local authority.
Provisions are given for start up periods and during the overhauling of the
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equipment or plant.

This part declares residential areas as smoke control

zones. These regions are considered as smoke free zones.

•

Part 4
It provides for dust control, which is vested in the chief officer. This part of
legislation is intended to all persons that operate plants that can release dust
to the residential areas.

Proper controls must be implemented in order to

reduce dust emissions.

•

Part 5 (Emission by vehicle)
This part of the Act prohibits the emission of smoke by diesel driven engine
vehicles. The applicable local authorities have set of standards to be adhered
to. This part makes it an offence for any person who drives a vehicle that
emits smoke greater than the limits set by a local authority.

•

Part 6 (Special provisions)
This part contains general provisions including penalties for contravening the
act and the fact that the State may make contribution towards expenditure
incurred in research and equipment to combat air pollution.

With the emphasis on continual improvement for control of environmental impacts,
the above Act was considered as being outdated for a number of reasons. This Act
does not provide for the allocation of functions of provincial and local governments as
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contemplated in the Constitution, it has inadequate compliance and enforcement
mechanisms to apply the Act effectively, and it lacks transparency in decision making.
The Department of Environment Affairs and Tourism (DEAT) came out with a better
legislation, which is aimed at replacing the Atmospheric Pollution Prevention Act
(APPA). This new legislation is described briefly below.

•

The National Environmental Management: Air Quality Bill

The National Environmental Management: Air Quality Bill has been approved in
Parliament during August 2004 and will be discussed. The objective of this Bill is: (i)
to reform the law regulating air quality in order to protect and enhance the quality of
air in the Republic of South Africa, taking into account the need for sustainable
development; (ii) to provide for a national norms and standards regulating air quality
monitoring, management and control by all spheres of government; for specific air
quality measures; and for matters incidental thereto.

The Bill contains nine chapters that are briefly discussed below:-

•

Chapter 1: Interpretation and fundamental principles

This chapter gives various definitions that are applicable in enforcing the proposed
act. A definition of interest in this chapter is air pollution. It is defined as any change
in the composition of the air caused by smoke, soot, dust (including fly ash), cinders,
solid particles of any kind, gases, fumes, aerosols and odorous substance. This
chapter defines the scope of all spheres of government to which this Bill is applicable
and the recourse to be followed in case a conflict arises due to a section of this Bill,
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with provincial legislation, a municipality by-law or Act of parliament.

•

Chapter 2: National framework and national, provincial and local
standards

This chapter gives the Minister the power to establish national framework, which is
binding to all organs of state in all spheres of government. The framework must
establish national standards for municipalities and provinces to monitor ambient air
quality, the collection and of management of data necessary to assess compliance
with the Act.

The Minister may also prescribe the manner in which air quality

measurements and reporting must be carried out.

•

Chapter 3: Institutional and planning matters

It provides for the establishment of National Air Quality Advisory Committee as a
subcommittee of National Environmental Advisory Forum in terms of the National
Environmental Management Act (NEMA), appointment of national, provincial and
municipality air quality officers as well as their powers and activities.

Both national department and provinces must include air quality management plans in
the environmental management plan as per NEMA requirements. This chapter gives
guidelines on the contents of such a plan to which all organs of the state must comply
with. In addition, it is required that all organs of state submit reports annually for air
quality management plans that were drawn.
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•

Chapter 4: Air quality management measures

This chapter describes the responsibilities of a Minister or MEC in declaring an area
as a priority area, the conditions under which an area can be declared or withdrawn
as a priority area.

It also describes the management of priority areas and the consultative process from
the Minister, national air quality officer, provincial and municipality air quality officers
of the affected province and municipality.

Under this chapter the Minister or MEC prescribes the regulations for implementing
and enforcing priority areas and quality management plans for funding and measures
to facilitate compliance.

A Minister or MEC may by notice in the Gazette, after following a consultative process
prescribed in the Act, publish or amend by adding or removing activities from the
previously published list, which have or are likely to have significant detrimental effect
on the environment.

According to this chapter no person without an atmospheric emission license will
conduct an activity listed either in the National or Province listing of activity. This
chapter allows the Minister or MEC may by notice in the Gazette, after following a
consultative process prescribed in the Act, declare controlled emitters and set
standards for controlled emitters as well as the manner in which measurements of
emissions must be carried out.
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According to this chapter it is prohibited for a person to manufacture, sell or use any
appliance or conduct any activity declared as a controlled emitter unless that
appliance complies with the standards set by the Minister.

The Minister or MEC may by notice in the Gazette declare any substance contributing
to air pollution as a priority pollutant and require persons within and category
specified to submit to either Minister or MEC for approval a pollution prevention plan,
which must be in compliance with the requirements prescribed.

This chapter requires that atmospheric impact reports be submitted in a prescribed
form to an air quality officer if suspected that it have contravened the Act or condition
of license or for the review of the license as per this Bill.

This chapter describes the prescribed methods that the Minister or MEC draw for the
control of dust, offensive odour caused by any activity and noise in the applicable
ways.

The owner of a mine operation is required to communicate to the Minister in writing
within 5 years before cessation of mining operation of plans for rehabilitation and
prevention of atmospheric pollution by dust after stoppage of operations.

•

Chapter 5: Licensing of listed activities

This chapter details the licensing authorities as metropolitan and district
municipalities, otherwise an MEC may intervene by designating a provincial organ of
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state for the duration of intervention as the licensing authority.

This chapter describes the process, documentation, motivation for application and
additional information required for applying for an emission license. It also describes
the procedure for both the licensing authority and the applicant for the application of a
license.

This chapter gives factors to be considered by the licensing authorities before issuing
a license, by taking into consideration the steps that will be taken to prevent, control,
abate or mitigate air pollution as well as the protection of environment from harm as a
result of the pollutant.

The licensing authority can grant or refuse application and notify the applicant in
writing of their decision if the application is refused. For successful application, a
provisional license, which is valid for six months, is issued to allow for the installation
and commissioning of the listed activity subject to the condition of the licensing
authority.

After this period, an atmospheric emission license is issued with the

condition and requirements prescribed by the licensing authority.

The license can be transferred upon application by the owner of an activity who
wishes to transfer the license to a new owner at the discretion of the licensing
authority.
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Review of atmospheric emission license is specified on the document and the review
is communicated in writing to the holder of the license. An atmospheric impact report
should be submitted during the process.

The variation of atmospheric emission licenses is at the request of the licensing
authority that will vary the license to include conditions that are necessary for
enhancing the air quality management on the license.

Renewal of atmospheric emission license by the holder to the licensing authority must
be done before the expiry date. The owner of a provisional license may not apply for
its renewal more than once.

Emission control officers who are competent in respect of the listed activity in
question should be designated having regard to the size and nature of the listed
activity.

The criteria for a fit and proper person is among the requirements, taking into
consideration and account that the person has not contravened or failed to comply
with Air Quality Bill, APPA or any other legislation applicable to air quality.

•

Chapter 6: International air quality management

The Minister will investigate any situation that contributes to air pollution across the
Republic of South African boundaries. If the findings indicate a detrimental impact on
air quality, the Minister may prescribe measures to prevent, control, or correct the
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releases after consulting with the Foreign Affairs’ minister and MEC concerned.
Through the Foreign Affairs’ minister, the Minister will then advise the government
affected before the regulations are published.

•

Chapter 7: Penalties

This chapter describes all applicable offences a person may be charged with and
penalties for contravening the act. These include and not limited to: operating without
an atmospheric emission license, supply of false information, failure to comply with
the requirement of atmospheric emission license and not meeting the standard
established for controlled emitters.

•

Chapter 8: General Matters

The Minister or MEC will make regulations that affect the Republic or a province
concerned after following a consultative process prescribed in this Bill. Failure to
comply with the regulations is a contravention and constitute an offence, which upon
conviction the offender will be fined or sentenced to jail for 5 years or both a fine and
imprisonment.

This chapter gives a consultative process that must be followed by either a Minister or
MEC before exercising a power.

It addresses the stakeholders including public

participation that the minister has to consult with prior to exercising a power.

This chapter addresses a question of delegation and exemptions. Minister or MEC
may delegate or assign duties to officials in their respective departments, indicating
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the power or duty as well as the exclusions that the delegates will have.

This chapter also allows for a person or organ of state to apply in writing for an
exemption of the provision of this Bill to the Minister.

•

Chapter 9: Miscellaneous

Upon signing of this bill, the APPA will be repealed. As a transitional arrangement in
respect of the registration certificates, these are deemed to be provisional
atmospheric emission licenses issued in terms of this Bill. The national air quality
officer will issue written confirmation of this arrangement to both provisional and
registration certificate holders.

Until such time that the list of activities is available, all processes in 2nd Schedule of
APPA are for the purpose of this Bill regarded as listed activities.

This chapter also gives a schedule of ambient air quality guidelines in Schedule 1 of
the Bill.

With the contents of National Environmental Management: Air Quality Bill, the
metropolitan or municipality is assigned the duty for licensing according to Chapter 5
of the bill.

In order to determine the impact of fly ash dust on the soil as well as the underground
water, a study was conducted on over 150 samples collected in Europe for the
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determination of heavy metal concentrations in bulk fly ash. The above was repeated
in the leachate after treatment of the fly ash with water (Pons & Leduc-Brunet, 1999;
EURELECTRIC, 2000:9).

The leachate was prepared by allowing a 1:10 mixture of solids (fly ash) and
demineralised water for a 24 hours extraction. The results of these experiments are
shown in Tables 2.5 and 2.6.

Table 2.5: Heavy metals concentration in typical coal fly ash
ELEMENT

HARD COAL

BROWN COAL

DIRECTIVE

(mg/kg)

(mg/kg)

86/278/EEC

As

6 – 117

16 – 114

-

Cd

0.1 – 5.1

0.6 – 1.5

20 – 40

Cr

20 – 330

33 – 305

-

Cu

52 – 264

18 – 131

1000 – 1750

Hg

0 – 1.7

0 – 0.9

16 – 25

Ni

28 – 249

41 – 280

300 – 400

Pb

9 – 660

7 – 64

750 – 1200

Zn

28 – 533

34 – 320

2500 – 4000

The results in the above table indicate that for heavy metal determination in fly ash,
the levels were within the acceptable limits as required by the European Directives
86/278/EEC regarding the use of sewage sludge as a fertilizer.

There are no

prescribed limits for arsenic and chromium according to the above standard.
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Table 2.6: Heavy metals concentration in typical fly ash leachate.
ELEMENT

HARD COAL

BROWN COAL

DIRECTIVE

(mg/l)

(mg/l)

98/83/EC

As

0.01 < 0.1

<0.01 to 0.03

0.01

Cd

0.0004 - < 0.01

0.001to 0.005

0.005

Cr

0.1 – 0.4

< 0.1

0.05

Cu

<0.01 – 0.1

< 0.01

2.0

Hg

<0.0002 - < 0.01

< 0.001

0.001

Ni

<0.05

< 0.01

0.02

Pb

0.003 to <0.05

< 0.01

0.01

Zn

0.01 to <0.3

< 0.02

-

Ca2+

68 – 572

23 – 1200

-

SO4 2-

94 – 712

61 – 2000

250 (guideline)

Cl -

<10

< 1 – 30

250 (guideline)

F-

<1–4

<1

1.5

For the leachate, the results in the above table were found to be either below or within
an order of magnitude of threshold values given in European Directive 98/83/EC
concerning the quality of water intended for human consumption.

It is because of the above results for heavy metals in fly ash and in leachate that it
was found necessary to conduct a study for the determination of toxic trace metals in
the respirable fly ash dust at Duvha Power Station during the replacement of fabric
bag filters. The results of the study will differ with the above only because trace
metals’ concentrations will be determined in the respirable fly ash dust. The study by
EURELECTRIC was based on bulk fly ash samples that included both inhalable and
respirable dust particles.
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2.6

HEALTH HAZARDS OF EXPOSURE TO FLY ASH DUST

Employees of coal-fired power stations and people living nearby as well as those
involved in the shipment and processing of coal fly ash can be exposed to coal fly ash
dust.

An extensive research programme was carried out in order to map such

exposure and its effects. (Kema, 1998; Meij R & te Winkel H, 2000:1).

2.6.1

Routes of entry

There are three main routes through which airborne particulates can enter into the
body and these are described below (Hansen, 1991:21).

2.6.1.1

Ingestion

Certain substances are carried into the intestine from which some will pass into the
body by pervasion through the intestinal wall. Like the lung, the intestine behave as a
selective filter which keeps out many, but not all harmful agents presented to it
(Stranks,1997:241).

Normally in the work environment this route of entry is not always common and
recognized. People would sometimes not knowingly eat or drink harmful chemicals.
This will also occur where personal hygiene is not practiced in the work environment.
Under such conditions employees will ingest harmful substances because of not
washing their hands after working in a contaminated area.

Toxic dust that is insoluble in digestive fluids when swallowed with food or saliva is
eliminated directly through the intestinal tract. Toxic materials in dust that are readily
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soluble in the digestive fluids can be absorbed into the blood from the digestive
system (Plog, 1996:21,125).

2.6.1.2

Skin absorption

Absorption through the skin can occur quite rapidly if the skin is cut or abraded. The
skin if intact is proof against most but not all inputs. There are certain substances
and microorganisms, which are capable of passing straight through the intact skin into
underlying tissue or even into the blood stream, without apparently causing any
change in the skin itself. The resistant of the skin to external irritants varies with age,
sex, race, colour and to a certain extent, diet (Stranks, 1997:240).

Human skin shows great differences in absorption at different anatomic regions. The
skin on the palm of the hand will show approximately the same penetration as that of
the forearm for certain organic phosphates. The skin on the back of hand and the
skin of the abdomen have twice the penetration potential of forearm, whereas folliclerich sites such as scalp, forehead, angle of jaw, behind the ear, and the scrotum show
a much greater penetration potential (Plog, 1996:125).

There are many compounds that can be absorbed through the intact skin. Some
substances are absorbed by way of openings from hair follicles and others dissolve in
the fats and oils of the skin, such as organic lead compounds. Compounds that are
good solvents for fats such as toluene also can be absorbed through the skin (Plog,
1996:21,125).
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Absorption, as a route of entry, is normally associated with occupational dermatitis,
the causes of which may be broadly divided into two groups (Stranks, 1997:241).

(a) Primary irritants: These substances will cause dermatitis at the site of contact if
permitted to act for sufficient length of time in sufficient concentrations.
(b) Secondary sensitizers: These substances do not necessarily cause skin changes,
but effect a specific sensitisation of the skin. If further contact occurs, dermatitis
will develop at the site of the second contact. Examples of secondary sensitisers
are nickel, certain wood dusts and photolytic enzymes (Stranks, 1997:241).

2.6.1.3

Inhalation

Inhalation of toxic substances in the form of dust, fume, gas, vapour or mist accounts
for the majority of deaths and illnesses associated with toxic substances (Stranks,
1997:241). For industrial exposures to chemicals, the most important route of entry is
usually inhalation.

Nearly all materials that are airborne can be inhaled (Plog,

1996:125).

Inhalation is particularly import because of the rapidity with which toxic material can
be absorbed in the lungs, pass into the blood stream, and be transported to other
parts of the body. Inhalation is the major route of entry for hazardous chemicals in
the work environment skin. The total amount of toxic compound absorbed via the
respiratory pathways depends on its concentration in the air, the duration of exposure
and the pulmonary ventilation volumes (Plog, 1996:21,125).
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It should be noted, however, that many exposures to inhaled dusts produces oral
exposures since much of material deposited in the nose, throat and lungs is trapped
in mucus which is eventually swallowed (Salmon & Waldon, 1989:29).

2.6.2

Target organs

Many dangerous substances (fly ash dust included) when taken into the body are
deposited in and act upon a particular body organ and/or a particular body system
(target system). The most common target organs are the lungs, bladder, skin and
brain. The most common target systems that are attached are the central nervous
system, circulatory system, reproductive system and the urine-genital system
(Stranks, 1997:241).

For the purpose of this study given that the common route of entry for fly ash during
exposure to dust in a work environment as inhalation, focus will be on the lungs as
the target organ, more especially the alveoli and the air exchange region as well as
the natural defense mechanism.

2.6.3

Deposition of particles and their removal from the body

When particulate-laden air is inhaled, some of the larger particles are trapped by the
hairs in the nose while others are removed from the air as it passes over the mucous
membranes of the nose, throat and other portions of the upper respiratory system.
The cyclonic effect caused by the sudden changes in direction of the nasal passages
also causes dust to impinge on the mucous membrane of the nose. In many cases
sneezing or blowing the nose (Stranks, 1997:321) may expel the dust particles.
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The bronchi and other respiratory passages are covered with a large number of tiny,
hairs like cilia, which aid in the removal of dust particles trapped on these surfaces.
The cilia, all bending in one direction, make a fast stroke toward the mouth and a
slower stroke away from the mouth. This action pushes mucus and deposited dust
particles upward to the mouth so that they can be expectorated or swallowed (Plog,
1996:179).

According to Stranks (1997:322) dust deposition locations in the respiratory tract is
broadly classified according to Table 2.7 as shown below:-

Table 2.7: Dust deposition locations and accompanying particle sizes
Particle size

Deposition area

Above 7µm

Mouth and throat only

4.7 to 7µm

Pharynx

3.3 to 4.7µm

Trachea and bronchi

2.1 to 3.3µm

Bronchioles

1.1 to 2.1µm

Terminal bronchi

0.43 to 1.1µm

Alveoli

The alveoli are the parts of the lung in which gas exchange occur. There are 200-600
million alveoli in a fully developed adult lung, which offers a surface area of some
100-200m2 of which gas can diffuse (Waldon & Harrington, Chapter 3:63).

Within the alveolus itself are cells known as alveolar macrophages or phagocyte cells,
which are white blood cells capable to remove dust and other debris entering the
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alveolus. These cells are also called wandering scavengers and they have large
nuclei. Having taken up the foreign material, the macrophages secrete hydrolytic
enzymes which attack the foreign body, neutralising its activity to some extent. After
carrying out this scavenging action, they transverse the airways aided by the cilia in
the epithelial lining (Waldon & Harrington, Chapter 3:65; Stranks, 1997:323). Upon
reaching the larynx, the phagocyte cells and their contents are:(i)

passed outside in the “sputum” or swallowed

(ii)

pass through the alveolar membrane into the lymph vessels associated with
the blood capillaries

(iii)

destroyed (if the dust is cytotoxic) and break up, releasing the particles into the
alveolar sac (Plog, 1996:48).

The structure of magnified alveoli where gas exchange takes place in the lung is
shown below as Figure 2.5.

Figure 2.5: Alveoli (gas exchange area)
Courtesy of Johns Hopkins University from oac@hmi.edu.
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2.6.4

Action of toxic substances

The toxic action of a substance can be arbitrarily divided into acute and chronic
effects (Plog, 1996:129).

2.6.4.1

Acute effect

Acute effects generally involve short-term high concentrations and immediate results
of some kind. Acute occupational exposures are often related to an accident.

2.6.4.2

Chronic effect

Chronic effects develop slowly with ultimate development of a disease. The term
chronic exposure refers to exposure continued for a prolonged period, usually years.

2.6.4.3

Neuro toxic effects

Agents that produce significant toxic effects on the nervous system cause these
effects.

Metals such as manganese, lead, and mercury are examples (Plog,

1996:131).

2.6.5

Neoplasm and reproductive toxicity caused by exposure to dust

2.6.5.1

Mutagenesis

A mutagen is an agent that affects the genetic material of the exposed organism. It
might cause cancer, birth defects or undesirable effects in later generations.
Mutations normally show up until the next generation at the earliest, and may not
appear for several generations (Plog, 1996:135).
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2.6.5.2

Teratogenesis

Agents identified as human teratogens include metals such as lead and mercury. A
teratogen affects a developing fetus.

The fetus is protected from some toxic

chemicals because of the placenta that prevents them from entering the fetal
bloodstream. The toxic metals such as lead can easily cross the placenta.

2.6.5.3

Carcinogenesis

Carcinogen refers to agent that can produce or accelerate the development of
malignant or potentially malignant tumors or malignant neoplastic proliferation of cells
in humans following a reasonable exposure (Plog, 1996:134).

Several inorganic salts of metals such as chromium, and to a lesser extent nickel
compounds are associated with cancer of the respiratory tract, usually the lungs.
Other metals such as beryllium and cobalt are suspect carcinogens. According to
NIOSH (1985: DHHS Publication No. 87-114), a substance is considered a suspect
carcinogen if it produces cancers in two or more animal species.

According to American Conference of Governmental Industrial Hygienists (ACGIH)
(2003:69), the categories for carcinogenicity are as follows:-

A1: Confirmed carcinogen
The agent is a carcinogen based on evidence from epidemiologic studies.
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A2: Suspected carcinogen
There is a conflicting or insufficient data to classify the agent as a confirmed
carcinogen; or, the agent is carcinogenic in experimental animals. This classification
is used when there is limited evidence of carcinogenicity in humans and sufficient
evidence of carcinogenicity in experimental animals with relevance to humans.

A3: Confirmed animal carcinogen with Unknown Relevance to Humans
The agent is carcinogenic in experimental animals at a relatively high dose by routes
of administration or by mechanism that may not be relevant to worker exposure.

A4: Not Classified as Human Carcinogen
Agents that cause concern that they could be carcinogenic for humans but which
cannot be assessed conclusively because of lack of data. Animal studies do not
provide indications of carcinogenity which are sufficient to classify the agent into one
of the other categories.

A5: Not Suspected as a Human Carcinogen
The agent is not suspected to be a human carcinogen on the basis of properly
conducted epidemiological studies in humans. These studies have sufficiently long
follow-up, reliable exposure histories, sufficiently high dose, and adequate statistical
power to conclude that exposure to the agent does not convey a significant risk of
cancer to humans.
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2.6.6

Occupational exposure

2.6.6.1

Dose/response relationship

For many chemicals found in common industrial use, it is possible to discern a link
between dose and the body’s response, a characteristic known as dose/response
relationship. With many dusts, the body‘s reaction or response is directly proportional
to the dose received over a period of time. The greater the dose, the more serious
the resulting condition, and vice versa (Stranks, 1997:242; Hansen, 1991:23).

From the above explanation it is important to note that for an individual to be affected
by an environmental contaminant in a work environment, such an individual must be
exposed to a sufficient concentration of that contaminant for a given period of time in
order to be affected. It is because of this knowledge that the concept of threshold
limit values for various substances was born.

2.6.6.2

Occupational Exposure limits

Threshold limit values refer to airborne concentrations of substances and represent
conditions under which it is believed that nearly all workers may be repeatedly be
exposed day after day without adverse health effects (ACGIH, 2003:3).

These values are published by the American Conference of Governmental and
Industrial Hygienist in the United States of America and adopted for use in the United
Kingdom by the Health Safety Executive (Stranks, 1997:242). These values refer to
time-weighted average concentration for an 8-hour work day and a 40-hour working
week. The threshold limit values in UK and South Africa have now been replaced by
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occupational exposure limits (OELs).

In United Kingdom a HSE Guideline Note EH 40, which forms part of the Control Of
Substances Hazardous to Health (COSHH) Regulations 1988 gives detail of
occupational exposure limits (OELs) that should be used for the purpose of
determining the adequacy of control of exposure by inhalation to substances
hazardous to health (Stranks, 1997:242). The South African’s adopted this guideline
note and reproduced it as part of the Regulations for Hazardous Chemical
Substances, 1995.

People are of wide variation in individual susceptibility, a small percentage of workers
may experience discomfort from some substances at concentrations at or below the
threshold limit; a smaller percentage may be affected more seriously by aggravation
of a pre-existing condition or by development of an occupational illness. Tobacco
smoking may act to enhance the biological effects of chemicals encountered in the
workplace and may reduce the body’s defense mechanisms against toxic substances
(ACGIH, 2003:3).

Threshold limit values are based on:(i)

available information from industrial experience

(ii)

experimental human and animal studies

(iii)

combination information from the above
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The amount and nature of the information available for establishing a TLV or OEL
varies from substance to substance.

It is therefore important to note that the

precision of the estimated TLV is also subject to variation and the latest TLV
documentation should be consulted in order to assess the extent of the data available
for a given substance.

The substances that are hazardous to health may cause adverse effect after shortterm exposure or via long-term exposure through accumulation of substances in the
body or through the gradual development of increased risk of disease with each
contact. Two types of exposure limits are therefore listed in Hazardous Chemical
Substances Regulations and are explained as follows:-

(i)

The long term exposure limit: This is concerned with the total intake over long
periods and is therefore appropriate for protecting against the effects of longterm exposure. This limit is expressed as OEL-TWA and is defined as a time
weighted average concentration for a conventional 8-hour workday and a 40hour week, to which it is believed that nearly all workers may be repeatedly
exposed, day after day without adverse effect.

(ii)

Short-term limit: This limit is aimed at avoiding the acute effects, or at least
reducing the risk of occurrence. This limit is expressed as OEL-STEL. This
limit is defined as the concentration to which it is believed that workers can be
exposed continuously for short period of time without suffering from, (i)
irritation, (ii) chronic or irreversible tissue damage, or (iii) narcosis of sufficient
degree to increase the likelihood of accidental injury, impair self-rescue or
51

materially reduce work efficiency, and provided that the daily OEL-TWA is not
exceeded. This limit is not independent to the OEL-TWA but should be taken
to supplement it.

As was explained previously, the Regulations for Hazardous Chemical Substances,
1995 gives OEL values for most of the chemicals. Fly ash dust is stipulated in this set
of regulations and the OEL-TWA values are given as 10 mg/m3 for inhalable dust and
5 mg/m3 for respirable dust.

The ACGIH gives these values as 10 mg/m3 for inhalable dust and 3 mg/m3 for
respirable dust. The HSE in UK give the values of 10 mg/m3 for inhalable dust and 4
mg/m3 for respirable dust. For the purpose of this study, values as stipulated by the
Regulations for Hazardous Chemical Substances will be used for comparison with the
results that will be obtained during this study.

2.7

STUDIES THAT RELATES TO FLY ASH DUST EXPOSURE

At the electricity generating plant SOx and NOx gases are released from the
combustion of coal that is impure because of large sulphur and nitrogen contents.
These gases interact in the atmosphere to form fine sulphate and nitrate particles that
can be transported long distance by winds and inhaled into people’s lungs
(EPA,2002).

Concerns about exposure to fly ash dust come from the nature of its composition.
Uncertainties about health effects have focussed on the presence of various inorganic
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and organic contaminants that could be carcinogenic or potentially carcinogenic in
nature. High doses of inorganic contaminants that are carcinogenic such as metals
can cause health problems (Shrivastava et al., 1984).

“Approximately 35 metals are of major concern in regard to occupational exposure.
Two thirds of them can cause health hazards if not properly handled and may result in
well-defined toxic effects in humans. Some metals are poisonous in small quantities
while others are only poisonous in relatively high concentrations. On the other hands,
some metals, even in small doses, may cause both immediate and chronic poisoning.
Damage may involve disturbances of blood composition or nervous system, or injury
to the liver or kidneys. Long term exposure to certain metals compounds may cause
cancer. Allergic reactions may result from repeated long-term contact with some
metals and metal compounds” (Bakar & Gold, 1993).

Breathing of coal fly ash may have serious impact on human health because it
contains numerous metals and organic compounds which are considered toxic to
humans and animals. Studies on rats have found that these contaminants can irritate
the lungs and reduce production of the chemicals that the body uses to fight lung
infections (Chauhan & Misra 1991).

Fly ash has also been shown to damage structures in the lungs known as alveolar
macrophages that play an important role in protecting the lungs from inhaled particles
and infections (Aranyi et al. 1979).
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Most of the particles that are contained in the fly ash are insoluble in body fluids and
remain deposited in the lung until the body’s defense mechanism attempts to digest
and remove them. There is a theoretical possibility that long-term exposure to very
high level of fly ash could result in benign siderosis (British Journal of industrial
Medicine, 1988:312-319). This is mainly because haematite is one of the major
oxides contained in fly ash as was show in the previous analytical results.

Even the iron in ash can cause health problems. Scientists exposed human lung
cells to iron in coal ash and found that the iron caused the lungs to become inflamed.
Based on their findings, they concluded that high levels of fly ash in the air could lead
to lung illnesses and death (Smith et al. 2000:118). This is true because Fe2O3 is one
of the major oxides contained in fly ash as was shown in the previous analytical
results in tables 2.2 and 2.3.

Furthermore, the metals and cancer causing organic compounds in the ash are
readily absorbed through the lungs into the body. Several studies show that the
arsenic and organic compounds in fly ash travel through the lungs into the blood
stream where they collect in the liver and other organs.

Once in blood, the pollutants in fly ash have been found to change the blood
chemistry in laboratory animals by reducing the amount of red blood cells that carry
oxygen to cells and tissues. The pollutants in the fly ash also weakened the animals’
immune system by lowering the white blood cell count (Srivastava et al. 1984).
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The organic chemicals are as well suspected carcinogens.

These are formed

because of incomplete combustion of pulverised fuel. These organic compounds
include polycyclic aromatic hydrocarbons (PAH’s), furans and dioxins.

Other health concerns about fly ash exposure relate to its origin from coal. Certain
coals like some minerals and ores derived from the earth have natural or background
radioactivity. The ash might pose a radiation health hazard (Meij & te Winkel, 2000:56). Radioactive substances are found throughout the earth’s crust. A certain amount
of radioactive radiation occurs naturally. This is known as background radiation.

Substances extracted from the earth’s crust, including sand, clay, marble, granite and
coal contain radioactive material. The use of such substances in construction or in
power generation can result in the concentration of radiation, so that levels exceed
natural background radiation levels. When coal is burnt, the radioactive materials are
left behind in the ash, which consequently can raise concentration of radioactivity per
unit weight.

Working with such ash can therefore increase one’s background

radiation level (Meij & te Winkel, 2000:6).

2.7.1

Reported cases of exposure to coal fly ash

There are reported case studies of people that have been exposed to coal fly ash
dust. These cases further justified for this study of establishing hazards of exposure
to fly ash dust for employees working in bag houses at the power station. These
cases are described below:
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•

According to (Shrivastava et al.,1994), a 48 year old man with no history of
pulmonary disease developed acute lung disease after the intensive exposure
to fly ash. He subsequently had progressive worsening of shortness of breath
to the point of requiring mechanical ventilation. It could not be established
what were the causes of such conditions.

•

The case history of a 39-year-old male truck driver with bronchiolitis obliterans
was presented. The subject worked for a waste management firm and was
occupationally exposed to fly ash dust from incinerated fossil fuels. Exposure
occurred during the 30 minutes to one hour spending on loading or unloading
fly ash without personal protective equipment.

The subject developed

intermittent coughing spells and respiratory symptoms, which progressed to
symptom persistence after work, culminating in loss of consciousness. Upon
admission to the hospital, the patient was diagnosed with bronchiolitis
obliterans

based

on

clinical

criterion

(Journal

of

Occupational

and

Environmental Medicine, 1995. 37(7):850-855).
•

Previous studies (Schilling et al., 1988) of respiratory disorders in workers
exposed to pulverised fuel ash have been confined to radiological effects that
were found to be minimal.

The study included 268 men (88% of defined

population) with history of more than 10 years exposure to pulverised fuel ash
dust in six power stations in the south east of England.

The men were

grouped, using their occupational histories, into high, medium and low
exposure categories. Dust concentrations were obtained by personal sampling
on a representative sample of men from the three exposure categories. Lung
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function tests showed that the men with prolonged heavy exposure have a
higher prevalence of respiratory symptoms. According to the findings of the
above cross sectional survey, exposure to pulverised fuel ash dust should not
exceed the limits recommended by the Health and Safety Executive for low
toxicity dusts. The values were discussed previously when dealing with
occupational exposure limits.
•

There is little information on the genotoxicity, carcinogenity or reproductive
toxicity of fly ash in humans and animal experiments and the results have been
inconclusive (UNIPEDE, 1995:3). In accordance with literature, it could not be
established of any effects of single exposures to fly ash in humans. However,
there is a single case that was reported of asthma in a worker exposed to fly
ash dust in a power plant.

However, no investigations were conducted to

identify which of the possible components of fly ash were responsible for this
reaction (UNIPEDE, 1995:3).

There are no baseline data records available from South African studies that relate to
employees’ exposure to fly ash dust.

The only data available is merely through

reports of the Surveillance of Occupational Respiratory Diseases in South Africa
(SORDSA), which is not specific to exposure to fly ash dust but generic to
contaminants that have potential to cause respiratory diseases in a work
environment. Table 2.8 shows cases of respiratory diseases that were reported to
SORDSA between 1997 and 1999 (SORDSA News, January – June 2000:1).
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Table 2.8: Frequencies of cases reported to SORDSA
DISEASE REPORTED

1997 – 1999

Pneumoconiosis

2265

COPD

86

Occupational asthma with latency

249

Bronchitis

70

Lung cancer

28

Inhalation accidents

351

Non malignant pleural disease

130

Irritant induced asthma
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From the above table it is clear that pneumoconiosis cases are in great numbers as
compared to the other respiratory conditions. It is likely by deduction that these cases
as reported are including exposure to coal fly ash dust. The results of this table were
another justifying reason for undertaking this study for establishing the hazards that
fly ash dust might have.

In as far as exposure to fly ash dust by members of public that are living near the
power generating plant is concerned, assumptions on the health effects of fly ash
dust are made based on the information that was obtained from United States of
America (Schneider, 2000:3-9), which is linked to exposure to fly ash dust because it
relates to exposure to fine particles that are released from the power generating
plants of which fly ash is considered as the major component of these particles. The
American Clean Air Society further indicates that:
•

fine particles from power stations in United States of America cuts short the
lives of people living in the vicinity of these power stations
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•

in more polluted areas, fine particles pollution can shorten several years of its
victims’ lives

•

hundreds of thousands of Americans suffer from asthma attacks, cardiac
problems associated with fine particles from power plants

•

the elderly, children, and those with respiratory disease are most severely
impacted by fine particle pollution from power plants

•

metropolitan areas with large populations near coal-fired power plants feel their
impacts most than in areas with few or no coal-fired power plant

It is also because of the above information that the study of the health hazard
associated with exposure to fly ash dust is undertaken in the bag houses at Duvha
Power Station. Supporting information relates to the concern of exposure to toxic
trace metals that are likely contained in fly ash dust of which there is no conclusive
scientific evidence of exposure to these metals. Two-third of the metals that are of
major concern in regard to exposure by inhalation can cause health hazards if not
properly handled and may result in well-defined toxic effects in humans. Damage
may involve disturbances of the blood composition or nervous system, or injury to the
liver or kidneys. Long-term exposure to certain metal compounds may cause cancer
that could ultimately lead to death. Allergic reactions may result from repeated long
term contact with some metals and metals compounds (Raask, 1980).

Trace elements such as arsenic, barium, boron, chromium, copper, lead, manganese
and nickel are present in fly ash in concentrations around 100 ppm by weight (Raask,
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1980). The above results were obtained on analysing the bulk samples of fly ash
dust and not in the respirable fly ash. It is the intention of this study to concentrate on
the determination of these toxic trace metals in the respirable fly ash dust.

Studies that were conducted by UNIPEDE (1995:3) revealed that bulk fly ash has an
alpha-quartz content of between 0.1 and 11% in the respirable fraction. The potential
for alpha quartz exposure exists if there is high quartz content in the coal feed stock.
However, its toxicity is significantly reduced by the high combustion temperature
(approximately 1800°C) in modern power stations. This results in the quartz being
converted from crystalline to a non-hazardous vitrified form. It is because of the
formation of a glassy material that fly ash was considered as being relatively inert and
innocuous after combustion and at the occupational exposure limit (OEL-TWA) of 10
mg/m3 for inhalable dust is considered not to pose a health hazard.

The Occupational Health and Safety Act (OHSAct) prescribes the TWA OEL of 5
mg/m3 and 10 mg/m3 respectively for respirable and inhalable dust for fly ash.

It could not be established if there were studies undertaken to determine employees’
exposure by inhalation to heavy metals in fly ash dust.

The assumption by

EURELECTRIC (2000:4) was that there was no danger to toxic metals if the level of
fly ash dust in a work environment is at or below the occupational exposure limits of
10 and 5 mg/m3 respectively for total inhalable and respirable dust concentrations.
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It is the intention of this study to establish if the above statement is true by
determining the concentrations of toxic heavy metals in the respirable fraction of the
fly ash dust. This will enable a decision in arriving at a convincing and scientific
conclusion about exposure to the fly ash dust.

An aspect of possible clinical relevance for determining the concentrations of toxic
heavy metals on the respirable fraction of fly ash is the phenomenon that trace metal
vapourisation in the combustion chamber occurs with condensation onto particle
surface with cooling. Fly ash consist of fine particles and these small particles have a
higher surface area/volume ratios as compared to the bigger ones, subsequently will
have a higher trace elements concentrations as condensation occurs.

It is therefore considered to be important to determine the concentrations of these
metals on the respirable fly ash dust because this constitutes very fine particulate
matter.

The following list of metals was compiled for this study mainly because of the toxic
and/or allergic reactions that they may cause. The health effects are outlined below
for each of the selected metals of interest. The health effects for these metals are not
discussed in any order of importance or preference.
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2.7.2

The health effects of identified metals

2.7.2.1

Arsenic and its compounds

Arsenical poisoning may occur in industry in three forms: (i) from inhalation of or
contact with dusts of inorganic compounds of arsenic; (ii) from inhalation of
arseniuretted hydrogen gas, and (iii) from contact with organic arsenic compounds
(Hunter, 1980:347).

Chronic exposure to arsenic compounds produces dermatitis and irritation of the
mucous membranes and upper respiratory tract. Perforation of the nasal septum may
also result. It has also been accepted that arsenic and its inorganic compounds are
carcinogenic, producing cancers of the respiratory tract, the skin (wart) and possibly
the liver (Hunter, 1980:347).

Haerting and Hesse (1879:102) implicated the inhalation of arsenical dust as a major
cause of lung disease of the Schneeberg miners. In 1888 Jonathan Hutchinson drew
attention to the carcinogenic properties of arsenic. The development of carcinoma of
the skin psoriasis and other skin condition in patients treated with arsenical mixtures
(Hunter, 1980:352).

The fine powder of arsenical compounds which settles on the skin of industrial worker
may give rise to warts on the nostrils, eyelids, lips, ears and wrinkles of the neck, and
since these compounds of arsenic are carcinogenic, the warts may become
malignant. Cases of cancer of the skin because of occupational exposure to arsenic
are generally rare (Hunter, 1980:352-353).
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Aromatic arsines differ from those of the aliphatic series in their physical and chemical
properties and in their biological action. They are energetic sternutators and lung
irritants even at very low concentrations. Their aggressive action is provoked by
finely divided solid particles, which on liberation in the air form highly lethal smokes
(Hunter, 1980:363).

2.7.2.2

Chromium

Chromium forms salts in the Cr2+, Cr3+ and Cr6+ oxidation states. The latter is the
most hazardous. Chronic exposure may result in a persistent irritant dermatitis, for
instance chronic eczema. Sensitization may also occur. The other main chronic
effect, which has been observed, is an increase in the incidence of lung cancer in
people employed in the production of chromate and dichromate ore.

Chromate

pigments such as lead chromate and zinc chromate are also suspected of being
carcinogenic, the causative agent seemingly being the chromate and not the metal.

According to Cumming (1817:134; Hunter, 1980:435) lesions of the skin due to
chromium salts have been known when he described chrome holes on the fingers
and hands of bi-chromate workers in Glasgow. Wutzdorff (1897:328; Hunter,
1980:435) pointed out that similar lessions were found in 1889 by the German factory
inspectors amongst workers in a chromate works at Greisheim.
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Perforation of the nasal septum occurred from a sample of workers that were
employed in the manufacturing of potassium dichromate. From 176 men that were
examined, 126 of them had perforated septum (Legge, 1902:447; Hunter, 1980:436).

2.7.2.3

Barium and its compounds

Studies have shown that inhalation of insoluble barium sulfate dust can cause benign
pneumoconiosis after many years of exposure (Hunter, 1980).

2.7.2.4

Lead and its inorganic compounds

Lead is a cumulative poison and is mainly deposited in bone marrow, from where it is
slowly released. One of the main adverse effects of lead is interference with the
synthesis of haem, part of the haemoglobin pigment in red blood cells, which carries
oxygen from the lungs to the body tissues. The haemoglobin may be significantly
lowered resulting in anaemia.

Associated symptoms include fatigue, anorexia,

abnormal pain, constipation or diarrhoea and the characteristic blue line gums. The
other effect of lead is damage to the peripheral nerves, the classic presentation of this
being wrist drop.

Chronic cases may show mental dullness, inability to concentrate, poor memory,
headaches, head retraction, trembling, deafness, transitory aphasia and hemianopia,
and amaurosis without fundus changes (Hunter, 1980:268).
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2.7.2.5

Manganese

Acute exposure to manganese fumes may produce metal fume fever, for instance
flue-like illness with some chest tightness, the symptoms of which disappear within 48
hours. Chronic exposure is potentially more serious and causes anorexia, vertigo
and apathy interspersed with bouts of excitability or manganic psychosis.

The

condition in more severe cases is irreversible though not fatal. This condition result in
development of spastic paralysis of lower limbs which is incapacitating to those who
were exposed to manganese dioxide.

This condition is related to parkinsonism

(Hunter, 1980:441).

There may also be symptoms of pneumonitis, including shortness of breath, cough
and increase in temperature.

In 1921 Brezina reported that five out of ten men

working in a manganese mill had died of pneumonia in two years of employment.

Baader (1933:101; Hunter,1980:443) ascribed the high incidence of pneumonia
amongst dry battery workers to manganese dioxide, while Heine (1943:76; Hunter,
1980:443) pointed out the incidence of pneumonia in men handling pyrolusite in
German factories.

2.7.2.6

Mercury and its inorganic compounds

The principal effect of mercury is on the central nervous system, mouth and gums.
Early symptoms may include nausea, frequent headaches, tiredness and chronic
diarrhoea. The gums may become inflamed, the teeth loose, and ulcers form on the
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cheek and lips. In the longer term, tremors often start in the fingers, spreading to the
tongue, lips, eyes and lower limbs, and are worst when the subject attempts to do
something for instance writing (Hunter, 1980:314).

Mercurial poisoning may occur in industry in three forms: (a) from exposure to
metallic mercury or its vapour; (b) from contact of the skin with mercury fulminate, and
(c) from exposure to organic mercury compounds. The clinical picture is different in
each of these three types.

Poisoning by metallic mercury leads to stomatitis,

erethism and tremor (Hunter, 1980:305).

In 1803 because of the fire in a quicksilver mine in Idria, mercury vapour escaped into
the air; 900 persons in the neighbourhood had mecurical tremor and many cows
suffered from salivation and abortion (Hunter, 1980:309).

2.7.2.7

Nickel and compounds (other than the carbonyl)

The main hazard for contact with solutions of nickel salts is allergic contact dermatitis
in susceptible individual. It is therefore important to remove the sensitised individuals
from further exposure to prevent recurrence of symptoms. The other problem, which
is associated with chronic exposure to nickel compounds, is cancer of the lungs and
nasal sinuses, especially the ethmoid (Hunter, 1980:447).

There is a condition known as nickel itch, which occurs in nickel plating
establishments. It begins as a pink, papular erythema in the web of the fingers. It is
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worse at night and in hot weather. The eruption may spread on to fingers, wrists and
forearms and at times on to the chest and face (Hunter, 1980:447).

There are cases of workers complaining of a bitter metallic taste in the mouth, with
loss of energy both physical and mental (Hamilton & Hardy, 1949:205; Hunter,
1980:447).

2.7.2.8

Zinc

Acute exposure to fumes of zinc oxide produces symptoms of metal fume fever,
which result in general tiredness, headache, muscular pain fever and chills. Other
zinc compound of concern is zinc chromate, which is suspected of causing cancer of
the respiratory tract, although the causative agent seemingly being the chromate and
not the zinc metal.

2.7.2.9

Vanadium (V)

Vanadium is poisonous by any route of administration. Occupationally the important
exposure route is by inhalation.

Vanadium pentoxide gives rise to toxic dust

(Symanski, 1939; Hunter, 1980:476).

Acute exposure causes a burning sensation, irritation of the nose and throat, cough
and chest pain (Hunter, 1980:476; Balestra & Molfino, 1942). Cases of respiratory
symptoms in ninety workers making vanadium pentoxide were reported by Wyer
(1946; Hunter,1980:477).
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Chronic exposure is thought to result in chronic bronchitis with a feeling of constriction
in the chest, persistent cough, profuse expectoration and sometimes haemoptysis
(Hunter, 1980:476; Symanski, 1939).

2.8

METHODS FOR THE STUDY

The purpose of this literature search was to establish methods that will be used to
arrive at the results that will address the objectives and hypotheses of this study.

2.8.1

Methods for sampling and analysis of fly ash dust

There are three categories of dust: respirable, thoracic and inhalable (inspirable).
Each type of dust exists in the air that we breathe; the only difference between them
is the diameter of the dust particles. Respirable dust particles are under 10 µm in
aerodynamic diameter and are hazardous when deposited in the gas exchange
region, thoracic dust particles are under 25 µm in aerodynamic diameter and are
hazardous when deposited anywhere within the lung airways and exchange region.
Inhalable dust particles are under 100 µm in aerodynamic diameter and are
hazardous when deposited anywhere in the respiratory tract (Guild et al. 2001:103).
The collection method varies, depending upon the type of dust to be evaluated.

Another factor to consider in particulate monitoring is the filter selection. There are
two types of filters: pre-weighed and matched weight.

These can be made of

polyvinyl chloride (PVC) or mixed cellulose ester (MCE). Generally, PVC filters are
used in gravimetric analyses because they are durable and do not absorb moisture.
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However, MCE filters are used especially when sampling and analysis for metals,
even though that they are hygroscopic.

For this study the sampling methods for respirable dust and toxic metals compiled by
NIOSH as well as that by HSE for respirable dust were studied. These were studied
in order to derive at a suitable procedure to be used for sampling the respirable fly
ash dust and ultimately for determining the concentrations for various toxic metals.
The available methods that were studied are NIOSH 0600, NIOSH 7300 and HSE
MDHS 51. The abridged texts of the NIOSH methods are attached as Appendices G
and H. These methods together with the HSE MDH551 are described below:-

2.8.1.1

NIOSH method 0600, 1998

The method is for the determination of respirable dust. The above method is
applicable for the sampling of any non-volatile respirable dust and is also
recommended for respirable coal dust sampling.

The method requires that a PVC filter be used for the collection of dust particles. The
filters are to be equilibrated and weighed before and after sampling.

An

environmental chamber or room for balance is required. This needs an atmosphere
of consistent temperature and humidity. Temperature should be at 25°C ± 1°C, and
the relative humidity at 50% ± 5%.
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This method requires in addition that a cyclone be used in collecting the respirable
dust fraction. A cyclone is a device that collects particles of interest and excludes
particles larger than the respirable size during sampling. This method recommends
air flow sampling rates of 1.7 and 2.2 l/min based on the cyclone that is used. The
cyclone used for this method is made of nylon or aluminium, 10 cm in length and has
a diameter of 37 mm. This cyclone meets ACGIH/ISO/CEN respirable dust curve
with a median cut-point of 4.0µm when used with a sampling pump that is calibrated
at 2.5 l/min. In sampling for dust, this method requires that the control filters be
exposed to the same dust environment, either in the laboratory dust chamber or in the
field. These filters should be weighed before and after sampling. The microbalance
used for weighing of filter membranes must be 0.001 mg sensitive.

For each batch of 10 field filters weighed for routine sampling, two “blanks” reference
filters must be retained.

Interference: Larger particles (over 10 µm) have been found in some cases by
microscopic analysis of filters.

Over-sized particles in samples are known to be

caused by inverting the cyclone assembly. Heavy dust loadings, fibres, and watersaturated dusts also interfere with the cyclone’s size-selective properties.

2.8.1.2

HSE MDHS 51, 1986

This method is for sampling quartz in respirable airborne dust.
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This method suggests the use of a 25 or 37 mm diameter cyclone and a three-piece
filter cassette with the sampling pump calibrated to retain a smooth air flow rate of 1.9
± 0.1 l/min throughout the sampling period for respirable dust. The method also
prescribes a PVC or PVC-acrylonitrile filter membrane for the collection of respirable
dust particles because of the final analysis required for the determination of quartz by
x-ray diffraction. The pump is calibrated at 1.9 ± 0.1 l/min in order to meet with the
British Medical Research Council’s curve for respirable dust with a median cut-point
of 5.0µm.

As in method NIOSH 0600, the filter paper must be pre-weighed before and after
sampling in order to determine the respirable dust and ultimately quartz.

The method recommends a microbalance that is capable of weighing to within ±5µg
over the range 0-20 mg. Filters must also be passed over the static eliminator to
dissipate any electrostatic charge. For each batch of up to 30 filters weighed for
routine sampling, three “blanks” reference filters must be retained.

2.8.1.3

NIOSH Method 7300,1994

Above method is for the sampling of metals. This method requires that either a 25 or
37 mm diameter MCE filter membrane be used for collecting the dust and it does not
prescribe the use of a cyclone, because this method is not intended to sample for
respirable dust.
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Pre-weighing of filters before and after sampling is not a requirement for this method
because the final sample is analysed on an ICPS. Pre-weighing only becomes a
requirement if both the dust load and metallic analyses are of importance for the
study.

The final analysis to determine the toxic trace metals’ concentrations is

performed by the use of Inductively Coupled Plasma Spectroscopy (ICPS).

By definition, plasma is a conducting gaseous mixture containing a significant
concentration of cation and electrons.

Inductively coupled plasma consists of 3 concentric quartz tubes through which
streams of argon flow at a total rate of 17 l/min. The sample is carried into the hot
plasma at the head of the tube by argon flowing at 1 l/min through the central quartz
tube. The sample is in most cases an aerosol. By the time the sample reaches the
plasma it has a residence time of 2 minutes at a temperature ranging from 6000 to
8000 Kelvin. These times and temperatures are 2 to 3 times as great as those
attainable in the hottest combustion flames. Atomization is more nearly complete and
less chemical interferences are encountered when the elements reach the plasma.
Ionisation takes place and interference effects from various elements are small and
nonexistent (Skoog, West &Holler. 1992:635-637).

The advantage of the ICPS method is that it is for simultaneous elemental analysis,
not compound specific. Blank samples are also required for the analysis. For each
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batch of 10 field filters for routine sampling, two “blanks” reference filters must be
retained.

The only interference is because of spectral interferences encountered in ICP
analysis.

These are minimised by cautious wavelength selection, inter-element

correction factors and background correction.

The HSE MDHS 51 method as modified to suit the South African condition was the
preferred method because of the apparatus that is readily available. This method
was however modified by using MCE filters for the collection of respirable dust so that
the samples could further be submitted to the laboratory for the determination of toxic
trace metallic elements.

The environmental stabilising chamber as described in

NIOSH 0600 is also a modification that was adopted for the sampling procedure.

The procedure followed for the sampling of respirable fly ash dust and analysis of
toxic trace metals was therefore a combination of methods MDHS 51, NIOSH 0600
and NIOSH 7300.

2.8.2

Method for collecting epidemiological data

A questionnaire for this study was designed by modification of a respiratory
symptoms

questionnaire

used

by

Medical

Research

Council

(MRC)

for

epidemiological studies.

The questionnaire was designed to minimise bias when

analysing the results.

According to Samet (1978) the results of the MRC
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questionnaire are not biased by the observer, by the season of administration or by
method of administration.

2.9

TRAINING OF EMPLOYEES

It was important to study literature to establish training needs and requirements that
are available locally and internationally in order to recommend the best method/
practice for this study. The training methods for control of dust and related aerosols
were keys to this study.

Information, instruction and training are key elements in any control of hazards. This
has been recognised in the various pieces of control legislation. Employees need to
understand the risks to their health created by their exposure to the hazardous
substances. They should also know how control features can be operated effectively.
Training and instruction are often interlocked.

The practical experience of going

through a procedure relating to aspects of control reinforces the message to be learnt
(BOHS,1996:29).

There are a number of instances where the use of respiratory protective equipment is
likely to be the final, but adopted, option for achieving acceptable long-term
exposures to a chemical substance (BOHS,1996:21).

This occurs where other

control methods are unlikely feasible to implement because of the limitations in the
work environment as well as the material that is handled. This is the case for the
operation in bag houses during the replacement of fabric bag filters at Duvha Power
Station. The use of water sprinkler for the suppression of dust in the bag houses
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during the replacement of bag filters is unlikely feasible because this method of
control will introduce a risk of tripping and falling. Mud and/or slurry will be formed,
which will be a safety risk.

Another control measure that is unlikely feasible for the control of high dust load in the
bag houses is the use of local extraction ventilation equipment. This control measure
will require an installation of a massive (LEV) system that is costly and unjustifiable
because of the infrequency of usage.
According to a publication by NIOSH (1987:89-116) the respiratory training must be
practical and all trainees should be provided with a user’s manual.

The training

should include, but not limited to:

(i)

Legal requirements

(ii)

Individual fit testing to ensure an effective face piece to face seal

(iii)

Actual handling of the respirator and wearing it for a period in test environment

(iv)

A discussion of respirator construction, operating principles and limitations

(v)

Instruction on the nature of hazard including information on its physical
properties, possible concentrations, modes of physiological action and means
of detection

(vi)

Discussions of the maintenance and inspection procedure

(vii)

Limitations of using a respirator
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In terms of section 8 of the OHSAct (Act 85 of 1993), the employer should provide all
his employees with health and safety training prior to commencement of any work.
Such training should achieve its goal for employees to be competent in the job.

When providing instructions, these should be clear and free from ambiguity,
reasonable and understandable. The instruction should be displayed to the work
area or filed depending on the risk attached to the task. It also requires that the
employer should fully inform his employees about the hazards involved in the actual
work that is carried out. The employee has to be conversant with the hazards and be
able to understand the information given (Darlow & Louw 1997:11-12).

The

employee has responsibility for his health and that of his fellow employees and must
also comply with the requirement of the OHSAct (Act 85 of 1993).

The Regulations for Hazardous Chemical Substances as framed under the OHSAct
(Act 85 of 1993) further gives guidelines on training for all employees that work with
hazardous chemicals. The instructions of these regulations are direct and must be
followed in as far as training and information to employees.

According to these

regulations an employee must be informed and trained in aspects relevant to his job
and must therefore be able to understand the training and information provided to
apply it in his real work situation. The employer has to inform the employees as to
what action is to be taken and why that action has to be taken. It has to be clearly
communicated to employees as to what the purpose of air sampling and medical
surveillance is in order to erase doubts of mistrust and therefore suspicion of
victimization (Darlow & Louw 1997:80-81).
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Training related to this study and undertaken at Duvha Power Station for employees
engaged in bag houses for replacing bag filters includes the following:

(i)

an induction course, which is totally generic and non-specific

(ii)

introduction to HCS Regulations

(iii)

and training on the use of PPE

External service providers are involved in conducting the latter two courses whereas
the former course is an in-house training, which is provided by the Safety Risk
Department. There is in addition, an on the job training for these employees that are
working in the bag houses. The supervisor provides this training.
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CHAPTER 3
METHODS

Objective: The purpose of conducting this study is to investigate the Duvha Power
Station employees’ extent of exposure to fly ash dust in order to develop control
measures for minimising the risk of exposure. The methods as described under this
chapter were used in conducting the study.

3.1

GENERAL

This study design is aimed at:

•

examining the workers’ exposure to respirable fly ash dust during bag filter
replacement in the bag houses at Duvha Power Station

•

establishing the concentrations of toxic trace metals in the respirable fly ash dust

•

using of questionnaires, interviews and physical observations for evaluating
employees’ training and awareness on the health hazards of fly ash dust exposure
as well as determining employees’ attitude towards the use of respiratory
equipment

Full details of the individual methods that were used for this study are outlined below.
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The personal and static samples for respirable fly ash dust were collected between
January and March 2002, which was the period during which the process of replacing
bag filters was undertaken. Observations and taking of photographs were conducted
in 2002 before and during the process of replacement of bag filters in bag houses.
The other data relating to this study was collected between March 2002 and October
2003 (questionnaire administration and interviews).

3.2

SUBJECTS/PERSONNEL

The study population included employees that were engaged in the task of replacing
bag filters in the bag houses at Duvha Power Station. All employees involved with
the replacement of bag filters were initially briefed about the objective of the study in
order to get their cooperation and they therefore participated voluntarily. This was
further negotiated with management and the health and safety committee at the
station as per the requirements of Occupational Health and Safety Act (OHS Act)
1993. The safety representatives were informed about the purpose of the study and
were therefore involved in the proceedings by assuring employees of the aim and
purpose of the study.

Based on the physical nature of this work/activity only males are engaged in the
replacement of bag filters in the bag houses and were therefore the only participants
for this study. The age of participants ranged from 41 to 22 years.
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3.3

SAMPLING FOR RESPIRABLE FLY ASH DUST

3.3.1

Aim

•

to determine the level of employees’ exposure to respirable fly ash dust

•

to establish the background concentration of fly ash dust within the boundaries
of bag houses during the replacement of bag filters at Duvha Power Station

The procedure that was followed for the personal and strategic sampling of respirable
fly ash dust in the bag house was a combination of methods HSE MDHS 51, NIOSH
0600 and NIOSH 7300. This was the case because of the analysis required for the
determination of toxic trace metals in the respirable fraction of fly ash dust samples.

3.3.2

Planning of measurements

The plan for the measurements was conducted in order to:
•

establish the number of employees in an exposure homogeneous group in order
to select randomly a representative number of exposed employee for the
sampling of respirable fly ash dust

•

determine the period for sampling based on the shift hours

•

establish where to position samplers for strategic samples

•

identify equipment, accessories and apparatus required for sampling

•

establish and identify a SANAS accredited laboratory for performing the analysis
of toxic trace metals
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3.3.3
•

The apparatus that were used
Gilian Gil-Air 3 sampling pumps: These personal sampling pumps are powered
by batteries that can last for an 8 hour shift. Their air flow rates are constant for
the duration of sampling irrespective of the dust burden and barometric
pressure. These pumps are light enough not to cause discomfort to the workers
and they are intrinsically safe. Serial numbers for the pumps that were used in
this study are shown in Appendix A.

Figure 3.1: Sampling pump

Figure 3.2: Sampling pump in pouch

Courtesy of www.westernsafety.com/msaproducts/msapa.26html

•

Gilian chargers for pumps: These are used for powering the sampling pumps.
The serial numbers for these chargers are: 2845 and 053.

•

An electronic calibrator: A Gilibrator as supplied by Gilian Instruments was used.
This equipment can operate either with mains or a battery. This equipment
calibrates in less time and with greater accuracy than the traditional burette
method. The error margin of this electronic calibrator is given as ± 0.5%. This
shows the high level of accuracy for the electronic calibrator. A microprocessor
is used to time a bubble as it transverse from the first to the second sensor and
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to calculate the volume per unit time. The serial number for this equipment is
010204.
•

Pouches for carrying sampling pumps: These are used to protect sampling
pumps from interference by employees.

•

A micro balance that is sensitive to weigh to 0.001 mg. A Sartourius Model
R200D balance with serial number 10802494 was used during this study.

•

A stabilising chamber: This is used for maintaining filters at a constant
temperature (example 25°C ± 1°C) and constant relative humidity (example 50%
± 5% RH). This chamber allows free flow of air through.

•

Tweezers (preferably nylon) are used for handling filter membranes during
weighing.

•

Filter cassette holders (37 mm three piece cassette holders that are preferably
conductive were used for the study). A typical 3 piece filter cassette holder is
shown below in Figure 3.3.

Figure 3.3: A typical three piece cassette holder (Courtesy: www.safetyline.wa.gov.au)
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•

Cyclones: 37 mm aluminium and conductive plastic respirable dust cyclones
were used for this study. Both these cyclones are designed for a 50% cut-point
of 5 µm and 4.0 µm at flow rates of 1.9 l/min and 2.2 l/min respectively. The
electrostatic effects may influence the collection efficiency of a respirable dust
cyclone. (If the cyclone carries a net charge, dust particles of the same charge
will be repelled by the cyclone and will not be sampled efficiently).

An

assembled cyclone sampler is shown below in Figure 3.4.

Figure 3.4: An assembled cyclone sampler. (Courtesy: www.skcinc.com/dust)

•

Tubing for sampling trains: Tygon tubing is preferred because of its flexibility.

•

37 mm diameter, 0.8µm pore diameter mixed cellulose ester (MCE) filters and
the support pads. The MCE filters were chosen for their suitability for laboratory
analyses of metals by ICPS.
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3.3.4
•

Preparation of membrane filters
Stabilising of filters

All the preparations for filter membranes before and after sampling were conducted in
a laboratory that is dust-free and without vibration. Humidity and temperature in this
laboratory is evaluated regularly with thermo hygrograph. The values of humidity and
temperature are within acceptable ranges. The recommended values are according to
NIOSH 0600:- Temperature of 25°C ± 1°C and relative humidity of 50% ± 5% RH.

Prior to weighing, all the filters are left in a stabilising chamber for 12 hours in order to
assume

similar

atmospheric

conditions

with

the

laboratory

environment.

Blank/reference filters are also left in the stabilising chamber for the duration of
sampling prior to weighing. These blank filters should preferably consist of unused
filters from the same lot of those used for sample collection. These are held exactly
as the samples but no air is drawn through them (Plog, 1996:503).

•

Weighing procedure

The occurrence of random error during weighing is overcome by repeated weighing.
In this instance each field filter is weighed three times both before and after use. The
average weight for these three weights is taken as the final weight of the filter.

The load of dust collected on the filter membranes was calculated by weighing filter
membranes before and after sampling was conducted in a laboratory that is dust-free
and without vibration in the weighing area. The difference between the weight after
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and before sampling gave the value of the dust load.

The laboratory that was used for the weighing of dust is designed to meet with the
requirements of SANS 10259 or SANS ISO/IEC 17025. The SANS 10259 standard is
a minimum requirement for laboratories that performs occupational hygiene
measurements.

In order to correct for humidity in the weighing room, this is overcome by using three
reference filters for every batch of 10 field samples.

These reference filters are

selected from a packet of 100 and are weighed together (one on top of another) three
times on the balance.

The blank filter membranes that were subjected to similar conditions as field samples

with the exception that no air was drawn through them are also weighed before and
after sampling were conducted.

The difference in the two weights is subtracted

throughout all the field samples as a correction factor for all the dust loads that were
collected on the filter membranes. This correction factor is either for moisture loss or
gain in the weighing room.

•

Loading of filters in cassettes for sampling

Assembling of a filter cassette before sampling is undertaken by placing a support
pad on the flat surface of the bottom part of the cassette followed by a pre-weighed
filter membrane, the middle spacer and then a cyclone. A plug is placed on the inlet
to avoid contamination. An adhesive tape is placed around the cassette for sealing
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as well as for labeling purpose. A loaded cassette after it has been labeled is ready
to be used for sampling.

3.3.5

The calibration and use of sampling pumps

All pumps that were used for sampling of the fly ash dust were first charged on a
charger for a period of 16 hours before they could be calibrated. The serial numbers
for all pumps are contained in Appendix A.

Before use all sampling pumps were calibrated with an electronic calibrator at air flow
rate of 1.9 ± 0.1 l/min with the assembled cyclone sampler on line to simulate the
field condition.

After use all sampling pumps were calibrated with an electronic

calibrator and the assembled cyclone sampler on line to simulate the field condition.

The flow rate of 1.9 ± 0.1 l/min is in agreement with the British Medical Research
Council (BMRC) curve for respirable dust with a median cut-point of 5µm diametre
(HSE, 1986 MDHS 51). During the calibration and re-calibration of each pump, five
flow rate readings are taken and thereafter averaged in order to give the final flow
rate for a pump. This value is then entered or recorded in the calibration sheet. A
typical calibration sheet is shown as Appendix B.

The calibration deviation allowed for a sampling pump is at ±5% before and after
sampling. Any deviations that exceed the set range implied that the samples should
be discarded and repeat sampling must be conducted.
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3.3.6

Sampling procedure

The number of workers to be sampled in a homogeneous exposure group for fly ash
dust was selected at random taking into consideration the requirements of OESSM,
Chapter 3 and 4. It was decided for this study to take a number equaling to 90% of a
exposure homogeneous group in order to obtain sufficient data.

In a population

group of 15 employees that was engaged in the operations at the bag house, 13
samples were taken.

This number was in agreement with the requirements of

OESSM for the sampling of toxic substances as indicated in Table 1 of the
Regulations for Hazardous Chemical Substances. This number of samples allows for
95% confidence level and top 10% of the highly exposed employees to be included in
a sampled population.

In conducting the survey, a personal sampling pump was attached on a belt around
each of the worker’s waist.

The sampling train (Figure 3.5) consisting of tubing,

pump, the filter cassette holder and cyclone assembly was clipped onto the collar
such that the intake was in the breathing zone. The breathing zone is taken as a
diameter of 30 cm from the nose. It was ensured that the cyclone hangs vertically and
that the entire sampling train was not disturbing the worker while performing his
task/activities and that he was comfortable while wearing this sampler.

An

explanation was given to the worker as to why the cyclone must not be inverted.

Static samples were collected using calibrated personal sampling pumps with cyclone
assemblies placed at the boundaries of the bag house in each compartment when
bag filters were being replaced.

This is because that the design of the cell or
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compartment had no accessible points where these pumps could be mounted/
attached in the work area. In addition, by placing the sampling pumps in the work
area, this arrangement was going to disturb employees whilst replacing bag filters.

Details for a sampling pump used for personal or strategic sampling, sampling
positions, sample and worker identities were entered in a sampling sheet. A typical
sampling sheet is shown in Appendix C.

The pump was switched on to start sampling and collection of fly ash dust. The time
was noted in the sampling sheet when the pump was started.

Personal and static sampling was conducted for the entire shift or at a minimum 80%
of the shift when bag filters were replaced in the bag house.

Throughout the

sampling period it was noted that the pumps were remaining operational for the entire
sampling periods. Where problems existed with the running of pumps, sampling was
terminated and then resumed with a new set of sampling equipment (normally in a
next work shift).

The pump was in each case switched off after sampling, time was noted and entered
into the sampling sheet. The total time for sampling was computed after sampling.
N.B. All the sampling pumps (both for personal and static samples) were kept in
pouches for avoiding employees from tampering with the flow of these pumps whilst
sampling was conducted.
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Figure 3.5: Typical sampling train (Courtesy: www.safetyline.wa.gov.au)

3.3.7

Transporting of samples after sampling

After sampling, the cyclone assembly was disconnected from the worker’s lapel and
the personal sampling pump was removed from the belt.

The cyclone assembly was inverted such that the cyclone’s grit port faces up. The
cyclone was carefully and gently unscrewed from the cassette filter holder.

The

cassette was closed by using the third piece, which seals and protects the cassette.
The cassette is sealed with plugs on both ends for transportation. The cassettes can
now be placed in a container that will assist in keeping the samples upright without
falling or shaking. These samples are transported in an upright position.
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In the laboratory the samples were weighed as described in section 3.3.4.

3.3.8

Calculation of dust concentrations

Time = This is calculated by the following formula: Tf – Ti
Tf = final time after sampling, and TI = initial sampling time
Volume of air (m3) = flow rate (l/min)× time (min)÷1000

(a)

Dust load uncorrected = Field filter after − Field filter before

(b) (in grams)

Mass of moisture on blank filter = Blank after − Blank before

(c) (in grams)

Corrected dust load = b − c (in grams)

(d)

Weight of dust in mg = d×1000

(e)

Concentration of respirable dust (mg/m3) = e/a

(f)

E8hEV

(g)

= f x exposure time/8hours

The calculation sheet is shown in Appendix E.

3.4

ANALYSIS OF FLY ASH DUST FOR SOLUBLE AND INSOLUBLE
TOXIC TRACE METALS

3.4.1

Aim

To identify and determine the concentrations of soluble and/or insoluble toxic trace
metals in the personal samples of the respirable fly ash dust that were collected
during the replacement of bag filters in the bag houses.
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3.4.2

Planning

This was to submit samples that were collected during the sampling for respirable fly
ash dust to the laboratory for analysis of toxic trace metals.

These were to be

determined or analysed by using aqueous medium (water) in one set of samples and
acid medium in another set for extraction of the toxic trace metals before analysis in
the laboratory. Only samples that were more than eight times in excess of the OEL
for respirable fly ash dust concentrations were to be submitted to the laboratory for
the determination of toxic trace metals concentrations.

The respirable fly ash dust samples with concentrations that were ranging from 40
mg/m3 to 450 mg/m3 were therefore selected at random, transported and submitted to
the laboratory for the determination of identified toxic trace metals as shown in
chapter 2 of this document.

These samples were sent to the identified laboratory that is accredited by SANAS for
analysis of toxic trace metals.

Modderfontein Laboratory Services analysed the

respirable dust fractions for concentrations of toxic trace metals using ICPS analytical
technique.

The instruction given to the above laboratory was to:
(a)

first analyse the sample by using an acid medium (in accordance with NIOSH
7300 requirements) for dissolving the samples and only to attempt the analysis
in aqueous medium if the results of toxic trace metals were high in acid medium.
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(b)

report the results of individual toxic trace metals in mg/m3 because each sample
was sent with full details of volume of air that was sampled.

3.4.3

The method of analysis: NIOSH 7300

The apparatus and chemicals that were used for the determination of trace metals in
the respirable dust fraction:

(a)

ICPS: Varian, Model: Liberty 150. Serial Number 95101583

(b)

Glassware: Beakers, pipettes and volumetric flasks of various sizes for the
preparation of samples before analysis and watch glasses for covering beakers
during sample digestion.

(c)

Hot plate: This plate should be able to reach a temperature of 150°C

(d)

Chemicals and gases:
Nitric and perchloric acids: Ultra pure grade acids for preparation of ashing
solution.
Argon gas: For the generation of plasma.

3.4.4

Sample preparation

The sampling cassette filter holders were opened and the individual 37mm, 0.8µm
mixed cellulose ester membrane filters were transferred into clean beakers. Blank
filters were also transferred into beakers. These filters were from the same lot of
filters as those used in the collection of respirable fly ash dust. To each beaker an
ash acid solution was added. Each beaker was then covered with a watch glass to
avoid contamination.
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The samples were allowed to stand for 30 minutes at room temperature before they
were digested on a hotplate at 120°C until all the metals have been solubilized and
the solutions are clear. The resultant solutions were dissolved in a dilute acid and
then transferred quantitatively into volumetric flasks then diluted to volume using a
dilution acid solution. The resultant solutions were then analysed using an inductively
coupled plasma emission spectrometer (ICPS). Make of instrument: Varian. Model:
Liberty 150: Serial number: 95101583.

After analysis the concentrations of the respective metals were then determined,
consequently the time-weighted averages were computed as shown below.

3.4.5

Calculations for concentrations of toxic metals

Calculations for toxic trace metals concentrations are as follows:

Mass composition for each trace metal was determined from each sample. The
concentration of each metal was calculated by using the mass and the total volume of
air sampled in each case.

Concentration for each metal (mg/m3) = mass of analysed metal (mg) ÷ volume of air
expressed in m3.

(h)

E8hEV = h x exposure time/8

(i)
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3.4.6

Descriptive statistical calculations

This statistical calculation is for mean, standard deviation, range and variance.

All the above calculations were computed by using an Excel database. There is no
need to list the various formulae used for the calculation of each variable because
these were not calculated by hand.

3.4.7

Calculation of sampling error and analytical error

Once the air samples are received from the laboratory and time weighted averages
are calculated, the margin of error associated with the results is calculated by using
the formula:SAE = √{(airflow error)2 + (time error) 2 + (analytical error) 2 }
Where:
•

Airflow error is the error of measurement associated with the calibration of air
sampling pump;

•

Time error is the error associated with the instrument used to measure the time
over which sample was collected

•

Analytical error is the error associated with the analytical method used by the
laboratory.
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3.5

INTERVIEWS AND ADMINISTERING OF QUESTIONNAIRES

3.5.1

Aims of the questionnaires

To evaluate the level of occupational hygiene knowledge and training of employees
that are exposed to the hazards of fly ash dust in order to recommend the
development of training guidelines for the control of personal exposure whilst
replacing the fabric filter bags in the bag houses.

The purpose of the questionnaire was to:
•

determine attitude of employees regarding the use of respiratory protection
equipment

•

establish if the employees have received training in the use, maintenance and
storage of respiratory protection devices

•

establish if there is awareness on the limitation of the respiratory protection
equipment

•

establish if employees know when to replace a soiled respiratory protection
equipment

•

determine the comfort of the respiratory protective equipment that is used during
the replacement of fabric filter bags

•

determine training levels as well as awareness in the hazard of exposure to the
fly ash dust

•

establish if there are any reported cases of overexposure to fly ash dust

•

determine period of employees’ exposure to fly ash dust in years and frequency
of exposure in a normal shift
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•

determine if employees have received training and know how to identify
respirator zones

•

determine if there was a programme for medical surveillance and that
employees were subject to it

3.5.2

Plan for using questionnaires

Questionnaires were drawn to include questions that will reveal training competencies
of employees as well as their awareness in the health hazards of fly ash dust.
Questions were drawn to cover the areas as required by the above aim.

There was consultation to obtain a software database that will be used for the
analysis of collected data on the questionnaires. A copy of a questionnaire form is
shown as Appendix D.

3.5.3

Method of using questionnaires

Questionnaires were administered to a representative group of employees that were
selected at random to establish the profiles based on the above aims and objectives.
It was decided to use a sample of 31 employees from a population of 45 workers
engaged in this operation.

This number was statistically considered as being

representative for the population that is engaged in the replacement of fabric bag
filters in the bag houses.
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The questionnaires were administered as follows:

Workers were engaged in a meeting and briefed about the purpose of the study. In
this meeting it was identified that some of the workers were incompetent in speaking
and writing in English and would therefore be unable to complete the questionnaires
on their own. Such employees were assisted in completing the questionnaire. The
questions on the questionnaires were interpreted to these employees. Answers were
entered on the questionnaires based on their response to the questions. To the rest
of employees the questionnaires were explained to them and issued for completion.
These employees were allowed a day to complete questionnaires in order to allow
sufficient time to respond.

The questionnaires were administered for 2 days while replacement of fabric filter
bags was underway at the station.

3.5.4

Data analysis

Data collected on questionnaires was analysed using an Epi Info software
programme that was downloaded from the Internet. This software required that a
database of questions that are in the questionnaires be compiled before data could
be analysed. This was done and tested by entering few questions before it could
finally be used.
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Data from all questionnaires was input into this database for the analysis of
information that was collected. Using the functionality of this programme statistical
results were computed for the sample size that was taken.

3.5.5

Aim of interviews

The purpose of this interview was to have insight and compile information on
employees’ exposure to fly ash dust and to determine trends of exposure. The aim
was to further establish if cases of fly ash dust overexposure were reported to both
the medical centre and the safety departments and to determine what precautionary
measures that are taken in order to alleviate the risk of overexposure to fly ash dust.

3.5.6

Planning for the interviews

Telephonic appointments were secured with management at the two departments.
This was followed up by e-mail messages in which details of the interviews were
tabulated and discussed.

Interviews were then held in separate meetings with senior members of the above
two departments at Duvha Power Station.
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3.5.7

Method for interviews

The process or method involved:

•

requesting for minutes of health and safety meetings that were held in the
previous 2 years in order to establish if any topic relating to the hazards of
exposure to fly ash dust was covered or addressed

•

to establish if there were noticeable trends relating to overexposure to fly ash
dust in the past five years

•

establish if there was a medical surveillance programme for the exposed
employees

•

to establish if there was a safe work procedure that was drawn for the
replacement of fabric filter bags at the power station

3.6

PHYSICAL OBSERVATIONS AND TAKING OF PHOTOGRAPHS

3.6.1

Purpose of physical observations

•

establish if the employees have received training in the use, maintenance and
storage of respiratory protection devices

•

establish if employees know when to replace a soiled respiratory protection
equipment

•

observe the comfort of the respiratory protective equipment that is used during
the replacement of fabric filter bags

•

observe the attitude of employees towards the use of respirators while working
in the bag houses

99

•

observe the type and condition of the respiratory protection equipment used
during the replacement of fabric bag filters in the bag houses

•

observe the frequency of changing respiratory protection equipment during the
replacement of fabric bag filters in the bag houses

•

observe the duration spent by employees working in the bag houses and the
period spent wearing respiratory protective equipment

•

observe if workers follow a procedure whilst replacing the bags in the bag
houses

•

observe if workers were observing personal hygiene and good housekeeping
while working in the bag houses

The observations as shown above were aimed at supporting information that was to
be collected from the questionnaires.

3.6.2

Planning for physical observations

A check sheet was compiled as shown in Appendix E to include all items that were of
interest to observe during the replacement of bag filters in bag houses. A digital
camera was made available to assist in capturing scenes in the bag houses while bag
filters are being replaced.

3.6.3

Method followed

The workers were observed during the bag replacement operations. A checklist was
used and completed while observing the operations in the bag houses. A digital
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camera was used to capture activities in the bag houses. The examples of pictures
are shown as Figures 3.6 & 3.7 below.

Figure 3.6: Employee with suitable PPE

Figure 3.7: Employee covered with fly ash
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CHAPTER 4
RESULTS
4.1

RESPIRABLE FLY ASH DUST CONCENTRATION RESULTS

During the period of the studies that were conducted, sixty eight (68) personal
samples were taken for respirable fly ash dust while twenty two (22) static samples
were taken at the boundaries of the bag houses. The two sets of samples were then
evaluated for fly ash dust concentrations. It should be noted that static samples were
used for evaluating the background level of the contaminant and not intended to
establish for personal exposure. The results of the above samples are shown below.

4.1.1

Respirable fly ash dust concentration results (personal
monitoring)

The results of this monitoring for respirable fly ash dust are shown below in Table 4.1.

Table 4.1: Respirable fly ash dust concentrations (personal samples)
SAMPLE

FLY ASH DUST

NO.

CONCENTRATION

DATE OF SAMPLING

1

81.8 mg/m3

15.01.2002

2

47.3 mg/m3

15.01.2002

3

93 mg/m3

15.01.2002

4

100.6 mg/m3

15.01.2002

5

81.5 mg/m3

15.01.2002

6

85.7 mg/m3

15.01.2002
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Table 4.1: Respirable fly ash dust concentrations (personal samples) Continued
SAMPLE

FLY ASH DUST

NO.

CONCENTRATION

7
8

95.1 mg/m3

DATE OF SAMPLING
15.01.2002

3

223.3 mg/m

15.01.2002

3

15.01.2002

10

3

41.1 mg/m

15.01.2002

12

62.1 mg/m3

15.01.2002

13

153 mg/m3

15.01.2002

14

61.1 mg/m3

15.01.2002

15

48.3 mg/m3

15.01.2002

16

94.9 mg/m3

16.01.2002

17

91.2 mg/m3

16.01.2002

18

228.2 mg/m3

16.01.2002

19

151.1 mg/m3

16.01.2002

21

39.5 mg/m3

16.01.2002

23

73.8 mg/m3

9

24
25
30
31

69.9 mg/m

16.01.2002
3

477.2 mg/m

16.01.2002

3

42.6 mg/m

16.01.2002

3

83.6 mg/m

16.01.2002
3

119.1 mg/m

17.01.2002

3

32

153 mg/m

17.01.2002

33

47.2 mg/m3

17.01.2002

34

139.7 mg/m3

17.01.2002

35

43.5 mg/m3

17.01.2002

36

37.2 mg/m3

17.01.2002

37

70.7 mg/m3

17.01.2002

38

110.1 mg/m3

17.01.2002

39

20.7 mg/m3

17.01.2002

40

130.8 mg/m3

17.01.2002

41

107.4 mg/m3

17.01.2002

42

40.2 mg/m3

17.01.2002
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Table 4.1: Respirable fly ash dust concentrations (personal samples) Continued
SAMPLE

FLY ASH DUST

DATE OF

NO.

CONCENTRATION

SAMPLING

43
44
46

3

17.01.2002

3

17.01.2002

3

17.01.2002

3

70.3 mg/m
33.9 mg/m
73.1 mg/m

47

93.2 mg/m

17.01.2002

48

50 mg/m3

17.01.2002

50

67.7 mg/m3

17.01.2002

52

50.9 mg/m3

17.01.2002

53

406 mg/m3

17.01.2002

54

78 mg/m3

17.01.2002

56

39 mg/m3

18.01.2002

58

65.4 mg/m3

18.01.2002

62

152.7 mg/m3

18.01.2002

64

52.9 mg/m3

18.01.2002

67

30.8 mg/m3

18.01.2002

75

3

22.01.2002

3

22.01.2002

3

22.01.2002

3

22.01.2002

79

3

70.8 mg/m

22.01.2002

81

52.4 mg/m3

22.01.2002

82

448.3 mg/m3

22.01.2002

83

87.4 mg/m3

22.01.2002

84

94.7 mg/m3

22.01.2002

85

129.3 mg/m3

22.01.2002

86

165 mg/m3

22.01.2002

87

44.3 mg/m3

22.01.2002

88

101.7 mg/m3

22.01.2002

89

69.1 mg/m3

22.01.2002

90

117.3 mg/m3

22.01.2002

76
77
78

71.5 mg/m
61.2 mg/m
72.4 mg/m
82.1 mg/m
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4.1.2

Respirable fly ash dust concentration results (static monitoring)

The results of this monitoring for respirable fly ash dust are shown in Table 4.2.
Table 4.2: Respirable fly ash dust concentrations (Static samples)
SAMPLE

FLY ASH DUST

NO.

CONCENTRATION

DATE OF SAMPLING

11

9.7 mg/m3

15.01.2002

20

13 mg/m3

16.01.2002

22

14.8 mg/m3

16.01.2002

26

28.7 mg/m3

16.01.2002

27

14.3 mg/m3

16.01.2002

28

15.9 mg/m3

16.01.2002

29

4.1 mg/m3

16.01.2002

45

5.0 mg/m3

17.01.2002

49

14.8 mg/m3

17.01.2002

51

27.2 mg/m3

17.01.2002

55

3

17.01.2002

3

18.01.2002

3

18.01.2002

3

57
59

16.2 mg/m
12.2 mg/m
25.4 mg/m

60

25.3 mg/m

18.01.2002

61

9.4 mg/m3

18.01.2002

63

5.7 mg/m3

18.01.2002

65

21.4 mg/m3

18.01.2002

66

6.3 mg/m3

18.01.2002

68

2.2 mg/m3

18.01.2002

69

9.4 mg/m3

18.01.2002

70

19.8 mg/m3

18.01.2002

71

8.0 mg/m3

18.01.2002

72

5.4 mg/m3

18.01.2002

73

9.4 mg/m3

18.01.2002

74

7.8 mg/m3

18.01.2002

80

20.5 mg/m3

22.01.2002
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4.1.3

Statistical analysis of fly ash dust results

This analysis was conducted to determine the overall exposure to fly ash dust. The
results for both personal and static samples are shown in Table 4.3.

Table 4.3: Statistical analysis of fly ash dust concentration results
STATISTICAL

STATIC SAMPLES

PERSONAL SAMPLES

22

68

2.2 – 28.7

20.7 – 448.3

Minimum (mg/m3 )

2.2

20.7

Maximum (mg/m3 )

28.7

448.3

Mean (mg/m3 )

13.54

101.2

Standard deviation

7.65

87.8

INFORMATION
Sample size
Range (mg/m3 )

4.1.4

Results for acid soluble trace metal concentrations

The respirable fly ash dust of the collected samples was submitted for analysis in the
laboratory for determining concentrations of toxic trace metals. These results are
indicated in Table 4.4.
Table 4.4: Acid soluble toxic trace metals’ concentrations (mg/m3)
Sample No.

Ba

Mn

Cr

Ni

As

V

1

0.064

0.022

0.011

<0.019

<0.063

<0.063

2

0.023

0.014

<0.007

<0.019

<0.066

<0.007

4

0.049

0.001

0.021

< 0.02

<0.063

<0.007

7

0.037

0.001

0.002

< 0.02

<0.064

<0.064

8

0.044

0.002

0.015

0.03

<0.069

<0.069

10

0.028

0.016

0.007

<0.018

<0.066

<0.066
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Table 4.4: Acid soluble toxic trace metals’ concentrations
(mg/m3) (continued
12

0.037

0.014

0.007

<0.02

<0.063

<0.063

13

0.066

0.029

0.01

<0.02

<0.066

<0.066

14

0.037

0.007

0.008

< 0.02

<0.063

<0.063

15

0.023

0.024

0.007

< 0.02

<0.064

<0.064

16

0.048

0.001

0.015

< 0.019

<0.063

<0.063

17

0.027

0.007

0.003

<0.019

<0.064

<0.064

18

0.034

0.002

0.02

< 0.02

<0.069

<0.069

19

0.054

0.004

0.01

< 0.02

<0.066

<0.066

24

0.047

0.0011

0.03

<0.018

<0.064

<0.064

31

0.033

0.0015

0.01

<0.02

<0.069

<0.069

32

0.040

0.001

0.001

<0.02

<0.064

<0.064

34

0.027

0.001

0.01

< 0.02

<0.069

<0.069

38

0.021

0.011

0.01

<0.018

<0.066

<0.066

40

0.039

0.0013

0.01

<0.02

<0.063

<0.063

41

0.041

0.0011

0.009

<0.02

<0.064

<0.064

47

0.055

0.001

0.007

< 0.02

<0.063

<0.063

62

0.060

0.016

0.01

< 0.02

<0.064

<0.064

78

0.028

0.001

0.07

< 0.019

<0.066

<0.066

82

0.037

0.01

0.04

< 0.02

<0.063

<0.063

84

0.050

0.001

0.008

< 0.02

<0.064

<0.064

85

0.024

0.0011

0.001

< 0.019

<0.063

<0.063

86

0.066

0.0016

0.014

<0.018

<0.064

<0.064

88

0.031

0.012

0.009

<0.02

<0.066

<0.066

90

0.044

0.0011

0.01

<0.02

<0.063

<0.063
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Table 4.4: Acid soluble toxic trace metals’ concentrations (mg/m3) Continued
Sample

Zn

Pb

Cu

Hg

1

0.015

0.0364

0.014

<0.063

2

0.024

<0.033

0.017

<0.066

4

0.020

<0.029

0.055

<0.007

7

0.017

0.015

0.02

<0.064

8

0.023

0.023

0.001

<0.069

10

0.0195

<0.032

0.019

<0.066

12

0.0146

<0.034

0.01

<0.069

13

0.033

0.037

0.08

<0.066

14

0.0137

0.139

0.015

<0.063

15

0.0134

0.12

0.007

<0.064

16

0.055

0.05

0.037

<0.063

17

0.017

0.02

0.014

<0.064

18

0.023

<0.032

0.014

<0.069

19

0.0195

0.0131

0.055

<0.066

24

0.0134

0.095

0.017

<0.064

31

0.055

0.025

0.023

<0.069

32

0.017

0.091

0.019

<0.064

34

0.055

0.046

0.018

<0.069

38

0.017

0.032

0.047

<0.066

40

0.023

0.071

0.034

<0.063

41

0.023

0.08

0.024

<0.064

47

0.019

0.05

0.055

<0.063

62

0.015

0.025

0.024

<0.064

78

0.055

0.11

0.035

<0.066

82

0.018

0.096

0.037

<0.063

84

0.023

0.046

0.044

<0.064

No.

108

Table 4.4: Acid soluble trace metals’ concentrations(mg/m3) Continued
Sample

Zn

Pb

Cu

Hg

No.

4.1.5

85

0.015

0.032

0.054

<0.063

86

0.023

0.0145

0.027

<0.064

88

0.023

0.05

0.065

<0.066

90

0.019

0.02

0.044

<0.063

Overall concentrations for trace metals

This summary for all results that were obtained was conducted to determine the
overall concentrations for trace metals in the respirable fly ash dust of the fly ash
dust. The results of this summary are shown in Table 4.5. The sample size for this
analysis is n=30.

Table 4.5: Statistical analysis for toxic trace metals

Metal

Average

Minimum Maximum

Ba

0.04

0.021

0.066

0.021 – 0.066

0.0132

0.000175

Ni

<0.02

<0.018

0.03

<0.018 – 0.03

<0.002

<0.000004

Zn

0.024

0.0134

0.055

0.0134 – 0.055

0.013

0.0002

Hg

<0.063

<0.007

<0.069

<0.07-<0.069

<0.011

<0.00011

Cr

0.013

0.001

0.021

0.001 – 0.021

0.0134

0.00018

Cu

0.0308

0.001

0.08

0.001 – 0.08

0.0192

0.0004

V

<0.0609

<0.07

<0.069

<0.07 - <0.069

<0.014

<0.0002

Mn

0.007

0.001

0.029

0.001 – 0.029

0.008

0.00006

As

<0.065

<0.063

<0.069

<0.063 - <0.069

<0.002

<0.000004

Pb

0.0499

<0.032

0.139

<0.032 – 0.139

0.0342

0.001
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Range

Std.Dev

Variance

4.1.6

Occupational Exposure Limits for various metals

The table was drawn to assist in comparing the results of this study with the standard
values in order to establish the extent of exposure. These occupational exposure
limit values are shown below in Table 4.6.

Table 4.6: Occupational Exposure Limit values for various metals

Metal or related soluble
metallic compounds

Occupational
Exposure Limits
(mg/m3)

Classification in
HCS Regulations

Ba (soluble)

0.5

Table 1

Ni (soluble)

0.5

Table 1

Zn

5

Table 2

Hg and compounds

0.05

Table 2

Cr (iii)

0.5

Table 2

Cu

0.2

Table 2

V (fume and respirable dust)

0.05

Table 2

Mn (compounds as Mn)

5

Table 2

As

0.1

Table 1

Pb

0.15

Lead Regulations

It was because of the above low concentrations for acid soluble trace metals that the
analyses for water-soluble trace metals were not conducted. This was because of an
instruction that was given to the laboratory for not to continue with the analysis if the
results of acid soluble trace metals are too low.
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4.2

THE RESULTS OF PHYSICAL OBSERVATIONS

Figure 4.1: Employee is heavily exposed to fly ash dust

The above employee is engaged in the replacement of a bag filter in a cell of a bag
house at Duvha Power Station. This picture shows a heavy cloud of fly ash dust that
employees are exposed to while working in the bag house.

Figure 4.2: Employees working on the stripped bag filters
These two employees are standing at the entrance/exit of a cell where other
employees are engaged with the removal of fabric filter bags from the bag house.
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Figure 4.3: Employees working at ground level

Figure 4.4: Employees packing stripped bag filters for disposal

As fabric filter bags are removed from the bag house, these employees who are
working at the ground are involved in picking them up and contained in receptacles
before disposal. These are then collected by a waste management company for safe
disposal.
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4.3

THE RESULTS OF THE QUESTIONNAIRES

The following table shows the variables that were assigned to each question in the
questionnaire that was used for the study. A full example of the questionnaire form is
attached as Appendix D. The data/information obtained by the questionnaire was
analysed by making use of Epi Info database programme.

Table 4.7: Variables for Duvha Fly Ash study

Variable

Prompt

Date Of Birth
Sex
Area
Interview Date

Date of birth
Gender
Department
Interview date.

Period Of Exposure
Frequency
Exposure Awareness
Health1
Interview Date
Health2
Health3
Reporting1
Reporting2
Info and training1

1. How long in years have you been working in the dusty environment?
2. Do you work in this area daily?
3. Do you think that you are exposed to high levels of fly ash dust?
4. Do you think that fly ash dust affects you?
Interview date.
5. Do you think that fly ash dust is dangerous?
6. Have you ever felt uneasy after being exposed to fly ash dust?
7. Was this condition reported to medical centre?
8. Was this followed up by medical staff?
9. Were you informed about the danger of overexposure to fly ash dust?
10. Is respiratory protection meant for employees and not for
management?
11. Do you think that a respirator will help you from exposure to fly ash?
12. In your opinion, who should wear respiratory protection?
13. Do you think that supervisors should wear respirators when entering a
dusty area?
14. Were you trained in the wearing of respiratory protection?
15. Do you know the limitations of a respirator that you use?
16. Do you think that a respirator provide sufficient protection?
17. When last were you given training on the wearing of respirators?
18. Are you feeling comfortable wearing the respiratory protection?
19. How long in a day are you wearing this respirator?
20. Do you feel that you change this respirator when soiled?
21. Have you ever had a lung function test?
22. Have you ever had a X-Ray test?

Attitude1
Info and training 2
Attitude2
Attitude 3
Info and training 3
Info and training 4
Info and training 5
Info and training 6
Opinion
Probability
Info and training7
Health 4
Health 5
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Info and training 8
Info and training9
Info and training10
Info and training11
Info and training12
Info and training13

23. How do you know or identify an area where there is a risk of exposure
to fly ash dust?
24. What does such an area look like?
25. What do you think is the purpose of demarcating those areas?
26. Do you know of any rules that govern behaviour in those areas?
27. Can you enter a respirator zone without using a respirator?
28. Are the rules applicable to respirator zones always followed?

Table 4.8: Frequency analyses tables for all questions
The results for each question in the questionnaire are shown in separate tables as
shown below.
Table 4.8.1: How long in years have you been working in the dusty
environment?
1. How long in years have you been working in the dusty
environment?
1
2
3
4
Total

Frequency

Percent

4
13
10
4
31

12.9%
41.9%
32.3%
12.9%
100.0%

Table 4.8.2: Do you work in this area daily?
2. Do you work in this area daily?
No
Total

Frequency

Percent

31
31

100.0%
100.0%

Table 4.8.3: Do you think that you are exposed to high levels of fly ash dust?
3. Do you think that you are exposed to high levels of fly ash
dust?
No
Yes
Total
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Frequency

Percent

3
28
31

9.7%
90.3%
100.0%

Table 4.8.4: Do you think that fly ash dust affects you?
4. Do you think that fly ash dust affects you?
No
Yes
Total

Frequency
3
28
31

Percent
9.7%
90.3%
100.0%

Frequency
1
30
31

Percent
3.2%
96.8%
100.0%

Table 4.8.5: Do you think that fly ash dust is dangerous?
5. Do you think that fly ash dust is dangerous?
NO
Yes
Total

Table 4.8.6: Have you ever felt uneasy after being exposed to fly ash dust?
6. Have you ever felt uneasy after being exposed to fly ash
dust?
No
Not applicable
Yes
Total

Frequency

Percent

15
2
14
31

48.4%
6.5%
45.2%
100.0%

Frequency
12
17
2
31

Percent
38.7%
54.8%
6.5%
100.0%

Table 4.8.7: Was this condition reported to medical centre?
7. Was this condition reported to medical centre?
No
Not applicable
Yes
Total

Table 4.8.8: Was this followed up by medical staff?
8. Was this followed up by medical staff?
No
Not applicable
Total
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Frequency
4
27
31

Percent
12.9%
87.1%
100.0%

Table 4.8.9: Were you informed about the danger of overexposure to fly ash
dust?
9. Were you informed about the danger of overexposure to fly
ash dust?
Yes
Total

Frequency

Percent

31
31

100.0%
100.0%

Table 4.8.10: Is respiratory protection meant for employees and not for
management?
10. Is respiratory protection meant for employees and not for
management?
All
Employees
Employees and management
Total

Frequency

Percent

22
2
7
31

71.0%
6.5%
22.5%
100.0%

Table 4.8.11: Do you think that a respirator will help you from exposure to fly
ash?
11. Do you think that a respirator will help you from exposure
to fly ash?
Yes
Total

Frequency

Percent

31
31

100.0%
100.0%

Table 4.8.12: In your opinion, who should wear respiratory protection?
12. In your opinion, who should wear respiratory protection?
Everybody
Everyone
Total

Frequency Percent
13
41.9%
18
58.1%
31
100.0%

Table 4.8.13: Do you think that supervisors should wear respirators when
entering a dusty area?
13. Do you think that supervisors should wear respirators
when entering a dusty area?
Sometimes
Yes
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Frequency

Percent

1
30

3.2%
96.8%

Table 4.8.14: Were you trained in the wearing of respiratory protection?
14. Were you trained in the wearing of respiratory protection?
Yes
Total

Frequency
31
31

Percent
100.0%
100.0%

Table 4.8.15: Do you know the limitations of a respirator that you use?
15. Do you know the limitations of a respirator that you use?
No
Unsure
Yes
Total

Frequency
6
6
19
31

Percent
19.3%
19.3%
61.3%
100.0%

Table 4.8.16: Do you think that a respirator provide sufficient protection?
16. Do you think that a respirator provide sufficient protection? Frequency
1
No
2
Unsure
28
Yes
31
Total

Percent
3.2%
6.4%
90.4%
100.0%

Table 4.8.17: When last were you given training on the wearing of respirators?
17. When last were you given training on the wearing of
respirators?
After induction
Before we start working
Every 20 minutes
Everyday
Today
Yesterday
Total

Frequency

Percent

2
3
2
19
4
1
31

6.5%
9.7%
6.5%
61.3%
12.9%
3.2%
100.0%

Table 4.8.18: Are you feeling comfortable wearing the respiratory protection?
18. Are you feeling comfortable wearing the respiratory
protection?
Yes
Total
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Frequency

Percent

31
31

100.0%
100.0%

Table 4.8.19: How long in a day are you wearing this respirator?
19. How long in a day are you wearing this respirator?
2 hours
2 to 5 hours
4 to 5 hours
6 hours while in dusty area
The whole day
Whole time when changing bags
Total

Frequency
6
1
1
2
10
11
31

Percent
19.4%
3.2%
3.2%
6.4%
32.3%
35.5%
100.0%

Table 4.8.20: Do you feel that you change this respirator when soiled?

20. Do you feel that you change this respirator when soiled?
Yes
Total

Frequency

Percent

31
31

100.0%
100.0%

Table 4.8.21: Have you ever had a lung function test?

21. Have you ever had a lung function test?
Yes
Total

Frequency

Percent

31
31

100.0%
100.0%

Frequency
1
30
31

Percent
3.3%
93.7%
100.0%

Table 4.8.22: Have you ever had a X-Ray test?
22. Have you ever had a X-Ray test?
No
Yes
Total

Table 4.8.23: How do you know or identify an area where there is a risk of
exposure to fly ash dust?
23. How do you know or identify an area where there is Frequency
a risk of exposure to fly ash dust?
31
Signs
31
Total
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Percent
100.0%
100.0%

Table 4.8.24: What does such an area look like?
24. What does such an area look like?
Dusty
Enclosed
Full of dust
Less occupied
Sign posted with respirator signs
Total

Frequency
16
1
11
1
2
31

Percent
51.6%
3.2%
35.5%
3.2%
6.4%
100.0%

Table 4.8.25: What do you think is the purpose of demarcating those areas?
25. What do you think is the purpose of demarcating
Frequency
those areas?
3
No entry to people without respirators
3
Restrict entry
3
To avoid entry without respirators
1
To control entry
To ensure that people wear respirators when entering a
5
dusty area
16
To stop people without masks from entering a dusty area
31
Total

Percent
6.4%
6.4%
6.4%
3.3%
16.1%
51.6%
100.0%

Table 4.8.26: Do you know of any rules that govern behaviour in those areas?
26. Do you know of any rules that govern behaviour in
those areas?
Yes
Total

Frequency

Percent

31
31

100.0%
100.0%

Table 4.8.27: Can you enter a respirator zone without using a respirator?
27. Can you enter a respirator zone without using a
respirator?
No
Yes
Total

Frequency

Percent

29
2
31

93.5%
6.5%
100.0%

Table 4.8.28: Are the rules applicable to respirator zones always followed?
28. Are the rules applicable to respirator zones always
followed?
Sometimes
Yes
Total
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Frequency

Percent

1
30
31

3.2%
96.8%
100.0%

The graphs for the various variables are shown below as Figures 4.5 to 4.12. These
graphs are aimed at addressing questions that were identified in order to test the
hypotheses for this study.
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3%

6%

10%
6%

After induction
Before we start working
Every 20 minutes
Everyday
Today
Yesterday

62%

Figure 4.5: Training in the use of respiratory protection

The above graph shows training schedule given to employees because of the
hazards of exposure to fly ash dust while working in the bag houses during the
replacement of fabric filter bags.
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Figure 4.6: Awareness in limitation of respiratory protection

The graph above shows the response of employees on awareness for the limitation of
the respiratory protective devices that they are using while working in the bag houses
during the replacement of fabric filter bags.
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Whole time when changing bags
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Figure 4.7: Periods of wearing respiratory protection

The above graph shows the time distribution of employees’ usage of respiratory
devices while working in the bag houses. The usage is dependent on the time spent
in the bag house.
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Figure 4.8: Reporting of cases of overexposure

The above graph indicates the response on how cases of overexposure to fly ash
dust were reported to either the safety or health departments at Duvha power station.
The response shows that some employees never experienced any need to report
overexposure experiences to either safety or health departments.
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10%
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To avoid entry without respirators

10%

51%
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To ensure that people wear respirators

3%

To stop people without masks from entering a
dusty area

16%

Figure 4.9: Awareness and knowledge to identify respirator zones

The above graph shows a positive awareness level of employees to the risk of
entering a respirator zone and on how to identify such an area while working with the
fabric filter bags.

The above graph shows a wide distribution of responses from

employees when they were asked how they would identify a respirator zone.
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1 year
2 years
3 years
4 years

Figure 4.10: Period of exposure in years

The above graph shows the experience level of employees and the period in years
that they were involved in the replacement of fabric filter bags in bag houses. The
employees were engaged in this job for periods ranging from a year to 4 years.
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Figure 4.11: Attitude on the use of respiratory equipment

The above graph shows a positive response of employees working in bag houses
towards the use of respiratory equipment. This graph shows an attitude of employees
on who should wear the respiratory devices whilst working in the bag houses.

It was encouraging to note that employees were fully aware that all people that are
entering the respirator zone should wear respiratory equipment.
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Figure 4.12: Programme for medical surveillance
The above positive response shows the commitment of management to the health of
employees. Generally, all employees are subjected to medical surveillance in the
form of x-ray and lung function tests.

4.4

THE RESULTS OF THE INTERVIEWS

The Safety and Health management Departments were each interviewed in order to
establish if there were any reported cases or incidents of overexposure to fly ash dust
at the power station. These two departments were in their knowledge, not able to
recall any reported cases or incidents of personal overexposure to fly ash dust for the
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past 5 years in the power station.

Cases or incidents that were reported whilst

replacing the fabric filter bags were related to:
Heat exhaustion
Heat rash
Nose bleeding

These conditions were eminent because in the olden days the fabric filter bags were
replaced whilst the plant was on load and the work environment was therefore very
hot, thus subjecting employees to heat stress.

It was because of the above reported conditions that both the safety and health
departments came up with a recommendation that replacement of fabric filter bags in
the bag house be conducted/undertaken when the plant is off load, as was the case
when this study was conducted in 2002.

On the question of campaigns and awareness training, it was established that the
only training given to staff was during and once after induction training. This is only
held with new employees and contractors at the station.
awareness training for fly ash dust exposure.
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There is no dedicated

CHAPTER 5
DISCUSSIONS
5.1

INTRODUCTION

The main reason for sampling airborne fly ash dust in the bag houses was to
evaluate the levels of concentrations by both personal and static sampling. These
samples were taken to determine the level of employees’ exposure to fly ash dust
as well as the background concentration of fly ash dust within the boundaries of
bag houses during the replacement of bag filters.

In addition, the resultant samples (respirable fly ash dust) were submitted to the
laboratory for further identification and evaluation of acid soluble toxic trace
metals. The aim for submitting these samples to the laboratory was to establish if
the levels of these toxic trace metals were at or exceeding the respective OEL’s
for all the respective respirable fly ash dust samples that were above the
occupational exposure limit.

This study was followed to test the hypothesis that the employees who are
responsible for the replacement of bag filters in the bag houses are exposed to
high fly ash dust levels that pose an occupational hygiene risk.

Further studies were followed by using questionnaires on the exposed employees,
interviews with safety and health departments, and physical observations whilst
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fabric filter bags were replaced in the bag houses. The objective of these studies
was to evaluate the level of occupational hygiene and safety knowledge and
training of exposed employees and to recommend the development of training
guidelines for the control of personal exposure to fly ash dust whilst the employees
are replacing the fabric filter bags in the bag house.

The above study was undertaken to test the hypothesis that the training guidelines
and safety knowledge are inadequate to address the training of workers
responsible for replacing the bags in the bag houses.

5.2

RESULTS OF RESPIRABLE FLY ASH DUST SAMPLES

5.2.1

Fly ash dust samples for personal exposure

The results for personal dust sampling have revealed that all the results are at
and above the occupational exposure limit for respirable fly ash dust. These
results ranged from 20.7 to 447.2 mg/m3 with an average of 101.2 mg/m3. These
results were in most of the samples above the 5.0 mg/m3 specified in the
Hazardous Chemical Substances Regulations for respirable dust. The dust load
in all these samples was far too high.

5.2.2

Fly ash dust samples for static monitoring

The results for static dust sampling have revealed that the results in some
instances were below the occupational exposure limit for respirable dust.
However, there were most results that were above the occupational exposure
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limit of 5.0 mg/m3. These results ranged from 2.2 to 28.7 mg/m3 with an average
of 13.5 mg/m3.
Table 5.1: The statistical analysis of dust concentration
STATISTICAL

STATIC SAMPLES

PERSONAL SAMPLES

2.2 – 28.7

20.7 – 447.2

13.54

101.2

Median

9.4

75.9

Standard

7.65

87.8

9.4
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INFORMATION
Range (mg/m3)
Average (mg/m3)

deviation
Mode

The results for static samples were generally lower than those obtained for the
personal samples.

The results were in most cases above the occupational

exposure limit but with a less magnitude as compared to all the personal samples
as shown in section 5.2.1. The dust load on these samples was far too low as
compared to those on the personal samples. This difference can be attributed to
the fact that for the personal samples the collection media were located nearer to
the point of action during sampling as compared to the static samples. The
collection media for static samples were far from the point of action because of
lack of access points for affixing the samplers in the bag house.

The condition for personal samples was representative of all areas where
employees were working while replacing the bags. This ranged from three to four
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workstations where the bag filters were handled. The static samples were affixed
to one area and were not moved as employees were migrating from one
workstation to the next.

One observation is that while the employees moved from one area to the next,
the dust load in an area with less activity was low, and this would therefore affect
dust load on a static sample’s point of view as action was minimized in a work
environment. For personal samples in all areas, personnel generated dust as
they were working with the fabric filter bags and therefore the collection media
would pick up a load of dust no matter how small the quantity, in each area when
an activity is undertaken.

5.3

RESULTS

OF

FLY

ASH

DUST

SAMPLES

FOR

THE

DETERMINATION OF TOXIC METALS’ CONCENTRATIONS
For the toxic trace metals most of the results that were obtained are far below
the occupational exposure limit for the respective metals. This was in support of
a previous assumption that although fly ash contains trace elements that are
toxic, these are present in concentrations that are biologically in insignificant
amounts. Their concentrations were indeed at trace levels and even at very high
atmospheric fly ash concentrations the exposure limits of the respective metals
were not exceeded. (UNIPEDE,1995). This study has scientifically confirmed
this assumption.
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The only exception was lead concentration where the results were in some
samples approaching the occupational exposure limit for this metal. Generally,
the results of this study could not give conclusive information regarding the levels
of toxic trace metals in the respirable fly ash dust.

Table 5.2: Overall concentrations for toxic trace metals
Metal

RANGE OF CONCENTRATIONS
(mg/m3)

Ba

0.021 – 0.066

Ni

<0.018 – 0.03

Zn

0.0134 – 0.055

Hg

<0.07

Cr

0.001 – 0.021

Cu

0.001 – 0.08

V

<0.07

Mn

0.001 – 0.029

As

<0.069

Pb

<0.032 – 0.139

.
Table 5.3: Occupational exposure limits for various metals

Metal or related soluble
metallic compounds

Occupational
Exposure
Limit (mg/m3)

Classification in
HCS Regulations

Ba (soluble)

0.5

Table 1

Ni (soluble)

0.5

Table 1

Zn

5

Table 2

Hg and compounds

0.05

Table 2
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Metal or related soluble
metallic compounds

5.4

Occupational
Exposure
Limit (mg/m3)

Classification in
HCS Regulations

Cr (iii)

0.5

Table 2

Cu

0.2

Table 2

V (fume and respirable dust)

0.05

Table 2

Mn (compounds as Mn)

5

Table 2

As

0.1

Table 1

Pb

0.15

Lead Regulations

THE RESULTS OF INTERVIEWS WITH SAFETY AND HEALTH
MANAGEMENT

The interviews with Safety and Health Departments have revealed that there
were no cases or incidents reported of overexposure to fly ash dust at the power
station for the past 5 years. It was because of this information that one could not
establish exposure trends because of lack of information.

There is no dedicated awareness training regarding the hazards of exposure to
fly ash dust. The training that is available is generic and is only given during
induction for new and contract workers. There is therefore insufficient awareness
and training on the hazards of fly ash dust.

5.5

THE QUESTIONNAIRE RESULTS

The questionnaires were aimed at addressing the following:
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(a)

Period in the job and experience of employees

(b)

Descriptive knowledge and awareness of the health effects of fly ash dust
exposure

(c)

Workers’ perception regarding the use of respirators (protection capability
and limitation )

(d)

Current health and safety training status for the exposed employees

(e)

How employees are able to identify respirator zones and enforcement for
wearing of respiratory protection in such areas

The questionnaire results have revealed that:
(a)

Of the employees involved in the replacement of bag filters in the bag
house, 41.9% have been involved in this job for 2 years and 32.3% for 3
years of their work life and have confirmed that they are not working in this
area on a daily basis.

(b)

Of all employees that participated in the study, 96.7% agreed that fly ash
dust is dangerous and can cause harm to them. 90% of them think that this
ash affects them. 45.2% confirmed that they felt uneasy after being exposed
to excessive concentration of fly ash, whilst 48.4% said that they never felt
uneasy after being exposed to fly ash dust.

(c)

From a sample of employees that participated in the study, all confirmed
that they had received training in the wearing of respirators. 61.3% of them
knew the limitations of the respiratory protective devices that they were
using, whilst 19.3% was unsure of the limitations of these devices. 90.4%
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think that the respiratory protection devices provide sufficient protection.
74.2% confirmed that training on the wearing of respiratory protection is
given frequently; daily before starting with work. 68% of these employees
confirmed the wearing of respiratory protection for all the period that they
spend working in the bag house during the replacement of bag filters.
(d)

Of all the employees that were interviewed, all answered positively that
they were given information about the danger of overexposure to fly ash
dust.

(e)

All of the participants answered in confirmation that the wearing of
respiratory protection devices are meant for both employees and
management while working in a high-risk area.

(f)

These employees were able to identify a respirator zone because 87.1%
correctly knew how to describe such an area, while all of them knew how to
identify it.

5.6

THE PHYSICAL OBSERVATIONS WHILE REPLACING BAG
FILTERS

On observing employees working in the bag house, it was difficult for one to
establish if there was a formalised or written safe work procedure. There was no
recognisable pattern of how the work is undertaken.

Only one type of a respiratory protection device was used during this operation.
It was therefore not required to compile a list of the respirators that are used at
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the power station. The employees were using these respiratory protective
devices for the duration of operations while working in the bag house during
replacing the fabric filter bags.

This finding was in agreement with the

questionnaire study. There were however, some respirators that were partly not
in good condition.

There were those that had soiled cartridges which could

ultimately render the device ineffective and insufficient for the intended task.
Although these respiratory protective devices were kept in a central place before
and after use, the condition under which they are stored appeared to be
inappropriate.

The protection factor for this device was found to be in order,

provide that the device is properly maintained and is frequently changed when
soiled with dust.

There was a concern regarding personal hygiene because these employees
were seen leaving/breaking for lunch while fully covered in heavy load of fly ash
dust on their clothing and faces. Attempts were not made for decontamination or
showering prior to taking lunch.

This action would cause employees to be

exposed to fly ash dust through ingestion while having lunch. In addition, this
also exposes other employees that are by the nature of their job not working in a
dusty area/respirator zone.

This practice is prohibited by the Regulations of

Hazardous Chemicals Substances.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS
6.1

CONCLUSIONS

This study has revealed the following:•

That employees are exposed to high levels of fly ash dust during the
replacement of fabric filter bags and that the results for toxic trace metals in
respirable fly ash dust were inconclusive. The hypothesis that employees that
are responsible for the replacement of bag filters in the bag houses are
exposed to high fly ash dust levels that pose an occupational hygiene risk was
partially proofed to be true mainly because of the inconclusive results of toxic
trace metals.

•

That training of employees should be specific to address fly ash dust exposure
because there were no records for such training and that the respiratory
programme needs to be enforced and reviewed. Although awareness training
is given, there are some deficiencies that need to be tightened up in improving
the intervention.

It could therefore be concluded that the hypothesis that

training guidelines and safety knowledge are inadequate to address the
training of workers responsible for replacing the bags in the bag houses, has
been tested and proofed to be true.

There was no identifiable safe work

procedure for the replacement of bag filters in the bag houses.
•

Experience and age could not be linked to causes of overexposure to fly ash
dust while replacing fabric filter bags in the bag houses.
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•

That there are no medical records of employees’ exposure to fly ash dust and
therefore it was impracticable to determine trends of exposure. The records
that are available are for general periodical medicals.

6.2

RECOMMENDATIONS

In most instances, personal protective equipment is provided only after all means of
environmental controls have been considered.

There are a number of instances

where the use of respiratory protective equipment is likely to be the final, but adopted
option for achieving acceptable long-term exposures to a substance (BOHS,
1996:21).

This occurs where other control methods are unlikely feasible to be

implemented because of the limitations in the work environment as well as the
material that is handled. Such is a situation in the bag houses.

It is with this idea in mind that we recommend that a respiratory protection
programme be enhanced at Duvha Power Station in order to reduce the risk of
employees’ exposure to fly ash dust. This is recommended because there would not
be any feasible engineering control methods that could be instituted for controlling/
reducing exposure.

The respiratory programme (NIOSH.1987) as outlined below should be used as
guideline for controlling/reducing the risk of exposure to fly ash dust.
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6.2.1

Respiratory protection program

The programme consists of the following elements that are incorporated for the
effective reduction and minimisation of exposure to a contaminant in a work
environment.

Policy
The policy should give a broad overview of management commitment to the health
and safety of employees in the workplace. This should be supported by a clear
statement of intent, which applies to the protection of all employees.

Responsibilities
All peoples that are responsible for the implementation, running and management of
the respiratory protection respiratory protection programme are shown below.

(a)

Supervisor
S/he has to provide employees with the respiratory equipment, ensures that
training in the use of this equipment is given and ensures that it is maintained
and stored properly.

(b)

Employee
Uses the respiratory protective equipment as instructed and required under
hazardous conditions, stores this equipment properly, inspect equipment prior
to use and report any malfunctioning of it.

140

(c)

Health and Safety Departments
-

Develop and implement all aspects of the respiratory protection
programme.

-

Develop training programmes and standard operating procedures to fulfill
the requirements of legislation.

-

Involved in the purchase, selection, inspection, maintenance, cleaning,
storage and fit tests of respirators.

-

Should periodically inspect and replace all respirators that are stored for
emergency purpose (SCBA).

Standard Operating Procedures
(a)

Selection
The device selected should provide satisfactory protection when used properly
with regard to:
-

Chemical and toxicological properties of the contaminants.

-

Review of actual and potential hazards to assess extent of injurious effects
produced under all conditions of potential exposure.

-

The wearer performs evaluation of the duties as they relate to restriction of
movement and duration of potential exposure.

-

An understanding of the principles, design, scope of use, limitations,
advantages and disadvantages of the respirator.
N.B: For South African conditions, in the selection of a particular respirator
for a given condition, these are selected in accordance with the
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requirements of the Chief Inspector of the Department of Labour and in
accordance with SANS Code: 1455.
-

Where reasonably practicable, the respirator that is selected should ensure
protection for both foreseeable and unforeseeable circumstances.

(b)

Medical evaluations
It is the responsibility of the Safety and Health Departments for reviewing the
health status and safety of all employees that are required to wear respiratory
equipment. In the event of prolonged respirator use, the wearer should have a
medical examination to determine if s/he is medically able to wear respiratory
protection equipment without aggravating a pre-existing medical condition.
Example of medical conditions includes but is not limited to the following:
∗

History of asthma or emphysema

∗

Difficulty in breathing

∗

Previously documented lung problems

∗

High blood pressure

∗

Artery diseases

∗

Documented heart disease

∗

Claustrophobia

∗

Poor eyesight

∗

Facial scars

∗

Epilepsy, etcetera.
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The advantages of a proper medical surveillance are as follows:•

It can be used as a tool to evaluate the adequacy and effectiveness of
the respiratory equipment.

•

It can be used to influence the ongoing selection and use of respiratory
equipment.

•

It can be used to provide medical care to employees who are injured or
ill while using the respirators.

(c)

Fitting
Either the Safety or Health Department should fit each individual required to
use a respirator of any type prior to using any such device. The fit test should
include a demonstration of proper donning, wearing, and field fit testing
techniques. Any person with beard or other facial hair that may prevent a
proper face piece to face seal will not be fit tested until the hair has been
removed. A fitting and training record should be maintained for each
participating individual.

(d)

Training
Either the Safety or Health Department should provide training and instructions
in the proper use of each type of respirator. The training must be practical and
all trainees should be provided with a user’s manual.
include, but not limited to:
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The training should

•

Legal requirements

•

Individual fit testing to ensure an effective face piece to face seal

•

Actual handling of the respirator and wearing it for a period in test
environment

•

A discussion of respirator construction, operating principles and
limitations

•

Instruction on the nature of hazard including information on its physical
properties, possible concentrations, modes of physiological action and
means of detection

(e)

•

Discussions of the maintenance and inspection procedure

•

Limitations of using a respirator

Maintenance and inspection
The individuals should discard all disposable respirators properly after use.
Inspection frequency for all unused devices should be monthly or at a
predetermined period.

Employees should inspect all units that are used

routinely before and after use. The inspection should include the following
checks when applicable.
•

Tightness of connections

•

Condition of face piece, headbands, exhalation and inhalation valve

•

Deterioration of all rubber parts

•

Lens of face piece where applicable

•

Seal on cartridge where applicable
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•

(f)

Regulator mechanism where necessary

Location and storage of respirators
All the unused respiratory devices shall be under the control of a
concerned departmental management.
All the used respirators shall be kept in an area that is free from
contaminants in a location specially designed for this function.
When the need for respiratory equipment is anticipated, both the Safety
and Health departments should endorse approval.

Conclusion on the respiratory programme
As was indicated previously, the use of respirators in this instance is the only
applicable and feasible control measure for reducing the risk of exposure to the
chemical. The disadvantage of using a personal protective method for controlling
exposure is because of the reason for transferring the responsibility to employees in
mitigating the risk.

The effective operation of a respiratory programme will depend on the commitment of
both management and staff alike. Workers and management should work as a team
to ensure that the health and safety of all staff employees is protected.

By

management enforcement and regular review of the programme as well as the full
usage of these respirators by all staff will result in an efficient running programme.

145

6.2.2

Legal requirements for controlling/minising exposure

Below are the legislative requirements for controlling or minimising exposure to
chemicals in a work environment.

The focus is for fly ash dust.

The

recommendations are included to support the respiratory protection programme as
outlined above.

All items that are found to be common in both the respiratory

protection programme and legislation will for the purpose of progress and time not be
covered here. These legislative requirements will be covered randomly to include
parts that are relevant for this study.

6.2.2.1
(a)

Hazardous Chemical Substances Regulations

Training and information
The employer should after consultation with the health and safety committee,
ensure that the employee is comprehensively informed and trained with regard
to:•

the potential source of exposure and its potential to health caused by
exposure (this is a specific training and information regarding the chemical)

•

precautions to be taken by employees to protect themselves against the
health risks associated to exposure

•

the necessity, correct use, maintenance and potential of safety equipment,
facilities and engineering control measures provided

•

the safe working procedures regarding use, handling and storage of
hazardous chemical
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(b)

Duties of people who are exposed to chemicals
•

should prevent the release of hazardous chemicals, clean up and dispose
of hazardous chemicals

•

should wear monitoring equipment to measure personal exposure and also
report for health evaluation and biological tests when requested to do so

•

should maintain housekeeping at the workplace, personal hygiene and
environmental and health practice

(c)

Medical surveillance
•

subsequent to the initial health evaluation an employee should undergo an
examination at intervals not exceeding 24 months

•

an employer shall not permit an employee who is unfit to work in work place
or part of it where he can be exposed, provided is beforehand certified fit by
a medical practitioner to work in such an environment

•

(d)

all cases of overexposure must be recorded and investigated accordingly

Control of exposure
•

Where there is exposure for which there is a recommended limit, the
control of exposure shall be regarded as adequate if the level of exposure
is below that limit

•

Where there is exposure for which there is a control limit, the control of
exposure shall be regarded as adequate if the exposure is as low as is
reasonably practicable below that control limit
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•

By introducing appropriate work procedures which an employee must follow
where materials are used or processes are carried out which could cause
exposure. These procedures should ensure that the hazardous chemical is
safely handled and that process machinery, installations, ventilation
systems and general ventilation systems are used safely and maintained.
Machinery and work areas are kept clean and early corrective actions can
be identified readily.

(e)

Personal protective equipment and facilities
•

This regulation specifies the requirements for the selection of both
protective clothing and respiratory protection to minimize exposure by
inhalation to below exposure and avoid absorption by skin contact.

•

Where respiratory protective equipment is provided, it should minimize the
exposure to below the exposure limit, properly selected and used; training,
instructions, information and supervision are known to the employee. This
equipment should be kept in a good condition and efficient working order.

•

The employer should not issue any used respiratory protective equipment
unless it could be decontaminated and sterilized; should provide separate
storage facilities where they could be kept when not in use and ensure that
protective equipment are kept in a provided area.

•

An in-house cleaning of contaminated equipment should be done such that
it does not create contamination during handling, transporting and cleaning.
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•

For external cleaning, the equipment must be kept in an impermeable
container that is tightly sealed with a clear indication that the contents are
contaminated.

The contractor involved shall be informed of the

requirements of the Hazardous Chemical Substances Regulations and the
precautions to be taken for handling the contaminated equipment.
•

Care must be taken to ensure that none removes a dirty or contaminated
personal protective equipment from the premises unless if the protective
equipment has to be disposed of and shall be treated as hazardous waste.

•

Subject to the provisions of Facilities Regulations, the employer shall
provide employees with adequate washing facilities which are readily
accessible; two separate lockers for personal clothing and protective
clothing; separate clean and dirty change rooms if chemicals are used and
processed to the extent that the chemicals may endanger the health of
persons outside the workplace.

(f)

Prohibitions
•

The regulations prohibit the use of compressed air for removing particles
from any surface or person; eating, smoking, drinking or keeping of food or
beverages in a respirator zone for all people.
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6.2.3
•

Other recommendations
A comprehensive safe work procedure should be compiled and employees be
trained on its application. This procedure will ensure that all employees work
uniformly in the bag houses while replacing fabric filter bags.

•

Just as the Basel Convention (EURELECTRIC. 2000:2), whereby coal fly ash
was found tabulated in Lists A&B for hazardous an non-hazardous wastes, this
study has revealed an inconclusive finding about the hazards of fly ash because
of inconsistent concentration of toxic trace metals. It is recommended that the
study for determination of toxic trace metals in fly ash be repeated by expanding
the work in more than one power station. More emphasis should be placed at
those power stations that utilize low grade coal.

•

A more sensitive method for the analysis of trace metals should be investigated
and then used for the evaluation of trace toxic metals in respirable fly ash.
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APPENDIX A
SERIAL NUMBERS FOR SAMPLING PUMPS

Pump id
2E
F
1
8
6
9
10
5
7
4
3
E1
D1

Serial Number
15761
12391
13092
13099
13094
15317
15318
12870
15320
13095
15429
13093
15319

Pump id
C1
B1
2C
2A
2B
2D
A1
D
B
C
A
E
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Serial Number
15528
15167
15760
15529
15762
12287
13090
12397
13097
15515
15764
15527

APPENDIX B
RAW DATA OF PUMPS CALIBRATION SHEET

Date:
Pressure:
Temp.:
Factor:
PUMP
No.

Date:
Pressure:
Temp.:
Factor:
CALIBRATION BEFORE
(ml/min or l/min)
Pump flow
Flow rate @
rate
STP

RECALIBRATION
(ml/min or l/min)
Pump flow
Flow rate @
rate
STP

Date:
Pressure:
Temp.:
Factor:
%
Error
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Date:
Pressure:
Temp:
Factor:
JOB DONE

Hours
used

Pump charged or
discharged

APPENDIX C
RAW DATA OF A SAMPLING SHEET
Company/BU and Department:
CONTACT PERSON:

TELEPHONE:

Date:
Sampled by:
SAMPLE
& PUMP
NUMBER

FLOW RATE
l/min OR
ml/min

FINISH
TIME

START
TIME

TOTAL
TIME
(minutes)

VOLUME OF AIR
SAMPLED (litres)
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AREA SAMPLED / NAME OF PERSON / Co. NUMBER & JOB
TITLE IF APPLICABLE.

APPENDIX D
QUESTIONNAIRE FOR EMPLOYEES WORKING IN RESPIRATOR ZONES

Please tick the answer that applies to the question
Interviewer: Phanuel Tau

Interview date:……/……/2003 (dd/mm/yy)
1. DEMOGRAPHIC INFORMATION
Study number: 01/2003
Department/Section of work :
Date of Birth:……./……./………..(dd/mm/yy)
Sex: Male
Female
Yes

No

1.How long in years have you been working in the
dusty environment
2. Do you work in this area daily?
3. Do you think that you are exposed to high levels
of fly ash dust in your work environment?
4. Do you think that fly ash dust affects you?
5. Do you think that fly ash dust is dangerous?
6. Have you ever felt uneasy after being exposed
to fly ash dust?
7. Was this condition reported to the medical
centre?
8. Was this condition followed up by the medical
staff?
9. Were you informed about the danger of over
exposure to fly ash dust?
10. Is respiratory protection is meant for employees
and not for management?
11. Do you think that the respirator will help you
from exposure to fly ash dust?
12. In your opinion, who should wear respiratory
protection?
13. Do you think that supervisors should wear the
respirators when entering a dusty area?
14. Were you trained in the wearing of respiratory
protection?
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Always

Sometimes

Unsur
e

Remarks/
Comments

15. Do you know the limitations of a respirator that
you are using?
16. Do you think that a respirator provides
sufficient protection?
17. When last were you given training on the
wearing of a respirator?
18. Are you feeling comfortable wearing the
respiratory protection?
19. How long in a day are you wearing this
respirator?
20. Do you feel that you should change this
respirator when soiled with dust?
21. Have you ever had a lung function tested?
22. Have you ever had an x-ray examination?
23. How do you know or identify an area where
there is a risk of exposure to fly ash?
24. How does such an area look like?
25. What do you think is the purpose of
demarcating those areas?
26. Do you know of any rules that govern
behaviour in those areas?
27. Can one enters a respirator zone without using
a respirator?
28. Are the rules applicable to respirator zones
always followed?
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APPENDIX E

CHECK SHEET FOR PHYSICAL OBSERVATIONS IN A BAG HOUSE

Yes
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Note the type of respiratory protection
used at the station.
Is it worn correctly? (request for
demonstration)
Is the protection sufficient for each type
that is used?
Note the frequency of changing a soiled
respirator
Where are these respirators stored/kept
when not used?
Is the area free from excessive dust?
Check for close fit of the respirator
Note the condition of the respirators that
are worn whilst working in a dusty area.
Note observation of personal hygiene by
the employees working in the respirator
zones
Are
facilities
provided
for
the
employees?
Note if there is a work procedure in the
respirator zone
Identify any engineering controls in the
work environment
Identify other protective equipment that
are used in the work environment
Note the environmental conditions whilst
working in the respirator zone
For sampling purposes, identify the
homogeneous exposure groups
Note the numbers of the exposed
personnel in a homogeneous exposure
group
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No

Comments/Observation

APPENDIX F

CALCULATION SHEET FOR RESPIRABLE FLY ASH DUST

Sample pump/s serial number/s:
Calibration apparatus used:
Flow rate before measurement:
l/min (X)
Flow rate after measurement:
l/min (Y)
% Deviation:
[(Y-X)÷X ]×100
Balance type :
Calibration date:
Filter type used: (Description)

Serial number:

Time at commencement of sampling:
Time at the end of sampling:
Volume of air sampled: Flow rate (l/min) × total time (min) ÷1000 = m3
(E)
2nd weight 3rd weight Average(g)
1st
× 1000 =
weight (g)
(g)
mg
(g)
Mass of 3 control filters after
mg
Mass of 3 control filters before
mg
Mass difference of 3 filters
mg
Mass difference /3 filters
mg (A)
1st
weight
(g)

2nd weight
(g)

3rd weight
(g)

Average(g)

Mass of field filters after
Mass of field filters before
Mass difference

× 1000 =
mg
mg
mg
mg
mg (B)

1st
weight
(g)

2nd weight
(g)

3rd weight
(g)

Average(g)

Mass difference (B) - (A)
Concentration of resp. dust (E8hEV): [(C/E)×shift duration(min)÷480 minutes] =
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× 1000 =
mg
mg (C )
mg/m3

APPENDIX G NIOSH METHOD 0600
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APPENDIX H NIOSH METHOD 7300
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