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EXECUTIVE SUMMARY
1. INTRODUCTION
The National Environmental Management: Air Quality Act 39 of 2004 (AQA) requires
Municipalities to introduce Air Quality Management Plans (AQMP) that set out what will
be done to achieve the prescribed air quality standards. Municipalities are required to
include an AQMP as part of its Integrated Development Plan.
The Waterberg District Municipality, so called because of the numerous streams that
occur in the mountain ranges during high rainfall periods, is located in the Limpopo
Province in South Africa. The Waterberg District is comprised of six Local Municipalities,
namely, Bela-Bela, Mogalakwena, Lephalale, Modimolle, Thabazimbi and Mookgopong.
Mining, agriculture and tourism are the main economic activities in the District with
manufacturing on a smaller scale, although there is significant potential for expansion.
The District has eight heritage sites including the Makapan’s Valley World Heritage Site,
numerous nature reserves and hot-springs which contribute to this District being a major
tourist attraction.
The main objective of the project is to develop an Air Quality Management Plan for the
Waterberg District Municipality, as per the requirements of the Air Quality Act of 2004.
1.2 Methodological Approach for the development of an Air Quality Management
Plan for the Waterberg District
The development of an Air Quality Management Plan for Waterberg District Municipality
was undertaken in a phased approach, which included the following:
•

A Status Quo Assessment – this phase included a detailed baseline
assessment of the meteorological conditions and the ambient air quality situation
in the District. An emissions inventory was compiled for air pollution sources in
the District with specific focus on quantifiable sources such as industries,
vehicles and domestic fuel burning. Dispersion modeling simulations were
undertaken using the international ADMS-Urban model developed by the
Cambridge Environmental Research Consultants in the United Kingdom.
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•

A Feasibility Study – this phase evaluated the current capacity of Government
(Local, District and Province) for air quality management and control in terms of
personnel, skills, resources and tools.

•

An Air Quality Management Plan – findings from the Status Quo Assessment
and the Feasibility Study were incorporated into the Plan. A detailed review of the
responsibilities and duties of the Waterberg District in terms of the Air Quality Act
of 2004 was undertaken. Emission reduction strategies were proposed for the
major source contributors with achievable timeframes associated with each
intervention

•

Stakeholder Engagement – monthly stakeholder meetings were held in the
District with representatives from each sphere of Government. Three public
participation meetings were held in June 2009 in Lephalale, Thabazimbi and
Mokopane, respectively, for input into the development of the Plan.

2. POLICY AND REGULATORY REQUIREMENTS
The National Environmental Management: Air Quality Act 39 of 2004 has shifted the
approach of air quality management from source-based control to receptor-based
control. The Act makes provision for the setting and formulation of National ambient air
quality standards, while it is generally accepted that more stringent standards can be
established at the Provincial and Local levels. Emissions are controlled through the
listing of activities that are sources of emission and the issuing of emission licences for
these listed activities. Atmospheric emission standards will be established for each of
these activities and an atmospheric licence will be required to operate. The issuing of
emission licences for Listed Activities will be the responsibility of the Metropolitan and
District Municipalities. Municipalities are required to ‘designate an air quality officer to be
responsible for co-ordinating matters pertaining to air quality management in the
Municipality’. The appointed Air Quality Officer will be responsible for the issuing of
atmospheric emission licences.
2.1 Local Air Quality By-Laws
Within the Waterberg District, no current air quality by-laws have been established at the
District and Local levels. The Department of Environmental Affairs and Tourism is in the
process of developing a generic air pollution control by-law for Municipalities.
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3. CRITERIA POLLUTANTS AND ASSOCIATED HEALTH AND ENVIRONMENTAL
EFFECTS
An overview of the potential human health and environmental impacts associated with
air pollutants is given in this section. Emphasis is placed on the criteria pollutants,
particulate matter (PM10), sulphur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3),
carbon monoxide (CO) and Volatile Organic Compounds, of which benzene (C6H6) is the
only criteria pollutant. Of these, benzene is recognized to be a human carcinogen.

4. METEOROLOGICAL OVERVIEW AND AMBIENT AIR QUALITY OF THE
WATERBERG
4.1 Meteorological Overview
Surface meteorological data was obtained from the South African Weather Service
(SAWS) stations in Bela-Bela, Lephalale, Mokopane and Thabazimbi. The Agricultural
Research Commission (ARC) also operates a network of monitoring stations in the
District as part of a larger National Meteorological Monitoring Network. Significant
variation in the wind field is observed in the Waterberg indicative of the underlying
topographical influence on the prevailing meteorological conditions
4.2 Current Ambient Air Quality Situation
Limited air quality monitoring information is available in the Waterberg District, making it
difficult to accurately quantify the current state of the air quality in the District.
Continuous ambient air quality monitoring is only undertaken by Eskom at Matimba
power station in Lephalale. Dust fallout monitoring is undertaken by various industries
and brickworks in the District Municipality. Given the availability of data, the air quality
assessment focused mainly on Lephalale as an evaluation of the air quality situation in
other areas of the District could not be undertaken.
Based on the available ambient air quality monitoring data for Lephalale, the monitored
concentrations indicate that:
•

Ambient PM10 concentrations are in compliance when compared against the
current National daily standard of 180 µg/m3. However, when compared to the
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revised National standard of 75 µg/m3, PM10 concentrations are elevated and
frequently exceed the revised standard,
•

Ambient SO2 concentrations currently fall below the National daily standard,
although SO2 concentrations are potentially problematic in the short-term
(hourly),

•

Ambient NO2 and O3 concentrations are low and fall well below their respective
standards.

5. STATUS QUO OF THE AMBIENT AIR QUALITY IN THE WATERBERG
5.1 Baseline Emissions Inventory
An emissions inventory for the Waterberg District was compiled for air pollution sources
where information was available or where emission factors could be applied to quantify
emissions. Potential air pollution sources in the Waterberg District have been identified
as:
• Power generation – Matimba Power Station is the main source of SO2 emissions
in Lephalale. The new Medupi Power Station will also be a significant source of
SO2 emissions.
• Mining – mainly fugitive dust emissions from mining activities.
• Industrial emissions – mainly emissions from small boiler sources and brickworks
in the District. These sources contribute to PM10 and SO2 concentrations.
• Domestic fuel burning – mainly coal and paraffin burning in informal settlements
such as Mahwelereng (Mogalakwena), Marapong (Lephalale) and Regorogile
and Ipeleng (Thabazimbi).
• Vehicle emissions – from petrol and diesel vehicles along major roads and the
N1 highway in the District. Vehicles are not considered to be a significant air
pollution source in the District.
• Agricultural activities – although not quantified, agricultural activities are
considered to be an important source of ambient particulate concentrations.
Thabazimbi Local Municipality is the main contributor to agricultural activities in
the District, contributing to almost 40% of the District’s GDP.
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• Biomass burning – also not quantified due to the irregular and seasonal nature of
this source, but also considered to be an important contributor to ambient
particulate concentrations, particularly during the fire-burning season.
• Waste Treatment and Disposal - there are seven licenced disposal facilities
(landfills) in the Waterberg District for the disposal of general waste. Incineration
occurs on a small scale in the District with medical waste from hospitals and
clinics outsourced to Tshumisano Waste Management.
• Vehicle entrainment of dust from paved and unpaved roads - emissions have not
quantified as part of the AQMP.
• Other fugitive dust sources such as wind erosion of exposed areas - emissions
have not quantified as part of the AQMP.
Particulate and gaseous emissions from industrial operations, domestic fuel burning and
vehicle tailpipe emissions were quantified for this assessment, due to the availability of
data for these sources. Power generation was identified to be the main contributing
source to PM10 emissions (68%) in the District, although this is likely to have been
overestimated as many mines did not provide their emissions data, and therefore, were
not possible to quantify. With the quantification of all mines in the District, mining sources
are likely to be the main contributor to PM10 emissions in the District. Power generation
is the main contributing source to SO2 and NO2 emissions in the District, contributing to
95% and 93% respectively.
Estimated total emissions for each Municipality in the Waterberg District indicate that for:
•

Industrial and mining emissions - Lephalale Local Municipality is the major
source of industrial emissions, contributing to approximately 96% of emissions in
the District. Matimba Power Station and Grootegeluk Coal Mine are the main
contributing sources in this Municipality.

•

Domestic fuel burning emissions – Mogalakwena is the largest contributor to
domestic fuel burning emissions in the District, contributing to approximately 52%
of emissions.

•

Vehicle emissions – Thabazimbi and Lephalale are the main contributors to
vehicle emissions, contributing 28% and 24% respectively. However, the
contribution of Bela-Bela, Modimolle, Mogalakwena and Mookgopong to vehicle
emissions may have been underestimated as vehicle volumes on the N1 highway
could not be obtained.
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Based on the available ambient air quality monitoring data and the emissions inventory
compiled for the District, air pollution ‘hotspots’ were identified in the District. Emphasis
was placed on areas with high population densities and the spatial distribution of
sources in relation to residential areas.
Based on the above mentioned criteria, these areas have been identified to be:
1) Lephalale (Lephalale Local Municipality) – One of the largest industrial sources,
Matimba Power Station, is located in this Municipality. Future developments such
as Medupi Power Station and Sasol’s Coal-To-Liquids Plant will make this an
important industrial area in future years.
2) Thabazimbi and Northam (Thabazimbi Local Municipality) – This Local
Municipality includes many of the larger opencast mines such as Thabazimbi
Mine, Amandelbult Platinum Mine and Northam Platinum.
5.2 Predicted Ambient Air Quality in the Waterberg District
For the identified ‘hotspot’ areas, dispersion modeling simulations have been
undertaken. As dispersion modeling studies have previously been undertaken for
Matimba Power Station, Medupi Power Station and Grootegeluk Coal Mine in Lephalale,
use was made of these studies to assess ambient concentrations and impact areas.
Based on these studies, within Lephalale,
•

Ambient PM10 concentrations are elevated predominantly due to mining
activities at Grootgeluk Coal Mine. Current stack emissions from Matimba Power
Station are not a major contributor to ambient PM10 concentrations as an ESP
and SO3 plant are installed. PM10 emissions from Medupi Power Station are also
anticipated to be acceptable as the station will be installed with a bag filter.

•

Ambient SO2 concentrations are mainly attributed to power generation in the
area, with SO2 concentrations in non-compliance with both the hourly and daily
National standards.

•

Ambient NO2 concentrations are well in compliance with their respective
standards.

Within Thabazimbi/Northam, emissions information was only provided by Northam
Platinum, therefore only this source has been modelled. However, this mine is
recognized to be an important source of SO2 emissions as it has its own smelter.
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Dispersion modeling simulations undertaken for Northam Platinum indicate that SO2
concentrations are in compliance with the current hourly, daily and annual National SO2
standards.

6. AIR QUALITY INITIATIVES WITH PROVINCIAL AND LOCAL GOVERNMENT
6.1 Government Structure and Functions
The capacity for air quality management and control within the Waterberg District was
assessed within the various spheres of Government in terms of available personnel,
functions and resources.
6.1.1 Provincial and Local Government
Within the Limpopo Province, the Department of Economic Development, Environment
and Tourism is responsible for air quality related functions. Air quality is primarily a
function of the Air Quality Management Sub-Directorate within the Directorate of
Integrated Pollution and Waste Management. Air quality functions include, amongst
others, the compilation of an emissions inventory database, source identification and
reviewing quarterly reports from industries.
Within the Waterberg District, Municipal Health Services (MHS) in the Department of
Social Development and Community Services is responsible for air quality management
and control. The District has not appointed an Air Quality Officer, and as a result air
quality is one of multiple functions undertaken by the District personnel. Specific air
quality related functions include the registration and monitoring of sources of pollution
and air pollution complaints response.
Local Municipalities do not have enough capacity in terms of personnel, budget or
equipment to undertake their air quality functions in terms of the Air Quality Act.
Therefore, few air quality management or control functions are undertaken by the Local
Municipalities. Air quality support is provided to the Local Municipalities from Province
and District. Basic air quality management at Bela-Bela, Mookgopong and Thabazimbi
Local Municipalities forms part of the functions of Environmental Health in the
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Department of Social Development and Community Services. Only air quality complaints
are investigated by the Local Municipalities.
6.2 Air Quality Management Tools
Air quality management tools are limited to the maintenance of a complaints response
database in the Waterberg District. Limited knowledge and software exists for dispersion
modeling in the District. Ambient air quality monitoring is not undertaken by Government
in the District, although Waterberg District has plans to install an air quality monitoring
station in the near future.

7. CAPACITY BUILDING WITHIN LOCAL GOVERNMENT
The current capability of the Waterberg District is limited by the shortage of personnel,
skills and tools required for effective and co-ordinated air quality management. Air quality
management is a relatively new function within the District as a whole, with few Local
Municipalities able to undertake basic air quality functions. Air quality responsibilities are
mainly limited to the investigation of public complaints. Where required, air quality
support is provided to the Local Municipalities by the District Municipality and by the
Province.
7.1 Vision, Mission and Objectives
A vision, mission, goals and objectives have been developed for the Waterberg District.
These have been developed in accordance with National, Provincial and Local principles
for air quality management in South Africa.
7.2 Human Resources
Human resources required in the District Municipality include a dedicated, skilled Air
Quality Officer whose responsibilities are only related to air quality management and
control. As and when ambient monitoring is undertaken in the District, a skilled, trained
technician must be appointed in the District Municipality. Support for air quality
management should continue to be provided to the District by the Province.
Within the Local Municipalities, it is also recommended that an Air Quality Officer be
appointed in each of the Local Municipalities. However, given the resources and
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finances required for these appointments, it is recommended that, as a starting point, an
Air Quality Officer is appointed in the Thabazimbi and Lephalale Local Municipalities.
Support should be provided to the other Local Municipalities by the Waterberg District.

.7.3 Air Quality Management Tools
Air quality management tools are required in the District Municipality to effectively fulfill
their air quality functions. Such tools include emissions inventory software, dispersion
modeling software and air quality monitoring equipment. The first step in compiling an
emissions inventory for industrial and mining sources in the District has been compiled
as part of this Plan. The Waterberg District, in collaboration with Limpopo Province,
should complete and regularly update the emissions inventory. As and when dispersion
modeling skills are available, a range of models are available either as freeware or to
purchase. Appropriate models for the District could include ADMS-Urban (for smaller
modeling domains in urban areas) or CALPUFF (for larger, more complex modeling
domains). Air quality monitoring options include continuous ambient air quality
monitoring stations or passive sampling methods. A mobile monitoring station is the
recommended option for the District as this will allow for ‘hotspot’ monitoring in identified
areas of concern.

8. EMISSION REDUCTION INTERVENTIONS
Emission reduction interventions have been recommended for air pollution sources in
the District. Interventions for the major sources are described in the sections below.

8.1 Power Generation
Various emission control technologies have been installed at Matimba Power Station to
reduce emissions, including an Electrostatic Precipitator (ESP) and SO3 plant to reduce
its particulate emissions (with a possible control efficiency of up to 99%). Fugitive dust
emissions from Matimba’s ash dump at Zwartwater are controlled with a sprinkler
system. The new Medupi Power Station, which will become operational in 2011 – 2014,
will be installed with a bag filter to reduce its particulate emissions. SO2 emissions are
currently not controlled from Matimba Power Station. The benefits of installing Flue Gas
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Desulphurisation (FGD) to reduce SO2 emissions need to be considered in terms of cost,
water usage, loss of efficiency and increased CO2 emissions.
Eskom has also initiated a social investment project to identify air quality improvement
initiatives in Marapong, as per the Medupi Record of Decision. In addition, as part of the
Medupi Power station Project, energy efficiency measures have been introduced into the
housing accommodating the approximately 8000 - 9000 workers working on the project.
Such measures include:
•

Reducing electricity consumption – the majority of houses have been equipped
with solar geysers,

•

Installation of energy saving light bulbs in all the houses and offices,

•

Installation of LEDs in the perimeter security lights at night,

•

Use of gas fired equipment in the kitchens,

•

Installation of evaporative coolers in the houses to reduce electricity consumption
for cooling purposes,

Recommended interventions in the short – medium term include:
•

Development of government/community/industry liason committees to facilitate
information sharing and dissemination,

•

Submission of quarterly reports to the Waterberg District Municipality and
Limpopo Province,

•

As part of the Listed Activities and

Emission Standards Setting Project,

minimum emission limits will be established for the power generation industry (to
be published by 11 September 2009)
•

On-line stack monitoring might be a requirement of the Emission Standard
Setting Project in areas identified to be of concern,

•

As part of the APPA Registration Certificate Review Project, the current APPA
permits for power generation have been reviewed. These will be become revised
Registration Certificates and eventually Atmospheric Emission Licences (AELs),

•

Eskom have proposed the installation of an ambient air quality monitoring station
in collaboration with Sasol which plans to build a Coal-to-Liquids Plant in
Lephalale.
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8.2 Mines
Recommended interventions for the mining industry in the short – medium term include:
•

Development of government/community/industry liason committees to facilitate
information sharing and dissemination,

•

Submission of quarterly reports to the Waterberg District Municipality and
Limpopo Province,

•

Comprehensive emissions inventories need to be developed/obtained for each
mine in the District,

•

All small mines and quarrying operations that were not included in the AQMP
need to be identified and quantified, where possible,

•

Regular maintenance and annual roadworthy checks of all mine vehicles is
recommended to be undertaken by each mine,

•

The rehabilitation of old mine dumps and slimes dams should be encouraged,

•

Ambient air quality monitoring, in particular, dust fallout and PM10 monitoring
should be undertaken by the mines to determine ambient particulate levels.

8.3 Industries
Recommended interventions in the short-medium term include:
•

The electronic database of all small industries developed as part of this AQMP
should be updated (to account for the 63% of industries that did not respond) and
regularly updated by the District Municipality in conjunction with the Limpopo
Province,

•

Periodic site inspections and emissions measurements should be undertaken by
the District Municipality,

•

DEAT should develop a permit system for all non-listed activities,

•

Model scheduled trade by-laws. This is the responsibility of the District
Municipality.

•

As part of the current standards setting process, standards for small boilers will
be proposed (expected to be gazette by end August 2009). Waterberg District
Municipality should review these standards for possible inclusion into the
Municipal by-laws.
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8.2 Domestic Fuel Burning
Recommended interventions in the short-medium term include:
•

The domestic fuel burning emissions inventory should be reviewed with updated
population statistics as these become available. A National Census has been
planned for 2011,

•

An awareness raising programme through media campaigns and community
forums should be developed to educate the public around the negative health
impacts of domestic fuel burning,

•

The District should encourage the distribution of alternative forms of energy such
as low smoke fuels ( by replacing coal with cheaper low smoke char briquettes)
and liquid petroleum gas (LPG),

•

The roll-out of safer illuminating paraffin stoves should be initiated by the CEF,
DEAT and DME,

•

Energy efficiency measures should be integrated into low-cost houses such as
housing insulation, solar panels and stove maintenance and replacement,

•

Electrification in informal areas such as Regorogile, Ipeleng, Marapong and
Mahwelereng should be actively undertaken.

8.4 Transportation
Recommended interventions in the short-medium term include:
•

The vehicle emissions database should be reviewed with updated traffic count
data as these become available,

•

A comprehensive emissions monitoring and diesel testing programme should be
initiated in congested areas,

•

A detailed assessment of the vehicle fleet in the District should be undertaken
including information on vehicle numbers, type, age and fuel usage.

•

The future regulation of diesel-drive vehicles. The Future Emitters Project and the
Norms and Standards Setting Project will develop regulations, although this will
not be applicable to on-road vehicles. Local authorities will be expected to
establish control measures for on-road vehicles through local by-laws,

•

Vehicles are likely to be declared the first controlled emitters in South Africa,

•

Improved fuel quality with a reduction in the sulphur content (50 ppm).
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8.4 Agriculture and Biomass Burning
Recommended interventions for agriculture in the short-long term include:
•

The District Municipality should obtain information on the quantity of pesticides
consumed in the District.

•

Crop spraying should only take place under favourable atmospheric conditions to
reduce spray drift,

•

Agricultural burning should also only be allowed under favourable dispersion
conditions to reduce the air quality impact.

Recommended interventions for biomass burning in the short-long term include:
•

Emissions from biomass burning need to be accurately quantified,

•

The role of the fire services in air pollution control needs to be identified in each
Local Municipality,

•

Each local Fire Department should maintain and update a database of the
locations of veld fires and the extent of the areas burnt. This will assist with the
quantification of biomass burning emissions,

•

Regional scheduled burning areas should be published for agricultural and
management fires,

•

A biomass burning advisory line should be established by the District to assist
with agricultural burning.

8.5 Waste Disposal and Treatment
Recommendations interventions for waste treatment and disposal in the short-medium
term include:
•

The District should develop a detailed emissions inventory of all waste sources in
the area, including incinerators, sewage and waste water treatment works and
landfills,

•

All operating incinerators should be permitted and operating within their permit
requirements,

•

All waste disposal sites should be in compliance with the DWAF minimum
requirements for landfills,
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•

The District should introduce awareness raising programmes around waste
minimization and recycling initiatives,

•

Efficient service delivery in residential areas will reduce illegal dumping and
burning,

•

The Landfill Permitting Backlog Project currently being undertaken by DEAT will
delegate the responsibility to Province to ensure that all landfills are permitted
and operating legally.
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1. INTRODUCTION
The National Environmental Management: Air Quality Act 39 of 2004 (AQA) requires
Municipalities to introduce Air Quality Management Plans (AQMP) that set out what will
be done to achieve the prescribed air quality standards. As per Section 15 (2) of AQA
each Municipality must include in its integrated development plan contemplated in
Chapter 5 of the Municipal Systems Act, an air quality management plan.
The Waterberg District Municipality, so called because of the numerous streams that
occur in the mountain ranges during high rainfall periods, is located in the Limpopo
Province in South Africa. The Waterberg District is comprised of six Local Municipalities,
namely, Bela-Bela, Mogalakwena, Lephalale, Modimolle, Thabazimbi and Mookgopong.
Mining, agriculture and tourism are the main economic activities in the District with
manufacturing on a smaller scale, although there is significant potential for expansion.
The District has eight heritage sites including the Makapan’s Valley World Heritage Site,
numerous nature reserves and hot-springs which contribute to this District being a major
tourist attraction.
The main objective of the project is to develop an Air Quality Management Plan for the
Waterberg District Municipality, as per the requirements of the Air Quality Act of 2004.
The main aims of the Waterberg District Air Quality Management Plan are:
a) To ensure sustainable implementation of air quality standards throughout the six
Local Municipalities within the District Municipality,
b) To comply with the Bill of Rights as enshrined in the Constitution of every citizen
having the right to live in an environment where pollution is controlled,
c) To devise methodology and processes for the monitoring of pollution parameters
consistent with National, Provincial and Local norms and standards,
d) To evaluate the existing air quality monitoring system in the Municipality and
make recommendations for an effective air quality monitoring programme,
e) Reviewing the present locations of the monitoring stations taking into
consideration the meteorological variables,
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f)

Reviewing protocol for data collection, processing, quality control and assurance,
interpretation and archiving reporting,

g) To identify emission sources and their emissions in the District,
h) Re-establishing the emission inventory in the study area by identifying sources
and quantifying pollution and capturing these on the GIS,
i)

To identify air quality levels and set standards that are responsive to air quality
levels within the area,

j)

Initiation the development of an air pollution dispersion modeling system,

k) To ensure the provision of sustainable air quality management support and
services to all stakeholders within the District.
In order to meet these aims, the immediate objectives are: a) A

Status

Quo

Assessment

to

determine

pollution

sources,

ambient

concentrations and the potential for human health effects in the Waterberg
District,
b) A Feasibility Study to outline the strategies to address the current air quality
situation and provide recommendations for air quality monitoring.
c) An Air Quality Management Plan for the Waterberg District.
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1.1

Geographic Overview

The Waterberg District Municipality covers an area of approximately 22 288 m2. The
District is bordered by Botswana to the North and East, the North West and Mpumulanga
Provinces to the south and south east and Capricorn District Municipality to the east. The
Local Municipalities of Bela-Bela, Lephalale, Modimolle, Mogalakwena, Mookgopong
and Thabazimbi fall within the District (Figure 1).

Figure 1:

Local Municipalities of the Waterberg District Municipality.

The prominent economic activities within the Waterberg District include mining,
agriculture and tourism. Mining in the Waterberg District is the largest and predominant
contributor to the Gross Domestic Product (GDP) of Limpopo Province, contributing
57.5% with an annual growth rate of 13.9%, Current and future mining activities are
mainly located in the Lephalale area which has the third biggest coal reserves in South
Africa. Other mining activities include iron ore mining in Thabazimbi and extensive
platinum reserves in Mokopane and Northam. The largest opencast coal mine in South
Africa is found in Lephalale while the Matimba Power Station is the largest dry-cooled
power station in the world. Thabazimibi, meaning ‘Mountain of Iron’ is the centre of iron
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ore mining in the District. Bela-Bela, Modimolle and Mookgopong are associated with
mixed dryland agricultural activities. Modimolle is the commercial centre of the District
and is famous for its export of grapes and fruits such as peaches and watermelon.
Mokopane also serves a rich agricultural area in which wheat, tobacco, cotton, beef,
maize, peanuts and citrus are farmed. Vaalwater is fast becoming a major service centre
for a growing eco-tourism industry in the Waterberg Biosphere Reserve (Limpopo SoE.
2003).
Based on the Census 2001, the Waterberg District has a total population of
approximately 614 154 (Table 1). The more recent Community Survey in February 2007
shows a decrease in the growth rate in the District, with a total population of
approximately 596 092. Mogalakwena Local Municipality has the largest population in
the District Municipality (49%). Lephalale Local Municipality has 16% of the population
with most of the population located in Lephalale town. Modimolle Local Municipality has
12% of the population with the majority of the population located in Modimolle town.
Thabazimbi and Bela Bela Local Municipalities have 10% and 8% respectively of the
population within the District. The smallest population group (5%) is found in
Mookgopong Local Municipality. The spatial distribution of the population in the District is
given in Figure 2.
Table 1:

Population per Local Municipality in the Waterberg District Municipality.
Local Municipality

Census 2001

Community Survey 2007

Bela Bela

52 124

55 844

Lephalale

96 102

80 141

Modimolle

72 809

52 602

Mogalakwena

298 439

330 649

Mookgopong

30 759

16 818

Thabazimbi

63 921

60 039

Total

614 154

596 092
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Figure 2:

Population density of the Waterberg District Municipality (Census 2001).

The Waterberg District is characterised by its distinct topography with a significant
portion of the District covered in mountainous terrain (Figure 3). The general fall of the

land is from the high-lying areas in the south and east to the lower lying areas in
the north and west. The Waterberg Mountain Range is the most prominent
topographical feature in the District. The Waterberg Mountain Range is the collective
name for the Sand River Mountains, the Hoekberg, the Swaershoek Mountains and the
Moepel Range.
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Figure 3:

1.2

Topography of the Waterberg District Municipality.

Methodological Approach for the development of an Air Quality Management
Plan for the Waterberg

The development of an Air Quality Management Plan for the Waterberg District
Municipality was undertaken in a phased approach, which included a Status Quo
Assessment, a Feasibility Study, an Air Quality Management Plan as well as ongoing
consultation with all key stakeholders in the District.
Status Quo Assessment
A Status Quo Assessment was undertaken as part of the first phase which included a
detailed baseline assessment of the meteorological conditions and the ambient air
quality situation in the District. Meteorological data was obtained from the South African
Weather Services and the Agricultural Research Council. Due to the limited availability
of monitoring data in the District, use was made of continuous monitoring data from
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Matimba Power station in Lephalale and dust fallout data from various industries in the
District.
An emissions inventory was compiled for air pollution sources in the District with specific
focus on quantifiable sources such as industries, vehicles and domestic fuel burning.
Industrial sources were identified in the District through consultation with the Waterberg
District, Limpopo Province and an area-wide site visit. A detailed questionnaire was then
distributed to all identified industrial and boiler sources in the Waterberg District to obtain
their emissions information. For sources such as vehicles and domestic fuel burning, use
was made of international and local emission factors to estimate emissions. Vehicle
traffic counts were obtained from the Limpopo Roads Agency for major roads in the
District. The composition of the vehicle fleet on the roads was based on vehicle sales per
region as obtained from the National Association of Automobile Manufacturers of South
African (NAAMSA). Fuel sales per magisterial district were obtained from the South
African Petroleum Industry Association (SAPIA). For domestic fuel burning, household
fuel usage was obtained from the Census 2001 database. Other sources such as
agriculture, biomass burning and waste disposal sites are discussed but not quantified
due to the availability of accurate, current information.
Dispersion modeling simulations were undertaken using the international ADMS-Urban
model developed by the Cambridge Environmental Research Consultants in the United
Kingdom. ADMS-Urban is a dispersion and transport model, specifically for air quality
calculations across urban areas. It models point, line, area and volume sources and it is
able to consider multiple grid sources including industrial, domestic and road traffic
emissions in a large urban area. The model can be applied to flat and complex terrain
(which is limited and based on surface roughness) and also considers buildings and
street canyon effects. It is able to calculate pollutant concentrations for 15 minutes (short
term) to 1 year (long term) averaging times. Percentiles can also be calculated for
comparison with regulatory standards. Chemical reactions involving NOx, O3 and VOC’s
can also be modelled using trajectory model algorithms (CERC, 2000). Dispersion
modeling predictions were used to determine compliance with the draft National Ambient
Air Quality Standards.
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Feasibility Study
The Feasibility Study evaluated the current capacity of Government (Local, District and
Province) for air quality management and control in terms of personnel, skills, resources
and tools. Questionnaires were developed and sent out to each of the six Local
Municipalities, the Waterberg District Municipality and the Limpopo Province to obtain
information on their organisational structures, air quality functions and available
hardware and software for air quality management and control.
Air Quality Management Plan
The development of the Air Quality Management Plan incorporated the findings from the
Status Quo Assessment and the Feasibility Study. An overview of National air quality
legislation as well as legislation influencing Local Government is provided. Based on the
ambient air quality monitoring data and the dispersion modeling predictions, key
pollutants and areas of concern were identified in the District. Emission reduction
strategies were proposed for the major source contributors with achievable timeframes
associated with each intervention. Recommendations are also made for the
implementation of an air quality monitoring programme in the District.
Stakeholder Engagement
Ongoing throughout the development of the Air Quality Management Plan is stakeholder
engagement. Stakeholder engagement is critical to the success of the Plan. Monthly
stakeholder meetings were held in the District including representatives from each
sphere of Government. Three public participation meetings were held in June 2009 in
Lephalale, Thabazimbi and Mokopane, respectively, and included representatives from
Government, Industry and Non-Governmental Organisations (NGOs).
1.3

Local Air Quality Management Plans

The Air Quality Act aims to provide reasonable measures to prevent air pollution and
give effect to Section 24 of the Constitution. The Air Quality Act states that local
authorities are required to develop AQMPs as part of their Integrated Development
Plans. Within South Africa, various Municipalities have addressed their responsibilities
and developed AQMPs, including Rustenburg Local Municipality (2005), Capricorn
District Municipality (2006), Eden District Municipality (2008), Cape Winelands District
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Municipality (2008), City of Johannesburg Metropolitan Municipality (2003), Ekurhuleni
Metropolitan Municipality (2004), City of Cape Town Metropolitan Municipality (2006),
City of Tshwane Metropolitan Municipality (2006) and eThekwini Metropolitan
Municipality (2007).
The Air Quality Act also makes provision for the identification of priority areas where the
air quality is regarded as poor and detrimental to human health and the environment.
The Vaal Triangle was declared the first priority area in South Africa by the Minister of
Environmental Affairs and Tourism on the 21st of April 2006. Once declared, a Priority
Area Air Quality Management Plan must be developed within 6 months after declaration.
The Vaal Triangle Airshed Priority Area Air Quality Management Plan was the first Air
Quality Management Plan to be developed for a priority area in South Africa.
The AQMP developed for the Waterberg District is in-line with the AQMPs developed
locally, with specific focus on the more recent Vaal Triangle Priority Area AQMP. The
guidelines outlined in the Manual for Air Quality Management Planning in South Africa
and the National Framework for Air Quality Management in the Republic of South Africa
was also followed.

1.4

Outline of Report

Section 2 describes the policy and legislative requirements with specific reference to air
quality legislation and the draft National air quality standards. Section 3 gives an
overview of the criteria pollutants and associated health and environmental impacts.
Section 4 provides an overview of the prevailing meteorological conditions in the District
as well as an assessment of the current air quality situation. The baseline (status quo)
assessment, which includes the development of an emissions inventory and dispersion
modeling predictions, is presented in Section 5. The capacity for air quality management
and control within the Waterberg District is given in Section 6 with the required human
resources and air quality tools described in Section 7. Emissions reduction strategies to
be implemented in the Waterberg District are outlined in Section 8.
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2. POLICY AND REGULATORY REQUIREMENTS
2.1. Air Pollution Prevention Act 45 of 1965
The Atmospheric Pollution Prevention Act 45 of 1965 (APPA) focused mainly on source
based control with registration certificates issued for Scheduled Processes. Scheduled
Processes are defined as processes which emit more than a defined quantity of
pollutants per year. This legislation made provision for the control of noxious or offensive
gases from Scheduled Processes which are subject to the Best Practicable Means
(BPM) of pollution abatement. BPM is a set of guidelines issued by the Department of
Environmental Affairs and Tourism (DEAT) stipulating the level of technology that is the
best practicable means of preventing or reducing to a minimum the escape of noxious or
offensive gases into the atmosphere at source. The Chief Air Pollution Control Officer
(CAPCO) of DEAT was responsible for the implementation of the BPM approach.
Control of smoke emissions was enforced by local authorities through regulation and
smoke control zones. Dust emissions from mining and quarrying activities were also
controlled and enforced by the CAPCO as well as by the Department of Minerals and
Energy through the inspection of mines. Provision was also made for the control of
vehicle exhaust emissions. However, APPA is outdated and is being replaced with the
Air Quality Act 39 of 2004 (AQA) which came into effect on 11 September 2005. Section
60 of AQA repeals APPA but provision is made for sections of APPA to remain in force
pending the establishment of appropriate systems and services introduced by AQA and
for different provisions of AQA to come into effect at different times.

2.2. National Environmental Management: Air Quality Act 39 of 2004
The National Environmental Management: Air Quality Act 39 of 2004 has shifted the
approach of air quality management from source-based control to receptor-based
control. The main objectives of the Act are to:


Give effect to everyone’s right ‘to an environment that is not harmful to their
health and well-being’



Protect the environment by providing reasonable legislative and other measures
that (i) prevent pollution and ecological degradation, (ii) promote conservation
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and (iii) secure ecologically sustainable development and use of natural
resources while promoting justifiable economic and social development
The Act makes provision for the setting and formulation of national ambient air quality
standards for ‘substances or mixtures of substances which present a threat to health,
well-being or the environment’. More stringent standards can be established at the
provincial and local levels. The control and management of emissions in AQA relates to
the listing of activities that are sources of emission and the issuing of emission licences.
Listed activities are defined as activities which ‘result in atmospheric emissions and are
regarded to have a significant detrimental effect on the environment, including human
health’ will be identified by the minister of DEAT. Once published, atmospheric emission
standards will be established for each of these activities and an atmospheric emission
licence will be required to operate. The issuing of emission licences for Listed Activities
will be the responsibility of the metropolitan and district municipalities. In addition, the
minister may declare any substance contributing to air pollution as a priority pollutant.
Any industries or industrial sectors that emit these priority pollutants will be required to
implement a Pollution Prevention Plan. Municipalities are required to ‘designate an air
quality officer to be responsible for co-ordinating matters pertaining to air quality
management in the Municipality’. The appointed Air Quality Officer will be responsible for
the issuing of atmospheric emission licences.
The Act also introduces the compulsory monitoring of ambient air quality. The national
framework, which is currently under review, will legislate protocols, standards and
methodologies for monitoring. The Act also requires relevant national departments,
provinces and municipalities to introduce Air Quality Management Plans (AQMPs) that
set out what will be done to achieve the prescribed air quality standards. Metropolitan,
District and Local Municipalities are required to include an AQMP as part of its Integrated
Development Plan.
A summary of the functions and responsibilities of National, Provincial and Local
Government, as informed by the new Air Quality Act and the National Framework for Air
Quality Management in the Republic of South Africa, are given in Table 2.
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Table 2:

Air quality responsibilities and functions of National, Provincial and Local
Government.

National Government

Provincial Government

Local Government

Establish and review National
Framework

None

None

Identify National priority
pollutants

Identify Provincial priority
pollutants

Identify priority pollutants (in
terms of its by-laws)

Establish National air quality
standards

Establish Provincial air quality
standards

Establish Local air quality
standards (more stringent)

Establish National emission
standards

Establish Provincial emission
standards

Establish Local emission
standards

Appoint National Air Quality
Officer

Appoint Provincial Air Quality
Officer

Appoint Air Quality Officer

Prepare a National AQMP as a
component of their EIP

Prepare a Provincial AQMP as a
component of their EIP

Develop an AQMP as part of
their IDPs

Execute overarching auditing
function to ensure that adequate
air quality monitoring occurs

Ambient air quality monitoring

Ambient air quality monitoring

Declare National priority areas

Declare Provincial priority areas

None

Prepare National priority areas
AQMP

Prepare Provincial priority areas
AQMP

None

Prepare an annual report
regarding the implementation of
the AQMP

Prepare an annual report
regarding the implementation of
the AQMP

Prepare an annual report
regarding the implementation of
the AQMP

Prescribe regulations for
implementing and enforcing the
priority area AQMP

Prescribe regulations for
implementing and enforcing the
priority area AQMP

None

List activities

List activities

None

None

Perform emission licensing
authority functions

Perform emission licensing
authority functions

Declare controlled emitters

Declare controlled emitters

None

Declare and set requirements for
controlled fuels

Declare and set requirements for
controlled fuels

None

Set requirements for pollution
prevention plans

Establish a programme of public
recognition of significant
achievement in air pollution
prevention

None

Prescribe measures for the
control of dust, noise and odours

Prescribe measures for the
control of dust, noise and odours

None

Investigate and regulate
transboundary pollution

None

None

Investigate potential international
agreement contraventions

None

None
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2.3. Legislation for Local Government
The Local Government: Municipal Systems Act 32 of 2000, together with the Municipal
Structures Act, establish local government as an autonomous sphere of government with
specific powers and functions as defined by the Constitution. Section 155 of the
Constitution provides for the establishment of Category A, B and C municipalities which
each has different levels of municipal executive and legislative authorities. According to
Section 156(1) of the Constitution, a municipality has the executive authority in respect
of, and has the right to, administer the local government matters (listed in Part B of
Schedule 4 and Part B of Schedule 5) that deal with air pollution. Section 156(2) makes
provision for a municipality to make and administer by-laws for the effective
administration of any matters which it has the right to administer as long as it does not
conflict with national or provincial legislation. The Municipal Systems Act as read with the
Municipal Financial Management Act requires municipalities to budget for and provide
proper atmospheric environmental services. In terms of the National Health Act 61 of
2003, municipalities are expected to appoint a health officer who is required to
investigate any state of affairs that may lead to a contravention of Section 24(a) of the
Constitution. Section 42(a) states that each person has the right to an environment that
is not harmful to their health or well-being.
The Promotion of Access to Information Act 2 of 2000, in conjunction with Section 32 of
the Constitution, entitles everyone to the right of access to any information held by
government and private individuals. The relevance of the right to information is that
government, industry and private individuals can be compelled, through court
proceedings if required, to make information available regarding the state of the
atmosphere and pollution. The Promotion of Administrative Justice Act 3 of 2000 which
was introduced by the State to give effect to Section 33 of the Constitution provides
everyone with the right to administrative action that is lawful, reasonable and
procedurally fair and the right to be given written reasons when rights have been
adversely affected by administrative action.
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2.4. Local Air Quality By-Laws
Section 156(2) of the Constitution of the Republic of South Africa makes provision for a
Local Municipality to make and administer by-laws for the effective administration of the
matters which it has the right to administer so long as such by-laws do not conflict with
National or Provincial legislation.
With the Waterberg District, no current air quality by-laws have been established at the
District and Local levels. The Department of Environmental Affairs and Tourism is in the
process of developing a generic air pollution control by-law for Municipalities. An air
quality by-law for the Waterberg District should be modeled on these draft by-laws.
The City of Cape Town will be the first Municipality in South Africa to establish an air
pollution control by-law with the objective of ‘ensuring that air pollution is avoided, or
where it cannot be altogether avoided, is minimised and remedied’. Any person who is
responsible for causing significant air pollution or creating a risk of significant air pollution
occurring, must take reasonable measures to prevent any potential significant air
pollution from occurring and mitigate any significant air pollution that has occurred.
The City of Cape Town is declared as an air pollution control zone within which the
Council may:
(a) prohibit or restrict the emission of one or more pollutants from all premises or
certain premises;
(b) prohibit or restrict the combustion of certain types of fuel;
(c) declare smokeless zones,
(d) prescribe different requirements in an air pollution control zone relating to air
quality control in respect of different geographical portions, specified premises,
classes of premises or premises used for specific purposes.
The by-law also places stringent controls on smoke emissions from fuel burning
appliances and dwellings within the City of Cape Town. Provision is also made for the
control of smoke emissions from vehicles.
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2.5. Ambient Air Quality Guidelines and Standards
Guidelines provide a basis for protecting public health from adverse effects of air
pollution and for eliminating, or reducing to a minimum, those contaminants of air that
are known or likely to be hazardous to human health and well-being (WHO, 2000). Once
the guidelines are adopted as standards, they become legally enforceable. Air quality
guidelines and standards can be developed for the following averaging periods, namely
an instantaneous peak, 1-hour average, 24-hour average, 1-month average and annual
average.
The South African Bureau of Standards (SABS), in collaboration with DEAT, established
ambient air quality standards for criteria pollutants. Two standards were published as
part of this process:
•

SANS 69:2004 - Framework for setting and implementing national ambient air
quality standards

•

SANS 1929:2005 - Ambient Air Quality - Limits for common pollutants

SANS 69 defines the basic principles of a strategy for air quality management in South
Africa. This standard supports the establishment and implementation of ambient air
quality objectives for the protection of human health and the environment. Such air
quality objectives include:
•

Limit values - to be based on scientific knowledge, with the aim of avoiding,
preventing or reducing harmful effects on human health and the environment as
a whole. Limit values are to be attained within a given period and are not to be
exceeded once attained.

•

Target values - to be set to avoid harmful long-term effects on human health and
the environment. Target values represent long-term goals to be pursued through
cost-effective progressive methods. At these values, pollutants are either
harmless or unlikely to be reduced through expending further reasonable cost on
abatement due to background sources or other factors.

•

Alert thresholds - refer to levels beyond which there is a risk to human health
from brief exposure. The exceedance of such thresholds necessitates immediate
steps.
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The SANS 1929 standard sets limit values based on human health effects of SO2, PM10,
NOx, O3, lead and benzene concentrations (Table 3).
Table 3:

Limit values for criteria pollutants (SANS 1929).
Limit Value
3
(µg/m )

Limit Value
(ppb)

10-minute running
average

500

191

24-hr

125

48

Annual average

50

19

1-hr

200

106

Annual average

40

21

1-hr

30 000

26 000

8-hourly running
average

10 000

8 700

1-hr

200

102

24-hr

75

-

Annual average

40

-

Lead
Pb

Annual average

0.5

-

Benzene
C 6H 6

Annual average

5

1.6

Pollutant

Sulphur dioxide
SO2

Nitrogen dioxide
NO2

Carbon monoxide
CO
Ozone
O3
Particulate Matter
PM10

Averaging Period

2.5.1. National Ambient Air Quality Standards
The Department of Environmental Affairs and Tourism issued ambient air quality
guidelines for several criteria pollutants, including particulates, sulphur dioxide, oxides of
nitrogen, lead, ozone and carbon monoxide. The Air Quality Act of 2004 adopted these
guidelines as National ambient air quality standards. On 2 June 2006, the Minister of
Environmental Affairs and Tourism announced his intention of setting new ambient air
quality standards in terms of Section 9(1)(a) and (b) of the Air Quality Act. The proposed
new standards were published for public comment in the Government Gazette of 9 June
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2006. Since then, updated draft National standards with allowable frequencies of
exceedance and compliance timeframes have been proposed (Table 4).
The Air Quality Act does not make provision for the setting of legally binding local air
quality standards by local authorities. However, it is accepted that local authorities may
establish more stringent ambient air quality guidelines than the National standards.
Table 4:

3

Proposed National standards (µg/m ) with allowable frequencies of
exceedance shown in brackets. The values indicated in blue are
expressed in ppb.

Pollutant

Sulphur dioxide
SO2

Nitrogen dioxide
NO2

Averaging Period

Immediate

2012

2017

10-minute running
average

500 (526)
(191)

500 (263)
(191)

500 (50)
(191)

1-hr average

350 (88)
(134)

350 (44)
(134)

350 (9)
(134)

24-hr average

125 (4)
(48)

125 (2)
(48)

125 (1)
(48)

Annual average

50 (0)
(19)

2022

1-hr average

376 (0)
(200)

288 (88)
(153)

244 (44)
129)

200 (9)
(106)

Annual average

100 (0)
(53)

70 (0)
(37)

55 (0)
(29)

40 (0)
(21)

1-hr average

30 000 (0)
(26 000)

8-hourly running
average

10 000 (0)
(8 700)

8-hourly running
average

235 (0)
(120)

178 (0)
(92)

150 (0)
(80)

120 (0)
(61)

24-hr average

180 (0)

127 (4)

100 (2)

75 (1)

Annual average

60 (0)

50 (0)

45 (0)

40 (0)

Lead
Pb

Annual average

0.5 (0)

Benzene
C 6H 6

Annual average

10 (0) (3.2)

Carbon monoxide
CO
Ozone
O3
Particulate Matter
PM10

5 (0) (1.6)
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Revised National ambient standards were published for comment by the Department of
Environmental Affairs and Tourism in April 2009. The proposed revisions are shown in
Table 5 and include more stringent standards for NO2, CO, O3, PM10 and benzene.
Table 5:

3

Proposed revised National standards (µg/m ) with allowable frequencies of
exceedance shown in brackets. The values indicated in blue are
expressed in ppb.
Pollutant

Nitrogen dioxide
NO2

Carbon monoxide
CO
Ozone
O3
Particulate Matter
PM10
Benzene
C 6H 6

Averaging Period

Immediate
200 (88)
(106)

1-hr average

40 (0)
(21)

Annual average
1-hr average

30 000 (88)
(26 000)

8-hourly running
average

10 000 (11)
(8 700)

8-hourly running
average

120 (11)
(61)

24-hr average

75 (4)

Annual average

40 (0)

Annual average

5 (0)(1.6)

2.5.2. Dust Deposition Standards and Guidelines
DEAT has published guideline values for allowable dust fallout (Table 6). These values
have been accepted by the Department of Minerals and Energy (DME) as the reference
fallout rates for dust deposition for the purpose of Environmental Management
Programme Reports.
The four-band scale recommended in the evaluation of dust deposition is shown in Table
7. Target, Alert and Action levels for dust deposition are indicated in Table 8. Dust fallout
rates are expressed in units of mg/m2/day over a 30-day averaging period (SANS 1929,
2004).
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Table 6:

Department of Environmental Affairs and Tourism dust fallout guidelines.

Table 7:

Classification

Dust fallout averaged over 1 month
2
(30-day average) (mg/m /day)

Very Heavy

> 1200

Heavy

500 – 1200

Moderate

250 – 500

Slight

< 250

Four-band scale evaluation criteria for dust deposition (SANS 1929).

Band
Number

Band
Description
Level

Dust-Fall Rate (D)
2
(mg/m /day),
30-day average)

1

RESIDENTIAL

D < 600

2

INDUSTRIAL

600 < D < 1 200

3

ACTION

1 200 < D < 2 400

4

ALERT

2 400 < D

Table 8:

Comment
Permissible for residential and
light commercial
Permissible for heavy commercial
and industrial
Requires investigation and
remediation if two sequential
months lie in this band, or more
than three occur in a year.
Immediate action and remediation
required following the first
exceedance. Incident report to be
submitted to the relevant authority.

Target, action and alert thresholds for ambient dust-fall (SANS 1929).
Dust-Fall Rate
2
(D) (mg/m /day),
30-day average)

Averaging
Period

Permitted Frequency of
Exceedance

TARGET

300

Annual

-

ACTION
RESIDENTIAL

600

30 days

ACTION
INDUSTRIAL

1 200

30 days

ALERT
THRESHOLD

2 400

30 days

Level

Three within any year, no two
sequential months.
Three within any year, not
sequential months.
None. First exceedance
requires remediation and
compulsory report to the
authorities.
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2.5.2.1.

Margin of Tolerance and Exception

No industry may operate within the fourth band (alert band) as specified in Table 7.
Industry may operate within the third band (action band) for a limited period of time
provided that they have received written authorisation from the relevant authorities.
Furthermore, this authorisation may only be granted by the authorities if it is essential in
terms of practical operational reasons and provided that an appropriate dust suppression
technology is applied for the duration of the required operation.
Dust fallout that exceeds the specified guidelines may be discounted by the authorities
for enforcement and control purposes if they are shown to be the result of an extreme
weather or geological event. Such an extreme event may typically be characterised by
excessive dust fallout over an entire metropolitan area, and not be localised to a
particular operation. Natural seasonal variations will not be considered as extreme
events and will thus not be discounted.
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3. CRITERIA POLLUTANTS AND ASSOCIATED HEALTH AND ENVIRONMENTAL
IMPACTS
Deteriorating urban air quality has implications for human health, climate and visibility.
An overview of the criteria pollutants and associated human health and environmental
impacts is discussed in the section below.
3.1. Human Health Impacts
3.1.1. Particulate Matter
Particles can be classified by their aerodynamic properties into coarse particles, PM10
(particulate matter with an aerodynamic diameter of less than 10 µm) and fine particles,
PM2.5 (particulate matter with an aerodynamic diameter of less than 2.5 µm) (Harrison
and van Grieken, 1998). The fine particles contain the secondarily formed aerosols such
as sulphates and nitrates, combustion particles and recondensed organic and metal
vapours. The coarse particles contain earth crust materials and fugitive dust from roads
and industries (Fenger, 2002).
In terms of health impacts, particulate air pollution is associated with effects of the
respiratory system (WHO, 2000). Particle size is important for health because it controls
where in the respiratory system a given particle deposits. Fine particles have been found
to be more damaging to human health than coarse particles as larger particles are less
respirable in that they do not penetrate deep into the lungs compared to smaller particles
(Manahan, 1991). Larger particles are deposited into the extrathoracic part of the
respiratory tract while smaller particles are deposited into the smaller airways leading to
the respiratory bronchioles (WHO, 2000).
Short-term exposure
Recent studies suggest that short-term exposure to particulate matter leads to adverse
health effects, even at low concentrations of exposure (below 100 µg/m3). Morbidity
effects associated with short-term exposure to particulates include increases in lower
respiratory symptoms, medication use and small reductions in lung function.
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Long-term exposure
Long-term exposure to low concentrations (~10 µg/m3) of particulates is associated with
mortality and other chronic effects such as increased rates of bronchitis and reduced
lung function (WHO, 2000). Those most at risk include the elderly, individuals with preexisting heart or lung disease, asthmatics and children.
3.1.2. Sulphur dioxide
SO2 originates from the combustion of sulphur-containing fuels and is a major air
pollutant in many parts of the world. Health effects associated with exposure to SO2 are
also associated with the respiratory system. Being soluble, SO2 is readily absorbed in the
mucous membranes of the nose and upper respiratory tract (Maroni et al., 1995).
Short-term exposure
Most information on the acute effects of SO2 is derived from short-term exposure in
controlled chamber experiments. These experiments have demonstrated a wide range of
sensitivity amongst individuals. Acute exposure of SO2 concentrations can lead to
severe bronchconstriction in some individuals, while others remain completely
unaffected. Response to SO2 inhalation is rapid with the maximum effect experienced
within a few minutes. Continued exposure does not increase the response. Effects of
SO2 exposure are short-lived with lung function returning to normal within a few minutes
to hours (WHO, 2000).
Exposure over 24 hours
The effects of exposure to SO2, averaged over a 24 hour period, are derived from
epidemiological studies in which the effects of SO2, particulates and other associated
pollutants are assessed. Studies of the health impact of emissions from the inefficient
burning of coal in domestic appliances have shown that when SO2 concentrations
exceed 250 µg/m3 in the presence of particulate matter (as sulphates), an exacerbation
of symptoms is observed in selected sensitive patients. More recent studies of health
impacts in ambient air polluted by industrial and vehicular activities have demonstrated
at low levels effects on mortality (total, cardiovascular and respiratory) and increases in
hospital admissions. In these studies, no obvious SO2 threshold level was identified
(WHO, 2000).
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Long-term exposure
Long-term exposure to SO2 has been found to be associated with an exacerbation of
respiratory symptoms and a small reduction in lung function in children in some cases. In
adults, respiratory symptoms such as wheezing and coughing are increased.
3.1.3. Nitrogen dioxide
Nitric oxide (NO) is a primary pollutant emitted from the combustion of stationary sources
(heating, power generation) and from motor vehicles. Nitrogen dioxide (NO2) is formed
through the oxidation of nitric oxide. Oxidation of NO by O3 occurs rapidly, even at low
levels of reactants present in the atmosphere. Altshuller (1956) calculated that 50%
conversion of nitric oxide would take less than 1 minute at a NO concentration of 120
µg/m3 (0.1 ppm) in the presence of an O3 concentration of 200 µg/m3 (0.1 ppm). As a
result, this reaction is regarded as the most important route for nitrogen dioxide
production in the atmosphere.
Nitrogen dioxide is an important gas, not only because of its health effects, but because
it (a) absorbs visible solar radiation and contributes to visibility impairment, (b) could
have a potential role in global climate change if concentrations were to increase
significantly, (c) is a chief regulator of the oxidizing capacity of the free troposphere by
controlling the build-up and fate of radical species, including hydroxyl radicals and (d)
plays a critical role in determining ozone concentrations.
Short-term exposure
At concentrations greater than 1880 µg/m3 (1000 ppb), changes in the pulmonary
function of adults is observed. Normal healthy people exposed at rest or with light
exercise for less than 2 hours to concentrations above 4700 µg/m3 (2500 ppb),
experience pronounced decreases in pulmonary function. Asthmatics are potentially the
most sensitive subjects although various studies of the health effects on asthmatics have
been inconclusive. The lowest concentration causing effects on pulmonary function was
reported from two laboratories that exposed mild asthmatics for 30 – 110 minutes to 565
µg/m3 (301 ppb) during intermittent exercise (WHO, 2000).
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Long-term exposure
Epidemiological studies have been undertaken on the indoor use of gas cooking
appliances and health effects. Studies on adults and children under 2 years of age found
no association between the use of gas cooking appliances and respiratory effects.
Children aged 5 – 12 years have a 20% increased risk for respiratory symptoms and
disease for each increase of 28 µg/m3 (15 ppb) NO2 concentration, where the weekly
average concentrations are in the range of 15 – 128 µg/m3 (8 – 68 ppb) (WHO, 2000).
Outdoor studies consistently indicate that children with long-term ambient NO2
exposures exhibit increased respiratory symptoms that are of a longer duration.
However, no evidence is provided for the association of long-term exposures with health
effects in adults (WHO, 2000.
3.1.4. Ozone

Ozone in the atmosphere is a secondary pollutant formed through a complex series of
photochemical reactions between NO2 and VOCs in the presence of sunlight. Sources of
these precursor pollutants include motor vehicles and industries. Atmospheric
background concentrations are derived from both natural and anthropogenic sources.
Natural concentrations of O3 vary with altitude and seasonal variations (i.e. summer
conditions favour O3 formation due to increased insolation). Diurnal patterns of O3 vary
according to location, depending on the balance of factors affecting its formation,
transport and destruction. From the minimal levels recorded in the early morning,
concentrations increase as a result of photochemical processes and peak in the
afternoon. During the night, O3 is scavenged by nitric oxide. Seasonal variations in O3
concentrations also occur and are caused by changes in meteorological conditions and
insolation. Quarterly mean (arithmetic average of daily values for a calendar quarter) O3
concentrations are typically highest in summer (WHO, 2000).
Ozone contributes to the formation of significant amounts of organic and inorganic
aerosols. Correlations between concentrations of O3 and sulphuric acid, nitric acid,
sulphates and nitrates have been observed (Grennfelt, 1984).
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Ozone is a powerful oxidant and can react with a wide range of cellular components and
biological materials. Health effects and the extent of the damage associated with O3
exposure is dependent on O3 concentrations, exposure duration, exposure pattern and
ventilation (WHO, 2000).
Short-term exposure
Short-term effects include respiratory symptoms, pulmonary function changes, increased
airway responsiveness and inflammation. Field studies in vulnerable persons (children,
adolescents, young adults, elderly and asthmatics) have indicated that

pulmonary

function decrements can occur as a result of short-term exposure to O3 concentrations in
the range 120 – 240 µg/m3 (61 – 122 ppb) and higher. Ozone exposure has also been
reported to be associated with increased hospital admissions for respiratory causes and
exacerbation of asthma (WHO, 2000).
Long-term exposure
There is limited information linking long-term O3 exposure to chronic health effects,
however, there are suggestions that cumulative O3 exposures may be linked with
increasing asthma severity and the possibility of increased risk of becoming asthmatic
(Abbey et al., 1993).
Evidence provided by studies of health effects related to chronic ambient O3 exposure is
consistent in indicating chronic effects on the lung. Some studies have shown that longterm exposure to concentrations of O3 in the range 240 – 500 µg/m3 (122 – 255 ppb)
causes morphological changes in the region of the lung resulting in a reduction in lung
function (WHO, 2000).
3.1.5. Carbon monoxide
Carbon monoxide (CO) is one of the most common and widely distributed air pollutants.
CO is a tasteless, odourless and colourless gas which has a low solubility in water. In
the human body, after reaching the lungs it diffuses rapidly across the alveolar and
capillary membranes and binds reversibly with the haem proteins. Approximately 80 90% of CO binds to haemoglobin to form carboxyhaemoglobin (COHb) which is a
specific biomarker of exposure in blood. The affinity of haemoglobin for CO is 200 – 250
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times that for oxygen. This causes a reduction in the oxygen-carrying capacity of the
blood which leads to hypoxia as the body is starved of oxygen.
Anthropogenic emissions of CO originate from the incomplete combustion of
carbonaceous materials. The largest proportion of these emissions is produced from
exhausts of internal combustion engines, in particular petrol vehicles. Other sources
include industrial processes, coal power plants and waste incinerators. Ambient CO
concentrations in urban areas depend on the density of vehicles and are influenced by
topography and weather conditions. In the streets, CO concentrations vary according to
the distance from the traffic. In general, the concentration is highest at the leeward side
of the ‘street canyon’ with a sharp decline in concentration from pavement to rooftop
level (Rudolf, 1994).

Short and Long-term exposure
The adverse health effects of CO vary depending on the concentration and time of
exposure. Clinical symptoms range from headaches, nausea and vomiting, muscular
weakness, and shortness of breath at low concentrations (10 ppm) to loss of
consciousness and death after prolonged exposure or after acute exposure to high CO
concentrations (>500 ppm). Poisoning may cause both reversible, short-lasting
neurological deficits and severe, often delayed, neurological damage. Neurobehavioural
effects include impaired co-ordination, tracking, driving ability, vigilance and cognitive
ability at COHb levels as low as 1.5 - 8.2% (WHO, 2000).
High risk patients with regards to CO exposure include persons with cardiovascular
diseases (especially ischaemic heart disease), pregnant mothers and the foetus and
newborn infants. Epidemiological and clinical studies indicate that CO from smoking and
environmental or occupational exposures may contribute to cardiovascular mortality
(WHO, 2000).
3.1.6. Volatile Organic Compounds
Volatile Organic Compounds (VOCs) are organic chemicals that easily vapourise at
room temperature and are colourless. VOCs are released from vehicle exhaust gases
either as unburned fuels or as combustion products, and are also emitted by the
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evaporation of solvents and motor fuels. Short-term exposure to VOCs can cause eye
and respiratory tract irritation and damage, headaches, dizziness, visual disorders,
fatigue, loss of coordination, allergic skin reactions, nausea, and memory impairment,
damage the bone marrow and even death. Long-term exposure to high levels of VOCs
has been linked to an increase in occurrence of leukaemia. VOCs can also cause
damage to the liver, kidneys and central nervous system.
3.1.6.1.

Benzene

Benzene in air exists predominantly in the vapour phase, with residence times varying
between a few hours and a few days, depending on the environment, climate and the
concentration of other pollutants. The only benzene reaction, which is important in the
lower atmosphere, is the reaction with hydroxy radicals. The products of this reaction are
phenols and aldehydes, which react quickly and are removed from air by rain.
Benzene is a natural component of crude oil, and petrol contains 1 – 5% by volume.
Benzene is produced in large quantities from petroleum sources and is used in the
chemical synthesis of ethyl benzene, phenol, cyclohexane and other substituted
aromatic hydrocarbons. Benzene is emitted from industrial sources as well as from
combustion sources such as motor engines, wood combustion and stationary fossil fuel
combustion. The major source is exhaust emissions and evaporation losses from motor
vehicles, and evaporation losses during the handling, distribution and storage of petrol.
Information on health effects from short-term exposure to benzene is fairly limited. The
most

significant

adverse

effects

from

prolonged

exposure

to

benzene

are

haematotoxicity, genotoxicity and carcinogenicity. Chronic benzene exposure can result
in

bone

marrow

depression

expressed

as

leukopenia,

anaemia

and/or

thrombocytopenia, leading to pancytopenia and aplastic anaemia. Based on this
evidence, C6H6 is recognized to be a human and animal carcinogen. An increased
mortality from leukemia has been demonstrated in workers occupationally exposed
(WHO, 2000).

3.1.6.2.

Toluene

Toluene is produced from the catalytic conversion of petroleum and aromatization of
aliphatic hydrocarbons and as a by-product of the coke oven industry. The bulk of
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production is in the form of a benzene-toluene-xylene mixture that is used in the back
blending of petrol to enhance octane ratings. Toluene is used as a solvent, carrier or
thinner in the paint, rubber, printing, cosmetic, adhesives and resin industries, as a
starting material for the synthesis of other chemicals and as a constituent of fuels (WHO,
2000).
Toluene is believed to be the most prevalent hydrocarbon in the atmosphere. Reactions
with hydroxy radicals are the main mechanisms by which toluene is removed from the
atmosphere. The lifetime of toluene can range from a few days in summer to a few
months in winter (WHO, 2000).
The short-term and long-term effects of toluene on the Central Nervous System are of
great concern. Toluene may also cause developmental decrements and congential
abnormalities in humans. The potential effects of toluene exposure on reproduction and
hormonal imbalances in women are also of concern. Men occupationally exposed to
toluene at 5 – 25 ppm have also been shown to exhibit hormonal imbalances. Limited
information suggests an association between occupational toluene exposure and
spontaneous abortions at an average concentration 88 ppm. Toluene has minimal
effects on the liver and kidney, except in cases of toluene abuse. Studies have not
indicated that toluene is carcinogenic (WHO, 2000).

3.2. Environmental Impacts
Trace gases and aerosols impact climate through their effect on the radiative balance of
the earth. Trace gases such as greenhouse gases absorb and emit infrared radiation
which raises the temperature of the earth’s surface causing the enhanced greenhouse
effect. Aerosol particles have a direct effect by scattering and absorbing solar radiation
and an indirect effect by acting as cloud condensation nuclei. Atmospheric aerosol
particles range from dust and smoke to mists, smogs and haze (IPCC, 2001). Smogs
and haze are common in regions where certain geographic features, such as mountains,
and weather conditions, such as temperature inversions, contribute to the trapping of air
pollutants (Kumar and Mohan, 2002). Smogs and haze also contribute to visibility
degradation through the absorption and scattering of radiation by gases and particulates
(Elsom, 1996).
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Other environmental impacts associated with air pollution include loss of biodiversity,
damage to sensitive environments and acid rain. Acid rain is a general term referring to a
combination of wet and dry deposition from the atmosphere containing elevated
amounts of sulphuric and nitric acid. Acid rain occurs when SO2 and NOx are emitted
into the atmosphere, undergo chemical transformation and are absorbed by water
droplets in clouds. The droplets then fall to earth as rain, snow, mist, dust, hail or sleet.
This increases the acidity of soil and affects the chemical balance of dams and rivers.
Acid rain can also cause damage to buildings and infrastructure.
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4. METEOROLOGICAL OVERVIEW AND AMBIENT AIR QUALITY OF THE
WATERBERG

An overview of the macroscale and mesoscale atmospheric circulations influencing
airflow and the subsequent dispersion and dilution of pollutants is discussed. The local
meteorological conditions in the District are evaluated using surface meteorological data
from weather stations operated by the South African Weather Service and the
Agricultural Research Institute.

4.1. Macroscale Air Circulations
The mean circulation of the atmosphere over southern Africa is anticyclonic throughout
the year due to the dominance of three semi-permanent, subtropical high-pressure cells
over the subcontinent. Seasonal changes in the intensity and position of the highpressure cells, together with the influence of the easterlies in the north and westerlies in
the south, controls the climate of southern Africa.
Synoptic circulations within the general circulation influence the everyday weather of
southern Africa. Subtropical control of southern Africa is effected through the three semipermanent anticyclones, tropical control occurs through tropical easterly waves while
temperate control occurs through travelling perturbations in the westerlies.
Anticyclones centered over the subcontinent are associated with subsidence of air which
produces clear, dry, stable conditions. The frequency of occurrence of anticyclones
reaches a maximum over the interior plateau in June and July (79%) with a minimum
during December (11%). Although the dominant effect of winter subsidence is such that
the mean vertical motion is downward, weather occurs when uplift is produced by
localized systems. Subsidence associated with anticyclones is conducive to the
formation of absolutely stable layers in the troposphere that prevent the vertical transport
of pollution. Over the interior plateau, three stable layers occur at 700 hPa, 500 hPa, 300
hPa respectively with another layer at 800 hPa between the plateau and the coast. On
days when these stable layers occur, dense haze layers are evident (Tyson et al., 1996).
Absolutely stable layers at the surface in the form of surface inversions develop due to
cooling during the night. Surface inversions prevent the vertical distribution of pollutants

57

in the atmosphere which can reduce visibility during the early morning. During the day,
the stable boundary layer is eroded away by heating and a mixing layer develops which
may erode away the surface inversion (Tyson et al., 1988). Pollutants trapped below the
surface inversion are then able to rise and disperse.
Over southern Africa, semi-stationary easterly waves form in deep easterly currents in
the vicinity of an easterly jet. The waves are barotropic (axes not displaced with height)
and the perturbations take the form of open waves or closed lows which are evident near
the surface. Surface convergence and upper air divergence to the east of the wave
produces strong uplift, instability and the potential for precipitation. Ahead of and to the
west surface divergence and upper air convergence occurs, ensuring clear, dry
conditions. Easterly lows are deeper systems than easterly waves, with surface
convergence through the 500 hPa level to the east and divergence to the west. Such
phenomena are associated with copius rains if airflow has a northerly component.
Tropical disturbances are mainly a summer phenomenon and peak during the summer
months of December and February.
Westerly waves are baroclinic, Rossby waves and are tilted westward with height.
Westerly waves are associated with surface convergence and upper-level divergence
which produce gentle uplift of air. Subsidence and stable conditions occur ahead of the
trough with cloud and precipitation to the rear of the trough. Other disturbances in the
westerlies include cut-off lows, southerly meridional flow, ridging anticyclones, westcoast troughs and cold fronts. Cold fronts occur together with westerly waves,
depressions or cut-off lows. Cold fronts occur most frequently in winter and bring cool
weather due to airflow from the south and south-west. Ahead of the front, northerly
airflow is associated with divergence and subsidence that brings stable, clear conditions.
Behind the front, southerly airflow, associated with low-level convergence causes cool
conditions and rain (Tyson and Preston-Whyte, 2000). With the passage of a cold front,
wind direction changes from north-west to west and south-west. Most winter rain in the
South-Western Cape is associated with north-westerly, pre-frontal winds (Jackson and
Tyson, 1971). These north-westerly winds and rain will cleanse the atmosphere of any
accumulated pollutants (Jury et al., 1990).
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4.2. Mesoscale Air Circulations
Air transport near the surface can either be induced by horizontal spatial discontinuities
in temperature, pressure and density fields or by topographically induced local winds
such as those on slopes and in valleys. Such mesoscale circulations have implications
for the transport and recirculation of pollutants in an airshed.
On slopes, differential heating and cooling of the air produces local baroclinic fields
(Figure 4). During the day, the absorption of radiation by the slopes warms the air near
the surface, initiating low-level, up-slope anabatic flow with an upper-level return flow to
complete the closed circulation. During the night, the mechanism and the circulation are
reversed as surface cooling produces down-slope katabatic flow and its return flow. The
formation of frost hollows and the accumulation of fog and pollutants are associated with
down-slope flow (Atkinson, 1981).

Figure 4:

Diurnal variation of local winds on slopes (after Tyson and Preston-Whyte,
2000).

Within valleys, local airflow is dependent on the geometry (depth and orientation) of
valleys and the time of day or night (Tyson and Preston-Whyte, 2000). In valleys whose
slopes are equally heated (east-west valleys), early morning circulations are up-slope
and down-slope in the evening (Figure 5). During the day, up-valley valley winds occur
with an upper-level anti-valley wind to complete the closed circulation. During the night,
down-valley mountain winds and the return anti-mountain wind occur. In valleys at right
angles to the rising and setting sun (north-south valleys), the flow patterns are similar
except that a unicellular circulation is set up at sunrise and sunset. These wind fields
control the transport and dispersion of low-level pollutants within valleys (Tyson et al.,
1988). Nocturnal mountains winds can transport pollution long distances down valleys
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under stable conditions while daytime valley winds can effectively disperse and dilute
pollution trapped within the valley. Valley winds dominate and are strongest in summer
when heating is greatest while mountain winds dominate and are strongest in winter
when cooling is strongest (Tyson and Preston-Whyte, 2000).

Figure 5:

Diurnal variation of local winds in valleys (after Tyson and Preston-Whyte,
2000).

4.3. Wind Field
Characterisation of the wind field in the Waterberg District was undertaken using surface
meteorological data from available

weather stations in the District. Surface

meteorological data was obtained from the South African Weather Service (SAWS)
station in Bela-Bela, Thabazimbi, Lephalale and Mokopane. The Agricultural Research
Council (ARC) also operates a network of monitoring stations in the District as part of a
larger National Meteorological Monitoring Network. Meteorological parameters were
obtained from these stations for the period January 2004 – December 2008. A summary
of the meteorological stations operated in the Waterberg District is provided in Table 9.
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Table 9:

Meteorological stations operated by the Agricultural Research Council and South African Weather Services in the
Waterberg District.

Monitoring
Agency

Agricultural
Research
Council

South
African
Weather
Services

Station Name

Town

Latitude
(°S)

Longitude
(°E)

Status

Monitoring
Period

Parameters Measured

Averaging
Period

Staankraal

Waterberg

-24.48734

27.12459

Active

Jan 2007 Current

Wind speed, Wind direction,
Temperature, Humidity,
Radiation, Rainfall

10 sec
intervals

Marakele Towers

Thabazimbi

-24.29937

27.70002

Active

Jan 2004 Current

Wind speed, Wind direction,
Temperature, Humidity,
Radiation, Rainfall

10 sec
intervals

Besproeiingsraad

Crocodile
River

-24.8815

27.52056

Active

Jan 2005 Current

Wind speed, Wind direction,
Temperature, Humidity,
Radiation, Rainfall

10 sec
intervals

Doornfontein

Nylstroom

-24.56453

28.31893

Active

Jun 2003 Current

Wind speed, Wind direction,
Temperature, Humidity,
Radiation, Rainfall

10 sec
intervals

Bergfontein

Lephalale

-23.81678

27.77841

Active

Aug 1995 Current

Wind speed, Wind direction,
Temperature, Humidity,
Radiation, Rainfall

10 sec
intervals

Warmbaths

Bela Bela

-24.9000

28.3300

Active

Unknown

Wind speed, Wind direction,
Temperature, Humidity,
Pressure, Rainfall

5 min intervals

Ellisrus

Lephalale

-23.6800

27.7000

Active

Unknown

Wind speed, Wind direction,
Temperature, Humidity,
Pressure, Rainfall

5 min intervals

Potgietersrus

Mokopane

-24.2050

29.0110

Active

Unknown

Wind speed, Wind direction,
Temperature, Humidity,
Pressure, Rainfall

5 min intervals

-24.5820

27.4170

Active

Unknown

Wind speed, Wind direction,
Temperature, Humidity,
Pressure, Rainfall

5 min intervals

Thabazimbi

Thabazimbi
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Wind roses summarize the occurrence of winds at a location, representing their strength,
direction and frequency. Calm conditions are defined as wind speeds less than 1 m.s-1. Each
directional branch on a wind rose represents wind originating from that direction. Each
directional branch is divided into segments of different colours which are representative of
different wind speeds. Wind speed classes are represented as 1 – 2 m.s-1 (slow), 2 – 4 m.s-1
(moderate), 4 – 6 m.s-1 (strong) and > 6 m.s-1 (fast).
Significant variation in the wind field is observed in the Waterberg indicative of the strong
underlying topographical influence on the prevailing meteorological conditions (Figure 6). The
Thabazimbi station has prevailing winds predominantly from the north. The Marakele Towers
station, located to the north-east of Thabazimbi in the Kranskop Mountains, has moderate to
fast winds originating from the north-east, east-north-east and east. The Bergfontein station
outside Lephalale, has a slight topographical influence with winds originating from the northnorth-east and north-east. A similar wind field is observed at the Lephalale station in Lephalale
town. The local-scale topographical influence of Makapan’s valley is evident in the airflow
recorded at the Mokopane station, with winds having a strong northerly component. The
Doornfontein station in Nylstroom has slow to moderate winds originating from various
directions. A high percentage of calm conditions are recorded at this station given its location
within the mountain ranges. To the south of the Waterberg District, winds at Bela-Bela originate
from the north, north-east and east-north-east. The Crocodile River station to the west of BelaBela has slow winds with a high percentage of calms measured at this station.
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Thabazimbi

Thabazimbi – Marakele Towers

Lephalale – Bergfontein

Lephalale

Mokopane

Nylstroom - Doornfontein

Bela-Bela

Crocodile River

Figure 6:

Period surface wind roses for the Waterberg District Municipality for the period 2004 – 2008.
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The diurnal variation in winds in the Waterberg District is given in Figures 7 – 10. The microscale influence of the underlying topography on wind patterns is evident in the diurnal
signatures recorded at the meteorological stations. A lower percentage of calm conditions are
recorded during the day-time.
Airflow at the Thabazimbi station remains relatively unchanged during the day-time and nighttime, with a slight increase in winds from the south during the afternoon. At Marakele towers,
airflow is predominantly from the easterly sector, although westerly components are recorded
during the afternoon period. Winds at the Bergfontein station in Lephalale originate
predominantly from the north-east and north-north-east, with a shift again observed in the mid to
late afternoon. Diurnal airflow at the Lephalale station remains relatively unchanged. At the
Mokopane station, winds originate predominantly from the northerly sector during the night-time,
with additional southerly components during the day-time. At the Nylstroom station, airflow
patterns remains relatively unchanged during the day-time and night-time with winds
predominantly from the easterly and westerly sectors. A distinct diurnal variation is observed at
Bela-Bela, with prevailing winds from the north and north-east during the night-time. An increase
in wind speeds is observed during the day-time with additional wind components from the southwesterly direction. At the Crocodile River station, winds alternate from the westerly sector during
the day-time to an easterly sector during the night-time. A high percentage of calm conditions
are measured at this station, both during the day-time and night-time.
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Thabazimbi

Thabazimbi – Marakele Towers

Lephalale – Bergfontein

Lephalale

Mokopane

Nylstroom - Doornfontein

Bela-Bela

Crocodile River

Figure 7:

Diurnal wind roses (00:00 – 06:00) for the Waterberg District Municipality for the period 2004 – 2008.
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Thabazimbi

Thabazimbi – Marakele Towers

Lephalale – Bergfontein

Lephalale

Mokopane

Nylstroom - Doornfontein

Bela-Bela

Crocodile River

Figure 8:

Diurnal wind roses (06:00 – 12:00) for the Waterberg District Municipality for the period 2004 – 2008.
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Thabazimbi

Thabazimbi – Marakele Towers

Lephalale – Bergfontein

Lephalale

Mokopane

Nylstroom - Doornfontein

Bela-Bela

Crocodile River

Figure 9:

Diurnal wind roses (12:00 – 18:00) for the Waterberg District Municipality for the period 2004 – 2008.
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Thabazimbi

Thabazimbi – Marakele Towers

Lephalale – Bergfontein

Lephalale

Mokopane

Nylstroom - Doornfontein

Bela-Bela

Crocodile River

Figure 10:

Diurnal wind roses (18:00 – 24:00) for the Waterberg District Municipality for the period 2004 – 2008.
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4.3.1. Temperature
Temperature affects the formation, action and interactions of pollutants in various ways
(Kupchella and Hyland, 1993). Chemical reaction rates tend to increase with
temperature and the warmer the air, the more water it can hold and therefore the higher
the humidity. When relative humidity exceeds 70%, light scattering by suspended
particles begins to increase, as a function of increased water uptake by the particles
(CEPA/FPAC Working Group, 1999). This results in decreased visibility due to the
resultant haze. Many pollutants may also dissolve in water to form acids. Temperature
also provides an indication of the rate of development and dissipation of the mixing
layer, which is largely controlled by surface inversions. Surface temperature inversions
play a major role in air quality, especially during the winter months when these
inversions are the strongest.
The climate of the Waterberg District varies from a hot and semi-arid climate in the
northern and western regions to more humid and somewhat cooler in the southern and
eastern areas. Long-term average maximum, minimum and mean temperatures for
Lephalale and Bela-Bela are given in Figure 11 and Figure 12. Average maximum
temperatures range from 33.0 °C in January to 23.4 °C in June in Lephalale, with
average daily minima ranging from 20.4 °C in January to 6.7 °C in June. In Bela-Bela,
lower temperatures are recorded with average maximum temperatures range from 29.9
°C in January to 20.8 °C in June, with average daily minima ranging from 17.2°C in
January to 3.3 °C in June.
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Figure 11:

Maximum and minimum temperature (deg C) for Lephalale for the period
1983 – 1990.

Figure 12:

Maximum and minimum temperature (deg C) for Bela-Bela for the period
1982 – 1990.
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4.3.2. Precipitation
The Waterberg District experiences a marked seasonality of precipitation with cool, dry
winters and warm, wet summers. The mean annual precipitation in the northern and
western areas is approximately 400 mm, increasing to the south and east to
approximately 600 mm. Isolated high lying areas receive in excess of 600 mm rainfall
per annum. Monthly precipitation is given in Figure 13 for Bela-Bela, Lephalale,
Mokopane and Thabazimbi, respectively.

Figure 13:

Monthly rainfall (mm) for Bela-Bela (1961 – 1990), Lephalale (1982 – 1990),
Mokopane (1961 – 1990) and Thabazimbi (1983 – 1990).

4.4. Current Ambient Air Quality Situation
Limited air quality monitoring information is available in the Waterberg District, making it
difficult to accurately quantify the current state of the air quality in the District.
Continuous ambient air quality monitoring is only undertaken by Eskom at Matimba
power station, approximately 8 km to the north-west of Lephalale. Dust fallout monitoring
is undertaken by various industries and brickworks in the District Municipality. The
Exxaro Grootegeluk Mine is in the process of initiating a continuous PM10 monitoring
programme at the mine. VOC passive sampling is undertaken by PPL Anglo Platinum
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while Nylstene have recently initiated a passive sampling programme. Ambient air
quality monitoring information available is therefore limited to dust fallout monitoring data
from industries and continuous monitoring data for Lephalale. The distribution of
industries undertaking air quality monitoring in the District is shown in Figure 14.

Figure 14:

Location of dust fallout (red dots) and continuous air quality monitoring (blue
dot) undertaken in the District

4.4.1. Continuous Monitoring
Continuous ambient air quality monitoring is undertaken by Eskom in the vicinity of
Matimba Power Station. The continuous monitoring station was initially located at
Grootstryd, south-west of Matimba, to determine maximum ground level concentrations
from the power station. During January 2005 – August 2006, PM10 and SO2
concentrations, in addition to various meteorological parameters, were measured at this
site. With the shift from source to receptor based impacts, the station was re-located to
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the informal settlement of Marapong in November 2006 (Figure 15).

The range of

pollutants measured at Marapong station was expanded in 2008 to include PM2.5, NO,
NO2, NOx and O3 concentrations.
Recorded concentrations have been compared against the current National standards
(where applicable) in the section below.

Figure 15:

Location of Marapong monitoring station (red dot) in Marapong Township.

4.4.1.1.

Grootstryd Monitoring Station

Daily average PM10 concentrations at Grootstryd fall below the current National daily
PM10 standard (Figure 16) over the monitoring period. However, when compared
against the proposed stricter National standard of 75 µg/m3, exceedances were recorded
on several occasions. The PM10 pollution rose shows elevated concentrations to be
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mainly associated with winds from the westerly sector (Figure 19) with possible
surrounding sources include mining operations, ash dumps and brick works. Maximum
daily average concentrations of 141.3 and 135.1 µg/m3 were recorded in 2005 and 2006,
respectively (Table 10).

Figure 16:

3

Daily PM10 concentrations (µg/m ) recorded at Grootstryd Monitoring
Station for the period January 2005 – August 2006. The red line represents
3

the current National daily standard of 180 µg/m .

Daily average SO2 concentrations at Grootstryd fall below the National daily SO2
standard (Figure 17) over the monitoring period. Maximum hourly average SO2
concentrations exceeded the National hourly standard in 2005 and 2006, although falling
well within the allowable frequencies of exceedance (Table 10). Elevated concentrations
are associated with winds from the east-north-east and north-east (Figure 19), which is
expected as the monitoring station was located downwind of the power station.
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Figure 17:

Daily SO2 concentrations (ppb) recorded at Grootstryd Monitoring Station
for the period January 2005 – August 2006. The red line represents the
current National daily standard of 48 ppb.

Diurnal PM10 concentrations are elevated in the morning (05:00 – 09:00) and evening
(18:00 – 22:00) periods at the Grootstryd station (Figure 18). A slight industrial signature
is also observed in diurnal PM10 concentrations. Although the station was situated
downwind of Matimba power station, surrounding sources such as domestic fuel burning
in neighbouring informal settlements and opencast mining activities could contribute to
the PM10 concentrations recorded at this station. However, diurnal SO2 concentrations
show a strong industrial signature with elevated concentrations recorded in the late
morning and afternoon. This diurnal trend is associated with emissions from tall stacks.
During the night-time, plumes from elevated sources emitting above or within the surface
inversion are unable to reach ground level. Increased convection during the day-time
erodes the surface inversion, promoting the down-mixing and entrainment of elevated
plumes which result in the peak concentrations observed during this period.
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Figure 18:

3

Diurnal PM10 and SO2 concentrations (µg/m ) recorded at Grootstryd
Monitoring Station for the period January 2005 – August 2006.

PM10
Figure 19:

SO2
Period pollution roses for Grootstryd monitoring station for the period
January 2005 – August 2006.
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4.4.1.2.

Marapong Monitoring Station

With the re-location of Grootstryd monitoring station to Marapong informal settlement,
concentrations recorded at Marapong are influenced by various surrounding sources
such as domestic fuel burning, vehicles, mines and small industries. Marapong station is
located outside of the predominant wind direction (north-east), therefore the influence of
emissions from Matimba power station is reduced.
Daily average PM10 concentrations at Marapong generally fall below the daily National
standard, with one exceedance of the standard recorded over the monitoring period
(Figure 20). This exceedance was associated with winds originating from an easterly
sector. Although concentrations are currently below the current standard (180 µg/m3),
when compared against the stricter future standards (75 µg/m3), concentrations will be in
non-compliance. A seasonal signature is evident in the dataset with elevated
concentrations during the autumn and winter months due to changing meteorological
conditions during these months.

Figure 20:

3

Daily PM10 concentrations (µg/m ) recorded at Marapong Monitoring
Station for the period November 2006 – December 2008. The red line
3

represents the current National daily standard of 180 µg/m .
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Ambient SO2 concentrations recorded at Marapong are similar to those recorded at
Grootstryd, with daily average SO2 concentrations falling below the daily standard
(Figure 21). Maximum hourly concentrations of 156.7 ppb and 178.3 ppb were recorded
in 2007 and 2008, respectively, exceeding the National hourly standard of 134 ppb
(Table 10). Elevated SO2 concentrations are mainly associated with winds from an
easterly sector (Figure 25). South-westerly winds, which would transport emissions from
the power station towards the monitoring station, occur infrequently.

Figure 21:

Daily SO2 concentrations (ppb) recorded at Marapong Monitoring Station
for the period November 2006 – December 2008. The red line represents the
current National daily standard of 48 ppb.

Hourly NO2 concentrations recorded at Marapong in 2008 fall well below the hourly
National standard of 200 ppb (Figure 22). Maximum daily NO2 concentrations of 16 ppb
were recorded with an annual average concentration of 5.8 ppb (Table 10). Elevated
NO2 concentrations originate from various directions including from the south-southwest, west, west-north-west and east. Possible surrounding sources include emissions
from the power station, domestic fuel burning and vehicles.
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Figure 22:

Hourly NO2 concentrations (ppb) recorded at Marapong Monitoring Station
for the period January – December 2008.

8-hourly O3 concentrations for April – December 2008 fall under the 8-hourly National
standard of 120 ppb (Figure 23). Elevated O3 concentrations generally coincide with
winds from the easterly and northerly sectors, although winds from the northerly sector
infrequently occur (Figure 25). A seasonal signature is evident in the dataset with
increased concentrations during the warmer spring and summer months.
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Figure 23:

8-hourly O3 concentrations (ppb) recorded at Marapong Monitoring Station
for the period April – December 2008.

A distinct diurnal trend is observed in pollutant concentrations recorded at Marapong
station (Figure 24). Diurnal PM10 concentrations are elevated in the early morning
(06:00 – 10:00) and evening (18:00 – 22:00) due to the use of domestic fuels for heating
and cooking purposes in these periods. Other possible sources include fugitive
emissions from surrounding mines, ash dumps and small industries. A similar diurnal
trend is observed in NO2 concentrations at this station. Diurnal SO2 concentrations still
show an industrial signature despite the relocation of the station. A strong diurnal
signature is evident in O3 concentrations with elevated concentrations recorded during
the late morning and afternoon. This diurnal trend is characteristic of O3 concentrations
as O3 is formed through photolysis.
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Figure 24:

3

Diurnal PM10, SO2, NO2 and O3 concentrations (µg/m ) recorded at
Marapong Monitoring Station for the period November 2006 – December
2008 (except for NO2 [January – December 2008] and O3 [April – December
2008]).
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Table 10:

Highest hourly, daily and annual average concentrations recorded at the Grootstryd and Marapong monitoring stations.
Exceedances of the current National standards (where applicable) are highlighted in bold.
Highest Hourly Average

Pollutant

Highest Daily Average

Annual Average

Station
2005

2006

2007

2008

2005

2006

2007

2008

2005

2006

2007

2008

Grootstryd

510.8

628.0

x

x

141.3

135.1

x

x

40.3

x

x

x

(µg/m )

Marapong

x

280.7

675.3

562.4

x

64.4

137.8

181.4

x

x

32.8

41.2

SO2

Grootstryd

206.0

178.0

x

x

43.5

27.6

x

x

5.1

x

x

x

(ppb)

Marapong

x

101.9

156.7

178.3

x

20.4

44.8

24.8

x

x

3.1

3.5

NO2

Grootstryd

-

-

-

-

-

-

-

-

-

-

-

-

(ppb)

Marapong

-

-

-

45.99

-

-

-

16.0

-

-

-

5.8

PM10
3

Note: Grootstryd monitoring station was decommissioned in August 2006 and re-located to Marapong. Monitoring commenced at Marapong in November 2006. Highest
concentrations represented for 2006 are for the period January – August 2006 for Grootstryd and November – December 2006 for Marapong.
x Indicates that station was not operational
- Indicates that pollutant was not measured
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SO2

PM10

NO2

Figure 25:

O3
Period pollution roses for Marapong monitoring station for the period
November 2006 – December 2008 (except for NO2 [2008] and O3 [Apr – Dec
2008]).
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4.4.2. Passive Corrosion Monitoring
Eskom undertook a monitoring campaign to determine the corrosivity indices at ten
different sites around the Matimba Power Station from December 2003 – March 2004
(Figure 26). This was undertaken to evaluate the impact of emissions from Matimba and
Grootegeluk Coal Mine on the corrosivity indices and to determine the role of hydrogen
sulphide (H2S) and SOx in the corrosion of mild steel and galvanizing (after Matimba EIA,
2006).
Sulphur based pollutants were detected by the following means:
•

As a measured increase in the Industrial Corrosivity Index (ICI),

•

As a visible blackening of the copper bolt of the ICI fixture in the corrosion unit,

•

By a semi-quantitative measurement of sulphur present on the copper wire
sample using EDX,

•

By increases in the corrosion rates of zinc and of iron wire coils exposed on the
units.

Figure 26:

Position of corrosivity sampling units in relation to Matimba Power Station
and Grootegeluk Coal Mine (after Matimba EIA, 2006).
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The main conclusions drawn from the campaign were (Table 11):
•

The area was measured, according to a modified ISO 9223 methodology to be
“medium” in corrosivity.

•

A slight increase in corrosivity was measured to the south to south-west of the
coal mine. The reason for this small increase is not proven but may be due to
mine and/or power station emissions.

•

The specific industrial corrosivity – as measured using the sensitive galvanic
couple of an aluminium wire on a copper bolt – is very low at all ten sites and
rates “negligible”.

Table 11:

Passive corrosion monitoring results (after Matimba EIA,2006).

4.4.3. Dust Fallout Monitoring
Dust fallout monitoring is undertaken by various mines and brickworks in the District.
Dust fallout monitoring is generally undertaken within the boundaries of the mine or
brickworks to determine dust fallout levels associated with activities at the mine or
brickworks. Therefore, dust fallout data given in this section is representative of dust
fallout levels at and around the source and not of overall dust levels in the District.
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Dust fallout monitoring data was requested from each industry undertaking such
monitoring but was not always provided upon request. Dust fallout monitoring data was
only provided by Nylstene brickworks in Modimolle and Amandelbult Mine in
Thabazimbi. Dust fallout results have been compared to the guidelines given in Tables 5
– 7. However, it should be noted that the purpose of this is not to determine compliance
for each industry that supplied dust fallout results, but to utilise it as an additional source
of air quality monitoring data in the District.

4.4.3.1.

Nylstene Brickworks

Nylstene brickworks initiated a dust fallout monitoring programme in October 2008 at
eight locations on the boundary of the brickworks. Preliminary results indicate that dust
fallout levels generally fall in the SLIGHT (< 250 mg/m2/day) to MODERATE (250 – 500
mg/m2/day) dust fallout classifications (Figure 27). HEAVY dust fallout (>1 200
mg/m2/day) was recorded at the North and West sites as these are the closest sites to
operations at the brickworks.

Figure 27:

Dust fallout monitoring data at Nylstene brickworks for the period October
2008 – January 2009. The green, orange and red dotted lines represent the
slight, moderate and heavy dust fallout guidelines, respectively.
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4.4.3.2.

Amandelbult Platinum Mine

Dust fallout data at Amandelbult Mine was evaluated for the period May 2006 –
December 2007. Dust fallout monitoring was undertaken at six locations during this
period but has since been discontinued at the mine. The location of the dust fallout
buckets was not provided therefore an accurate assessment of dust fallout levels,
relative to the dust sources, cannot be undertaken.
Dust fallout levels were generally in the MODERATE – HEAVY classifications over the
monitoring period (Figure 28 - Figure 33). All sites showed a peak in concentrations in
March 2007 and August/September 2007.The highest concentrations were recorded at
sites A and D, with the latter site recording excessive dust fallout levels in 2007.

Figure 28:

Dust fallout monitoring data for site A at Amandelbult Mine for the period
May 2006 – December 2007.
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Figure 29:

Dust fallout monitoring data for site B at Amandelbult Mine for the period
May 2006 – December 2007.

Figure 30:

Dust fallout monitoring data for site C at Amandelbult Mine for the period
May 2006 – December 2007.
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Figure 31:

Dust fallout monitoring data for site D at Amandelbult Mine for the period
May 2006 – December 2007.

Figure 32:

Dust fallout monitoring data for site E at Amandelbult Mine for the period
May 2006 – December 2007.
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Figure 33:

Dust fallout monitoring data for site F at Amandelbult Mine for the period
May 2006 – December 2007.

4.4.4. Summary
As limited ambient air quality monitoring data is available for the District, use was made
of continuous air quality monitoring data from Matimba Power Station. As mentioned
previously, the monitoring station was initially situated at Groostryd to fall within the zone
of maximum impact and was subsequently moved to Marapong informal settlement to
evaluate the impact on human health. Recorded concentrations at both sites are
therefore not considered to be representative of the overall air quality situation in the
Lephalale area. An evaluation of the ambient air quality situation in other areas of the
District could not be undertaken as monitoring data is not available.
Based on the available ambient air quality monitoring data for Lephalale, the monitored
concentrations indicate that:
•

Ambient PM10 concentrations are in compliance when compared against the
current National daily standard of 180 µg/m3. However, when compared to the
revised National standard of 75 µg/m3, PM10 concentrations are elevated and
frequently exceed the revised standard,
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•

Ambient SO2 concentrations currently fall below the National daily standard,
although SO2 concentrations are potentially problematic in the short-term
(hourly),

•

Ambient NO2 and O3 concentrations are low and fall well below their respective
standards.
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5. STATUS QUO OF THE AMBIENT AIR QUALITY IN THE WATERBERG
5.1. Baseline Emission Inventory
An emissions inventory for the Waterberg was compiled for air pollution sources where
information was available or where emission factors could be applied to quantify
emissions. Potential air pollution sources in the Waterberg have been identified as:
• Power generation,
• Industrial operations,
• Mining activities,
• Agricultural activities,
• Biomass burning (veld fires),
• Domestic fuel burning (particularly, coal),
• Vehicle tailpipe emissions,
• Waste treatment and disposal (landfills and incineration),
• Vehicle entrainment of dust from paved and unpaved roads,
• Other fugitive dust sources such as wind erosion of exposed areas.
Particulate and gaseous emissions from industrial operations, domestic fuel burning and
vehicle tailpipe emissions were quantified for this assessment, due to the availability of
data for these sources. Emissions from other sources could not be accurately quantified
due to the limited availability of data and information. However, it is recognised that
some of these sources are significant contributors to the ambient air quality in the
District.
Ambient pollutants that were assessed include the criteria pollutants, SO2, NO2 and
PM10.
5.1.1. Industries
The National Framework for Air Quality Management in South Africa rates the Waterberg
District as having potentially poor air quality mainly due to emissions from industries. As
a whole, the Waterberg District is not considered to be an industrialised area as
predominant activities in the area are agriculture, forestry, game farming and eco-
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tourism. However, proposed future industrial developments will make the Waterberg, in
particular, the Lephalale region, an important role player in air quality in upcoming years.
The construction of Eskoms’s Medupi Power Station has already begun with an
additional two Power Stations (Coal 3 and 4) proposed in the Waterberg. Sasol has also
proposed the development of a coal-to-liquids (CTL) plant in north-western Waterberg.

Within the District, industries tend to be located in the major towns, and along major
roads connecting these towns (Figure 34). Mogalakwena has the highest industrial
activity in the District with industries located predominantly in the town of Mokopane.
Within Lephalale, Matimba Power Station is one of the major industries within Lephalale
and within the Waterberg District as a whole. Mining is the predominant activity in
Thabazimbi while Bela-Bela, Modimolle and Mookgopong have very few industries.

Figure 34:

Spatial distribution of industrial sources in the Waterberg District
Municipality.

Scheduled Processes, as defined by the Atmospheric Pollution Prevention Act, are
processes that emit more than a defined quantity of pollutants per year. No person may
carry on a scheduled process in or on any premises unless he is the holder of a current
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registration certificate. As per the APPA Registration Review Project, within the
Waterberg District, there are approximately 14 identified scheduled processes which
include power generation, mining, brickworks and incineration (Table 12). However,
many of the sources operating scheduled processes, such as incinerators, have been
decommissioned since the APPA Review.
Table 12:

Types of scheduled processes in the Waterberg District Municipality.

Process Description

Bela-Bela

Process 1: Sulphuric acid
Processes
Process 22: Cement
Processes
Process 29: Power
Generation Processes
Process 35: Ceramic
Processes
Process 39: Waste
Incineration Processes

Lephalale

Modimolle

Mogalakwena

Mookgopong

Thabazimbi












Process 69: Animal Matter
Reduction Processes



Based on information obtained from Limpopo Province, the APPA Registration
Certificate Review Database and an area wide site visit, the main industrial sources
within each Local Municipality have been identified to be (Table 13):
Bela-Bela – There are no industrial sources in this town. Bela-Bela Hospital has a boiler
which is in the process of being decommissioned.
Lephalale – Exxaro Grootegeluk Mine, Ellisras Suiwel and Witpoort Hospital. Scheduled
processes include the Veterinary Laboratory (Department of Agriculture) and Matimba
Power station.
Modimolle – FH Odendaal Hospital and Meat Rite. Nylstene brickworks is the only
scheduled process in Modimolle.
Mogalakwena –Van Erkoms Tobacco, Nedan Oil Mills, Potgeitersrus Citrus, African Red
Granite, PPL Anglo Platinum, George Masebe Hospital and Mokopane Hospital.
Scheduled processes include the Potgeitersrus Abbatoir (boiler decommissioned),
Veterinary Laboratory (Department of Agriculture) and Midway Bricks.
Mookgopong – The only mine in this Municipality is Inca Lime Mine.
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Thabazimbi – Thabazimbi Mine and Amandelbult Platinum Mine. Scheduled processes
include Northam Platinum, WES Enterprises and PPC Cement.
Table 13:
Municipality
Bela-Bela
Lephalale

Modimolle

Mogalakwena

Mookgopong
Thabazimbi

Summary of Industrial Sources in the Waterberg District Municipality.
Source
Bela-Bela Hospital
Eskom Matimba Power Station
Ellisras Suiwel (EDMS) Bpk
Grootegeluk Coal Mine
Hanglip Brickworks
Veterinary Laboratory
Witpoort Hospital
FH Odendaal Hospital
Limpopo MDR TB Unit
Meat Rite
Nylstene (Edms) Bpk
African Red Granite
George Masebe Hospital
Midway Brick
Mokopane Hospital
Nedan Oil Mills
Potgietersrus Abattoir (Edms) Bpk
Poitgietersrus Citrus
PPL Anglo Platinum
Van Erkoms Tobacco
Veterinary Laboratory (Dept of Agriculture)
Inca Lime
Amandebult Platinum Mine (Anglo American)
Northam Platinum
Pretoria Portland Cement
Thabazimbi Mine
WES Enterprises

Process Description
Hospital
Power Generation
Dairy Products Processing
Opencast Coal Mining
Brick Making
Veterinary Services
Hospital
Hospital
Hospital
Meat Processing
Brick Making
Opencast Mining
Hospital
Brick Making
Hospital
Oil Processing
Abbatoir
Citrus Manufacturing
Platinum Mining
Tobacco Manufacturing
Veterinary Services
Limestone and Dolomite
Platinum Mining
Platinum Mining
Cement Making
Iron Ore Mining
Animal Feeds Manufacturing

Longitude (°E)

Latitude (°S)

28.28758
27.61122

-24.88542
-23.66995

27.56064
27.59123
27.70547

-23.66275
-23.68231
-23.67536

28.42217
28.39458
28.42050
28.24633
28.70548

-24.70142
-24.70772
-24.71575
-24.59661
-23.92026

29.13451
28.98863
29.00811
28.99808
29.02222
28.92422
28.98025
29.01617
29.22580
27.29139
27.33496
26.83104
27.38567
27.39806

-24.13029
-24.15351
-24.16100
-24.16328
-24.20639
-24.01069
-24.21006
-24.20819
-24.48158
-24.82581
-24.80659
-24.81358
-24.60608
-24.59200

Detailed questionnaires were sent to each of the identified industrial, mining and boiler
sources in the District to obtain their emissions information. Where possible, smaller
sources such as dry cleaners, funeral homes, hospitals and charcoal plants were
identified and quantified. A poor response was received with only 38% returning the
questionnaire. For smaller boiler sources, where emission rates were not provided,
emissions for the identified industries and brickworks were quantified using the emission
factors from the Australian National Pollution Inventory (Tables 14 and 15) and fuel
usage. Given the availability of coal in the region, coal is the predominant fuel used by
industries in the District although other fuels such as diesel and oil are also used.
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Table 14:

Emission factors for determining emissions from fuel burning appliances
(NPI, 2008).

Table 15:

Fuel

Unit

SO2

NOx

CO

PM10

Coal

kg/ton

0.57

5.5

2.5

6.6

Diesel

kg/ton

0.579

2.72

0.68

0.14

HFO

kg/ton

0.627

7.32

0.67

0.0542

LPG

kg/ton

0.000105

4.43

0.76

0.24

Wood

kg/ton

0.17

1.49

4.08

3.24

LSO

kg/ton

0.627

7.32

0.67

0.0542

Emission factors for determining emissions from brick manufacturing (NPI,
1998).
Fuel

Unit*

SO2

NOx

CO

PM10

Coal

kg/ton

0.6

0.255

0.4

0.7

*Units are expressed as kilograms of substance emitted per ton of bricks produced.

Emission rates for each source were then calculated using the formula:
Eχ = Fχ × Qfuel
Where,
Eχ = emission rate of pollutant (kg/year)
Fχ = emission factor (kg/ton)
Qcoal = fuel consumption (tons/year)
The total contribution of each Local Municipality to PM10, SO2 and NO2 emissions from
industries in the District is shown in Figure 35. The contribution of each Local
Municipality, with the exception of Bela-Bela and Lephalale, is likely to be
underestimated as all sources were not quantified as part of the emissions inventory.
Thabazimbi Local Municipality is likely to more of a significant contributor to PM10

96

emissions than currently estimated as emissions information was not provided by
Thabazimbi Iron Ore Mine, which is a significant source of PM10 emissions.
Of the sources quantified, Lephalale Local Municipality is the predominant source of
industrial emissions, largely due to emissions from Matimba Power Station and
Grootegeluk Coal Mine, contributing to approximately 96% of emissions in the District.

`
Figure 35:

Estimated total industrial emission contribution of each Local Municipality
in the Waterberg District.

5.1.1.1.

Brickworks

Brickworks within the District include Nylstene Bricks in Modimolle, Midway Bricks in
Mogalakwena and Hanglip Bricks in Lephalale. Nylstene manufactures approximately 50
million bricks per year and Hanglip approximately 24 million bricks per year. Both
operations use clamp kilns, one of the oldest methods in brickmaking.
The manufacturing of bricks involves the conditioning of basic clay ores using a series of
processes. These processes include the separation and concentration of clay minerals
by screening, floating, wet and dry grinding and blending of raw materials. Further
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processes include the forming of, cutting, or shaping, drying or curing and firing of the
final product (NPI, 1998).
Emissions generated from the manufacturing of bricks result mainly from the handling of
raw materials, processing and plant maintenance. The main source of dust is the
materials handling process, including the pulverizing, screening and storage of the raw
materials. NO2, SO2 and CO will be emitted from the combustion process. Smaller
quantities of volatile organic compounds (VOCs), ammonia, chlorine, and hydrochloric
acid may also be emitted (NPI, 1998).
5.1.1.2.

Mining

Major mining operations within the Waterberg District include coal, iron ore and platinum
mining with granite and lime mining occurring on a smaller scale. Mining, in particular,
opencast mining generates significant quantities of fugitive dust emissions. Dust
emissions will arise from quarrying and mining, materials handling operations, vehicle
entrainment from haul roads, wind erosion from open areas and drilling and blasting.
These activities will generate fugitive dust emissions with small amounts of SO2, NO2,
CO and CH4 being released during blasting operations.
Opencast coal mining operations include Grootegeluk Coal Mine in Lephalale. Other
sources of emissions at opencast coal mines include the spontaneous combustion of
discard which will also generate CO, NO, SO2 and H2S.
Platinum mines include PPL Anglo Platinum in Mogalakwena, Amandelbult Platinum
Mine and Northam Platinum in Thabazimbi.
5.1.1.3.

Power Generation

Matimba Power Station is located near Lephalale within the Waterberg District. Matimba
Power Station is the largest direct dry-cooled power station in the world. The station
obtains its coal from the adjacent Grootegeluk Coal Mine. Coal-fired power stations emit
particulates, SO2, NOx (primarily as NO with smaller quantities of NO2, CO, CO2, N2O
and trace amounts of mercury. Control equipment installed on Matimba Power Station
includes an Electrostatic Precipitator and a Flue Gas Conditioning Plant (SO3 Plant)
which significantly reduces particulate emissions. Other sources of emission include
windblown dust from the ash dumps and materials handling operations. Materials
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handling operations associated with activities at the power station include the transfer of
coal and topsoil by means of tipping, loading and offloading of trucks.
.
5.1.2. Domestic Fuel Burning
Although a high percentage of households are electrified in the District, some
households still use fuels such as wood and paraffin for cooking and space heating
purposes. The Community Survey 2007 shows a decrease in the use of these domestic
fuels since 2001 as electrification has increased in the District (Table 14). Within the
District, wood burning occurs predominantly in Lephalale and Mogalakwena while
paraffin is the main fuel burned in Bela-Bela. Domestic fuels are generally used in high
density, low-income areas such as Marapong in Lephalale, Mahwelereng in
Mogalakwena and Regorogile and Ipeleng in Thabazimbi.
Rapid urbanization and the growth of informal settlements have resulted in backlogs in
the distribution of basic services such as electricity and waste removal. However, in
some electrified areas, these fuels continue to be used due to the cost effectiveness and
multi-functional nature of these fuels.
Pollutants released from these fuels include CO, NO2, SO2, inhalable particulates and
polycyclic aromatic hydrocarbons. Particulates are the dominant pollutant emitted from
the burning of wood. Smoke from wood burning contains respirable particles that are
small enough in diameter to enter and deposit in the lungs. These particles comprise a
mixture of inorganic and organic substances including aromatic hydrocarbon
compounds, trace metals, nitrates and sulphates. Polycyclic aromatic hydrocarbons are
produced as a result of incomplete combustion and are potentially carcinogenic in wood
smoke (Maroni et al., 1995). The main pollutants emitted from the combustion of paraffin
are NO2, particulates, carbon monoxide and polycyclic aromatic hydrocarbons.
Domestic fuel burning shows a characteristic diurnal and seasonal signature. Periods of
elevated domestic fuel burning, and hence emissions, occurs in the early morning and
evening for space heating and cooking purposes. During the winter months, an increase
in domestic fuel burning is recorded as the demand for space heating and cooking
increases with the declining temperature.
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Table 16:

Fuel

Household fuel usage in the Waterberg District Municipality.
Lighting (%)
Census
2001

Cooking (%)

CS 2007

Census
2001

CS 2007

Heating (%)
Census
2001

CS 2007

Electricity

64.87

84.37

35.66

54.38

37.62

47.72

Gas

0.14

0.09

2.42

1.82

0.98

0.62

Paraffin

2.17

2.31

20.26

12.70

10.87

4.13

Wood

-

-

40.36

30.64

45.64

33.58

Coal

-

-

0.46

0.30

0.91

0.80

Animal dung

-

-

0.31

0.00

0.19

0.04

Solar

0.23

0.11

0.27

0.03

0.32

0.03

Other

0.45

0.24

0.26

0.14

3.48

13.08

Information on the numbers and spatial distribution of households using domestic fuels
for domestic purposes in the Waterberg District was estimated based on fuel use
statistics and household numbers from the Census 2001. Monthly fuel consumption
figures for low-income households were used together with the numbers of households
using the various fuel types to estimate the total quantities of fuels being consumed. The
emission factors used to calculate domestic fuel burning emissions are given in Table
17.
Table 17:

Fuel

Emission factors for domestic fuel burning (Liebenberg-Enslin et al., 2007).
Emission Factors
SO2 (g/kg)
(a)

Coal

11.6

Paraffin

0.1

Wood

0.2

NO (g/kg)
(d)

4

(b)

1.5

(c)

1.3

PM10 (g/kg)
(f)

12

(e)

0.2

(e)

(c)

17.3

(c)

(a) Based on sulphur content of 0.61% and assuming 95% of the sulphur is emitted. The lowest percentage
sulphur content associated with coal used by local households was used due to previous over
predictions of sulphur dioxide concentrations within residential coal burning areas. Previous predictions
were significantly above measured sulphur dioxide concentrations. With the assumption of a sulphur
content of 0.61%, predicted sulphur dioxide concentrations are slightly above, but within an order of
magnitude, of measured concentrations.
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(b) Based on sulphur content of paraffin (<0.01% Sulphur).
(c) Based on US-EPA emission factor for residential wood burning (EPA, 1996).
(d) Based on the Atomic Energy Corporation (AEC) household fuel burning monitoring campaign (Britton,
1998) which indicated that an average of 150 mg/MJ of NOx were emitted during cooking and space
heating. Given a calorific value of 27 Mj/kg, the emission rate was estimated to be ~4 g/kg.
(e) US-EPA emission factors for kerosene usage (EPA, 1996).
(f) Initially taken to be 6 g/kg based on 2001 synopsis of studies pertaining to emissions from household
coal burning (Scorgie et al., 2001). Results from simulations using this emission factor undertaken as
part of the current study indicated that fine particulate concentrations within household coal burning
areas are under predicted by a factor of two. This emission factor was therefore scaled to 12 g/kg in
order to facilitate the more accurate simulation of airborne fine particulates within household coal burning
areas.

Estimated total domestic fuel burning emissions for the Waterberg District are given in
Figure 36. Mogalakwena is the single largest contributor to domestic fuel burning
emissions in the District (52%), mainly due to the predominant use of wood and paraffin
in informal areas such as Mahwelereng. Lephalale is the second highest, contributing
19% to domestic fuel emissions in the District.
Emissions were calculated using information from the Census 2001. The more recent
Community Survey 2007 records a decrease in the percentage of households using
domestic fuels since 2001. However, this survey only provided information at the lowest
level of Municipalities and was therefore was not used. An overestimation in current
domestic fuel burning emissions is therefore possible.
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Figure 36:

Estimated total domestic fuel burning emissions in the Waterberg District
Municipality.

5.1.3. Transportation
5.1.3.1.

Vehicle Emissions

One of the major contributors to urban air pollution is vehicular emissions. Atmospheric
pollutants emitted from motor vehicles include hydrocarbons, CO, NOx, SO2 and
particulates. Hydrocarbon emissions, such as benzene, result from the incomplete
combustion of fuel molecules in the engine. CO is a product of incomplete combustion
and occurs when carbon in the fuel is only partially oxidized to carbon dioxide. NOx are
formed by the reaction of nitrogen and oxygen under high pressure and temperature
conditions in the engine. SO2 is emitted due to the high sulphur content of the fuel.
Particulates such as lead originate from the combustion process as well as from brake
and clutch linings wear. With the introduction of unleaded fuel, lead emissions have
been reduced. Diesel engines are a significant source of particulate emissions. Vehicle
emission rates are affected by specific vehicle-related factors such as vehicle class,
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model, fuel-delivery system, vehicle speed and maintenance history; fuel-related factors
such as fuel type, oxygen, sulphur, benzene and lead content and environmental factors
such as altitude, humidity and temperature (Samaras and Sorensen, 1999).
The Waterberg District road network is made up of National, Provincial and District roads
National roads include the N1 National highway and the N11. Vehicle count data was
obtained from the Limpopo Province Roads Agency for Provincial and District roads
within each Local Municipality in the District. As an example, the road network within
Thabazimbi Local Municipality is shown in Figure 37. Fuel sales per magisterial district
are given in Table 18 for the period January – December 2007. Updated fuel sales for
2008 could not be obtained as this information is no longer being made available. The
composition of light and heavy vehicles to the vehicle fleet on these roads is shown in
Table 19, as per the vehicle sales for each region (NAAMSA). The live vehicle
population data as of 30 April 2009 is shown in Table 20.
Table 18:

Fuel sales per magisterial district within the Waterberg District for
January – December 2007.

Local
Municipality

Magisterial
District

Leaded Petrol

Unleaded
Petrol

Diesel

Bela-Bela

Bela-Bela

7 015 041

9 355 568

12 106 672

Lephalale

Lephalale

3 331 543

3 481 901

4 382 000

Mogalakwena

Mokopane

2 826 3126

27 153 923

91 235 216

Thabazimbi

Thabazimbi

9 768 917

13 037 937

41 948 856

Waterberg

7 966 779

15 630 834

3 6051 439
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Figure 37:

Provincial and district roads within Thabazimbi Local Municipality (after Limpopo Roads Agency).
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Table 19:
Market

Vehicle sales per licencing district in the Waterberg District for the period 1984 – 2008 (NAAMSA).
Fuel Type

Bela-Bela

Lephalale

Modimolle

Mokopane

Naboomspruit

Thabazimbi

BUS

Diesel

2

45

2

37

4

10

HCV

Diesel

37

18

25

176

30

39

LCV

Diesel

1 645

1 417

1 994

4 829

801

2 724

LCV

Petrol

1 620

1 150

2 247

5 858

580

1 766

MCV

Diesel

87

104

94

308

50

91

MCV

Petrol

0

1

8

9

1

5

PAS

Diesel

228

149

182

1 243

107

285

PAS

Petrol

2 680

1 605

3 613

10 214

1 181

3 327

XHV

Diesel

35

47

55

288

69

128

6 334

4 536

8 220

22 962

2 823

8 375

Total

PAS – Passenger Vehicle
BUS – Bus (> 8500 kg)
LCV – Light Commercial Vehicle (< 3501 kg)
MCV – Medium Commercial Vehicle (3501 – 8500 kg)
HCV – Heavy Commercial Vehicle (8501 – 16 500 kg)
XHV – Extra Heavy Vehicle (> 16 500 kg)
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Table 20:
Market

Live vehicle population in the Waterberg District as of 30 April 2009 (Lephalale Department of Transport).
GVM

Bela-Bela

Lephalale

Modimolle

Mogalakwena

Naboomspruit

Thabazimbi

HLV

> 3500kg not to draw

274

252

424

758

247

432

HLV

>3500kg equip to draw

453

543

788

1139

496

687

LLV

3500kg or less

5271

7354

7100

12759

3079

8008

HPMV

12 or more persons

26

256

39

163

10

108

LPMV

Less than 12 persons

5742

6095

7381

14271

3155

8420

MB

-

275

459

276

1384

78

538

MC

-

534

637

539

862

287

922

SV

-

1559

879

1666

1106

677

1064

Unknown

-

27

11

28

13

5

16

TOTAL

-

14161

16486

18241

1 243

8034

20195

HLV – Heavy Load Vehicle
LLV – Light Load Vehicle
HPMV –Heavy Passenger Motor Vehicle
LPMV – Light Passenger Motor Vehicle
MB – Minibus
MC – Motorcycle/Motortricycle/Quardrucycle
SV –Special Vehicle

Waterberg District Municipality Air Quality Management Plan
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As part of the Vehicle Emissions Project (VEP), emission factors were developed for
tailpipe exhaust emissions from petrol (Wong and Dutkiewicz, 1998) and diesel driven
vehicles (Stone, 2000). In the study undertaken by Wong and Dutkiewicz (1998) two
light duty diesel vehicles were tested using a local and European reference diesel at the
coast (Cape Town) and Highveld (Johannesburg), respectively. These emission factors
were only determined for fixed driving cycles and are not correlated to different vehicle
speeds. In addition, no evaporative emission rate factors were established. Emission
factors are given for specific vehicle models such as carburetted and fuel injected
models. In the later study done by Stone (2000), exhaust emissions from six locally
manufactured heavy diesel engines were measured at the coast (Cape Town) and
highveld (Sasolburg). The emission factors used in the study are given in Table 21 and
Table 22.
Table 21:

Highveld emission factors for petrol vehicles (Wong and Dutkiewicz, 1998).
Pollutant

Leaded Petrol (g/km)

Unleaded (g/km)

NOx

1.99

2.15

CO

16.13

10.70

CO2

188.00

190.00

SO2

0.05

0.04

Total HCs

1.79

1.63

Methane

0.06

0.04

Benzene

0.03

0.02

1,3 Butadiene

0.02

0.03

Formaldehyde (mg/km)

14.57

16.50

Acetaldehyde (mg/km)

4.93

11.30

Particulates

0.00

0.00
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Table 22:

Highveld emission factors for diesel vehicles (Stone, 2000).
Pollutant

LCV (g/km)

M&HCV (g/km)

NOx

11.680

11.680

CO

3.540

3.540

CO2

739.000

739.000

SO2

1.540

1.540

Total HCs

1.010

1.010

Methane

0.147

0.088

Benzene

0.008

0.000

1,3 Butadiene

0.007

0.004

Formaldehyde (mg/km)

0.016

0.016

Acetaldehyde (mg/km)

0.010

0.010

Particulates

0.640

0.640

Estimated total vehicle emissions for the Waterberg District are given in Figure 38.
Estimated vehicle emissions are based on traffic count data obtained for the provincial
and district roads in each Local Municipality. Traffic count data for the N1 highway, which
runs through Bela-Bela, Modimolle, Mogalakwena and Mookgopong, was not provided.
Given that traffic volumes on this highway are significant, this could potentially influence
the relative contribution of each Local Municipality to total vehicle emissions.
Based on the available data, Thabazimbi is the largest contributor to vehicle emissions in
the District, contributing to 28% of the total vehicle emissions. Lephalale is the second
largest contributor to vehicle emissions (24%). High volumes of traffic are recorded on
the R510, which links Thabazimbi and Lephalale and the R511 to Thabazimbi,
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Figure 38:

Estimated total vehicle emissions in the Waterberg District Municipality.

5.1.3.2.

Airports

Airports are important generators of air pollution due to airport operations, vehicle traffic,
on-site fuel storage facilities and aircraft maintenance and operation. On a local level,
commercial aircraft are a significant contributor to urban air pollution. Airports produce
large amounts of air pollution, emitted from aircraft operations, ground service
equipment, vehicular activity (motor vehicles, taxis and buses), fueling facilities and other
stationary sources such as airport power sources. Air pollution sources from airport
activities can be categorised into the following (Dracoulides, 2002) •

Aircraft activities (taxi in and out, runway queue, aircraft takeoff and climb-out,,
aircraft approach and landing, aircraft parking and routine engine testing)

•

Ground support equipment and auxiliary power units while the aircraft is parked
at the gates,
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•

Vehicle activities (traffic within and around the airport, parking lots),

•

On-site fuel storage tanks and emissions from emergency power generators.

Aircraft engines produce CO2, H2O, NOx, CO, SOx, VOCs, particulates and other trace
elements. About 10% of all aircraft emissions, except hydrocarbons and CO,
areproduced during ground level activities and during landing and takeoff. The majority
of aviation emissions (90%) occur at higher altitudes (FAA, 2005).
Emission factors have been developed for the estimation of gaseous emissions from
aircraft engines. Emission factors are available for different aircraft types, which can
have several different engine combinations. These factors are provided in kg of pollutant
per landing-takeoff cycle and in kg of pollutant per ton of fuel used to calculate landingtakeoff emissions and cruise emissions, respectively. Emissions generated by the
ground support equipment, generators and auxiliary power units can also be estimated.
Stationary sources, such as power and heating plants, fuel storage tanks and
incinerators can be calculated using emission factors from the USEPA AP-42 database
(Dracoulides, 2002).
Information required to estimate emissions from airports includes an inventory of aircraft
types, average durations of taxi in and out operations, frequency of landings and takeoffs, auxiliary power units operation, amount of fuel burned etc.
There are many small airfields distributed around the Waterberg District which provide
for the landing of small aircraft to the District. Emissions from these airports are
considered to be insignificant and are therefore not quantified as part of this plan.
5.1.4. Agriculture
Agriculture is a dominant land-use within many areas of the Waterberg District,
contributing to approximately 28.8% of Limpopo’s GDP. Predominant crops grown in the
area include cotton, sunflower, tobacco and soya beans. Thabazimbi is the highest
contributor to agriculture in the District, contributing almost 40% while Mookgopong and
Modimolle contribute 23% and18% respectively. Lephalale and Mogalakwena have been
identified as high agricultural potential areas.
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Emissions from agricultural activities are difficult to control due to the seasonality of
emissions and the large surface area producing emissions (USEPA, 1995). Expected
emission resulting from agricultural activities include particulates associated with wind
erosion and burning of crop residue, chemicals associated with crop spraying and
odiferous emissions resulting from manure, fertilizer and crop residue.
Dust associated with agricultural practices may contain seeds, pollen and plant tissue,
as well as agrochemicals, such as pesticides. The application of pesticides during
temperature inversions increases the drift of the spray and the area of impact. Dust
entrainment from vehicles travelling on gravel roads may also cause increased
particulates in an area. Dust from traffic on gravel roads increases with higher vehicle
speeds, more vehicles and lower moisture conditions.
Air emissions from pesticides arise because of the volatile nature of many active
ingredients, solvents, and other additives used in formulations, and of the dusty nature of
some formulations. Most modern pesticides are organic compounds. Emissions can
result directly during application or as the active ingredient or solvent volatilizes over
time from soil and vegetation. Organic compounds and particulate matter are the main
air emissions from pesticide application. The active ingredients of most types of synthetic
pesticides used in agriculture have some degree of volatility, ranging from non-volatile,
semi-volatile to volatile organic compounds (e.g fumigants). Many pesticide formulations
are liquids or emulsifiable concentrations which contain volatile organic solvents such as
xylene, emulsifiers, diluents and other organics.

The prevailing meteorological conditions have a strong influence on agricultural and
biomass burning emissions and hence, ambient air quality. During periods of poor
dispersion potential (stable conditions), emissions will become trapped in the lower
atmosphere under temperature inversions, resulting in poor ambient air quality. Burning
should therefore be undertaken during periods of good dispersion potential, such as
during the middle of the day and at the beginning of the dry season.
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5.1.5. Biomass Burning
Biomass burning emissions constitute a significant proportion of the aerosols and trace
gases present in the prevalent haze layer found over southern Africa (Li et al., 2003). In
southern Africa, fires are mostly lit by people for land management or by lightning
(Roy et al., 2005). In the southern African region, fire is the dominant process producing
hydrocarbons and aerosols (Swap et al., 2003) and burning is a significant source of
greenhouse gases, especially CO2 and methane (CH4), and photochemical gases (NOx,
CO and hydrocarbons) that lead to the production of tropospheric ozone (O3)
(Levine et al., 1996; Piketh and Walton, 2004).
The properties of emissions are directly related to the type of burning process, fuel type
and age of the smoke (Li et al., 2003). Smouldering fires (less efficient) have less
complete combustion and release more CO, whereas, flaming (intense, efficient) fires
have

more

complete

combustion

and

release

more

CO2

(Ward et al., 1996;

Scholes et al., 1996 ). A flaming fire, due to the lack of oxygen, will lead to the formation
of soot, which due to its absorbing properties may disturb the regional vertical
temperature profile (Ross et al., 1998). Flaming combustion usually dominates in the
early burn of savanna and scrubland where emissions such as NOx are favoured over
CO or CH4 (Barbosa et al., 1999). This is followed by a smouldering stage that can
continue for a number of days or possibly weeks (Edwards et al., 2006). Fully oxidised
products such as CO2 and NOx usually result from the combustion of grasslands,
whereas the smouldering nature of leaf litter and twigs in woodland beds generate more
products of incomplete combustion (Korontzi et al., 2004).
Fire is less common in arid regions in the west and south-west interior of southern Africa,
as there is insufficient available biomass fuel (e.g. dead wood, grass, shrubs and litter)
(Roy et al., 2005). South Africa has a complex relationship between fire incidence and
rainfall. This is a consequence of winter rainfall and summer/autumn burning on the
south-west coast and summer rainfall and winter/spring burning over the rest of the
country. In general, there is an inverse relationship between fire incidence and rainfall,
i.e. burning occurs mainly during the dry season. The emissions released due to burning
can be calculated by using active fire detection as a proxy for burning and applying
emissions factors for relevant vegetation types. Burned areas for the Waterberg District
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are approximated by assuming each fire is 1 km × 1 km (Table 23). The spatial
distribution of fires in the Waterberg District is shown for the period 2004 – 2007 in
Figure 39. Neighbouring Districts such as Bojanala in North-West Province and Greater
Sekhukhune in Mpumalanga Province have a higher density of fires, emissions from
which will impact the air quality in the Waterberg District, particularly during the burning
season.
Table 23:

Burned area using number of detected fires as a proxy.

5.1.5.1.

2

Period

Burned area (km )

2004

717

2005

1998

2006

790

2007

900

Moderate Resolution Imagine Spectroradiometer

Moderate Resolution Imaging Spectroradiometer (MODIS) was launched by National
Aeronautics and Space Administration (NASA) on the polar orbiting Earth Observation
System (EOS) (Kaufman et al., 1998). MODIS data is calibrated and processed using
cloud screening, geo-location and atmospheric correction and is available on the World
Wide Web (http://modis-atmos.gsfc.nasa.gov) (Roy et al., 2005a). MODIS on the TERRA
spacecraft offers daily global coverage in 36 reflectance and thermal infrared spectral
bands at a resolution of 1 km or better (Moeller et al., 2003). MODIS has the ability to
detect sub-pixel (smaller) fires, which will provide a greater understanding of the extent
of human influence on fires (Hély et al., 2003). The MODIS fire algorithm works via a
number of threshold tests carried out on the potentially active fire using the brightness
temperature from the 4 µm channel, as well as the difference in brightness temperatures
of the 4 µm and 11 µm channels to differentiate the fire pixel from the non-fire
background. Additional specialised tests are applied to the data to eliminate false
detections that can be attributed to sun glint, desert boundaries and errors in the water
mask. At the end of the process, pixels are assigned to a class as missing data, clouds,
water, nonfire, fire or unknown (Morisette et al., 2005). MODIS active fire data are used
as an input into the AFIS project.
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5.1.5.2.

Fire detection via satellite in South Africa

The Council for Scientific and Industrial Research (CSIR) Satellite Applications
Centre (SAC) in conjunction with Eskom and the Department of Agriculture has
developed a fire monitoring system, the Advanced Fire Information System (AFIS). The
AFIS product has been developed with the assistance of the NASA and the University of
Maryland and uses MODIS and MSG data, and applies the Wild Fire Automated
Biomass Burning Algorithm (WF_ABBA) to the satellite data. This near-real time
monitoring system provides fire information to disaster management centres, fire
protection agencies, Eskom’s national control centre and researchers, in an attempt to
document and monitor the frequency and distribution of natural and man-made fires and
allow for early fire detection. The products generated are displayed as regional maps
and are accessible on the internet (www.wamis.co.za/eskom/checkboxes/eskom.htm).
The fire products used in this project were obtained from the CSIR SAC and are results
from the AFIS project.

Figure 39:

Spatial distribution of fires in the Waterberg District Municipality for the
period 2004 – 2007.
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5.1.6. Waste Treatment and Disposal
Waste treatment and disposal methods which are of interest in terms of the toxicity and
odiferous nature of their emissions include: incineration, landfills and waste water ponds
used for the treatment, storage and disposal of liquid wastes.
5.1.6.1.

Landfills

Emissions from landfills are a concern in terms of the potential for health effects and the
odours generated. Landfill gas emissions and fugitive dust emissions represent the main
atmospheric pollutants released from landfills. Sources of fugitive dust emissions include
vehicle entrainment from paved and unpaved roads, materials handling operations, wind
erosion of open areas and vehicle activity on the landfill site.
Landfills are important sources of the greenhouse gases such as CH4 and CO2, which
account for approximately 40 – 60% of all landfill emissions. Landfill gases also contain
trace amounts of non-methane organic compounds, including various hazardous air
pollutants and VOCs (USEPA, 1995). Odourous emissions from landfills can also be a
severe public nuisance.
Based on air quality impact assessments conducted for general and hazardous waste
disposal sites (Liebenberg-Enslin and Petzer, 2005) found that within 500 m of the
landfill severe health effects occur, odour is potentially an issue between 200 m and
5 km depending on the management of the facility and nuisance dust impacts are
usually restricted to the landfill boundary.
All landfill sites must be licenced by the Department of Water Affairs and Forestry in
terms of the Environment Conservation Act No 73 of 1989. Currently, there are seven
licenced disposal facilities in the Waterberg District (Table 24). All the waste disposal
sites are used for general waste disposal, including domestic, residential, commercial
and industrial waste. Hazardous waste is not disposed of to landfills in the District.
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Table 24:

Waste Disposal Facilities in the Waterberg District Municipality.
Local
Municipality

Landfill Site

Status

Classification

Bela-Bela

Bela-Bela

Permitted

G:M:B

Lephalale

Lephalale

Not Permitted

None

Modimolle

Modimolle

Permitted

None

Vaalwater

Permitted

None

Mogalakwena

Permitted

G:M:B

Pending

None

Mogalakwena

Rebone
Mookgopong

Naboomspruit

Permitted

G:S:B

Thabazimbi

Thabazimbi

Permitted

G:S:B

Northam

Permitted

None

Rooiberg

Not Permitted

None

Leeupoort

Not Permitted

None

Within the Waterberg District, dispersion modeling simulations have previously been
undertaken for the proposed Medupi landfill site in Lephalale (Ngcukana and Jovic,
2009). The proposed location of the Medupi Landfill is in close proximity to the existing
Matimba Power Station. These simulations indicate that maximum daily PM10
concentrations will be in non-compliance with the current daily standard of 180 µg/m3
while annual average concentrations meet the National annual standard of 60 µg/m3
(Figure 40 and Figure 41). However, the highest concentrations are recorded within the
immediate vicinity of the landfill. Neighbouring residential areas such as Marapong will
therefore not be exposed to elevated dust levels due to activities at the proposed landfill.
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Figure 40:

Predicted

highest

daily

PM10

concentrations

during the operational phase of the Medupi Landfill (Site 5A).
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Predicted annual average PM10 concentrations

during the operational phase of the Medupi Landfill (Site 5A).
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5.1.6.2.

Incinerators

Waste incineration processes (Scheduled Process 39) are processes for the destruction
by incineration of waste that contains chemically bonded halogens, nitrogen,
phosphorous, sulphur or metal, or any waste that can give rise to noxious or offensive
gases. Incinerators are classified into various classes, whereby Class 1 incinerators are
incinerators in which the waste serves as the fuel or supplementary fuel in an industrial
process (e.g use of cement kilns for the disposal of waste), Class 2 incinerators are used
for the disposal of hazardous or potentially hazardous waste and medical waste and
Class 3 incinerators are used for the disposal of general waste.
Since March 1998, Environmental Impact Assessments have been required for proposed
incinerator operations. The Department of Environmental Affairs and Tourism is in the
process of introducing air emission standards for the treatment of hazardous waste and
co-processing of alternative fuels and raw materials in cement kilns.
Pollutants released from waste incineration include sulphur dioxide, heavy metals, acid
gases, dioxins and furans, which represent a considerable air quality and human health
risk. Particulate emissions from incinerators may also contain heavy metals such as
chromium and cadmium, which are suspected human carcinogens.
Information on incinerator operations within the Waterberg District is limited, although it
is understood that incineration does not take place within the District. Medical waste from
the smaller clinics and hospitals is outsourced to Tshumisano Waste Management which
disposes the medical waste.
5.1.6.3.

Waste Water Treatment Works

Pollutants released during waste water treatment include a range of Volatile Organic
Compounds. Species measured at local waste water treatment works include hydrogen
sulphide, mercaptans, ammonia, formaldehyde, acetone, toluene, ethyl benzene,
xylenes, perchloroethylene, butyric acid, propionic acid, valeric acid and acetic acid.
Waste water treatment works also have the potential to generate unpleasant odours,
which can result in annoyance and consequently have a detrimental effect on a local
population. Species associated with odours include hydrogen sulphide and ammonia as
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well as a variety of organic sulphides and organic nitrogen based compounds along with
some oxygenated organic compounds and organic acids.
Information was not obtained on the number of waste water treatment works within the
Waterberg District.
5.1.7. Other Sources
Other sources of air pollution in the District could include tyre burning and informal
refuse burning. Tyre burning occurs to remove the copper from the tyres as well as for
heating purposes. Detailed information on tyre burning in the District is not available.
Informal burning also takes place within informal settlements and landfill sites. Both
sources contribute significantly to ambient particulate concentrations.
5.1.8. Trans-boundary Transport of Air Pollution
One of the single challenges facing authorities responsible for addressing air quality
issues in their respective regions is the transport of pollutants from beyond their border
of control. This is a particularly important consideration in the context of southern Africa.
Since the early 1990’s it has been known that atmospheric constituents are recirculated
over the subcontinent for several days after being emitted (Garstang et al., 1996).
Subsequent research was undertaken to evaluate the transport to and from South Africa
and specifically, the Highveld (Piketh et al., 2002; Freiman and Piketh, 2003, Dhlamini,
2004).
Two sources of pollutants are important for long-range transport, biomass burning and
industry. Biomass burning is a highly seasonal source and is easily detected over the
subcontinent using satellite imagery. The biomass burning season in southern Africa
starts in about June close to the equator. It slowly moves southward and reaches its
maximum intensity in South Africa and neighboring countries in September (Figure 42).
Associated with the burning is the long-range transport of both aerosols and trace gases
across the subcontinent. From the SAFARI 2000 experiment it was shown that biomass
burning products are effectively transported towards the south and impact on the air
quality throughout the region including South Africa. An analysis of transport from
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Zambia has shown that pollutants emitted from north of South Africa frequently impact
on the Highveld region. Southward transport of air masses from Zambia occurs
throughout the year. The frequency of occurrence is highest during the spring season.
This is also the season with the highest occurrence of biomass burning in that region of
the subcontinent (Figure 43). During this season, Waterberg District will be impacted by
the atmospheric transport of pollutants towards the south. These air masses have been
found to impact on the atmospheric concentrations of pollutants as far south as 25 ºS.
Although on average the plumes during the remainder of the year do not impact directly
on the Waterberg District, the long-range transport of pollutants towards the District
cannot be discounted during the remaining seasons. However, atmospheric pollutants
during the non-burning season are greatly reduced. In general, concentrations of
particulates and other criteria pollutants are higher over the Highveld than the
neighboring countries (Figure 44). It can be expected that O3 concentrations will be
elevated during the months between August and October.
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Figure 42:

Seasonal variation of fire activity in southern Africa during 1993.
a) March; b) June; c) September and d) December 1993. The white spots on
the continent represent pixels in which fire was detected during the given
month (after European Space Agency, 1999).
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Figure 43:

Seasonal atmospheric transport from Zambia over the southern Africa
subcontinent.
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Figure 44:

a) Airborne data summaries for different regions of the subcontinent b)
total column (surface-500 hPa) O3, c) CO and d) total aerosol median
values per block for spring 1992 (top) and autumn 1994 (bottom) (Kirkman,
1998).

Long range transport from neighbouring countries such as Botswana will also influence
ambient air quality concentrations in Waterberg. The development of a coal-fired power
station, Mmamabula, has been proposed near the border between Botswana and South
Africa, which will potentially impact the air quality in the northern parts of Waterberg.
5.1.9. Summary of Air Pollution Sources in the District
The main air pollution sources in the District Municipality have been identified and where
possible, quantified. A summary of the air pollution sources and their emissions are
provided in Table 25. Emissions from domestic fuel burning, vehicles, industries were
quantified for the purpose of this assessment due to the availability of accurate
information for these sources. The total contribution of each of these sources to PM10,
SO2 and NO2 concentrations in the District is given in Figure 45 - Figure 47.
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Table 25:

Summary of air pollution sources and their associated emissions in the
Waterberg District.

Sector
Agriculture
Biomass burning
Brickworks

Domestic fuel burning
Landfills

Mining

Power generation
Small industries

Trans-boundary transport

Tyre burning

Vehicle entrainment on
unpaved roads
Vehicle tailpipe emissions

Wind-blown dust

Source

Description

Thabazimbi, Modimolle, Mookgopong Cotton, sunflowers, tobacco and
soya beans
Bela-Bela, Lephalale, Modimolle,
Agricultural burning and veld fires
Mogalakwena, Mookgopong,
(controlled and uncontrolled)
Thabazimbi
Hanglip Brickworks
Brick Making
Midway Brick
Brick Making
Nylstene
Brick Making
Ipeleng, Mahwelereng, Marapong,
Coal, paraffin and wood burning in
Regorogile
informal settlements
Bela-Bela
General waste disposal
Lephalale
General waste disposal
Modimolle
General waste disposal
Vaal Water
General waste disposal
Mogalakwena
General waste disposal
Rebone
General waste disposal
Naboomspruit
General waste disposal
Thabazimbi
General waste disposal
Northam
General waste disposal
Rooiberg
General waste disposal
African Red Granite
Opencast Mining
Amandebult Platinum Mine
Platinum Mining
Grootegeluk Coal Mine
Opencast Coal Mining
Inca Lime
Limestone and Dolomite
Northam Platinum
Platinum Mining
PPL Anglo Platinum
Platinum Mining
Pretoria Portland Cement
Cement Making
Thabazimbi Mine
Iron Ore Mining
Eskom Matimba Power Station
Power Generation
Bela-Bela Hospital
Hospital
Ellisras Suiwel
Dairy Products Processing
FH Odendaal Hospital
Hospital
George Masebe Hospital
Hospital
Limpopo MDR TB Unit
Hospital
Meat Rite
Meat Processing
Mokopane Hospital
Hospital
Nedan Oil Mills
Oil Processing
Potgietersrus Abattoir
Abbatoir
Poitgietersrus Citrus
Citrus Manufacturing
Van Erkoms Tobacco
Tobacco Manufacturing
Veterinary Laboratory (Lephalale)
Veterinary Services
Veterinary Laboratory (Mogalakwena) Veterinary Services
WES Enterprises
Animal Feeds Manufacturing
Witpoort Hospital
Hospital
Biomass burning emissions will
Neighbouring countries and
impact the Waterberg District during
Municipalities
the spring season
Illegal tyre burning for extracting
Bela-Bela, Lephalale, Modimolle,
copper and for space heating
Mogalakwena, Mookgopong,
purposes
Thabazimbi
Bela-Bela, Lephalale, Modimolle,
Dust emissions from vehicle activity
Mogalakwena, Mookgopong,
on dirt roads in the District
Thabazimbi
High vehicle volumes on major
Bela-Bela, Lephalale, Modimolle,
roads such as the R510 and R511
Mogalakwena, Mookgopong,
and the N1 highway
Thabazimbi
Bela-Bela, Lephalale, Modimolle,
Wind erosion of exposed, open
Mogalakwena, Mookgopong,
areas in the District
Thabazimbi

Waterberg District Municipality Air Quality Management Plan

SO2

NO2

Other
















































































































































































PM10











124

Based on the available data, the main contributoring source to PM10 emissions in the
District is power generation which contributes to 68% of the PM10 emissions in the
District (Figure 45). However, it is likely that this contribution has been overestimated as
many of the mines did not provide their emissions data, and therefore, were not possible
to quanitfy. With the quantification of all mines in the District, mining sources are likely to
be the main contributor to PM10 emissions in the District. Based on the emissions data
supplied by Grootegeluk Coal Mine and Northam Platinum, mines currently contribute
17% to total PM10 emissions in the District.
Power generation is again identfied to be the single largest source of SO2 and NO2
emissions in the District, contributing to 95% and 93% respectively (Figure 46- Figure
47). Mines are the second largest source of SO2 emissions, contributing 4.6% to total
SO2 emissions in the District. Vehicles, industries and domestic fuel burning emissions
each contribute less than 1% respectively. However, vehicles are the second largest
contributor to NO2 emissions, contributing 6% to total NO2 emissions.

Figure 45:

Total PM10 emissions from quantifiable sources in the District.
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Figure 46:

Total SO2 emissions from quantifiable sources in the District.

Figure 47:

Total NO2 emissions from quantifiable sources in the District.
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The contribution of each Local Municipality to PM10, SO2 and NO2 emissions from
quantified sources is given in Figure 48 - Figure 50. Lephalale is the main contributing
Municipality to PM10 (86%), SO2 (95%) and NO2 (94%) emissions in the District,
predominantly due to emissions from Grootegeluk Coal Mine and Matimba Power
station. Mogalakwena is the second largest contributor to PM10 emissions (12%) due to
emissions from small industries and brickworks. Thabazimbi is the second largest
contributing Municipality to SO2 emissions (5%), mainly due to emissions from Northam
Platinum Mine.
However, it should again be emphasized that the relative contribution of each Local
Municipality to PM10, SO2 and NO2 emissions in the District is based on the available
data obtained during the compilation of the emissions inventory. Industrial and mining
sources that were not quantified will influence the current emissions breakdown per
Municipality. PM10 emissions are likely to have been underestimated in Local
Municipalities such as Thabazimbi as emissions information was not supplied by
Thabazimbi Iron Ore mine, which is a significant source of PM10 emissions.

Figure 48:

Total PM10 emissions from quantifiable sources per Local Municipality.
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Figure 49:

Total SO2 emissions from quantifiable sources per Local Municipality.

Figure 50:

Total NO2 emissions from quantifiable sources per Local Municipality.
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5.1.10. Hotspot Areas in the District
Based on the available ambient air quality monitoring data and the emissions inventory
compiled for the District, air pollution ‘hotspots’ were identified in the District. Emphasis
was placed on areas with high population densities and the spatial distribution of
sources in relation to residential areas.
Based on the above mentioned criteria, these areas have been identified to be (Figure
51 - Figure 53):
1) Lephalale (Lephalale Local Municipality) – One of the largest industrial sources,
Matimba Power Station, is located in this Municipality. Future developments such
as Medupi Power Station and Sasol’s Coal-To-Liquids Plant will make this an
important industrial area in future years.
2) Thabazimbi and Northam (Thabazimbi Local Municipality) – This Local
Municipality includes many of the larger opencast mines such as Thabazimbi
Mine, Amandelbult Platinum Mine and Northam Platinum.
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Figure 51:

Identified air pollution sources near Lephalale. The town of Lephalale is approximately 14 km to the right.
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Figure 52:

Identified air pollution sources in Thabazimbi.
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Figure 53:

Identified air pollution sources in Northam.
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5.2. Predicted Ambient Air Quality in the Waterberg District
5.2.1. Dispersion Model Overview
ADMS Urban was developed by Cambridge Environmental Research Consultants
(CERC) in collaboration with the University of Surrey and the UK Meteorology Office.
ADMS-Urban is a dispersion and transport model based on ADMS 3, specifically for air
quality calculations across urban areas. It models point, line, area and volume sources
and it is able to consider multiple grid sources including industrial, domestic and road
traffic emissions in a large urban area. For example road sources relatively close to the
area being modelled are characterised explicitly by a number of parameters whilst more
distant road sources are aggregated onto a grid.
The model can be applied to flat and complex terrain (which is limited and based on
surface roughness) and also considers buildings and street canyon effects. It is able to
calculate pollutant concentrations for 15 minutes (short term) to 1 year (long term)
averaging times. Percentiles can also be calculated for comparison with regulatory
standards. Chemical reactions involving NOx, O3 and VOC’s can also be modelled using
trajectory model algorithms (CERC, 2000).
ADMS-Urban has been used in various studies in the UK, Europe and around the world
(CERC, 2003) including London, Ireland, Wales, China, Budapest, India, South Africa
and the US. Validation studies have been carried out by Carruthers et al (1999, 2000,
2003) in London which showed good agreement between the modelled and observed
results. Carruthers et al (2000) compared measurements from an urban area (within a 1
km grid and roads with more than 25 000 vehicles a day) and industrial locations in
London, Ireland and Wales. There was good correlation between modelled and
monitored NOx concentrations but the model did underpredict concentrations at night
and during winter (Holmes and Morawska, 2006). However, SO2 concentrations
correlated poorly and were found to be very sensitive to wind direction. Hanna et al
(2001) undertook an evaluation of the ADMS, AEROMOD and ISC3 models. ADMSUrban was found to under predict on average by 20%, with a scatter of about a factor of
2. ADMS has 53% of its predictions within a factor of 2 of observations.
Waterberg District Municipality Air Quality Management Plan

133

5.2.2. Data Requirements
Data input into the model includes hourly surface meteorological data which includes
wind speed, wind direction, temperature, relative humidity, solar radiation and
precipitation. Meteorological data was obtained from the Agricultural Research Council
meteorological station in Thabazimbi. Terrain data was also input into the model. Source
parameters include source location, stack height, stack diameter, gas exit velocity, gas
exit temperature and fuel usage. Where not available, default parameters were used.
5.2.3. Dispersion Model Simulations
Dispersion modeling studies have previously been undertaken for major sources in
Lephalale, namely, Matimba Power Station and Medupi Power Station (Airshed Planning
Professionals, 2006) and Grootegeluk Coal Mine (Scorgie and Krause, 2006).
Dispersion modeling simulations have therefore not been undertaken for Lephalale as
the major sources, and their impacts on the neighbouring residential areas, have been
previously evaluated. Within Thabazimbi/Northam, emissions information was only
provided by Northam Platinum, therefore only this source has been modelled. However,
this mine is recognized to be an important source of SO2 emissions as it has its own
smelter.
5.2.3.1.

Matimba Power Station

Dispersion modeling simulations for Matimba Power Station showed SO2 concentrations
to exceed the current hourly (350 µg/m3) and daily (125 µg/m3) National standards within
the zone of maximum impact (south-west of the power station). Maximum ground level
concentrations of 1521.1 µg/m3 and 171.6 µg/m3 were predicted for the hourly and daily
averaging periods, respectively. Hourly SO2 concentrations infrequently exceeded the
current hourly standard within Marapong and along the boundaries of Onverwacht.
Predicted annual average concentrations were in compliance with the annual standard
(50 µg/m3).
Modelled NO2 concentrations were predicted to be well within the current National air
quality standard of 376 µg/m3, with a maximum ground level concentration of 96.1 µg/m3
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predicted. Predicted hourly concentrations of 35.4 µg/m3 and 78.8 µg/m3 were recorded
at Marapong and Onverwacht, respectively.
Predicted PM10 concentrations were predicted to fall well below both the current
National daily standard of 180 µg/m3 and the revised standard of 75 µg/m3 in Marapong
and Onverwacht. However, the revised standard was shown to be exceeded in the
immediate vicinity of the ash dump at Zwartwater, although the potential for human
health impacts in this area is limited.
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Figure 54:
Predicted highest hourly average SO2 (µg/m )
concentrations due to current routine Matimba Power Station
emissions.
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Figure 55:
Predicted highest daily average SO2 (µg/m )
concentrations due to current routine Matimba Power Station
emissions.
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Figure 56:
Predicted highest hourly average NO2 (µg/m )
concentrations due to current routine Matimba Power Station
emissions.
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Figure 57:
Predicted highest daily average PM10 (µg/m )
concentrations due to current routine Matimba Power Station
emissions.
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5.2.3.2.

Medupi Power Station

Dispersion modeling simulations were also undertaken to determine the cumulative
impact of emissions from both Matimba and Medupi power stations. Medupi will be six
units of 800 MW each, feeding into two stacks with a stack height of 220 m. A bag filter
will be installed on the power station to control PM emissions. SO2 emissions will not be
controlled.
Given that predicted SO2 concentrations from Matimba power station already exceed the
standard and SO2 emissions will not be controlled from Medupi, it is evident that the
combined impact of both stations will result in elevated SO2 concentrations. Highest
hourly SO2 concentrations were predicted to exceed the National standard at all
sensitive receptors, with highest daily concentrations exceeding the standard at
Marapong (Figure 58).
Predicted NO2 concentrations were in compliance with the current National air quality
standards, with a maximum hourly NO2 ground level concentration of 131.6 µg/m3.
Predicted PM10 concentrations were within both the current and revised daily National
standards at Marapong and Onverwacht, although the standard was exceeded in the
vicinity of the ash dump at Zwartwater and the proposed ash dump at Eenzamheid
(Figure 59).
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Figure 58:
Predicted area of a single exceedance of the
National daily SO2 standard due to emissions from Matimba and
Medupi.
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Figure 59:
Highest daily average PM10 concentrations
3
(µg/m ) due to current Matimba and proposed Medupi emissions.
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5.2.3.3.

Grootegeluk Coal Mine

As part of the so-called Matimba Brownfield Expansion Project, the expansion of
operations at the Grootgeluk Coal Mine has been proposed for the purpose of supplying
coal to the new Medupi Power Station. The expansion will include the utilisation of the
current opencast pit operations with the growth of the pit being accelerated due to more
intensive mining and coal extraction. On the processing side, the development of two
new beneficiation plants has been proposed. Dispersion modeling simulations were
undertaken of PM10, SO2 and NO2 concentrations associated with:
•

Current base case operations at the mine (2006),

•

Future base case operations at the mine (2050) – tonnages increased from 57
Mtpa to 67 Mtpa, pit reaches more western extent of lease area and Sinter Char
Plant operational,

•

Phase A of the Matimba Brownfields Expansion Project -

extension of

Grootegeluk mining operations to supply a further 6.9 million tpa (to supply a 3unit power station ie 2100 MW),
•

Phase B of the Matimba Brownfields Expansion Project - extension of
Grootegeluk mining operations to supply a further13.8 million tpa (to supply a 6unit power station ie 6400 MW).

For the current base case operations, dispersion modeling simulations indicate that
current Grootegeluk mining operations contribute significantly to ambient PM10
concentrations. The current daily and annual average National standards were shown to
be exceeded for approximately 5 km to the west and south-west of the current pit. Within
the immediate vicinity of the western boundary, the current National standard of 180
µg/m3 was exceeded for over 30% of the time (Figure 60 – Figure 63).
Future mining operations predict significant increases in ambient PM10 concentrations.
Phase A of the expansion is predicted to increase the highest daily PM10 concentrations
by approximately 5%, increasing the frequency of exceedance of the current National
standard by approximately 17% and extending the distance of non-compliance to southwest of the pit by a further 2 km. During Phase B of the expansion, PM10 concentrations
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will increase by approximately 10% and the frequency of exceedance of the current
National standard by 4%
Predicted SO2 concentrations from current and future base case mining activities fall well
below the SO2 standards. The mine was predicted to be a minor contributor to ambient
SO2 concentrations when compared to Matimba Power Station emissions, although the
cumulative impact of both the mine and power station result in predicted SO2
concentrations to be in non-compliance (Figure 62 - Figure 63). SO2 concentrations
predicted due to Phases A and B mine expansion scenarios are predicted to be
relatively the same as for future base case operations.
Predicted NOx concentrations fall below the National standards for both the current and
future base case scenarios for cumulative sources (mine and power stations). The
proposed mine expansion (Phases A and B) are predicted to result in a slight increase in
NOx emissions and therefore, NOx concentrations, due to increased frequencies of
blasting. However, NOx concentrations still remain within their respective National
standards.
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Figure 60:

Predicted highest daily PM10 concentrations due

Figure 61:

Predicted highest annual PM10 concentrations

to current base case mining operations, including PM10

due to current base case mining operations, including

emissions associated with power generation.

particulate emissions associated with power generation.
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Figure 62:

Predicted highest hourly SO2 concentrations due

Figure 63:

Predicted highest daily SO2 concentrations due

to current base case mining operations, including PM10

to current base case mining operations, including PM10

emissions associated with power generation.

emissions associated with power generation.
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5.2.3.4.

Northam

Dispersion modeling simulations were undertaken to determine SO2 concentrations
associated with current operations at Northam Platinum. As previously mentioned,
Northam Platinum was the only source to provide their emissions data within the
Thabazimbi area, and therefore are the only source to have been quantified. However,
Northam Platinum is recognized to be an important source of SO2 emissions as it has its
own smelter.
Maximum hourly SO2 concentrations of 88.31 ppb (231.37 µg/m3) are predicted, with the
highest concentrations recorded in close proximity to the emission source (Figure 64).
Predominant winds originate from the north-east and east-north-east which transport
SO2 emissions to the south-west of the mine. Maximum daily and annual average SO2
concentrations of 32.58 ppb (85.36 µg/m3) and 5.13 ppb (13.44 µg/m3) are predicted,
respectively (Figure 65 and Figure 66). Predicted concentrations are in compliance with
the National hourly, daily and annual standards, respectively. There are no nearby
residential areas with the town of Northam located approximately 16 km to the southwest.

Figure 64:

Predicted highest hourly SO2 concentrations (ppb) due to emissions from
Northam Platinum.
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Figure 65:

Predicted highest daily SO2 concentrations (ppb) due to emissions from
Northam Platinum.

Figure 66:

Predicted highest annual SO2 concentrations (ppb) due to emissions from
Northam Platinum.
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5.2.3.5.

Summary of Predicted Concentrations

Dispersion modeling simulations undertaken for major sources in Lephalale Local
Municipality indicate that:
•

Ambient PM10 concentrations are elevated predominantly due to mining
activities at Grootgeluk Coal Mine. Current stack emissions from Matimba Power
Station are not a major contributor to ambient PM10 concentrations as an ESP
and SO3 plant are installed. PM10 emissions from Medupi Power Station are also
anticipated to be acceptable as the station will be installed with a bag filter.

•

Ambient SO2 concentrations are mainly attributed to power generation in the
area, with SO2 concentrations in non-compliance with both the hourly and daily
National standards.

•

Ambient NO2 concentrations are well in compliance with their respective
standards.

Dispersion modeling simulations undertaken for Northam Platinum in Thabazimbi Local
Municipality indicate that SO2 concentrations are in compliance with the current hourly,
daily and annual National SO2 standards.

5.2.4. Assumptions and Limitations
The following assumptions and limitations need to be taken into account for this
assessment:
• The air quality baseline assessment was limited to continuous monitoring data
from Matimba Power Station in Lephalale and dust fallout data from various
industries in the District. Given the limited availability of monitoring data in the
District, an accurate assessment of the air quality situation within Waterberg
cannot be made.
• A questionnaire was sent to industries, mines and boiler sources to obtain their
emissions information. A poor response was received with a return rate of 38%.
At a minimum, fuel consumption was obtained from the smaller boiler sources
(hospitals, incinerators) in the District. Where relevant stack and emissions
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parameters were not provided, use was made of default parameters. The
Australian NPI emission factors were used in the calculation of emissions from
boilers and brickworks.
• The emissions inventory compiled for the District represents the first step towards
identifying and quantifying industrial emissions. This emissions inventory will
need to be updated to include the other 62% of industries that did not respond.
• Based on the information available, only emissions from quantifiable sources,
namely, industries, vehicles and domestic fuel burning were evaluated.
• Based on the emissions data provided during the development of the Plan, it is
likely that PM10 emissions in the District have been underestimated, particularly
from mining operations. The total contribution of industrial and mining sources to
PM10 emissions in the District will need to be re-evaluated once the emissions
information has been obtained from the outstanding sources.
• In addition, the relative contribution of each Local Municipality to PM10, SO2 and
NO2 emissions will also need to be re-assessed when an updated emissions
inventory is available.
• Domestic fuel burning emissions were estimated from the Census 2001 database
of household fuel burning. Domestic fuel burning emissions are potentially
overestimated for informal areas in the District as the recent Community Survey
2007 shows a decrease in the percentage of households using domestic fuels.
• Vehicle emissions were limited to the provincial and district roads in the District.
Traffic count data for the N1 could not be obtained from SANRAL. Therefore, the
contribution of vehicle emissions within Bela-Bela, Modimolle, Mogalakwena and
Mookgopong may have been underestimated.
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6. AIR QUALITY PRACTICES AND INITIATIVES WITHIN PROVINCIAL AND LOCAL
GOVERNMENT
6.1. Government Structure and Functions
The capacity for air quality management and control within the Waterberg District is
assessed within the various spheres of Government. The current capacity at Provincial,
District and Local levels is evaluated in terms of available personnel, functions and
resources.
6.1.1. Provincial Level
Within the Limpopo Province, the Department of Economic Development, Environment
and Tourism is responsible for air quality related functions. Within this, the Directorate of
Integrated Pollution and Waste Management has a direct role in air quality management
and control. Air quality is primarily a function of the Air Quality Management SubDirectorate. The organisational structure of the Air Quality Management Sub-Directorate
is given in Figure 67.

Deputy Director: Air
Quality Management
(TJ Maselela)

Assistant Director: Air
Quality Management
(PO Thivhafuni)

Environmental Officer: Air
Quality Management
(MC Rangwato)

Figure 67:

Senior Environmental
Officer: Air Quality
Management
(TH Mathekga)

Organisational structure for the Sub Directorate: Air Quality Management.
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Current air quality management initiatives and projects within the Department include the
compilation of an emissions inventory database, source identification, an electronic
reporting system, guidelines for the development of an air quality monitoring programme,
pesticides aerosols drift management and receiving and reviewing quarterly reports from
industries.
6.1.2. District Level
Within the Waterberg District, Municipal Health Services (MHS) in the Department of
Social Development and Community Services is responsible for air quality management
and control. Functions of Municipal Health Services also include most environmental
health services as described in the National Health Act 61 of 2003. These include water
quality monitoring, food control, waste management, and health surveillance of
premises, surveillance and prevention of communicable diseases, vector control, and
environmental pollution control, disposal of the dead and chemical safety.
The District has not appointed an Air Quality Officer, and as a result air quality is one of
multiple functions undertaken by the District personnel. Specific air quality related
functions include the registration and monitoring of sources of pollution and air pollution
complaints response.
.
6.1.3. Local Level
As of 1 July 2004, all Environmental Health Practitioners (EHPs) were to be transferred
from the Local Municipalities to the District and Metropolitan Municipalities. However,
within the Waterberg District Municipality, EHPs were transferred in September 2007. As
a result, Local Municipalities do not have enough capacity in terms of personnel, budget
or equipment to undertake their air quality functions in terms of AQA. Therefore, few air
quality management or control functions are undertaken by the Local Municipalities. Air
quality support is provided to the Local Municipalities from Province and District.
Basic air quality management at Bela-Bela, Mookgopong and Thabazimbi Local
Municipalities forms part of the functions of Environmental Health in the Department of
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Social Development and Community Services. Only air quality complaints are
investigated by the Local Municipalities. Information was not provided from Lephalale,
Modimolle and Mogalakwena Local Municipalities. However, it is anticipated that these
Municipalities have similar roles and responsibilities to those that provided information.

6.2. Air Quality Management Tools
6.2.1. Complaints Response Database
Air pollution complaints received from the public need to be recorded in a database,
investigated and addressed within each level of Government. Pollution complaints need
to be logged into a centralised electronic pollution complaints database at the
Department of Environmental Affairs and Tourism to ensure the effective co-ordination
and management of complaints received. Prior to such a system being implemented, it is
recommended that the District maintain a complete complaints system, keeping records
of responses, letters, notices and feedback to the complainant.
The Waterberg District Municipality maintains a register of health-related complaints
within the District (Table 26). Each town within the Waterberg District manually records
all complaints received from the public. Complaints received are submitted to the
Province on a quarterly basis from the District. However, as these complaints are related
to health issues, it is difficult to establish how many are specific to air quality complaints.
It is important that future complaints are broken down into complaint type such as
smoke, odours, dust etc. In terms of compliance and enforcement, verbal warnings are
generally issued and, in more serious offences, written notices are served.
Table 26:

Complaints register for the Waterberg District for January – December
2008.

Complaint
Health Complaints

Quarter
st

nd

Annual
rd

th

1

2

3

4

Total

57

23

46

31
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6.2.2. Emissions Inventory Database
The development and regular maintenance of a comprehensive emissions inventory
database is an important component of any air quality management system. Such a
database contains information regarding pollution sources (point, line, volume and area),
source parameters (stack height, diameter, gas exit velocity and gas exit temperature)
and emission rates.
There is no existing emissions inventory database for the Waterberg District. The
Province is currently in the process of compiling an emissions inventory, identifying
pollution sources and setting up an electronic reporting system. A preliminary emissions
inventory database has been established as part of the Status Quo Assessment. This
information will need to be verified and updated by the Limpopo Province and the
Waterberg District Municipality in the future.
6.2.3. Dispersion Modelling Software
Limited software and knowledge exists within each sphere of Government to support
dispersion modelling. Dispersion modelling software is not available at either the Local,
District or Provincial levels. When required, dispersion modelling is undertaken by
external consultants. The use of such modelling software is critical to the understanding
of the temporal and spatial distribution of pollutants in the atmosphere.
6.2.4. Data Reporting Practices
There is no continuous ambient air quality monitoring undertaken by the Waterberg
District Municipality. The co-ordinated transfer of data from the monitoring stations to a
centralised database is a critical component to ensure the effective and efficient
management and verification of the monitoring data. As part of the South African Air
Quality Information System (SAAQIS), a centralised database will be developed at the
South African Weather Services to which all ambient monitoring data will be transferred
and databased. This database will be useful for ensuring that industries report their
emissions and for the authorities to monitor compliance. In addition, the public will be
able use this system to log in their complaints and concerns and these will be
automatically routed to the relevant Air Quality Officer to address.
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7. CAPACITY BUILDING WITHIN LOCAL GOVERNMENT
7.1. Vision, Mission and Objectives
The vision, mission, goals and objectives developed for the Waterberg District reflects
the vision, mission and general approach for air quality management at the National,
Provincial and Local levels. The National Framework for Air Quality Management was
reviewed during this process to ensure the District is in-line with National requirements.
7.1.1. Vision
Attainment and maintenance of good air quality for the benefit of all inhabitants and
natural environmental ecosystems within the Waterberg District Municipality
7.1.2. Mission
•

To ensure the maintenance of good air quality through proactive and effective
management principles that take into account the need for sustainable
development into the future.

•

To work in partnership with communities and stakeholders to ensure the air is
healthy to breathe and is not detrimental to the well-being of persons in the
District.

•

To ensure that future developments (transportation, housing etc) incorporate air
quality impacts.

•

To reduce the potential for damage to sensitive natural environmental systems
from air pollution both in the short and long-term.

•

To facilitate intergovernmental communication at the Local, Provincial and
National levels to ensure effective air quality management and control in the
Waterberg District.
7.1.3. Commitment

•

Establishing an air quality monitoring and management system in identified
‘hotspot’ areas within the District.
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•

Integrating air quality considerations into the town planning mechanisms
especially when considering housing, transportation and spatial planning
developments.

•

Raising awareness around air quality issues, thereby promoting community wellbeing and empowerment.

•

Facilitating effective inter-departmental and inter-governmental cooperation to
improve air quality management and control in the District.

•

Establishing a dedicated air quality department within the District to fulfill its air
quality obligations and responsibilities through the appointment of dedicated air
quality personnel and the training thereof.
7.1.4. Strategic Goals and Objectives

•

Implementing the Air Quality Management Plan within the District.

•

Assigning clear responsibilities and functions for air quality management at both
the District and Local levels.

•

Air quality training of current and future air quality personnel at both the District
and Local levels.

•

Obtaining the necessary resources and funding for air quality management in the
District.

•

Preliminary monitoring of identified ‘hotspot’ areas in the District to determine air
pollutant concentrations.

•

Undertaking continuous ambient air quality monitoring to obtain a long-term
record of air quality in the District. Such information must be made available to
the public and private sectors.

•

Maintaining good air quality within the boundaries of the Waterberg District, with
specific emphasis on PM10 and SO2 concentrations in the District.

•

Compliance monitoring and enforcement air quality legislation, policies and
regulations in the District.

•

Assessing the contribution of agriculture to ambient air quality and establishing
measures to control emissions from these sources.
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7.2. Human Resources
As per Schedule 4, Part B, Section 156 of the Constitution, air pollution is an exclusive
function of the Local Municipalities. Air quality functions are therefore, primarily the
responsibility of the Local Government, with support to be provided from Provincial and
National Government. Within the Waterberg District, support is provided to the Local
Municipalities by the District Municipality and Limpopo Province.
For the Waterberg District AQMP to be effective, co-operative governance and political
buy-in across all spheres of government will be required, as well as the capacity to
enforce compliance with the new legislation. It is recognised that air quality management
and control is primarily a function of the Local Municipalities with emission licencing
functions undertaken by Metropolitan and District Municipalities. In order to increase the
capacity in Local Government, authorities need to invest both time and capital. For
Municipalities to fulfill their regulatory role in terms of air quality, dedicated Air Quality
Officers and personnel need to be appointed.
Universities and Technikons do not have dedicated courses and degrees in Air Quality
Management and Modelling. Courses in Atmospheric Chemistry and Environmental
Management specific to air are only part of other courses. Environmental Health
Practitioners are trained specifically on occupational health and safety issues related to
environmental health with some focus on ambient air quality issues. Certain universities
such as the University of Johannesburg and the University of Potchefstroom do offer
short courses in air quality management. Such courses focus on air pollution topics such
as sources of air pollution, meteorology, emissions inventory compilation, dispersion
modeling, air quality monitoring and air quality management planning. All newly
appointed Air Quality Officers should be sent to undergo such training.
Municipalities are also required to undertake monitoring, data analysis and reporting on
ambient air quality as per their mandate as air quality authorities. Training on calibration
and maintenance of analysers in the ambient monitoring stations will be required, as well
as training on data acquisition and analysis. For this task, technical personnel will need
to be appointed.

Waterberg District Municipality Air Quality Management Plan

154

According to legislation, Municipalities are required to appoint an Air Quality Officer.
Currently, no dedicated Air Quality Officers have been appointed at either the District or
the Local Municipalities, with air quality functions forming part of other EHPs
responsibilities.
7.2.1. District Municipality
The air quality structure proposed for the Waterberg District Municipality is given in
Figure 68. This structure has the potential to grow and include two environmental officers
reporting to the senior environmental officer.

Divisional Manager
Air Quality Management

Administrative Officer

Figure 68:

Head: Air Quality
Management: Lephalale

Head: Air Quality
Management: Thabazimbi

Proposed air quality structure to be developed within the Community
Services section of the District Municipality.

As per the proposed structure, the following appointments are recommended within the
District Municipality:
• Divisional Manager: Air Quality Management
This person will be responsible for air quality management within both the District and
Local Levels (until such capacity is available within each Local Municipality). This person
should have a good understanding of air quality issues within the Waterberg District.
Duties and functions of Air Quality Officers, as outlined in AQA, include:
o Coordinating the development of an Air Quality Management Plan,
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o Preparing the Municipal Air Quality Officer’s Annual Report. The report
should include the Municipality’s progress towards the implementation of
its Air Quality Management Plan,
o Submitting the Municipality’s report to the Provincial Air Quality Officer,
o May require the holder of an atmospheric emission licence to appoint an
Emission Control Officer.
Other responsibilities could include:
o Coordinating

air

quality

management

responsibilities

with

the

Municipalities and District,
o Developing and managing ambient air quality standards,
o Developing the monitoring systems and networks for the District
Municipality,
o Liasing with the provincial department and other stakeholders.

• Head: Air Quality Management
This person will be responsible for compliance and enforcement, undertaking routine site
inspections of all industries and mines (licenced and unlicenced), evaluating the
Atmospheric Emission Licence applications and handling complaints. This person should
report directly to the Divisional Manager.

•

Senior Administrator

This person will be responsible for accepting and processing Atmospheric Emission
Licence applications, opening files for all industries and mines, generating receipts
and/or certificates and administering a complaints register.
7.2.2. Local Municipalities
Within the Local Municipalities, it is also recommended that a head: air quality
management be appointed in each of the Local Municipalities. However, given the
resources and finances required for these appointments, it is recommended that, as a
starting point, the head: air quality management is appointed in the Thabazimbi and
Lephalale Local Municipalities. Support should be provided to the other Local
Municipalities by the Waterberg District.
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Support should also continue to be provided by Province, with various capacity building
strategies initiated to ensure capacitation of staff within the District and within each Local
Municipality. The Waterberg District should collaborate with other Municipalities and
Industry such as Eskom which has been actively involved in air quality management and
control for many years. Inter-governmental co-operation and co-ordination will support
information sharing and dissemination.
7.2.3. Summary
A summary of the air quality responsibilities of the Waterberg District as per the National
requirements are given in Table 27.
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Table 27:

Air quality responsibilities of the Waterberg District Municipality as per the National Requirements.

Air Quality Functions

National Requirements

Current Resources

Required Resources

Identify priority pollutants

Municipalities may in terms of a bylaw identify substances or mixtures of
substances which represent a threat
to health, well-being or the
environment in the Municipality
As per the generic air pollution
control by-law, a Municipality must
compile a list of substances (using
set criteria) which must be submitted
to the Standards South Africa to
develop local emission standards

Six National criteria pollutants have
been identified (SO2, NO2, O3, CO,
Pb, PM10 and C6H6)
No clear capacity exists for the
identification and prioritisation of
priority pollutants in the District

Such measures are currently not
required for any additional priority
pollutants in the District

Establish local emission standards

Municipalities may in terms of a bylaw establish local standards from
point, non-point and mobile sources
If National or Provincial standards
have been established, a Municipality
may not alter such standards except
by establishing stricter standards
As per the generic air pollution
control by-law, a Municipality must
formally request the Standards South
Africa to develop local emission
standards
The Standards South Africa will
develop (using a set methodology)
local emission standards
Once developed, the local emission
standards will be published

National emission standards are
being established as part of the
Listed Activities and Minimum
Emissions Standards project.
Insufficient capacity exists for the
drafting of local emission standards

More stringent local emission
standards are currently not required
for pollution sources in the District

Establish local air quality standards

No provision is made for the setting
of standards by local authorities
However, Local Government may
establish more stringent local air
quality guidelines for the purpose of

Draft National air quality standards
have been proposed by DEAT
Local air quality guidelines have not
been established for the District.

The draft National air quality
standards should be adopted for the
District
More stringent local air quality
guidelines are not required.
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air quality management
Appoint Air Quality Officer

Each Municipality must designate an
Air Quality Officer from its
administration to be responsible for
air quality management
Duties and functions for an Air
Quality Officer have been prescribed
in the draft generic air pollution
control by-law

No Air Quality Officers are appointed
in the District
Air quality functions form part of other
functions and is not a separate,
dedicated function

A dedicated Air Quality Officer to be
appointed in the District (and each
Local Municipality, where required)
Air Quality Officer to attend air quality
courses including monitoring,
modeling and management

Develop and implement an Air
Quality Management Plan

Each Municipality must include an Air
Quality Management Plan in its
Integrated Development Plan
An annual report must be submitted
on the implementation of its Air
Quality Management Plan

Limited capacity is available to
develop and implement an Air Quality
Management Plan

An AQMP Implementation Task
Team to be established in the District
comprising representatives from
industry, Government, NGOs, CBOs
and other institutions
Implementation Task Team to meet
on a quarterly basis during the
implementation phase

Ambient air quality monitoring

The National Framework will
establish national norms and
standards for Municipalities to
monitor ambient air quality

There is no continuous ambient air
quality monitoring being undertaken
by the Waterberg District

A network of ambient monitoring
stations needs to be commissioned.
A trained, skilled technician to be
appointed in the District Municipality
Precision checks to be undertaken
every two weeks with a full dynamic
calibration every three months
The future stations to be SANAS
accredited

Perform emission licensing authority
functions

Metropolitan and District
Municipalities must implement the
atmospheric licencing system and
perform the functions of a licencing
authority
Such functions include the
processing of atmospheric emission
licences of applicants and the issuing
of the licence fee

No capacity exists for the District to
undertake this function in terms of
personnel, finances and resources

The issuing of atmospheric emission
licences will be the responsibility of
the Air Quality Officer
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7.3. Air Quality Management Tools
7.3.1. Emissions Inventory Database
For effective air quality management and control, an accurate, electronic emissions
inventory of point, non-point and mobile sources needs to be established. An emissions
inventory includes information on source parameters (source location, stack height,
stack diameter, exit gas velocity, exit temperature) and associated pollutant emission
rates. An emissions inventory serves the following functions •

Providing spatially resolved source strength data on each pollutant for dispersion
modeling,

•

Predicting environmental impacts,

•

Helping in urban and regional planning,

•

Supporting the design of regional monitoring networks,

•

Contributing a basis for evaluating trends,

•

Assisting in the formulation of air quality management policies.

Emissions inventories can either be developed by a) estimating emissions using
emission factors and manually integrating into a database or by b) using existing
emissions inventory software which has built-in emission factors. The selection of
software for this purpose should take into account the applicability of this software for the
local environment, accessibility to software support and its interface between a suitable
dispersion model and Geographical Information System (GIS).

Possible emissions

inventory software for this purpose includes the Cambridge Environmental Research
Consultants (CERC) EMIT software, which is already being used by the City of
Johannesburg Metropolitan Municipality, Ekurhuleni Metropolitan Municipality and the
City of Cape Town Metropolitan Municipality.
EMIT is an Emissions Inventory Tool that can be used to store and assess emissions
data from a variety of sources such as industrial sources (point and area) and major
roads and rail sources (line). EMIT can store data from small area sources that are
treated as average emissions on a 1 km2 grid such as commercial and domestic using
activity data. Emission rates for road and rail traffic are calculated using traffic flows,
number of vehicle kilometres travelled and trips made. For industrial sources activity
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ndata includes fuel consumption, the amount of raw materials used and the number of
products produced. In order to calculate emissions from activity data associated
emission factors are required. A range of emission factors datasets are held in EMIT to
estimate mobile emissions and industrial sources using various inventories. Datasets are
also available to estimate emissions from electricity and fuel used for power generation.
Emissions can also be estimated in EMIT by using population statistics. However, many
of these emissions factors cannot be used locally due the factors being based on UK
sources. Currently local emissions factors are available for vehicle emissions and
domestic fuel burning.
As the Waterberg District is not considered to be an industrialised area, with a limited
number of industrial sources, it is not necessary for the District to purchase emissions
inventory software. Use can be made of available software such as Microsoft Excel or
Microsoft Access to capture the emissions inventory information supplied by industries.
As part of the South African Air Quality Information System, all source and emissions
data recorded within each Municipality and Province will be incorporated into a National
electronic database, allowing for easy access and manipulation of data from any sphere
of Government. The Waterberg District will need to ensure that their current emissions
inventory database is regularly updated and that it is incorporated into the SAAQIS.

7.3.2. Dispersion Modelling Software
Atmospheric dispersion modelling forms an integral component of air quality
management and planning. Air quality models are used to establish a relationship
between emissions and air quality. Dispersion models require the input of data which
includes:
•

Meteorological conditions such as wind speed and direction, the amount of
atmospheric turbulence, ambient air temperature and the height to the bottom of
any inversion layers in the upper atmosphere,

•

Emission parameters such as source location and height, stack diameter, exit
gas temperature and exit velocity,

Waterberg District Municipality Air Quality Management Plan

161

•

Terrain elevations at the source and surrounding regions,

•

Location, height and width of any obstructions (such as buildings).

Dispersion modelling is typically used to determine compliance with ambient air quality
guidelines or standards, assist in health and environmental risk assessments, provide
information for ambient monitoring networks and to assess source contributions to air
quality concentrations.
When selecting an appropriate model, the following considerations should be taken into
account, including:
• Applicability to the local environment, in particular, an urban airshed,
• Compatibility with a GIS such as ArcGIS 9.2,
• Compatibility with emissions inventory software,
• Availability of meteorological data (ie should upper air data be required),
• Accessibility to software support (local and international),
• Chemical reactions such as ozone formation,
• IT requirements.
Within South Africa, a range of urban airshed models are currently being utilised,
including ADMS Urban by the City of Johannesburg, Ekurhuleni Metropolitan
Municipality and the City of Cape Town, the Norwegian AirQuis model by eThekwini
Metropolitan Municipality and the locally developed Dynamic Air Pollution Prediction
System (DAPPS) model, the latter not currently available for purchase. Other USEPA
regulatory models such as CALPUFF and AERMOD are freely downloadable from the
USEPA website. CALPUFF is designed to model long-range transport of pollutants and
is most applicable in areas of complex terrain. AERMOD, which has replaced CALPUFF
as the USEPA approved regulatory model, is considered to be labour and data intensive
for local applications.
DEAT are in the process of developing an internal discussion document which relates to
dispersion modeling in general. Once this document has been developed, DEAT will be
in a position to provide guidance to Municipalities on dispersion modeling. This
document will take into account a wide range of factors including the cost of the models,
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the cost of support and training and model validation and appropriateness for use in
South Africa (Scott, G, pers. comm).

7.3.2.1.

ADMS

The Atmospheric Dispersion Modelling System consists of the suite of models ADMSScreen, ADMS 3 and ADMS-Urban. ADMS-Screen is used to assess the potential
impact of a single point source, ADMS 3 is used to assess the impact of industrial
sources and ADMS-Urban is used to model emissions from a number of sources within
an urban area. ADMS-Roads is a new model that has recently been developed to
specifically address the impact of roads to pollutant concentrations. Of these, ADMSUrban will be discussed in detail as it is the model most applicable to urban
environments.
ADMS Urban was developed by Cambridge Environmental Research Consultants
(CERC) in collaboration with the University of Surrey and the UK Meteorology Office.
ADMS-Urban is a dispersion and transport model based on ADMS 3, specifically for air
quality calculations across urban areas. It models point, line, area and volume sources
and it is able to consider multiple grid sources including industrial, domestic and road
traffic emissions in a large urban area. For example road sources relatively close to the
area being modelled are characterised explicitly by a number of parameters whilst more
distant road sources are aggregated onto a grid.
The model can be applied to flat and complex terrain (which is limited and based on
surface roughness) and also considers buildings and street canyon effects. It is able to
calculate pollutant concentrations for 15 minutes (short term) to 1 year (long term)
averaging times. Percentiles can also be calculated for comparison with regulatory
standards. Chemical reactions involving NOx, O3 and VOC’s can also be modelled using
trajectory model algorithms (CERC, 2000).
ADMS-Urban has been used in various studies in the UK, Europe and around the world
(CERC, 2003) including London, Ireland, Wales, China, Budapest, India, South Africa
and the US. Validation studies have been carried out by Carruthers et al (1999, 2000,
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2003) in London which showed good agreement between the modelled and observed
results. Carruthers et al (2000) compared measurements from an urban area (within a 1
km grid and roads with more than 25 000 vehicles a day) and industrial locations in
London, Ireland and Wales. There was good correlation between modelled and
monitored NOx concentrations but the model did under predict concentrations at night
and during winter (Holmes and Morawska, 2006). However, SO2 concentrations
correlated poorly and were found to be very sensitive to wind direction. Hanna et al
(2001) undertook an evaluation of the ADMS, AEROMOD and ISC3 models. ADMSUrban was found to under predict on average by 20%, with a scatter of about a factor of
2. ADMS has 53% of its predictions within a factor of 2 of observations.

7.3.2.2.

AirQuis

The Air Quality Information System, AirQuis, was developed by the Norwegian Institute
for Air Research (NILU). The model is applicable for urban and industrial environments.
A major component of the AirQuis system is the dispersion models which can account
for vehicle emissions, industrial emissions and household related emissions. The system
can also estimate population exposure to air pollution.
The source oriented numerical dispersion model EPISODE (a time-dependent finite
difference model) calculates the spatial distribution of pollutants, hourly, from a number
of sources (point, line and area sources). It uses a sub grid line source model for traffic
(ROADAIR) and a puff trajectory model (CONTI-LENK) for industrial sources to account
for grid (1 km square grid) effects close to individual sources. The photochemical
reactions for NO2 is based on a standard photochemical equilibrium model using
reaction rates (based on the amount of solar radiation) between NO, NO2 and O3. Output
from the model can be linked to a GIS system and modelled data output can also be
retrieved and placed on to a dedicated web page.
The model has been applied in various studies including Norway, Sweden, China,
Botswana, Israel and a number of European cities. It has been used in urban air quality
studies and in various health studies linking short term health effects with air pollution
conditions in several Norwegian cities. The EPISODE model has been evaluated by
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comparing the modelled concentrations of NOx and NO2 with monitored data in Oslo
(Larssen et al., 1994). The model showed good agreement with monitored data, with
correlation values for NOx ranging between 0.48 and 0.80 and NO2 between 0.48 and
0.76.

7.3.2.3.

CALPUFF

CALPUFF is an advanced, integrated, non-steady-state Gaussian puff modelling system
consisting of three main components and a set of pre-processing and post processing
programs. The main components are CALMET (a diagnostic three-dimensional
meteorological model), CALPUFF (a puff dispersion model) and CALPOST (a
postprocessor package). It models the dispersion of gases and particles using time and
space varying meteorological conditions based on turbulence, emission strengths,
pollution transport, transformation and removal.
The model is designed to simulate the dispersion from point, area, volume and line
sources integrating the effects of plume rise, partial penetration, buoyant and continuous
plume rise and stack effects. It can be applied for long range transport (tens to hundreds
of kilometres) and complex terrain. It includes algorithms for sub-grid scale, longer range
effects (such as wet and dry deposition, chemical transformation and visibility effects)
and downwash effects by buildings.
The USEPA has recommended CALPUFF for long range transport modelling (greater
than 50 km from the emission source) due to its ability to process complex threedimensional wind fields (USEPA, 2002). Chemical transformations are modelled using a
pseudo-first-order chemical reaction mechanism, in MESOPUFF, for the conversion of
SO2 to SO4¯ and NOx to NO3¯. However, the model is not recommended for use in
estimating the impact of NOx and SO2 on secondary particulate formation less than 10
km from a source.

The model can also utilise user defined diurnal cycles of

transformation rates (Elbir, 2003).
CALPUFF has been used in a number of studies to investigate gas dispersion in the US
and around the world including Illinois, South Carolina, Oklahoma, Christchurch (New
Waterberg District Municipality Air Quality Management Plan

165

Zealand), Beijing (China), Izmir (Turkey), Mexico and South Africa. During a study by
Villasenor et al (2003) in south-east Mexico the model under predicted SO2
concentrations in a complex environment among several gas and oil exploration and
production sites. In validation studies, however, the model showed reasonable
agreement with pollutant concentrations and inconsistency was mainly due to unknown
sources. However, CALPUFF is not recommended for calculation of timescales shorter
than 1 hour or where dispersion is heavily influenced by turbulence such as in an urban
environment (Holmes and Morawska, 2006).

7.3.3. Ambient Air Quality Monitoring
An ambient air quality management system consists of various hardware, software,
communication systems as well as activities related to the ongoing maintenance and
calibration of the system. Continuous ambient air quality monitoring requires among
other things; a set of trace gas analysers housed in a secure shelter, meteorological
equipment, a data communication and acquisition system, as well as various other
mechanical, civil and electrical structures such as an inlet manifold, fencing, concrete
plinth, air conditioner, Uninterrupted Power Supply (UPS) and safety devices such as a
lightning conductor. As part of a monitoring network design (macro and micro-siting) it is
important to consider the following aspects:
•

Proximity to residential areas,

•

Location of industries, major roads, sources of domestic fuel burning emissions
etc,

•

Dominant wind direction,

•

Dispersion modelling results,

•

Topography,

•

Location of existing monitoring stations,

•

Sensitive environments,

•

Sensitive populations,

•

Trans-boundary transport of air pollution from neighbouring sources.
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7.3.3.1.

Continuous Ambient Air Quality Monitoring

Continuous ambient air quality monitoring of atmospheric emissions ensures that the
environment is being properly protected and helps Local Government manage their
impact on the environment (Figure 69). This type of monitoring provides continuous,
accurate data on pollution concentrations at a specific location. However, limitations of
this type of monitoring are associated with spatial coverage, technical skills required for
maintenance and calibration as well as the ongoing financial implications.
Municipalities would need to acquire air monitoring equipment as well as a system that
will automatically retrieve air quality data from loggers and sensors for the management
of remote data acquisition equipment. This system should have data correction functions
for quality assurance. An ambient air quality monitoring station requires a person
responsible for maintaining the network, calibrating the instruments as well as analysing
data and compiling reports for compliance assessment.
An ambient air quality monitoring station requires ongoing maintenance and calibration
and is not just a once-off capitol expense. Ongoing maintenance costs should be
budgeted for at the onset of the project. Approximate costs associated with the
installation, operation and maintenance of a complete ambient air quality monitoring
station are given in Table 31. Options for continuous monitoring include a permanent
(stationary) monitoring station and caravan (mobile) monitoring station. The latter option
is recommended for the District as this will allow for ‘hotspot’ monitoring in specific areas
in the District. A mobile monitoring station provides added flexibility to undertake
measurements at many locations for short periods of time to investigate local pollution
and determine whether a permanent station is required. Mobile monitoring is considered
to be a more cost-effective option for the District when considering the location and
extent of air pollution sources in the District.
At a minimum, it is recommended that any ambient monitoring station installed in the
Waterberg District should measure a range of pollutant and meteorological parameters
as described in Section 7.3.3.3.The stations should be undertaken on a regular basis,
with zero and spans performed every two weeks and a full dynamic calibration
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undertaken every three months. In addition, all stations should obtain SANAS
accreditation to ensure the standardisation of monitoring practices in the region.

Figure 69:

7.3.3.2.

Continuous ambient air quality monitoring equipment.

Passive Diffusive Monitoring

Passive monitoring is an inexpensive method of monitoring over a large area and
requires little human intervention (Figure 70). Passive badges can measure a range of
pollutants including SO2, NO2, O3, hydrogen sulphide (H2S), hydrochloric acid, VOCs,
and various aldehydes among others. Passive diffusive sampling calculates an average
reading over a time period as opposed to real-time data acquisition that continuous
monitoring can provide. Passive badges have to be sent away to an accredited
laboratory for analysis further extending the lag time in getting results (2 – 3 weeks).
Passive sampling conforms to international methodologies and standards and can be
used to validate dispersion modelling results.
However, there are limitations associated with passive monitoring. These include
questionable concentrations given that passive badge monitoring is based on diffusion of
pollutants while comparison with ambient air quality guidelines/standards is difficult.
Extreme meteorological conditions such as high humidities and temperatures influence
diffusion rates, and hence, affect concentrations.
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Figure 70:

7.3.3.3.

Passive badge sampling equipment.

Proposed Air Quality Monitoring for the Waterberg

Although the new Air Quality Act makes provision for the protection of both human health
and long-term environmental degradation, it is envisaged that emphasis will be placed
on the protection of human health in the initial implementation of the law. With this as
the point of departure, it is recommended in this Plan that ambient air quality monitoring
be undertaken in regions with high population densities. Human health will be the area of
focus. The short and long-term objectives of an integrated Ambient Air Quality
Monitoring Network are:
Short-term
1. To provide the technical basis to shift the management of air quality to a
receiving environment approach and evaluation of compliance with National air
quality standards.
2. To implement a continuous air quality monitoring and management system.
3. The provision of ambient air quality information to all communities.
Long-term
1. To evaluate the extent to which emissions reduction strategies are effective.
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2. To evaluate the potential for damage to the environment from air pollution.
3. To quantify the relative contributions from sources to the ambient air quality.
4. To validate dispersion modelling results with ambient monitoring concentrations.
Based on the compilation of important sources in the Waterberg, it is recommended that
the following pollutants be measured at a minimum:
•

PM10 and PM2.5 – Particulates in the atmosphere have important
implications for human health.

•

SO2, - This is a primary emission from industrial emissions as well as
domestic fuel combustion.

•

NO2 and NO – Transportation related emissions as well as emissions
from biomass burning make important contributions to the ambient
concentrations of these species.

•

O3, - Is primarily a secondary pollutant closely associated with the
chemistry of NOx and VOCs in the atmosphere.

•

CO – A major emission from domestic fuel burning in informal
settlements.

•

Benzene (C6H6) – VOC emissions to the atmosphere are mostly
associated with vehicle emissions.

Based on the monitoring objectives mentioned above, recommendations have been
made for ambient monitoring in the Waterberg District (Table 28). Based on the location
of air pollution sources, residential areas and available ambient air quality monitoring
data, an extensive continuous ambient air quality monitoring network is currently not
required across the District. A mobile monitoring station is the recommended option for
the District as this will allow for ‘hotspot’ monitoring and will allow the station to be
relocated to other areas. Based on the outcome of the Status Quo Assessment, ambient
monitoring is recommended to be undertaken in Lephalale and Thabazimbi/Northam.
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Although mobile monitoring has also initially been suggested for Lephalale, the future
installation of a permanent station in this area is probable given the proposed
developments in this area.
Table 28:

Proposed monitoring stations for the Waterberg District Municipality.

Local
Municipality

Classification

Parameters to
be recorded

Site

Type

Lephalale

Lephalale

Continuous
(Mobile)

Power
generation,
mining,
domestic

PM10, PM2.5,
SO2, NOx,
O3,CO,BTEX,
Met, Hg

Thabazimbi

Thabazimbi /
Northam

Continuous
(Mobile)

Industrial,
domestic,
mining

PM10, PM2.5,
SO2, NOx,
O3,CO,BTEX,
Met

Extensive ambient monitoring is not required in the other Local Municipalities. Should the
District wish to undertake monitoring in these areas, use can either be made of passive
badges (although the limitations discussed previously should be taken into account) or
StreetBoxes. The latter is the recommended option as this instrument can continuously
measure CO, NO, NO2, SO2, H2S, (up to three at one time), PM10, wind speed and
direction. However, the financial implications need to be weighed up against the
monitoring objectives when considering monitoring.

7.4. Financial Implications
The required budget for the District is evaluated in terms of the required human
resources, software and hardware for air quality monitoring and management within the
District (Tables 29 – 32). Please note that these are approximate figures.
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Table 29:

Approximate costs for the appointment of air quality personnel in the
Waterberg District Municipality.
Position

Unit

Required

Approximate Price

Air Quality Officer

Per annum

1

R 450 000

Senior Environmental Officer

Per annum

2

R 300 000

Senior Administrator

Per annum

1

R 156 000

TOTAL

Table 30:

R 1 206 000

Approximate costs for emissions inventory and dispersion modeling
software and hardware.
Requirements

Unit

Approximate Price

ADMS Urban (Permanent Licence)

Once off

R 140 000

Annual technical support for ADMS
Urban (optional)

Per annum

R 30 000

EMIT (Permanent Licence)

Once off

R 35 000

ArcGIS 9.2 and Spatial Analyst

Once off

R 40 000

Computer

Once off

R 6 000

Per Person

R 7 000

Software and Hardware

Other
ADMS Urban and EMIT Training
TOTAL
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Table 31:

Approximate costs for the installation, operation and maintenance of a
complete ambient air quality monitoring station for a period of one year.
Requirements

Unit

Approximate Price

Trace Gas Analysers (SO2, NOx, O3
and CO)

Four analysers

R 500 000

PM10 Instrument (Beta Gauge)

Per instrument

R 140 000

PM2.5 Instrument

Per instrument

R 150 000

Per instrument

R 300 000

Per station

R 60 000

Once off

R 150 000

Civils (concrete plinth and fencing)

Once off

R 50 000

Delivery, Installation and
Commissioning

Once off

R 30 000

Open Path Monitoring System:
Civils, Installation and
Commissioning

Once off

R 180 000

Every two weeks

R 60 000

Quarterly (4)

R 20 000

Meteorological Calibration

Per annum

R 16 000

Consumables, maintenance and
repairs for Point Source analysers

Per annum

R 30 000

Consumables for Open Path
Monitoring System

Per annum

R28 000

Maintenance and calibration of Open
Path Monitoring System (SANAS
Accredited)

Per annum

R25 000

Four Analysers

R 12 000

Once off

R 90 000

Per annum

R 13 000

Once off

R 100 000

Equipment

Gas Chromatograph (VOCs)
Meteorological station

(1)

Shelter, air conditioner, glass inlet
manifold, UPS and alarm system
Installation

Operation and Maintenance
Zero and spans every two weeks
(outsourced)
Full Dynamic Calibration
(outsourced)

SANAS Accreditation (optional)
SANAS accreditation calibration (by
a SANAS accredited laboratory)
Preparation of quality manual and
application to SANAS
SANAS accreditation audit (by
SANAS)
Hardware and Software
Data acquisition and communication
for Point Source analysers
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Data transmission and verification
for Point Source analysers

Per annum

R 30 000

TOTAL (Point Source)

R 1 751 000

Note: (1) Wind speed, wind direction, temperature, humidity, solar radiation, pressure, rainfall and 9 m mast
Equipment and associated costs are provided for Thermo point source analysers. Other equipment options include
Teledyne-Advanced Pollution Instrumentation, Open Path Monitoring System (OPSIS) etc. A second open monitoring
system would be required to measure CO, therefore it is recommended that should an open path monitoring system
be purchased, a CO point source analyser be used to reduce the costs.

Table 32:

Total cost for the implementation of an air quality system in the Waterberg
District.
Requirements
Human Resources
Software and Hardware

Approximate Price
R 1 206 000
R 258 000

Ambient Air Quality Monitoring

R 1 751 000

TOTAL

R 3 215 000
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8. EMISSION REDUCTION INTERVENTIONS
Emission reduction measures are proposed for sources identified in the Waterberg
District. Where possible, dates were assigned to each intervention. If dates were
unknown, generic timeframes ranging from short-term (1 – 2 years), medium-term (3 – 5
years) and long-term (5 – 10 years) were assigned.

8.1. Power Generation
Power generation sources within the District include the existing Matimba Power Station
and Medupi Power Station, which is currently under construction. Power generation is a
major source of SO2 emissions in the District.
Various emission control technologies have been installed at Matimba Power Station to
reduce emissions, including an Electrostatic Precipitator (ESP) and SO3 plant to reduce
its particulate emissions (with a possible control efficiency of up to 99%). Fugitive dust
emissions from Matimba’s ash dump at Zwartwater are controlled with a sprinkler
system. The new Medupi Power Station, which will become operational in 2011 – 2014,
will be installed with a bag filter to reduce its particulate emissions. Dust fallout
monitoring is currently being undertaken during the construction phase of the power
station. SO2 emissions are currently not controlled from Matimba Power Station. The
benefits of installing a Flue Gas Conditioning (FGC) plant to reduce SO2 emissions need
to be considered in terms of cost, water usage, loss of efficiency and increased CO2
emissions.
Eskom has initiated a social investment project to identify air quality improvement
initiatives in Marapong, as per the Medupi Record of Decision. In addition, as part of the
Medupi Power station Project, energy efficiency measures have been introduced into the
housing accommodating the approximately 8000 - 9000 workers working on the project.
Such measures include:
•

Reducing electricity consumption – the majority of houses have been equipped
with solar geysers,

•

Installation of energy saving light bulbs in all the houses and offices,

•

Installation of LEDs in the perimeter security lights at night,
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•

Use of gas fired equipment in the kitchens,

•

Installation of evaporative coolers in the houses to reduce electricity consumption
for cooling purposes.
8.1.1. Proposed Interventions

The listed activities and emission standard setting projects will influence how emissions
from this group are controlled in the future. Minimum emission limits will be established
for identified listed activities, which includes the power generation industry, and which
will be published on 11 September 2009. In terms of the requirements of AQA, listed
activities will be required to undertake emissions monitoring. Continuous, on-line stack
monitoring will be required in areas that are not in compliance with ambient air quality
standards.

Proposed emission reduction measures for power generation in the District are given in
Table 33.
Table 33:

Proposed emission reduction strategies for power generation within the
Waterberg District.
Intervention

Responsible Party

Timeframe

Development of
government/community/industry liason
committees

DEAT, LEDET, WDM,
Local Authorities,
Eskom

Short–Term

Submission of quarterly reports to Waterberg
District and Limpopo Province

LEDET, WDM, Eskom

Short–Term

Listed activities and related emission
standards need to be published

DEAT

Short–Term (11
September 2009)

On-line stack monitoring might be a
requirement of the Emission Standard Setting
Project

DEAT

Short–Term

Review of current APPA Registration
Certificates and conforming into revised RCs
and eventually AELs

DEAT

Short–Term

Dust fallout monitoring during the construction
of Medupi Power Station

Eskom

Ongoing
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Install an ambient air quality monitoring station
in collaboration with Sasol

Eskom and Sasol

Medium–Term (3 –
5 years)

Corporate Social Responsibility Programme
(Marapong)

Eskom

Short–Term

8.2. Mining Operations
Mining activities within the Waterberg District include clay, granite, limestone, fluorspar,
tin, coal, iron-ore and platinum. Major mining operations include:
-

Grootegeluk Coal Mine (Lephalale)

-

Northam Platinum Mine (Northam)

-

Amandelbult Platinum Mine (Northam)

-

Thabazimbi Iron Ore Mine (Thabazimbi)

-

PPC Cement (Thabazimbi)

-

PPL Anglo Platinum (Mogalakwena)

Dust fallout monitoring is currently undertaken by Thabazimbi Mine, Inca Mine, PPL
Anlgo Platinum and Grootegeluk Coal Mine. Thabazimibi Mine has also indicated that
they will undertake PM10 monitoring in the adjacent town of Thabazimbi for a one year
period. Amandelbult has previously undertaken dust fallout monitoring with plans to reestablish the monitoring network. Grootegeluk Coal Mine has recently installed two
continuous PM10 instruments and has an SO2, NO2, H2S and VOC passive sampling
network. SO2 stack monitoring is undertaken by Northam Platinum and VOC passive
sampling is undertaken by PPL Anglo Platinum.
Only emission reduction measures for Northam Platinum, PPL Anglo Platinum and PPC
Cement were obtained. Waterberg District Municipality should formally requested
emission reduction interventions from industries and mines that did not submit their
interventions for this Plan.
Emission reduction technologies installed at Northam Platinum Mine include a three field
precipitator and dynawave scrubber installed on their drying plant, a single field
precipitator on the furnace and a three field precipitator on the converters.
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Emission reduction interventions employed by PPL Anglo Platinum include:
-

Dust suppression with water tankers to spray the roads and the application of
Dust-a-Side,

-

Dust suppressant on the tailings dams walls and traversed tailings once the walls
have been raised,

-

Extraction fans with air filters to reduce dust and lead oxide emissions at the
Analytical Laboratory,

-

Scrubber plant outside the Analytical Laboratory to reduce SO2 emissions,

-

Planned vehicle maintenance programme to reduce CO2 emissions,

-

Development of a monitoring system for fumes released during blasting.

PPC Cement has developed a climate change strategy which sets a target of reducing
CO2 emissions from the manufacture of cement by 15% per ton by the year 2020, using
2008 as a baseline. This will be achieved by:
•

Applying thermal and electrical energy efficiency measures

•

Optimizing product composition

•

Using alternative fuels and raw materials

•

Replacing old kilns with modern , energy efficient cement plants

PPC will increase its investment in projects and initiatives that lower CO2 emissions
through the following initiatives:
•

Clean development mechanism,

•

Inclusion of the carbon footprint in the company’s capex evaluation,

•

Funding research into the development of technologies that reduce CO2
emissions from kilns and increase the use of renewable materials in its
processes,

•

Establish an energy working group to monitor greenhouse gas emissions and
track its progress in achieving the targets,

•

Monitor direct and indirect greenhouse gas emissions from its operations.

At PPC Dwaalboom, a new technology kiln has been installed which will reduce CO2
emissions from coal consumption by approximately 4% in 3 – 5 years. PPC Dwaalboom
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has also upgraded its existing plant dust collection equipment and installed new dust
collectors to achieve dust emission levels of less than 20 mg/Nm3.
8.2.1. Proposed Interventions
Where possible, emissions from mining activities were quantified as part of this Plan. For
those mines that did not provide their emissions information, Waterberg District
Municipality should formally request this information from each of the mines. Thabazimbi
Mine is in the process of compiling an emissions inventory and emission reduction
strategy for the mine which will be made available by November 2009. In addition,
smaller mines and quarries that were not included in this Plan should be identified and
quantified.

To

facilitate

this

information

sharing

and

dissemination,

government/community/industry liason committees should be formed and should include
representatives from each sphere of Government, the public and the mines.
Proposed emission reduction measures mining activities in the District are given in Table
34.
Table 34:

Proposed emission reduction strategies for mines within the Waterberg
District
Intervention

Responsible Party

Timeframe

Development of
government/community/industry liason
committees

DEAT, LEDET, WDM,
Local Authorities,
Mines

Short–Term

Submission of quarterly reports to Waterberg
District and Limpopo Province

LEDET, WDM, Mines

Short–Term

Develop comprehensive emissions inventories
for each mine (Grootegeluk have an existing
emissions inventory)

WDM, Mines

Short–Term

Obtain emission reduction strategies from
mines

WDM

Short–Term

Identify small mining and quarrying operations
that were not included in the WDM AQMP

WDM, DME

Short–Term

Regular maintenance and annual roadworthy
checks of all mine vehicles

Mines

Short–Term

Rehabilitation of old mine dumps and slimes

Mines

Ongoing
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dams which pose as significant sources of air
pollution
Ambient air quality monitoring (dust fallout,
continuous, passive)

Mines

Ongoing

8.3. Industries
8.3.1. Proposed Interventions
Industries in the Waterberg District are mainly small to medium-sized industries and
include brickworks, dairy products, meat and oil processing and animal feeds
manufacturing. The first step in identifying and quantifying emissions from industries is to
develop an emissions inventory. The inventory compiled for the District as part of this
Plan represents the first step towards identifying and quantifying industrial emissions.
The District will need to update this emissions inventory to include the other 62% of
industries that did not respond.
At a minimum, the emissions inventory should include information on:
•

Company name and contact details,

•

Type of fuel burning appliance (e.g. boiler, incinerator, furnace),

•

Make and model of fuel burning appliance,

•

Type of fuel,

•

Quantity of fuel used,

•

Stack parameters (height, diameter, gas exit temperature and gas exit velocity),

•

Sulphur and ash content of fuel (where applicable),

•

Periods of operation,

•

Control equipment (e.g. grit collectors).

Emission reduction interventions for small industries are given in Table 35. Possible
medium- to long-term interventions to be introduced by National Government could
include the declaration of fuel burning appliances as controlled emitters. There is a
proposal on the requirements for small boilers in the current standard setting process
which was expected to be gazetted by August 2009.
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Table 35:

Proposed emission reduction strategies for small industries within the
Waterberg District.
Intervention

Responsible Party

Timeframe

Update the current electronic database of all
small industries in the District

LEDET/WDM

Short–Term (2010)

Periodic site inspections and emissions
measurements

WDM

Short – medium
Term

Develop a permit system for all non-listed
activities

DEAT

Short–Term (2009)

DEAT

Short – medium
Term (2012)

DEAT

Short – medium
Term

Model scheduled trade by-laws
Small boilers to be declared as controlled
emitters

8.4. Domestic Fuel Burning
8.4.1. National Government Interventions
In 2003, the DME developed the Integrated Clean Household Energy Strategy. This
strategy identified three phases; (1) REFINE current combustion methods and
appliances, (2) REPLACE coal with electricity, Low Smoke Fuels, other alternative fuels
and solar power and (3) REDUCE energy requirements of homes through the
introduction of energy efficient methods (insulation and solar power).
More recently in 2005, the DME published the Energy Efficiency Strategy of the Republic
of South Africa. This strategy allows for the immediate implementation of no-cost and
low-cost interventions, as well as higher-cost measures with a short payback period.
This strategy aims to make energy affordable to everyone, and to minimise the effects of
energy usage on human health and the environment. An overall national target for
energy efficiency improvement of 12% by 2014 has been set. Within the residential
sector, a reduction of 10% in energy demand by 2014 has been set. Measures to reduce
energy demand include the introduction of standards for housing and household
appliances, energy labelling of appliances and awareness campaigns around the costbenefits of energy efficiency within households. The approach is focused on energy
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efficiency in higher income areas and state-subsidised housing which will incorporate
energy efficiency measures.
The top down ignition method (called ‘Basa Njengo Magogo’) is considered a short –
medium term solution to address domestic fuel burning (Figure 71). This method,
meaning ‘make fire like grandmother’ is a top-down approach to fuel loading in
mbawulas and stoves. In the classical bottom-up fire ignition approach, the order of
preparing a fire is paper, wood then coal. In the ‘Basa Njengo Magogo’ method, the
order of preparing a fire is coal, paper, wood and a few pieces of coal at the top. Smoke
generated in the latter method is burnt as it rises through the hot zone, resulting in
reduced smoke emissions. In 2004, the CSIR undertook controlled laboratory tests of the
Basa Njengo Method to determine the reduction in particulate emissions. These tests
demonstrated an 80% to 90% reduction in smoke emissions and a 20% reduction in fuel
consumption.

Figure 71:

The Basa Njengo Magogo fire-lighting Method (left) and classical fire
lighting method (right).

National rollout of the Basa Njengo Magogo technology will occur over the next 12 years
(2003 - 2015). The DME piloted the Basa Njenjo Magogo method in Orange Farm during
the winter of 2003. A total of 19 425 houses were directly and indirectly targeted.
Approximately 76% of households reported a reduction in smoke in their homes, 67%
reported less smoke in the streets after one month of using this method and 99% of
households reported a saving of R26 per week and half a 25 kg bag of coal per week.
The number of households still using the method was assessed in 2005. Of the 8 300
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households surveyed, retention was approximately 40% with approximately 64% and
61% of household reporting economic and health benefits.
8.4.2. Proposed Interventions
Emissions from domestic fuel burning need to be accurately determined to ensure that
the contribution to the overall ambient air quality in the District is accurately quantified.
As part of the Status Quo Assessment, a first step in the quantification of domestic fuel
burning was undertaken. However, emissions from domestic fuel burning are potentially
overestimated as population and household fuel usage statistics were used from the
2001 census database. This initial domestic fuel burning emissions inventory needs to
be updated as population statistics become available. The next National population
census has been planned for 2011.
An awareness campaign should be initiated in the District to educate people on the
social and financial benefits of using alternative options. This awareness campaign
should use all forms of media including television, radio, newspapers and flyers. The
use of other forms of domestic energy such as Low Smoke Fuels (such as char
briquettes), gas (Liquid Petroleum Gas) and paraffin should also be encouraged (where
available and accessible).
A viable option is considered to be the introduction of energy efficiency measures into
low-cost housing. Such measures include solar water heaters, roofing insulation and
energy efficient lighting to reduce the financial costs and environmental impacts.
Although electrification is often the preferred option, domestic fuels are often still used
even after electrification due to affordability, accessibility and social preferences.
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Table 36:

Proposed emission reduction strategies for domestic fuel burning within
the Waterberg District.
Intervention

Review domestic fuel burning emissions
inventory with updated population statistics as
these become available

Responsible Party

Timeframe

LEDET/WDM

Medium–Term
(2012)

Create awareness campaigns around the
negative health impacts of domestic fuel
burning

LEDET, DEAT

Short –Term (2010)

Implement Basa Njenjo Magogo method in
informal settlements

LEDET, WDM

Short–Term

Encourage the distribution of alternative forms
of domestic energy such as LPG, LSF, gas,
methanol, etc

WDM

Medium– Term

Roll-out of safer illuminating paraffin stoves

CEF

Short –Term

Integrate energy efficiency measures in lowcost houses such as housing insulation, solar
panels and stove maintenance and
replacement

LEDET, DME,
Department of
Housing

Short –Medium
Term (2009 – 2012)

Electrification in informal settlements such as
Regorogile, Marapong and Mahwelereng

LEDET, WDM, Local
Municipalities

Medium – Long
Term

8.5. Transportation
8.5.1. National Government Interventions
In 2003, DEAT, in collaboration with DME, developed the Joint Implementation Strategy
for the Control of Exhaust Emissions from Road-going Vehicles in South Africa.
Measures to reduce vehicle emissions in urban areas include:
•

Introduction of Euro vehicle emission regulations in petrol-driven vehicles,

•

Introduction of ECE standards for diesel-driven vehicles,

•

Reduction in the maximum sulphur content of unleaded petrol to 500 ppm from
2004 and to 50 ppm from 2010,

•

A maximum benzene content in petrol of 3% from 2006 and 1% from 2010,

•

A maximum aromatic content in petrol of 42% from 2006,
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•

Prohibition of lead based additives to petrol from 2006,

•

Reduction in the maximum sulphur content of diesel to 500 ppm from 2006 and
50 ppm from 2010.

The Air Quality Act makes provision for the Minister or Provincial MECs to declare
vehicles or vehicles falling within a specified category as a ‘controlled emitter’. Emission
standards, which include standards setting the permissible amount, volume, emission
rate or concentration of a specified substance or a mixture of substances needs to be
established for such emitters. Measurements of emissions from controlled emitters must
also be carried out. The Act also makes provision for the declaration of a substance or a
mixture of substances as a ‘controlled fuel’. Standards may be established for the use,
manufacture, sale and composition of the controlled fuel. Alternatively the manufacture,
sale or use of the controlled fuel could be prohibited.
Vehicles are likely to be declared the first controlled emitter in South Africa. The
following phased approach for the implementation of vehicle emission standards has
been recommended in the National Framework document:
Euro 1 emission standards for all homologated vehicles

-

January 2004

Euro 2 emission standards for all newly homologated vehicles

-

January 2006

Euro 2 emission standards for all newly manufactured vehicles

-

January 2008

Euro 4 emission standards for all newly homologated vehicles

-

January 2010

Euro 4 emission standards for all newly manufactured vehicles

-

January 2012

8.5.2. Proposed Interventions
Vehicle emissions within the Waterberg District are not considered to be major source of
atmospheric emissions. The highest vehicle density within the Waterberg District is
recorded in Thabazimbi and Lephalale. However, vehicle numbers are significantly lower
than those observed within other major cities such as Johannesburg and Cape Town.
Vehicle traffic count data was obtained for major roads in the District and emissions
quantified as part of the Status Quo Assessment. The current vehicle emissions
database needs to be updated with more recent traffic count data as and when this
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becomes available. Other sources such as airports and railways were not quantified as
these were not considered to be significant air pollution sources.
National government initiatives which the Waterberg District will need to take cognisance
of include the possible regulation of diesel driven vehicles, the declaration of vehicles as
controlled emitters and the subsequent introduction of emission standards for vehicles.
The Future Emitters Project and the Norms and Standards Setting Project will develop
regulations for new vehicles which will not be applicable to on-road vehicles. Local
authorities will be expected to establish control measures for on-road vehicles through
local by-laws. Such measures will be implemented in the medium-long term.
Vehicle emission monitoring is recommended for the management of emissions from
vehicles. The City of Cape Town has implemented a successful diesel testing
programme within the City since February 1999. Vehicles are randomly subjected to the
prescribed free acceleration test. Vehicles in non-compliance are called upon by notice
to repair and submit their vehicle for re-testing. Although such an extensive programme
is not required in the Waterberg District, vehicle emission monitoring in congested areas
and along major roads could be undertaken.
Proposed emission reduction interventions to address emissions from the transportation
sector are given in Table 37.
Table 37:

Proposed emission reduction strategies for transportation within the
Waterberg District.
Intervention

Responsible Party

Review vehicle emissions database with
updated traffic count data as these become
available

LEDET, WDM

Timeframe

Short Term–
Ongoing

Establish a comprehensive vehicle emissions
monitoring and diesel vehicle testing
programme in congested areas

TLM. LLM

Medium –Term
(2012)

Compile a detailed assessment of the vehicle
fleet in the District including information on
vehicle numbers, type, age and fuel usage.

WDM

Medium– Term
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Regulation of diesel driven vehicles

DEAT

Short – Medium
Term (2012)

Vehicles to be declared controlled emitters

DEAT

Medium – Term
(2012)

Enforce emission standards developed as part
of the National Vehicle Emission Standards

LEDET

Medium – Term
(2012)

DME

Short – Medium
term (2010)

Improved fuel quality with a reduction in the
sulphur content (50 ppm)

8.6. Agriculture
8.6.1. Proposed Interventions
Agriculture is a dominant land-use within many areas of the Waterberg District, with
cotton, sunflower, tobacco and soya beans the main crops grown in the area. Emissions
from agricultural activities such as crop spraying and crop burning are potentially
significant sources of air pollution in the District. Information on the quantity of pesticides
sold in the District needs should be obtained as a first step in quantifying the potential
impact of crop spraying. Impacts associated with crop spraying can be minimised by
ensuring that crops are sprayed during periods of favourable meteorological conditions
such as when wind speeds are low to reduce spray drift.
Proposed emission reduction strategies for agricultural activities are given in Table 38.
Table 38:

Proposed

emission

reduction strategies for agriculture within the

Waterberg District.
Intervention

Responsible Party

Timeframe

Obtain information on the quantity of pesticides
consumed in the Waterberg District

WDM

Short –Term (2009)

Ensure that crop spraying takes place under
favourable atmospheric conditions that reduce
spray drift, ie when wind speeds and
temperatures are low

WDM

Short – Medium
Term (2012)

Agricultural burning should only be allowed
under favourable dispersion conditions which
occur in the middle of the day.

WDM

Medium – Long
Term
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8.7. Biomass Burning
8.7.1. Proposed Interventions
Emissions arising from biomass burning are difficult to accurately quantify due to the
seasonal and irregular nature of this source. However, biomass burning is recognised to
be an important contributor to the ambient air quality in the District, especially in terms of
particulate emissions.
As a first step, total burned areas in the District have been calculated for 2004 – 2007
using fire counts from the Advanced Fire Information System. The Advanced Fire
Information System only detects fires 1 km × 1 km in size and not smaller, more
localised veld fires. Information from this system should be supplemented with
information from the local fire departments and Municipalities regarding the locations of
the smaller veld fires and areas burnt (if available). In addition, satellite imagery is a
useful tool to identifying burn scars which will provide information on the size of the
areas burnt. The frequency and duration of fires is also important information.
Public awareness, specifically with farm owners, should be raised about the dangers
around uncontrolled fires and the implications for air quality and human health. Possible
forms of media include community forums, television, radio, newspapers and posters.
The emission reduction interventions for biomass burning are given in Table 39.
Table 39:

Proposed emission reduction strategies for biomass burning within the
Waterberg District.
Intervention

Responsible Party

Timeframe

Identify and quantify emissions from biomass
burning

WDM

Short – Medium
Term (2012)

Identify the role of fire services to assist in air
pollution control

WDM

Short – Term
(2009)

Each local Fire Department to maintain and
update a database of the locations of veld fires
and the extent of the areas burnt

Local Municipalities

Short – Medium
Term (initiation) –
ongoing

Regional scheduled burn areas that are

LEDET

Short – Medium
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published for agricultural and management
fires
Establish a biomass burning advisory line
which will aid people to burn on days that are
not hazardous to air quality or run-away fires.
A complaints line should also be set up.

Term (2012)

WDM

Medium – Term

8.8. Waste Treatment and Disposal
8.8.1. Proposed Interventions
Emissions from waste treatment and disposal facilities (with the exception of
incinerators) were not quantified due to the variability in emissions from these sources
and the availability of information. As a first step to address waste burning in the region,
a comprehensive emissions inventory of waste sources should be compiled. This should
include information on landfill sites, incinerators, sewage and waste water treatment
works.
Incineration of waste occurs on a small-scale in the District with many of the incinerators
having been decommissioned at most hospitals. The Veterinary Services (Department of
Agriculture) in Mogalakwena and Lephalale operate incinerators. The District should
initiate an investigation into the legal status of incinerators operating in the District and
ensure that all incinerators are permitted and in compliance with their permits.
Major landfill sites within the Waterberg District also need to be permitted to ensure that
these landfills are effectively managed and controlled to reduce illegal dumping and
waste burning. The status of landfill sites will be reviewed as part of the proposed landfill
permitting backlog project due to commence in 2009. The responsibility of permitting
landfills will be delegated to the provinces to ensure that all landfills are permitted and
operating within their permits.
Again, awareness campaigns around the environmental benefits of recycling should be
promoted. These campaigns should focus on schools with recycling bins and depots
installed at each school in the region. Proper refuse collection in all areas within the
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Waterberg District will also minimise illegal waste dumping and domestic waste burning
in the informal settlements.
Other possible interventions include landfill gas monitoring and rehabilitation of closed
landfill sites. The proposed interventions for waste treatment and disposal are provided
in Table 40.
Table 40:

Proposed emission reduction strategies for waste treatment and disposal
within the Waterberg District.
Intervention

Responsible Party

Timeframe

Develop an emissions inventory of waste
burning sources (incinerators, sewage and
waste water treatment works)

WDM

Short –Term (2009)

Ensure all operating incinerators are permitted
and are operating within their permit
requirements

LEDET, WDM

Short– Term (2009)

Maintain a current database of permitted and
non-permitted landfill sites

LEDET, DEAT

Short– Term (2009)

Ensure waste disposal sites are in compliance
with DWAF minimum requirements

LEDET, DEAT

Medium –Term
(2012)

Introduce awareness programmes and public
education of waste minimization and recycling
initiatives

WDM

Medium– Term
(2012)

Reduce illegal dumping and the creation of
informal landfills through efficient service
delivery in residential areas

LEDET, WDM

Medium– Term
(2012)

Undertake landfill gas
management schemes

LEDET, WDM

Ongoing

Landfill permitting backlog project

DEAT, LEDET

Short– Term (2009)

Promote landfill rehabilitation schemes

LEDET

Ongoing

monitoring

and
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9. RECOMMENDATIONS AND CONCLUSIONS
9.1.1. Pollutants, Sources and Impact Areas
The main pollutants identified to be of concern in the District are PM10 and SO2 due to
mining activities and power generation. Available air quality monitoring data for
Lephalale indicate that PM10 and SO2 concentrations exceed their respective air quality
standards. Although ambient air quality monitoring data is not available for other areas in
the District, it is likely that PM10 concentrations are problematic across the District as
mining is a predominant activity in the region.
The main sources influencing the air quality in the District have been identified to be:
•

Power generation – Matimba Power Station is the main source of SO2 emissions
in Lephalale. The new Medupi Power Station will also be a significant source of
SO2 emissions.

•

Mining – mainly fugitive dust emissions from mining activities.

•

Industrial emissions – mainly emissions from small boiler sources and brickworks
in the District. These sources contribute to PM10 and SO2 concentrations.

•

Domestic fuel burning – mainly coal and paraffin burning in informal settlements
such as Mahwelereng (Mogalakwena), Marapong (Lephalale) and Regorogile
and Ipeleng (Thabazimbi).

•

Vehicle emissions – from petrol and diesel vehicles along major roads and the
N1 highway in the District. Vehicles are not considered to be a significant air
pollution source in the District.

•

Agricultural activities – although not quantified, agricultural activities are
considered to be an important source of ambient particulate concentrations.
Thabazimbi Local Municipality is the main contributor to agricultural activities in
the District, contributing to almost 40% of the District’s GDP.

•

Biomass burning – also not quantified due to the irregular and seasonal nature of
this source, but also considered to be an important contributor to ambient
particulate concentrations, particularly during the fire-burning season.

•

Waste Treatment and Disposal - there are seven licenced disposal facilities
(landfills) in the Waterberg District for the disposal of general waste. Incineration
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occurs on a small scale in the District with medical waste from hospitals and
clinics outsourced to Tshumisano Waste Management.
•

Vehicle entrainment of dust from paved and unpaved roads – emissions have not
quantified as part of the AQMP.

•

Other fugitive dust sources such as wind erosion of exposed areas – emissions
have not been quantified as part of the AQMP.

Particulate and gaseous emissions from industrial operations, domestic fuel burning and
vehicle tailpipe emissions were quantified for this assessment, due to the availability of
data for these sources. Power generation was identified to be the main contributing
source to PM10 emissions (68%) in the District, although this is likely to have been
overestimated as many mines did not provide their emissions data, and therefore, were
not possible to quantify. With the quantification of all mines in the District, mining sources
are likely to be the main contributor to PM10 emissions in the District. Power generation
is the main contributing source to SO2 and NO2 emissions in the District, contributing to
95% and 93% respectively.
Estimated total emissions for each Municipality in the Waterberg District indicate that for:
•

Industrial and mining emissions - Lephalale Local Municipality is the major
source of industrial emissions, contributing to approximately 96% of emissions in
the District. Matimba Power Station and Grootegeluk Coal Mine are the main
contributing sources in this Municipality.

•

Domestic fuel burning emissions – Mogalakwena is the largest contributor to
domestic fuel burning emissions in the District, contributing to approximately 52%
of emissions.

•

Vehicle emissions – Thabazimbi and Lephalale are the main contributors to
vehicle emissions, contributing 28% and 24% respectively. However, the
contribution of Bela-Bela, Modimolle, Mogalakwena and Mookgopong to vehicle
emissions may have been underestimated as vehicle volumes on the N1 highway
could not be obtained.

Based on the available ambient air quality monitoring data and the emissions inventory
compiled for the District, air pollution ‘hotspots’ were identified in the District. Emphasis
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was placed on areas with high population densities and the spatial distribution of
sources in relation to residential areas.
Based on the above mentioned criteria, these areas have been identified to be:
3) Lephalale (Lephalale Local Municipality) – One of the largest industrial sources,
Matimba Power Station, is located in this Municipality. Future developments such
as Medupi Power Station and Sasol’s Coal-To-Liquids Plant will make this an
important industrial area in future years.
4) Thabazimbi and Northam (Thabazimbi Local Municipality) – This Local
Municipality includes many of the larger opencast mines such as Thabazimbi
Mine, Amandelbult Platinum Mine and Northam Platinum.
For these identified ‘hotspot’ areas, dispersion modeling simulations have been
undertaken. As dispersion modeling studies have previously been undertaken for
Matimba Power Station, Medupi Power Station and Grootegeluk Coal Mine in Lephalale,
use was made of these studies to assess ambient concentrations and impact areas.
Based on these studies, within Lephalale,
•

Ambient PM10 concentrations are elevated predominantly due to mining
activities at Grootgeluk Coal Mine. Current stack emissions from Matimba Power
Station are not a major contributor to ambient PM10 concentrations as an ESP
and SO3 plant are installed. PM10 emissions from Medupi Power Station are also
anticipated to be acceptable as the station will be installed with a bag filter.

•

Ambient SO2 concentrations are mainly attributed to power generation in the
area, with SO2 concentrations in non-compliance with both the hourly and daily
National standards.

•

Ambient NO2 concentrations are well in compliance with their respective
standards.

Within Thabazimbi/Northam, emissions information was only provided by Northam
Platinum, therefore only this source has been modelled. However, this mine is
recognized to be an important source of SO2 emissions as it has its own smelter.
Dispersion modeling simulations undertaken for Northam Platinum indicate that SO2
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concentrations are in compliance with the current hourly, daily and annual National SO2
standards.

9.1.2. Capacity Building within Government
The current capability of the Waterberg District is limited by the shortage of personnel,
skills and tools required for effective and co-ordinated air quality management. Air quality
management is a relatively new function within the District as a whole, with few Local
Municipalities able to undertake basic air quality functions. Air quality responsibilities are
mainly limited to the investigation of public complaints. Where required, air quality
support is provided to the Local Municipalities by the District Municipality and by the
Province.
9.1.3. Human Resources
Human resources required in the District Municipality include a dedicated, skilled air
quality officer whose responsibilities are only related to air quality management and
control. As and when ambient monitoring is undertaken in the District, a skilled, trained
technician must be appointed in the District Municipality. Support for air quality
management should continue to be provided to the District by the Province.
Within the Local Municipalities, it is also recommended that an Air Quality Officer be
appointed in each of the Local Municipalities. However, given the resources and
finances required for these appointments, it is recommended that, as a starting point, an
Air Quality Officer is appointed in the Thabazimbi and Lephalale Local Municipalities.
Support should be provided to the other Local Municipalities by the Waterberg District
9.1.4. Air Quality Management Tools
Air quality management tools are required in the District Municipality to effectively fulfill
their air quality functions. Such tools include emissions inventory software, dispersion
modeling software and air quality monitoring hardware. The first step in compiling an
emissions inventory for industrial and mining sources in the District has been compiled
as part of this Plan. The Waterberg District, in collaboration with Limpopo Province,
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should complete and regularly update the emissions inventory. As and when dispersion
modeling skills are available, a range of models are available either as freeware or to
purchase. Appropriate models for the District could include ADMS-Urban (for smaller
modeling domains in urban areas) or CALPUFF (for larger, more complex modeling
domains). Air quality monitoring options include continuous ambient air quality
monitoring stations or passive sampling methods. A mobile monitoring station is the
recommended option for the District as this will allow for ‘hotspot’ monitoring in identified
areas of concern.

9.2. Emission Reduction Interventions
Emission reduction interventions have been recommended for air pollution sources in
the District. Interventions for the major sources are described in the sections below.
9.2.1. Power Generation
Various emission control technologies have been installed at Matimba Power Station to
reduce emissions, including an Electrostatic Precipitator (ESP) and SO3 plant to reduce
its particulate emissions (with a possible control efficiency of up to 99%). Fugitive dust
emissions from Matimba’s ash dump at Zwartwater are controlled with a sprinkler
system. The new Medupi Power Station, which will become operational in 2011 – 2014,
will be installed with a bag filter to reduce its particulate emissions. SO2 emissions are
currently not controlled from Matimba Power Station. The benefits of installing Flue Gas
Desulphurisation (FGD) to reduce SO2 emissions need to be considered in terms of cost,
water usage, loss of efficiency and increased CO2 emissions.
Eskom has also initiated a social investment project to identify air quality improvement
initiatives in Marapong, as per the Medupi Record of Decision. In addition, as part of the
Medupi Power station Project, energy efficiency measures have been introduced into the
housing accommodating the approximately 8000 - 9000 workers working on the project.
Such measures include:
•

Reducing electricity consumption – the majority of houses have been equipped
with solar geysers,
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•

Installation of energy saving light bulbs in all the houses and offices,

•

Installation of LEDs in the perimeter security lights at night,

•

Use of gas fired equipment in the kitchens,

•

Installation of evaporative coolers in the houses to reduce electricity consumption
for cooling purposes,

Recommended interventions in the short – medium term include:
•

Development of government/community/industry liason committees to facilitate
information sharing and dissemination,

•

Submission of quarterly reports to the Waterberg District Municipality and
Limpopo Province,

•

As part of the Listed Activities and

Emission Standards Setting Project,

minimum emission limits will be established for the power generation industry (to
be published by 11 September 2009)
•

On-line stack monitoring might be a requirement of the Emission Standard
Setting Project in areas identified to be of concern,

•

As part of the APPA Registration Certificate Review Project, the current APPA
permits for power generation have been reviewed. These will be become revised
Registration Certificates and eventually Atmospheric Emission Licences (AELs),

•

Eskom have proposed the installation of an ambient air quality monitoring station
in collaboration with Sasol which plans to build a Coal-to-Liquids Plant in
Lephalale.
9.2.2. Mining

Recommended interventions for the mining industry in the short – medium term include:
•

Development of government/community/industry liason committees to facilitate
information sharing and dissemination,

•

Submission of quarterly reports to the Waterberg District Municipality and
Limpopo Province,

•

Comprehensive emissions inventories need to be developed/obtained for each
mine in the District,
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•

All small mines and quarrying operations that were not included in the AQMP
need to be identified and quantified, where possible,

•

Regular maintenance and annual roadworthy checks of all mine vehicles is
recommended to be undertaken by the mines,

•

The rehabilitation of old mine dumps and slimes dams should be encouraged,

•

Ambient air quality monitoring, in particular, dust fallout and PM10 monitoring
should be undertaken by the mines to determine ambient particulate levels.
9.2.3. Industries

Recommended interventions in the short-medium term include:
•

The electronic database of all small industries developed as part of this AQMP
should be updated (to account for the 63% of industries that did not respond) and
regularly updated by the District Municipality in conjunction with the Limpopo
Province,

•

Periodic site inspections and emissions measurements should be undertaken by
the District Municipality,

•

DEAT should develop a permit system for all non-listed activities,

•

Model scheduled trade by-laws. This is the responsibility of the District
Municipality.

•

As part of the current standards setting process, standards for small boilers will
be proposed (expected to be gazette by end August 2009). Waterberg District
Municipality should review these standards for possible inclusion into the
Municipal by-laws.
9.2.4. Domestic Fuel Burning

Recommended interventions in the short-medium term include:
•

The domestic fuel burning emissions inventory should be reviewed with updated
population statistics as these become available. A National Census has been
planned for 2011,
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•

An awareness raising programme through media campaigns and community
forums should be developed to educate the public around the negative health
impacts of domestic fuel burning,

•

The District should encourage the distribution of alternative forms of energy such
as low smoke fuels ( by replacing coal with cheaper low smoke char briquettes)
and liquid petroleum gas (LPG),

•

The roll-out of safer illuminating paraffin stoves should be initiated by the CEF,
DEAT and DME,

•

Energy efficiency measures should be integrated into low-cost houses such as
housing insulation, solar panels and stove maintenance and replacement,

•

Electrification in informal areas such as Marapong, Mahwalareng, Regorogile and
Ipeleng should be actively undertaken.
9.2.5. Transportation

Recommended interventions in the short-medium term include:
•

The vehicle emissions database should be reviewed with updated traffic count
data as these become available.

•

A comprehensive emissions monitoring and diesel testing programme should be
initiated in congested areas.

•

A detailed assessment of the vehicle fleet in the District should be undertaken
including information on vehicle numbers, type, age and fuel usage. Information
has been obtained on the vehicle sales and fuel sales for the District.

•

The future regulation of diesel-drive vehicles. The Future Emitters Project and the
Norms and Standards Setting Project will develop regulations, although this will
not be applicable to on-road vehicles. Local authorities will be expected to
establish control measures for on-road vehicles through local by-laws,

•

Vehicles are likely to be declared the first controlled emitters in South Africa,

•

Improved fuel quality with a reduction in the sulphur content (50 ppm).
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9.2.6. Agriculture and Biomass Burning
Recommended interventions for agriculture in the short-long term include:
•

The District Municipality should obtain information on the quantity of pesticides
consumed in the District.

•

Crop spraying should only take place under favourable atmospheric conditions to
reduce spray drift,

•

Agricultural burning should also only be allowed under favourable dispersion
conditions to reduce the air quality impact.

Recommended interventions for biomass burning in the short-long term include:
•

Emissions from biomass burning need to be accurately quantified,

•

The role of the fire services in air pollution control needs to be identified in each
Local Municipality,

•

Each local Fire Department should maintain and update a database of the
locations of veld fires and the extent of the areas burnt. This will assist with the
quantification of biomass burning emissions,

•

Regional scheduled burning areas should be published for agricultural and
management fires,

•

A biomass burning advisory line should be established by the District to assist
with agricultural burning.

9.2.7. Waste Treatment and Disposal
Recommendations interventions for waste treatment and disposal in the short-medium
term include:
•

The District should develop a detailed emissions inventory of all waste sources in
the area, including incinerators, sewage and waste water treatment works and
landfills,

•

All operating incinerators should be permitted and operating within their permit
requirements,
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•

All waste disposal sites should be in compliance with the DWAF minimum
requirements for landfills,

•

The District should introduce awareness raising programmes around waste
minimization and recycling initiatives,

•

Efficient service delivery in residential areas will reduce illegal dumping and
burning,

•

The Landfill Permitting Backlog Project currently being undertaken by DEAT will
delegate the responsibility to Province to ensure that all landfills are permitted
and operating within their permits.
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APPENDIX A STAKEHOLDER CONTACT DETAILS

Waterberg District Municipality Air Quality Management Plan

206

Table A.1:

Project Steering Committee Contact Details.
Name

Organisation

Telephone

Email

Caroline Hall

Gondwana Environmental Solutions

011 472 3112

Ivy Khoza

Mokgalakwena Local Municipality

082 508 0734

Koenaite Madumetja

Lephalale Local Municipality

014 769 0004

Dolly Mafa

Waterberg District Municipality

014 491 9724

dmafa@waterberg.gov.za

Tshepho Maselela

LEDET

015 290 7000

MaselelaT@ledet.gov.za

Thapelo Mathekga

LEDET

015 291 4292

MathekgaTH@ledet.gov.za

Thabiso Marakalala

LEDET

015 764 1000

Mafatela Mpela

Mookgopong Local Municipality

014 743 3160

Nokulunga Ngcukana

Gondwana Environmental Solutions

011 472 3112

lunga@gesza.co.za

Phahlane Nthabiseng

Bela-Bela Local Municipality

014 736 5117

nthaa@live.co.za

Thivhafuni P.O

LEDET

015 291 4350

thivhafunipo@ledet.gov.za

Modjadji Rangwato

LEDET

015 291 4292

rangwatomc@ledet.gov.za

Edson Thangwana

Modimolle Local Municipality

014 717 1360

ethangwana@waterberg.gov.za

Nicola Walton

Gondwana Environmental Solutions

011 472 3112

nicola@gesza.co.za
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Table A.2:

Industry, mine and boiler contact details.
Name

Organisation

Telephone

Email

Tebogo Maqubela

Bela Bela Hospital

014 763 2121

fanuelmag@webmail.co.za

Kristy Ross

Eskom

011 800 4682

Kristy.Ross@eskom.co.za

Filomaine Swanepoel

Grootegeluk Coal Mine

014 763 9288

filomaine.swanepoel@exxaro.com

Mr Loots

Ellisras Suiwel

014 763 2457

Joseph Papo

Witpoort Hospital

014 769 0025

Rudzhani Libunyu

Ellisras District Hospital

014 763 2406

Geoffrey Pijikila

FH Odendaal Hospital

014 717 2324

Schalk

Meat Rite

014 717 5552

meatrite@esnet.co.za

Paul Fouche

Nylstene

014 717 1028

paul@nylstene.co.za

Annatie

Potgietersrus Abbatoir

015 491 4250

Louise Van der Wald

Veterinary Laboratory Department

015 491 4128

vanderwald@agric.limpopo.gov.za

Mr Schoeman

Van Erkoms Tobacco

015 491 3204

vanerkoms@northweb.co.za

Steve Botha

Nedan Oil Mills

015 491 5810

steve.botha@afgri.co.za

Corrie Grobler

Midway Brick

015 295 1600

midwaybrick@mweb.co.za

Andre Weideman

PPL Anglo Platinum

015 418 2129

aweidema@angloplats.com

Callie Venter

African Red Granite

015 492 9805

africanred1@telkomsa.net

Daniel Molekwa

George Masebe Hospital

015 423 6000

Mphai

Mokopane Hospital

015 483 4000

Stuart

Inca Lime

015 667 0535

incamining@mweb.co.za

Orelia Pretorius

Northam Platinum

014 784 3000

orelia.pretorius@norplats.co.za

Uneysa Ayair

PPC Cement

014 778 9100

uneysa.ayair@ppc.co.za
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Heilet Hattingh

Thabazimbi Mine

014 777 3000

heilet.hattingh@kioltd.com

Thulani Ntshanga

Amandelbult Platinum Mine

014 781 1111

tntshanga@amplats.co.za

Willa Smit

WES Enterprises

014 777 1330

willa@wesenterprises.co.za
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