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1

INTRODUCTION
Chapter 1 presents the physical setting of th Northern
Cape, discusses the regulatory requirements for air
quality management plans, presents the project scope
and provides an overview of the review process

1.1

Physical setting

The Northern Cape is the largest province in South Africa, covering 372 889 km2, constituting
30.5% of the country’s total land area. It is the largest province, but also the most sparsely
populated. It has a shoreline in the west with the Atlantic Ocean and has international borders
with Namibia in the northwest and Botswana in the north (Figure 1-1), with the Orange River
forming the border with Namibia and the Molopo River forming the border with Botswana.
The Northern Cape borders four provinces, namely North West Province to the northeast, the
Free State to the east, the Eastern Cape to the southeast and the Western Cape to the south
and southwest.
1.2

Regulatory requirement

The importance of the environment and air quality is highlighted in Section 24 of the Bill of
Rights, which states, that everyone has the right to an environment that is not harmful to
health or well-being.
In terms of Section 15 (1) of the National Environmental Management: Air Quality Act (Act
No.39 of 2004), provinces are mandated to include an Air Quality Management Plan (AQMP)
in their environmental implementation plans or environmental management plans. The AQMP
provides definitive objectives, strategies, plans and procedures, for the relevant spheres of
government to meet the requirements of the NEM: AQA, with respect to good air quality
management planning and reporting. With the assistance of co-funding from Kumba Iron
Ore, the Northern Cape are able to develop their first AQMP in 2017.
1.3

Project scope

The overall objective of the project for the Northern Cape is to establish the current status of
air quality and to develop an AQMP with objectives that will ensure maintenance of or
improvement in air quality, so as to fulfil Government’s constitutional mandate to ensure an
environment that is not harmful to the health and well-being of all South Africans.
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Figure 1-1: Location of the Northern Cape
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There are nine objectives of the project. These are:
OBJECTIVE
OBJECTIVE
OBJECTIVE
OBJECTIVE
OBJECTIVE
OBJECTIVE
OBJECTIVE
OBJECTIVE
OBJECTIVE
1.4

1:
2:
3:
4:
5:
6:
7:
8:
9:

Project planning
Establish stakeholder groups and baseline assessment report
Air quality baseline report
Gap and problem analysis
Air quality management goals
Development of an implementation plan
Draft Air Quality Management Plan
Final Air Quality Management Plan
Public Participation

AQMP development process

An AQMP must seek to give effect to Chapter 3 of the NEM: AQA. It should aim to:
•

improve (or maintain) air quality;

•

identify and reduce the negative impact of air pollution on human health and the
environment;

•

address the effects of emissions from fossil fuel use in residential areas;

•

address the effects of emissions from industrial sources;

•

address the effects of emissions from other sources;

•

implement obligations in respect of international agreements;

•

give effect to best practice in air quality management; and

•

describe how implementation will be effected and measured

It is a strategic document with a vision and a goal that endeavours to ensure that air quality
meets the requirements of Section 24 of the Bill of Rights, i.e. air quality that is not harmful
to health and wellbeing. This implies that governance and management efforts are directed
towards maintaining or improving air quality so that it complies with health-based national
ambient air quality standards (DEA, 2009) (DEA, 2012a).
The process to develop the Northern Cape AQMP is defined in the Manual for Air Quality
Management Planning (DEA, 2012b) and outlined in the National Framework for Air Quality
Management (DEA, 2012c) (Figure 1-2).
AQMP development is a dynamic process enhanced by active engagement with a wide range
of stakeholders. The baseline assessment describes the current state of air quality and the
trends, identifying gaps and issues and recommendations to improve air quality and air quality
service delivery. The baseline assessment is followed by the development of the strategic
implementation plan that involves setting a vision and mission, supported by short and longterm goals and objectives for the implementation of defined management measures.
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Stage 1 includes the establishment of a stakeholder database and an assessment of baseline
air quality. Stakeholders include the three spheres of government, parastatals, industry,
planners, business, communities and non-governmental organisations (NGOs). The air
quality baseline includes assessing climate and meteorology, ambient monitoring data,
emission inventory data, and the existing air quality management capacity and practices in
the province.
Stage 2 is the gap and issue analysis which is based on findings of the baseline assessment
and is informed by legislative requirements and stakeholder engagement.
Stage 3 is the initial phase of the development of the implementation plan and sets the
strategic intent through establishing a vision, mission and goals.
Stage 4 considers the development of interventions that address each gap and issue, and
that are SMART (Specific, Measurable, Achievable, Relevant, & Time based).
Stage 5 focuses on the development of an implementation plan where accountability is
assigned and timeframes for implementation are established. The implementation plan
defines what needs to be done, how it should be done, who is responsible and when it will be
done for each intervention.
Stage 6 addresses monitoring and reporting progress with implementation of the AQMP and
evaluating the success of the interventions.

Figure 1-2: Schematic of the AQMP development process (DEA, 2012b)
4
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1.4

Report structure

As part of the AQMP development process described above, this document describes the
baseline or status quo of air quality in the Northern Cape using in 2015 as a base year (Stage
3). The process is informed by an in depth analysis of available data and information, and
consultation with provincial and municipal air quality officials and other relevant stakeholders.
Chapter 1 introduced the project and provided the theoretical and legislative context.
Chapter 2 provides a background information including a description of physical
characteristics such as topography, land use, climate, meteorology, demographics and socioeconomics. Chapter 3 provides the emissions from different sources in the province and
Chapter 4 discusses the state of ambient air quality based on monitored data and dispersion
modelling, and the air quality management capacity and capability.
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2

THE NORTHERN CAPE PROVINCE
Chapter 2 presents a background to the Northern Cape,
including the political demarcation, a description of
topography and land use, the climate and meteorology and
the socio-economic status. This information provides
important context to the baseline assessment

2.1

Political demarcation

The province has five district municipalities which collectively include 26 local municipalities.
The five district municipalities are Francis Baard, John Taolo Gaetsewe, Namakwa, Pixley ka
Seme and ZF Mgcawu (Table 2-1) and are shown in (Figure 2-1). Kimberley is the
administrative capital of the province.

The main regional settlements are Springbok, Upington,
De Aar, Kuruman, Calvinia and Colesberg.
2.2

Northern Cape’s population

The population of the Northern Cape in 2016 was 1.19 million people, constituting 2.18% of
the total South African population, with an average population density of 3.2 people per km².
More than half of the total population reside in two district municipalities, i.e. Francis Baard
and John Taolo Gaetsewe (Table 2-1). The majority of the population reside in the Francis
Baard District Municipality, which comprises the smallest municipal area hence the highest
population density. Namakwa District Municipality has the lowest population and the lowest
population density.
Table 2-1: Northern Cape municipalities with the administrative seat, total area,
total population and population density (Municipal Demarcation Board, 2016)
Name

Seat

Frances Baard District Municipality
John Taolo Gaetsewe District Municipality
Namakwa District Municipality
Pixley ka Seme District Municipality
ZF Mgcawu District Municipality

Kimberley
Kuruman
Springbok
De Aar
Upington

Area
(km²)
12,836
27,322
126,836
103,411
102,484

Population
(2016)
387,741
242,264
115,488
195,595
252,692

Pop. density
(per km²)
30.2
8.9
0.9
1.9
2.5

The population of the Northern Cape has not changed significantly since 1996, initially
recording a slight decrease from 1996 to 2001, then increasing by 2.31% from 2001 to 2015,
but slowing from 2011.
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Figure 2-1: Municipalities and main towns of the Northern Province
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Figure 2-2: Population density of the Northern Cape per municipal ward, based on the 2011 census
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2.3

Economic overview

The Northern Cape contributes approximately 2.1% to the national GDP (REB, 2016) with
mining contributing approximately 27% of the provincial economy. Iron ore is the major
commodity, with the mines at Postmansburg, Sishen and Kuruman linked directly by
dedicated rail to the export terminal at Saldanha Bay. The Northern Cape produces almost
all of the manganese produced in South Africa with manganese mines also located in these
areas. Copper mines are located in Nababeep, Okiep, and Aggeneys. Diamonds and other
precious stones are mined in the arid region of Namaqualand, along the Atlantic coast.
Kimberley is a centre for mining and cutting diamonds. Tungsten, zinc, lead, asbestos, iron
ore, and limestone are also extracted at various locations. The contribution from other sectors
to the provincial GDP are from agriculture (7%), manufacturing (3%), and construction (2%).
2.4

Employment

Employment in the province is close to the national average with 40% of the working age
population employed in 2015. Sixty four percent of total employment was in the formal
sector, compared to the national average of 69%. The unemployment level in the province
is highest in Pixley ka Seme at 21.6% followed by Frances Baard at 19.19%. Namakwa has
the lowest unemployment rate of 13.4%.
2.5

Access to services

According to the Census 2001 and Community Survey 2007, the Northern Cape had 245 086
and 264 653 households respectively (Table 2-3).
Table 2-2: Number of households in the districts of the Northern Cape for 2001
and 2007 (NC PSDF, 2012)
Region
Northern Cape
John Taolo Gaetsewe
Namakwa
Pixley ka Seme
Siyanda
Frances Baard

Census 2001
245 086
44 218
27 776
41 135
48 100
83 857

Community survey 2007
264 653
42 151
36 437
43 285
59 893
82 887

There are 130 waste disposal sites in the Northern Cape. Of these 84 are municipal sites, 46
are mine sites or privately owned. 85 of the waste disposal sites are permitted.
In 2007, more than 72% of all households had their refuse removed by the local authority
and/or by a private company.
In the Northern Cape approximately 57% of all households have access to appropriate
sanitation (a flush or chemical toilet) (StatsSA, 2007) (Table 2-4). The Siyanda District has
the highest number of households to have access, whilst John Taolo Gaetsewe has the lowest
at 27.7% and Pixley ka Seme has the second lowest number of households with proper
sanitation services.
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Table 2-3: Number of households with access to appropriate sanitation (NC PSDF,
2012

Region

Percentage household access

Northern Cape
John Taolo Gaetsewe
Namakwa
Pixley ka Seme
Siyanda
Frances Baard

57.0%
27.7%
61.9%
52.2%
66.9%
66.5%

Approximately 70.0% of all households in the Northern Cape have access to electricity
(StatsSA, 2007) (Table 2-4). John Taolo Gaetsewe has the lowest percentage of household
access to electricity, and Namakwa has the highest percentage access to electricity. Except
for John Taolo Gaetsewe all the other district municipalities have a household access to
electricity higher than the national average. The household energy mix in the Northern Cape
is shown in Figure 2-3.
Table 2-4: Household access to electricity in the Northern Cape (StatsSA, 2007)

Region

Percentage household access

Northern Cape
John Taolo Gaetsewe
Namakwa
Pixley ka Seme
Siyanda
Frances Baard

70.0%
57.9%
74.7%
71.9%
72.1%
72.5%

Figure 2-3: Energy mix in the Northern Cape (StatsSA, 2007)
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2.6

Topography

The Northern Cape is dominated by the Karoo Basin and consists mostly of sedimentary rocks
and some Dolerite intrusions. The south and south-east of the province in the Roggeveld and
Nuweveld districts the topography is relatively high-lying between 1,200 and 1,900 metres
above sea level. The west coast is dominated by the Namaqualand region where the
topography undulates and consists of Granites and other metamorphic rocks. The north
comprises primarily the Kalahari Desert, characterised by parallel sand dunes and acacia tree
dry savanna. The topographical relief map of the Northern Cape is shown in Figure 2-4.

Figure 2-4: Topography of the Northern Cape
2.7

Land cover

The land cover in the Northern Cape is well described in the Land Specialist Report for the
State of Environment Report (CSIR, 2004). Most of the Northern Cape is dominated by vast
open areas of natural vegetation (69.7%). A further 14.2% is dominated by thicket vegetation
and bushlands where the plant communities are indigenous species, growing under natural
or semi-natural conditions and self-seeded exotic species along riparian zones.

12% of the

land cover is unimproved grasslands characterised by less than 10% tree and/or shrub canopy
cover, with greater than 0.1% of total vegetation cover.

Urbanisation in the province is

relatively low (0.1%). 5 shows the distribution of land cover of the Northern Cape.
11

Air Quality Management Plan for the Northern Cape
Air Quality Baseline Assessment Report

Figure 2-5: Land cover map of the Northern Cape
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2.8

Climate and meteorology

The Northern Cape comprises four climatic zones. According to the Köppen-Geiger climate
classification these are a hot desert climate, cold semi-arid climate, cold desert climate, and
hot semi-arid climate. Table 2-5 shows the climate classification, the Köppen-Geiger
classification code and towns that lie in the respective climate zones.
Table 2-5: Climate zones and towns in the Northern Cape
Classification
Hot desert

Köppen-Geiger
BWh

Towns
Excelsior, Postmansburg, Upington, American
Mine, Prieska, Marydale, Copperton

Cold semi-arid

BSk

Warrenton, Kuruman, De Aar, Colesburg,
Sutherland

Cold desert

BWk

Strydenburg,

Calvinia,

Vosburg,

Victoria

West, Carnarvon
Hot semi-arid

BSh

Kimberley, Barkly West, Ulco, Hopetown,
Sishen, Hartswater, Springbok

The Northern Cape is generally hot and dry. Evaporation levels exceed the annual average
rainfall, which varies between 66 mm at Port Nolloth on the west coast to 414 mm at
Kimberley and 457 mm at Kuruman. The western areas, including Namaqualand, receive
rainfall during the winter from April to September. The central, northern and eastern parts of
the province receive rain in mostly summer from October to February. The average monthly
rainfall at selected towns in the Northern Cape is shown in Figure 2-6.
Summer temperatures are generally very hot and maximum temperatures often exceed 40°C
in most of the Province. During winter, the average daytime temperatures are mild and may
drop below 0°C at night. Snow falls occur in the Kamiesberg, the Hantam and Roggeveld
mountains and in the Sutherland region. Average monthly maximum and minimum
temperatures at selected towns in the Northern Cape are shown in Figure 2-6.
Windroses illustrate the frequency of hourly wind from the 16 cardinal wind directions, with
wind indicated from the direction it blows, i.e. easterly winds blow from the east. They also
illustrates the frequency of average hourly wind speed in six wind speed classes.
Wind roses at selected towns in the Northern Cape are shown in Figure 2-7. Considering the
extensive area of the Northern Cape, winds differ from the coast to the eastern boundary.
They are however generally light to moderate throughout the province and seldom exceed 8
m/s. The winds on the coast, shown at Port Nolloth, are generally southerly to southwesterly,
with the east-northeasterly land breeze well depicted.

A relative high frequency of

southwesterly winds occur over the western interior, shown by Calvinia, with only light and
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in frequent winds from the east. Over the southern parts of the province, at Sutherland and
De Aar, the dominant wind sector is west to northwesterly, with a relatively high frequency
of east-southeasterly winds. At Kimberley, in the east of the province, wind most frequently
occurs from the north in the broad sector from northwest to east-northeasterly. Winds from
the south to south-southwest are less frequent. Winds in the northeast, at Kuruman, also
occur predominantly from the northwest through to north-northeast, and from the southeast
to east-southeast. In Upington, in the north, the winds generally occur from two sectors,
south to southwest and north to northeast.
2.9

Atmospheric dispersion potential

The air pollution dispersion of an area refers to the ability of atmosphere to disperse
pollutants. Dispersion comprises both vertical and horizontal components of motion. The
vertical component is determined by atmospheric stability, or instability, which is primarily a
function of solar radiation. The horizontal dispersion is primarily a function of the wind field.
The wind speed determines the rate of downwind transport and wind direction and the
variability in wind direction determines the general path of a pollutant.
The dispersion potential of an area experiences both diurnal and seasonal variation. During
the day radiation is stronger in summer than in winter so the dispersion potential is generally
better on summer days than winter days. Thermal turbulence disappears when the sun sets,
and mechanical turbulence decreases as the wind speeds drops at night. At night as the
surface temperature inversion develops the lowest layer of the atmosphere becomes more
and more stable, reaching a maximum stability at sunrise when the inversion is strongest and
deepest.
As a result, the dispersion potential is inhibited during the night and the poorest dispersion
conditions generally occur at sunrise. Pollutants tend to accumulate near the point of release
under these conditions, particularly when released close to ground level. The dispersion
potential is generally poorer on winter nights than summer nights.
Over most of the Northern Cape, the dispersion potential is expected to be relatively good
during the day considering the hot summer and mild winter daytime temperatures. At night
in winter, the clear skies and cold temperatures are conducive to the formation of surface
temperature inversions and stable conditions. The depth of the winter surface temperature
inversions increase from about 450 m in the east to more than 600 m on the coast, and vary
in strengthen from 5˚C in the east of the province to more than 7˚C in the west (Tyson et al,
1976).
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Figure 2-6: Average maximum, minimum and daily temperatures and average monthly rainfall at selected
stations in the Northern Cape (SAWS, 1988)
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Pofadder

Upington

Port Nolloth

Kuruman

Calvinia

Kimberley

Sutherland
De Aar
Figure 2-7: Annual windroses at SAWS stations in Northern Cape showing windspeed in m/s
(www.meteoblue.com)
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2.10

Long-range atmospheric transport

Long range atmospheric transport is associated with synoptic-scale circulation. Freiman and
Piketh (2003) showed that 14% of all atmospheric transport from the industrialised Highveld
is associated with regional and subcontinental scale recirculation directly towards the west to
the Atlantic Ocean (Figure 2-8). At its origin, this air is influenced by air pollution sources
from industry, mining, domestic coal burning and biomass burning. While traversing the
Northern Cape, this mode of atmospheric transport has the potential to increases the ambient
concentrations of air pollutants, particularly over the northern parts in the winter. Freiman
and Piketh (2003) found that under prevailing summer surface and upper-air synoptic
conditions, the recirculation to be higher in the upper troposphere in contrast to the winter
when recirculation is higher in the lower troposphere.
Annegarn et al (2001) attributed episodes of intense haze, lasting several days at a time over
southern Africa during the austral spring (August to October). Results from the SAFARI 92
field campaign developed an understanding of regional-scale atmospheric transport. The
highest concentrations of biomass fires in southern Africa was found to occur to the north of
15˚S in the zone of tropical easterly winds, while the anticyclonic gyre, and fewer biomass
fires occurred south of 15˚S. With the coupling of these two synoptic systems for several
days at a time during the austral spring, the dense biomass burning plumes are fed into the
southerly system over southern Angola and northern Namibia, and are transported towards
the south-west across Botswana and South Africa and ultimately to the Indian Ocean. This
phenomenon has been designated the "River of Smoke" (Figure 2-9). These episodes may
influence ambient air quality over parts of the Northern Cape.

Figure 2-8: Transport from the Highveld region at 700-800 hPa showing
percentage of transport occurring in each direction (Freiman and Piketh, 2003)
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Figure 2-9: Smoke and haze across southern Africa exiting the east coast on 4
September 2000 (Annegarn et al, 2001)

Points for consideration in the AQMP
a)

The Northern Cape is the largest province in South Africa, but is the
most sparsely populated
b) More than half of the total population reside in two district
municipalities, i.e. Francis Baard and John Taolo Gaetsewe
c) The Northern Cape contributes approximately 2.1% to the national GDP
d) Mining contributes approximately 27% of the provincial economy
e) The majority of the population has access to electricity and relatively
little biomass and other dirty fuels are used
f) The Northern Cape experiences a semi-arid to arid climate with annual
average rainfall varying from 414 mm in the east to 66 mm on the
Atlantic coast
g) Summers are hot and winters are general mild, but cold at night
h) Winds are light to moderate and predominantly from the northern
sector from northwest to northeast, except on the coast where southsouthwesterly winds prevail
i) The dispersion potential is poor at night, particularly in the winter
when a high frequency of surface temperature inversions occurs,
growing in strength and depth from east to west
j) Long-range transport of pollutants from the industrialised Highveld
and biomass burning in southern Africa may influence ambient air
quality over the northern parts of the province
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3

AIR QUALITY STATUS QUO

Chapter 3 presents the air quality status quo including the
emissions in the Northern Cape and presents ambient air
quality monitoring data with dispersion modelling outputs.
An assessment of the incumbent air quality management
capacity is presented.

3.1

Emission sources

An emission inventory of air pollution sources is a fundamentally important component of any
air quality management system. It provides key information on the types of sources in an
area and important characteristics about the pollutants being emitted. These include the
volume of emissions, where and when a pollutant is emitted, etc. In turn, an emission
inventory may be used for assessment, planning, reporting and policy formulation. The
assessment of existing emission inventories in the municipality allows for the identification of
information gaps and priority sources and pollutants.
An emission inventory distinguishes between sources related to the combustion of fossil fuels
and those that are not combustion related. They are characterised by the following aspects:
•
•
•
•
•

The
The
The
The
The

types of activities that result in emissions;
chemical or physical identity of the pollutants or greenhouse gases;
geographic area of concern;
time period over which emissions are estimated; and
methodology used to determine the emissions.

Emissions data serves as the primary input for air dispersion modelling in providing spatially
referenced emission rates from sources such as industries. Emission inventories are the
starting point in the development of air quality management systems and provide data for:






Establishing a baseline for future planning;
Setting emission limits and reduction targets for industries through permitting;
Tracking environmental performance of industries (and regulators);
Identifying sources and problem areas;
Generating public interest in air quality.

Emissions from the following sources sectors in the Northern Cape are discussed:
 Industrial facilities (Listed Activities and Controlled Emitters);
 Mines and quarries ;
 Transportation (Motor vehicles and airports);
 Biomass burning;
 Residential fuel burning; and
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Waste management (landfill sites and wastewater treatment works).

3.1.1 Industrial sources
Industrial activities that result in the emission of air pollutants are categorised either as Listed
Activities or Controlled Emitters. Listed Activities are defined by the Minister in terms of
Section 21 of the NEM:AQA. They are licensed by the Provincial Air Quality Officer in terms
of Section 22 of the NEM:AQA and regulated accordingly (DEA, 2013a). Smaller boilers and
mobile asphalt plants have been declared by the Minister as Controlled Emitters (DEA, 2013b
and 2014).
The National Atmospheric Reporting Regulations (DEA, 2015) requires any person that
undertakes a Listed Activities in terms of Section 21(1) of the NEM:AQA is required to register
on the National Atmospheric Emission Inventory System (NAEIS) and to report emissions
annually by 31 March every year for the previous year. Where a Controlled Emitter is operated
on a premises where Listed Activities, the emissions should be included in the annual
submission to the NAEIS according to the same regulation.
In the Northern Cape 24 facilities that operate Listed Activities are registered on the NAEIS.
One of these facilities also operates a Controlled Emitter. Of these, 20 facilities reported their
emissions for 2015 to the NAEIS. These are listed per municipality in Table 3-1. The location
of the Listed Activities in the Northern Cape are shown in Figure 3-1.
Table 3-1: Listed Activities in the Northern Cape reporting to the NAEIS in 2015
per municipality
District Municiplaity

Number registered on the

Number reported 2015

NAEIS

emissions on the NAEIS

Frances Baard

7

6

John Taolo Gaetsewe

6

Pixley Ka Seme

2

ZF Mgcawu

9

10

Namakwa

0

0

1

4

1: Includes 1 Controlled Emitter
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Figure 3-1: Location of the Listed Activities in the Northern Cape
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The total reported emission of particulates (PM10 and TSP), SO2, NOX, CO and VOC for 2015
in the Northern Cape is shown in Table 3-2. The distribution of the total emission is shown
for the respective municipalities in Table 3-3. Of the emission, PM10 is the largest, albeit
relatively low at 1,452 tons per annum.

Noteworthy is that 98% of the industrial PM10

emission is attributed to the Frances Baard DM as well as 85% of the total CO emission.
Industrial emissions of SO2 and NOX are low with 60% and 71% respectively attributed to the
ZF Mgcawe DM.
The economic importance of the mineral processing sector in the Northern Cape is
demonstrated in Table 3-5 where this sector contributes the most to emission of particulates
(PM10 and TSP), SO2, NOX, CO and VOC. Industries in this sector contribute 61% of all PM 10
emissions and more than 90% of the TSP, SO 2, NOX and CO emission.

The chemical sector

and the petroleum industry contribute 54% and 42% of the total VOC emission respectively.
The petroleum sector includes bulk fuel storage and handling.
Table 3-2: Total reported emissions from industrial soucres for 2015 in the
Northern Cape in tons per annum

PM10

TSP

SO2

NOX

CO

VOC

1,452

133

289

333

79

24

Table 3-3: Total reported emissions from industrial sources for 2015 in the
Northern Cape municipalities in tons per annum
PM10

TSP

SO2

NOX

CO

VOC

Frances Baard

1420

0.0

93.1

70.1

67.2

0.58

ZF Mgcawu

14.3

133

174

223

12.2

22.4

John Taolo Gaetsewe

18.3

0.0

21.2

21.1

0.0

0.88

1452

133

289

314

79.4

23.8

Total

Table 3-4: Total reported emissions from industrial sectors for 2015 in the
Northern Cape in tons per annum
PM10
437

TSP
0.0

SO2
1.0

NOX
0.2

CO
0.0

VOC
0.0

Mineral processing

885

133

265

281

79.4

12.8

Metallurgical sector

130

0.1

22.3

32.4

0.0

0.9

Petroleum industry

0.0

0.0

0.0

0.0

0.0

10.1

Crematoria

0.0

0.0

0.0

0.0

0.0

0.0

1452

133

289

314

79.4

23.8

Chemical sector

Total
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3.1.2 Mining and quarrying
Mining operations can be significant sources of fugitive dust emissions, from activities such
as blasting and drilling, the handling of waste rock and ore, entrainment by haul vehicles, and
wind-blown dust from exposed surfaces such as tailings storage facilities and stockpiles. The
strength of the emission depends on the mining activity, the nature and efficiency of dust
control measures and climatic conditions. Dust fallout from on-site operations typically has
an impact within 3 km of the mine boundary and communities living close to mining operations
may be impacted (DEA, 2009) Respireable particulate matter arising from fugitive dust
emissions from mining may impact well beyond the mine boundary.
Emissions of gaseous pollutants from mining operations result from blasting, spontaneous
combustion within coal mines and discard dumps, and vehicle exhausts. These include criteria
pollutants such as SO2, NOX, CO and CH4. Exhaust emissions from diesel powered haul
vehicles also include PM10 and PM2.5.
Mining and quarrying in Northern Cape uses different approaches including alluvial mining,
surface mining, opencast mining, underground mining, and a combination of these, depending
on the depth of the commodity. There are 273 mines and quarries registered with the
Department of Mineral Resources in the Northern Cape, including 146 alluvial mines and 18
salt and sand mining operations. Opencast mining with the most common type of mining
where the 84 opencast mines account for 85% of all terrestrial mining and quarry operations
in the province (Figure 3-1).

Figure 3-2: : Number of mines and quarries by mining type in the Northern Cape
(mining data provided by DMR)
The National Atmospheric Emission Reporting Regulations (DEA, 2015) specifies that any
person holding a mining right or permit in terms of the Minerals and Petroleum Resources Act
(Act No. 28 of 2002) must register on the National Atmospheric Emission Inventory System
(NAEIS) and report emission annually. Of the 84 terrestrial mines and quarries in the Northern
Cape 11 had submitted their emissions for 2016 to the NAEIS by 31 March 2017.
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There are currently 54 mines and quarries registered on the NAEIS for the Northern Cape
(Figure 3-2). Of these, 11 mines reported emissions from their operations for 2015 to the
NAEIS. The magnitude of the particulate emissions is significant despite a limited number of
mines reporting emissions. A total emission of 32.3 kt of PM10, 22.3 kt of PM2.5 and 61.5 kt
of TSP was reported from the 11 mines, with the largest emission reported in the ZF Mgcawu
District Municipality (Table 3-5).
Table 3-5: Number of mines and quarries that reported to the NAEIS in 2016 in
the Northern Cape and the total emission of PM10, PM2.5 and TSP in tons per annum
Name

Number of mines
reporting

John Taolo Gaetsewe DM

6

10,912

Namakwa DM

1

0

ZF Mgcawu DM

4

21,336

21,328

33,212

11

32,248

22,315

61,453

Total

PM2.5

PM10

987
0

TSP
28,239
2

The registration by mines on the NAEIS and the reporting of emissions is a substantial
challenge that should be prioritises. Until the majority of mines are reporting emissions
annually there will be a substantial gap in the municipal and provincial emission inventories
for particulate matter.
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Figure 3-3: Location of the Mines and Quarries reporting 2016 emissions to the NAEIS
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3.1.3 Transportation
3.1.3.1

Motor vehicle emissions

Motor vehicles are responsible for emissions of CO, PM 10, NO2, SO2, VOCs, benzene
and lead as a result of exhaust emissions, evaporative emissions and emissions from
brake and tyre use. A comprehensive estimation of emissions from motor vehicle for
South Africa was done in the Integrated Strategy for the Control of Motor Vehicle
Emissions (DEA 2012a) using the number of vehicles registered on the National Traffic
Information System (eNaTiS), fuel sales data as a proxy for fuel consumption, and
emission factors for five vehicle classes. For the estimation of motor vehicle emissions
for 2015 for the Northern Cape vehicle registration data was sourced online from
eNaTiS (Enatis, 2017) and fuel consumption data from the Department of Energy
(Department of Energy, 2017). Emission factors and fleet apportionment data were
taken the Integrated Strategy for the Control of Motor Vehicles (DEA, 2012).
The national vehicle fleet in 2015 consisted of 10,317,262 registered vehicles, with
224,186 registered in the Northern Cape, constituting just 2.2% of the national
vehicle. Passenger cars make up 57% of the provincial vehicle fleet followed by light
duty vehicles (LDV) (Table 3-6). Collectively there are 11,257 registered heavy duty
vehicles (HDV) and busses in the province.
Table 3-6: Register vehicles in the Northern Cape in 2015 (from eNaTiS)
Motorcycles

Passenger Cars

LDV

HDV

Buses

Total

8,569

128,150

76,210

9,577

1,680

224,186

The total amount of petrol and diesel sold in South Africa in 2015 was 13,492 and
11,470 Mℓ respectively. Of this, 538 Mℓ of diesel and 138 Mℓ was sold in the Northern
Cape.
The provincial CO emission of 15,433 t/a is the highest of the air pollutants, followed
NOX and NMVOCs (Table 3-7).

Emissions of lead are very low due to the phase-out

of lead in fuels. Similarly the emission of SO2 is low as the sulphur content of fuels has
reduced.
Table 3-7: Total emission of air pollutants and CO2 from motor vehicles
registered in the Northern Cape for 2015 in t/a
NOx
6,574

SO2
253

CO
15,433

PM10
517

26

NMVOC
3,057

Benzene

Lead

10

0.02
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Total national emissions of air pollutants and CO2 by vehicle category are presented in
Table 5-3 in tons per annum. The significant contribution from passenger cars to the
CO emission is noteworthy, as well as their contribution and that of HDVs and busses
to the national NOX emission.

The emission of NOX, SO2, CO and PM10 is shown per

province per vehicle class in Figure 3-8.
Table 3-8: Total emission of air pollutants from vehicle classes in the Northern
Cape for 2015 in t/a
Motorcycles

Passenger
Cars

LDVs

HDVs &
Buses

Total

NOX

25

1,839

1,678

3,032

6,574

SO2

1

18

153

82

253

1,301

12,759

717

656

15,433

7

153

259

98

517

312

1,818

796

131

3,057

CO
PM10
NMVOC
Benzene
Lead
3.1.3.2

0.1

4.0

6.1

0.0

10.2

0.00

0.00

0.01

0.00

0.02

Airport emissions

Emission sources associated with airports include aircraft operations, Ground Support
Equipment (GSE) and stationary sources such as fuel storage depots. Aircraft engine
emissions are composed mostly of CO2 (about 70%), about 30% H2O, and less than
1% each of NOX, CO, SOX, NMVOC, particulates and other trace components (IPCC,
2006). Emissions depend on the number of aircraft operations, the type and efficiency
of aircraft engines, the fuel used, the length of the flight, the power settings, and the
time spent at each stage of the flight. For emission estimates, aircraft operations are
divided into the landing and take-off (LTO) cycle and the cruise. The LTO cycle includes
all activities near the airport that take place below an altitude of 1,000 m and includes
taxi-in and out, take-off, climb-out, the approach and landing. All activities above
1,000 m comprise cruise mode.
Approximately 10% of all aircraft emissions, with the exception of hydrocarbons and
CO, are produced during ground level operations and the LTO cycle, with the bulk
occurring during cruise mode (IPCC, 2006). The split for hydrocarbons and CO is 30%
for ground level operations and the LTO cycle, and 70% during cruising.
Ground Support Equipment (GSE) is a term used to describe equipment that service
aircraft while loading and unloading passengers and freight. Air emissions from the
operation of GSE depend on the number and type of equipment used to service each
aircraft, along with the duration of equipment operation per LTO cycle and the fuel
type (e.g. gasoline, diesel, electric). Emissions from a GSE fleet are calculated using
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emissions factors specific to the equipment, the power rating, fuel type and the hours
of operation for that equipment.
Aircraft emissions are calculated using aircraft operational activity data with
aircraft/engine-specific emission factors based on engine manufacturer, model, and
aircraft operational mode within the Landing-Takeoff (LTO) cycle. A LTO cycle consists
of the approach, taxi-in, start-up, taxi-out, take-off and climbout.

Information on LTO cycles was not available at airports in the Northern
Cape to enable the estimation of emissions. A Tier 1 approach has been
applied using sales of aviation fuels in 2014 from the Department of Energy statistics
(Table 3-9) and emission factors for aviation fuels provided in the EMEP/EEA Air
Pollutant Emission Inventory Guidebook (EEA, 2016). The split between fuel use in
LTO cycles and cruise mode is also applied in estimating the airport emissions
presented in Table 3-10.
Table 3-9: Total fuel sales in tons for 2014 in the Northern Cape (DoE, 2017)

Area
Upington
Kimberley
Port Nolloth
Postmansburg
Northern Cape

Fuel sale volume in tonnes
2,311
2,089
23,307
38
27,745

Table 3-10: Estimated emissions from airports in the Northern Cape in tons per
annum

Upington
Kimberley
Port Nolloth
Postmansburg
Northern Cape

SO2
0.2
0.2
2.3
0.0
3

CO
832
752
8,390
13.8
9,988

NOx
0.9
0.8
9.3
0.0
11

NMVOC
13.2
11.9
133
0.2
158

3.1.4 Residential fuel burning
Electricity usage for South Africa has increased, however, many households are still reliant
on paraffin, candles, wood and other sources of energy for domestic needs. The choice of fuel
for household needs has an impact on both ambient and indoor air quality. Wood and coal
burning are associated with human health impacts in indoor and ambient environments.
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Smoke resulting from incomplete combustion of wood and coal contains many harmful
substances, such as criteria pollutants, hazardous air pollutants (HAPs), fine particle pollution,
volatile organic compounds (VOCs), NO2 and SO2.
Data were obtained from the 2016 Community Survey (StatsSA, 2016) delineates the number
of households utilising fuels for cooking, lighting, and space heating. After electricity, wood
is the fuel most widely used by households for heating and cooking purposes, particularly in
the Northern Cape (Figure 3-4). The number of homes relaint on biomass fuels for their
energy needs is relatively low in the Northern Cape. The largest number of homes using wood
is in the John Taolo Gaetewe DM, followed by Pixley ka Seme and Z F Mgcawu DM. Electricity
and candles is used mostly for lighting and with the focus on emissions there lighting is not
included in the estimation of emission from domestic fuel use.

Figure 3-4: Number of houses in the different municipalities using different
biomass fuels

The estimation of emissions from domestic burning in the Northern Cape was based on
energy-use data contained in the 2016 Community Survey (StatsSA, 2011. To determine the
average quantity of fuels consumed per household, data on the quantities of fuels consumed
in specific geographical areas of South Africa was sourced from the FRIDGE (Fund for
Research into Industrial Development, Growth and Equity, 2006) report. The estimation of
domestic fuel burning emissions is challenging given that the amount of fuel consumed is not
known with certainty. The total fuel consumption was based on household level fuel
consumption for wood, paraffin and LPG. The quantity of wood consumption was estimated
to be 0.1008 ton/year/household, and paraffin 0.0638 ton/year/household and 0.0010
ton/year/household. Emission factors for the criteria pollutants from domestic burning are
shown in Table 3-10.
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Table 3-11: Emission factors identified for the estimation of household fuel
combustion emissions (FRIDGE, 2006)
Fuel
Wood
Paraffin
LPG

Units

SO2

NOx

VOCs

PM10

CO

Benzene

g/kg

0.18

5

22

15.7

114.6

0.9

g/l

8.5

1.5

0.09

0.2

44.9

0

g/kg

0.01

1.4

0.5

0.07

13.6

0

The total emissions of SO2, NOX, PM10 and CO from all residential fuel burning for cooking and
heating is shown in Table 3-11 and Figure 3-5. CO is the pollutant with the highest estimated
emission, as it is attributed to all fuels used. PM10 is mostly attributed to wood burning.
Table 3-12: Total emission of SO2, NOX, PM10 and CO from residential fuel use in
the Northern Cape for 2016
John Taolo Gaetsewe
Namakwa
Pixley ka Seme
Z F Mgcawu
Frances Baard
Total

SO2
0
0
1
0
0
2

NOX
2
0
1
1
1
6

CO
135
24
63
58
35
315

PM10
18
3
8
8
5
42

Figure 3-5: Annual emission of CO , SO2, NOX and PM10 from residential fuel use
in the respective municipalities
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3.1.5 Biomass burning
Biomass burning refers to the burning of vegetation either by natural causes such as forest
or veld fires resulting from lightning strikes or anthropogenic causes for land management
such as veld clearing, preparation for planting, the burning of fire breaks, etc. Almost 90 per
cent of all biomass burning emissions are a result of anthropogenic activities (Koppman et al.
2005). Biomass burning releases large volumes of gases and particles into the atmosphere.
The gases emitted include GHG such as carbon dioxide (CO2), methane (CH4) and nitrous
oxide (N2O), and gaseous pollutants such as carbon monoxide (CO), sulphur dioxide (SO 2),
oxides of nitrogen (NOX) and volatile organic compounds (VOC).
Considering the nature of the emissions, the impacts of emissions from biomass burning occur
at a local, regional and global scale. Locally and regionally, emission of CO, CH4 and VOC
affect the oxidation capacity of the atmosphere by reacting with hydroxyl (OH) radicals. NO 2
and VOCs are precursors that lead to the formation of ozone and other photochemical oxidants
(Koppman et al. 2005). Biomass burning has been shown to contribute significantly to the
global GHG concentrations and aerosols in the atmosphere (Fishman et al. 2003). A large
proportion of these emissions is attributed to savanna fires in Africa (Scholes et a, 1996).
Biomass burning emissions of gases and particulates for the Northern Cape are obtained for
2005 to 2010 using the Emissions of atmospheric Compounds & Compilation of Ancillary Data
(ECCAD). The objective of the ECCAD project is to provide scientific and policy users with
datasets of surface emissions of atmospheric compounds, and ancillary data required to
estimate or quantify surface emissions by providing access to the Global Emissions IniAtive
(GEIA) data via a user-friendly web-interface. The Global Fire Emissions Database, version 3
(GFED3) is a product that is distributed by ECCAD that contains biomass burning emissions
data from 1997 to 2010 at a resolution of 0.5˚. The GFED3 emissions estimates combine
burned area data from the moderate-resolution imaging spectroradiometer (MODIS) direct
broadcast algorithm with a biogeochemical model (CASA-GFED) that estimates fuel loads and
combustion completeness for each monthly time step (Van der Werf et al, 2010). The fuel
loads are based on satellite derived information on vegetation productivity and characteristics
to estimate carbon input, and carbon outputs through heterotrophic respiration, herbivory,
and fires. The available data provides information on the spatial variation of biomass burning
emission in the Northern Cape as well as the inter-annual and season variation.
The Northern Cape is semi-arid and therefore sparsely vegetated with relatively low biomass
available for combustion. In Figure 3-6 the total biomass burning TSP emission for 2005 to
2010 for each year per 0.5˚degree grid cell in tons per annum is shown to decreases from
east to west across the Northern Cape as the province as the available biomass becomes
sparser. The interannual variation which s is clearly evident in Figure 3-6.
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2008

2009

2010

CO

NOx

TPM

Figure 3-6: Total annual biomass burning emissions for the Northern Cape for CO (top), NO X (middle) and TPM (bottom) in
tons per annum for 2008, 2009 and 2010 (from ECCAD and Van der Werf et al, 2010). Note the different scale across the
years
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The annual biomass burning emissions are shown in Table 3-12 for CO, SO2, NOX and TSP for
2005 to 2010 in tons per annum. The interannual variation is also evident here in all emissions
with the highest emissions in 2010 and the lowest in 2006. Of the air pollutants released
from biomass burning in the Northern Cape, CO is the greatest with an average of 115,525
tonnes per annum. The significance of the CO emission is their role in atmospheric chemistry
and the formation of O3 and other photochemical compounds. The total emission of other air
pollutants from biomass burning is relatively low (Table 3-12).
Table 3-13: Annual biomass burning emissions in the Northern Cape in t/a from
2005 to 2010 (derived from ECCAD and Van der Werf et al, 2010)

CO
NOX
SO2
TSP

2005

2006

2007

2008

2009

2010

65,949
2,139
402
9,011

35,252
1,145
208
4,835

64,213
2,168
383
8,868

58,571
1,961
351
8,097

105,890
3,544
627
14,580

312,190
10,710
1,886
43,284

Average

115,525
3,917
695
15,978

The seasonal variation in biomass burning emissions has been well documented over southern
Africa (e.g. Roberts et al, 2009; Liousse et al, 2010), with generally low summer emissions
and a maximum in August and September. This seasonal variation is clearly evident in the
ECCAD biomass burning emissions over the Northern Cape. The average monthly emissions
for the period 2005 to 2010 increase during the winter months, reaching a peak in August
and September and decreasing into the summer months (Figure 5-1).

Figure 3-7: Average monthly biomass burning emissions for the period 2005 to
2010 for the Northern Cape in tons per month for CO (left) and for NO X, SO2 and
TPM (right) (derived from ECCAD and Van der Werf et al, 2010)

3.1.6 Waste management
The disposal and treatment of waste is of interest to air quality because of the potential impact
of gaseous and particulate air pollutants and odour. The most common waste management
practices are incineration, land fill and wastewater treatment. Incineration is a Listed Activity
and is addressed with industrial emissions. Landfill and wastewater treatment are discussed
in the following sections.
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3.1.6.1

Landfill

The emissions of gaseous air pollutants and particulates from a landfill site depends on the
site specific factors such as the type and quantity of waste and the age of the waste
(Richardson et al, 2010). The impact of these emissions on air quality depends primarily on
the strength of the source and meteorological conditions, particularly wind speed and direction
and atmospheric stability as they affect odour and pollutant dispersion characteristics
(Richardson et al, 2010).
Waste is firstly classified as general or hazardous, with hazardous waste rated from Level 1
to Level IV. Level 1 is the most hazardous and Level IV is inert waste. Landfill sites are
licensed with varying levels of classifications which determines the nature of the waste
containment required. For general waste, landfill sites are classified as G*B with the size (*)
being communal, small, medium or large based on daily volumes of waste accepted (GCB,
GSB, GMB, GLB). Landfill classifications are expanded as either G*B+ if significant leachate
is generated or G*B- if leachate generation is sporadic. Landfill sites for hazardous waste are
classified as either H:H or H:h reflecting the type of waste that may be accepted. H:H sites
may accept waste from Level 1 to Level IV, while H:h may accept Level III and IV hazardous
waste only
Decomposition of organic material is the largest source of gas in landfills (Durmusoglu et al.
2010). Landfill gas comprises several gases such as methane (CH 4), carbon dioxide (CO2),
carbon monoxide (CO), hydrogen (H), oxygen(02, nitrogen (N), and hydrogen sulphide (H2S).
CH4 and CO are the principal gases. Trace amounts of other organic compounds are also found
in landfill gas, of which VOC’s are thought to comprise 40% (Durmusoglu et al. 2010). BTEX
are common in landfill gas. The occurrence of H2S in landfill gas is usually attributed to
substantial quantities of sulphate bearing waste and results in perceptible odour issues.
Landfilling activities produce fugitive emissions fine and coarse particulates (Stretch et al.
2001). Particulate matter composition is dependent on the nature of activities undertaken onsite and the types of waste being handled. There are various activities that contribute to
fugitive dust emission, these include but are not limited to the transportation of waste on and
off site; the handling, storage and processing of waste and if a plant is used to burn landfill
gas, including gas flare or engines (Mine et al. 2013). Dust is also generated through erosion
of the surface of the landfill. The quantity of dust transported is dependent on wind speed,
the surface gradient and particle size. Dispersion of dust is dependent on particle size and
wind; smaller particles have a longer residence time although stronger winds will keep larger
particles airborne for longer periods (Okuda et al. 2008). Particulates from landfills may
comprise metals like arsenic, cadmium, chromium, cobalt, copper, lead and manganese.
There are 138 licensed landfill sites of different sizes in the Northern Cape, comprising 108
general, 2 general and hazardous and 28 hazardous landfill sites. The permit holders include
industry, mines, waste management companies and municipalities. Odour and waste burning
are two air quality issues that are commonly associated with landfills and may be attributed
to improper landfill management. Odour is directly related to the waste stream and the
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processing of waste, while burning is done to manage waste volumes. Both issues are
regulated in terms of municipal bylaws. There is currently no national legislation regulating
air quality at landfill sites that set standards in terms of ambient air quality monitoring and
emission reporting. As a result there are no guidelines on monitoring odorous compounds
and emissions of air pollutants from landfill sites are not currently captured in the NAEIS.
3.1.6.2

Wastewater treatment works

The nature of emissions from wastewater treatment works (WWTW) is dependent on the
composition of effluent streams. Air pollutants associated with WWTW include hydrogen
sulphide (H2S), mercaptans and ammonia. Volatile organic compounds (VOCs) form by the
volatilization of organic compounds in the treatment process, often found in industrial waste.
Wastewater treatment works are also sources of greenhouse gases, namely carbon dioxide
(CO2), methane (CH4) and nitric oxide (N2O). CO2 production is associated with the anaerobic
treatment process through the breakdown of organic matter in the activated sludge.
Wastewater as well as its sludge components can produce CH 4 if it degrades anaerobically.
The extent of CH4 production depends primarily on the quantity of degradable organic material
in the wastewater, the temperature, and the type of treatment system. The rate of CH 4
production increases with increasing temperature. This is especially important in uncontrolled
systems and in warm climates. N2O is associated with the degradation of nitrogen components
in the wastewater, e.g., urea, nitrate and protein.
Wastewater services delivery in Gauteng is performed by 27 Water Services Authorities
(WSAs) via an infrastructure network comprising of 71 wastewater collector and treatment
plants (WWTP) (GDARD, 2014). The total daily inflow to the 27 facilities is 93 Mℓ
(http://www.dwa.gov.za/Documents/GD/GDNC.pdf).
Odour is an air quality issue that is sometimes associated with WWTW and is related to the
waste stream and the processing of waste. There is currently no air quality national legislation
regulating air quality at WWTW and as a result there are no guidelines on monitoring odorous
compounds and emissions of air pollutants are not currently captured in the NAEIS.
3.1.7 Emission summary
Of the air pollutants emitted in the Northern Cape, the total CO emission of 131,352 tons is
largest (Table 3-12). The major contributor is biomass burning emissions followed by a much
smaller contribution from motor vehicles (Figure 3-9).
Mining is the largest sources of particulates (PM10, PM2.5, TSP), with smaller contributions from
industry and biomass burning. Motor vehicles are the largest source of NO X and VOC
emissions, although these are relatively small.
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Table 3-14: Emissions for the Northern Cape for 2015 in tons per annum
PM10
Industrial sources
Mining

PM2.5

TSP

1,452
32,248

Residential fuels

133
22,315

15,978

Motor vehicles

517

Airports
Total

NOX

CO

VOC

289

333

79

24

2

6

315

695

3,917

115,525

253

6,574

15,433

3,067

3
11
9,988
1,242 10,841 141,340

158
3,249

61,453
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Biomass burning

SO2

34,259 22,315 77,564

Points for consideration in the AQMP
i.
ii.
iii.
iv.

v.
vi.
vii.

viii.
ix.
x.

3.2

24 facilities with Listed Activities are registered on the NAEIS
20 facilities reported emissions to the NAEIS in 2015
Controlled emitters did not report emissions in 2015
There are 273 mines and quarries registered with the DMR in the
Northern Cape, including 146 alluvial mines and 18 salt and sand
mining operations
54 mines and quarries are registered on the NAEIS
11 mines reported emissions for 2015 on the NAEIS.
Of the air pollutants emitted in the Northern Cape, the total CO
emission of 141,340 tons is largest, the major contributor is biomass
burning emissions followed by a much smaller contribution from motor
vehicles
Mining is the largest sources of particulates (PM 10, PM2.5, TSP), with
smaller contributions from industry and biomass burning.
Motor vehicles are the largest source of NOX and VOC emissions,
although these are relatively small
Emissions from airports and waste management have not been
estimated.

Ambient air quality

3.2.1 Ambient air quality monitoring
Continuous monitoring of ambient air quality monitoring in the Northern Cape is conducted
by the South African Weather Service (SAWS) at the Hantam National Botanical Garden near
Nieuwoudtville. This is a rural background site approximately 60 km west of Calvinia.
Monitoring commenced on September 2014 and data are available to October 2015,
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measuring meteorological parameters and CO, NO, NO2, NOX, O3, PM10 and PM2.5. The location
of the Niewoudtsville monitoring station is shown in Figure 3-8.
Ambient air quality monitoring is also conducted by the Department of Environment and
Nature Conservation using passive sampling to measure SO 2, NO2 and O3 at 15 sites around
the province, i.e. three sites each in Kimberley, Upington, De Aar and Kuruman and three
sites in the Namakwa DM around Okiep and Springbok. Monthly sampling has been conducted
for different periods at different sites. The location of the monitoring sites is shown in Figure
3-8 and the monitoring periods for the passive sampling are listed in Table 3-14.
Ambient air quality monitoring is also conducted by industry and mines in terms of either their
Atmospheric Emission License (AEL) or their mining license. These facilities report routinely
to the Provincial AQO. Facilities that have provided information for this baseline assessment
are listed in Table 3-15 showing the monitoring dates and the pollutants monitored:
Table 3-15: Passive sampling stations operated by the Department of Environment
and Nature Conservation and the monitoring period
Area
Kimberley

Monitoring site
Transnet

Parameters

Monitoring period

SO2, NO2 and O3

Feb 2016 to Jan 2017

SO2, NO2 and O3

Feb 2016 to Jan 2017

SO2, NO2 and O3

Feb 2016 to Jan 2017

SO2, NO2 and O3

Mar 2015 to Feb 2016

SO2, NO2 and O3

May 2017 -

SO2, NO2 and O3

Dec 2014 to Nov 2015

Soul City
Kimindustria
De Aar

Sunrise
Nonzwakazi
Town

Upington

Louisville
Paballelo
Keidebees

Namakwa DM

Okiep
Bergsig
Springbok
Mc Leod Park (Nababeep)
Saalspoort (Concordia)
Carolusberg

Kuruman

Taxi Rank
Bankhara
Seoding

37

Air Quality Management Plan for the Northern Cape
Air Quality Baseline Assessment Report

Figure 3-8: Location of the ambient monotoring stations
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Table 3-16: Ambient air quality monitoring by mines and industry included in this
baseline report
Facility

Location

Number of

Monitoring dates

Parameters

sampling
points
Petra Diamonds
Finsch

Lime Acres

6

Mine1

Tshipi Borwa

Hotazel

Mine2
Black Rock Mine

Hotazel

1

Operations3
Kolemela Mine4

Postmansburg

8

1 day in Jan 2015

PM10 and PM2.5

26 Jun 2016

PM10 and PM2.5

30 Sep - 01 Oct 2015

PM10

09 - 10 May 2017

PM10

20 Oct - 9 Nov 2016

PM10 and PM2.5

14 Apr - 04 May 2016

PM10 and PM2.5

30 Jun - 20 Jul 2016

PM10 and PM2.5

2015 and on-going

PM10, PM2.5,
SO2, NO2, O3

1: Health and Occupational Hygiene Laboratory cc, 2015.

2: Tshipi Borwa Mine, 2017.
3: WSP Parsons Brinckerhoff, 2015, 2016a, 2016b
4: uMoya-NILU (2016)

3.2.2 Nitrogen dioxide (NO2)
Oxides of nitrogen (NOX) is commonly referred to as the sum of nitrous oxide (NO) and
nitrogen dioxide (NO2). The primary sources of NOX is high temperature combustion that
leads to the oxidation of nitrogen in the atmosphere and the formation of NO2. Industrial
boilers and motor vehicles are readily associated with NO X emissions. NO2 is a criteria
pollutant with NAAQS ((Table 3-16). Exposure through inhalation can impact negatively on
human health. Read more about NOX in Appendix 6.
Table 3-17: NAAQS for NO2 (DEA, 2009)
Symbol
NO2

Averaging
Period
1 hour
1 year

Limit value
(μg/m3)
200
40

Number of exceedances
per annum
88
0

Niewoudtville is a remote rural background station and there are no significant sources of NO 2
in the vicinity. As a result the ambient NO2 concentrations are very low relative to the NAAQS.
The average for the sampling period of 1.4 μg/m3, an order of magnitude below the NAAQS
of 40 μg/m3. The hourly concentrations relative to the NAAQS are shown in Figure 3-9.
Potential sources of NO2 in the Northern Cape are industrial facilities, motor vehicle exhaust
emissions and biomass burning. There sources are relatively small and the resultant NO 2
concentrations are low relative to the NAAQS throughout the passive monitoring network.
Despite this, the role of motor vehicle emissions on ambient NO 2 concentrations can be seen
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at the three Kimberley sites, at the Upington sites and the Taxi Rank monitoring site in
Kuruman. At these sites the vehicle traffic is expected to be higher than elsewhere in the
province resulting in a slightly higher average NO2 concentration than elsewhere. The annual
average NO2 concentrations are listed in Table 3-17.

Figure 3-9: Hourly ambient NO2 concentrations in μg/m3 at Niewoudtville in μg/m3
Table 3-18: Average NO2 concentrations in μg/m3 in the passive sampling network
Area
Kimberley

De Aar

Upington

Namakwa DM

Kuruman

Monitoring
site
Transnet
Soul City
Kimindustria
Sunrise
Nonzwakazi
Town
Louisville
Paballelo
Keidebees
Okiep
Bergsig
Springbok
Taxi Rank
Bankhara
Seoding

Average NO2
concentration
10.8
8.3
10.2
5.1
3.5
5.7
6.5
8.8
8.3
3.4
3.5
5.9
8.5
3.7
4.2

NO2 is monitored at Kappieskarieer by Kolemela Mine, a community monitoring site
approximately 10 km from the mine officers since the start of 2016.

The ambient NO 2

concentrations at this site are consistently low relative to the NAAQS and no exceedances of
the limit value have been recorded (uMoya-NILU, 2017).
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3.2.3 Sulphur dioxide (SO2)
The primary source of SO2 is the combustion of fossil fuels that contain sulphur, e.g. coal,
diesel. SO2 is a criteria pollutant with NAAQS (Table 3-18). Exposure through inhalation can
impact negatively on human health. Read more about SO 2 in Appendix 6.
Table 3-19: NAAQS for SO2 (DEA, 2009)
Symbol
SO2

Averaging
Period
10-min
1 hour
24 hours
1 year

Limit value
(μg/m3)
500
350
125
50

Number of exceedances
per annum
526
88
4
0

Potential sources of SO2 in the Northern Cape are industrial facilities and motor vehicle
exhaust emissions. There sources are relatively small and the resultant SO 2 concentrations
are low relative to the NAAQS throughout the passive monitoring network. The annual average
NO2 concentrations are listed in Table 3-19.
Table 3-20: Average SO2 concentrations in μg/m3 in the passive sampling network
Area
Kimberley

De Aar

Upington

Namakwa DM

Kuruman

Monitoring site
Transnet
Soul City
Kimindustria
Sunrise
Nonzwakazi
Town
Louisville
Paballelo
Keidebees
Okiep
Bergsig
Springbok
Taxi Rank
Bankhara
Seoding

Average NO2
concentration
2.3
1.8
2.4
0.7
1.4
1.2
0.8
1.3
1.0
1.1
0.5
0.6
2.0
1.0
1.9

SO2 is monitored at Kappieskarieer by Kolemela Mine, a community monitoring site
approximately 10 km from the mine officers since the start of 2016.

The ambient SO 2

concentrations at this site are consistently low relative to the NAAQS and no exceedances of
the limit value have been recorded (uMoya-NILU, 2017).
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3.2.4 Carbon monoxide (CO)
CO is a product of incomplete combustion of fossil fuels and is predominantly formed in
internal combustion engines of motor vehicles. It is a criteria pollutant with NAAQS for
exposure periods of 1 hour and 8 hours (Table 3-20). Exposure to CO through inhalation can
affect the central nervous system and even cause death at high concentrations. Read more
about CO in Appendix 6.
Table 3-21: NAAQS for CO (DEA, 2009)
Symbol
CO

Averaging
Period
1 hour
8 hours

Limit value
(mg/m3)
30
10

Number of exceedances
per annum
88
11

There are also no significant sources of CO at Niewoudtville. The ambient CO concentrations
are therefore very low relative to the NAAQS. The hourly ambient concentrations relative to
the NAEIS of 30 mg/m3 (Figure 3-10). Similarly, the 8-hour running mean is also very low
relative to the NAEIS of 10 mg/m3 (Figure 3-10).

Figure 3-10: Ambient CO concentrations at Niewoudtville in mg/m3 relative to
the NAAQS for 1-hour (top) and 8-hour running mean (bottom)
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3.2.5 Oxone (O3)
There are no sources of ozone (O 3). Rather O3 forms in the atmosphere primarily through
the photochemical reaction of hydrocarbons and NOx in sunlight. It is a criteria pollutant with
NAAQS as an 8-hour running mean (Table 3-21). Exposure through inhalation can impact
negatively on human health. Generally O3 is not found in high concentrations close to the
source of the precursor gases. Rather O3 forms in situ as the precursor gases disperse with
the highest concentrations some distance downwind. Due to the numerous sources of
precursor gases and the reaction time for O3 formation, it is considered a regional-scale
pollutant. Read more on O3 in Appendix 6.
Table 3-22: NAAQS for O3 (DEA, 2009)
Symbol
O3

Averaging
Period
8 hours

Limit value
(μg/m3)
120

Number of exceedances
per annum
11

The ambient O3 concentrations measured at Niewoudtville are relatively high compared with
the NAAQS of 120 μg/m3, although no exceedances have been recorded (Figure 3-11). The
average concentration for the monitoring period is 50 μg/m3. The average monthly O3
concentrations in the different passive monitoring areas is also relatively high, particularly in
the spring (Figure 3-12) with high O3 concentrations recorded at all sites in September 2016,
and at Kuruman in November and December 2016.
The relatively high ambient O3 concentrations over the Northern Cape are consistent with the
findings of the Cross Border Air Pollution Impact Assessment (CAPIA) where Zunckel et al
(2004) a strong seasonal variations across southern Africa with the maximum occurring in
the spring from August to November and the minimum in December and January. The highest
O3 were found occur to occur over Botswana and the Mpumalanga Highveld where the hourly
springtime maximum is between 80 and 120 μg/m 3, but reached more than 180 μg/m3 as a
mean in October 2000. The spring time maximum is largely attributed to the peak in regional
scale biomass burning in central Africa, but over Botswana it coincides with the onset of
summer rains and the associated spring growth in vegetation and nitrogen emissions from
soil wetting. It is likely that the observed spring time O3 maximum over the Northern Cape
is a result of both.
O3 is monitored at Kappieskarieer by Kolemela Mine, a community monitoring site
approximately 10 km from the mine officers since 2015. The ambient O3 concentrations at
this site are consistently low relative to the NAAQS and no exceedances of the limit value
have been recorded (uMoya-NILU, 2017).
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Figure 3-11: Ambient 8-hour mean O3 concentrations at Niewoudtville in μg/m3
relative to the 8-hr NAAQS of 120 μg/m3

Figure 3-12: Average monthly O3 concentrations in μg/m3 at the passive
sampling sites

3.2.6 Particulates
Particulate matter is a broad term used to describe the fine particles found in the atmosphere,
including soil dust, dirt, soot, smoke, pollen, ash, aerosols and liquid droplets. The most
distinguishing characteristic of PM is the particle size and chemical composition. Particle size
has the greatest influence on the behaviour of PM in the atmosphere and on human exposure
through inhalation. Smaller particles tending to have longer residence times than larger ones
and may penetrate deeper into the lungs. PM10 describes all particulate matter in the
atmosphere with a diameter equal to or less than 10 µm while PM2.5 describes all particulate
matter with a diameter equal or less than 2.5 µm. They are criteria pollutants known to
impact negatively on human health. NAAQS have been set for PM10 and PM2.5 (Table 3-22).
More information on particulates can be found in Appendix 6.
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Table 3-23: Ambient air quality standards for PM 10 (DEA, 2009) and PM2.5 (2012)
Pollutant
Averaging
Limit value
Number of exceedances per
3
Period
(µg/m )
annum
PM10
24 hour
75
4
1 year
40
0
PM2.5
24 hour
40
0
251
0
1 year
20
0
151
0
1: Effective date is 1 January 2030
The monitoring station at Niewoudtville is a rural background station that is located in an arid
environment. Windblown dust is therefore the main source of particulates measured at this
station. The average PM10 concentration for the monitoring period is 35.0 μg/m3 which is
relatively high compared to the annual NAAQS of 40 μg/m3. The average PM2.5 concentration
for the same period of 10.3 μg/m3 is approximately half of the annual limit value of 25 μg/m3.
The 24-hr average PM10 concentrations at Niewoudtville frequently exceeds the NAAQS of 75
μg/m3 (Figure 3-13). During the monitoring period 1 419 hourly measurements exceed the
limit value of the NAAQS which provides a tolerance of 4 exceedances per annum. For PM2.5,
511 hourly measurements exceed the limit value of 60 μg/m3. The NAAQS does not provide
a tolerance for PM2.5 exceedances (Figure 3-14).

Figure 3-13: Ambient PM10 (top) concentrations at Niewoudtville in μg/m3
relative to the NAAQS
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Figure 3-14: Ambient PM2.5 concentrations at Niewoudtville in μg/m3 relative to
the NAAQS
Ambient particulate concentrations in the vicinity of mines varies considerably, depending
mostly on the nature of the mining activities, the dust control measures and the meteorology,
particularly wind and rain.
At the Petra Diamonds Finsch Mine at Lime Acres, a monitoring campaign was conducted in
for a single day January 2015 at five sites measuring M10 and PM2.5 (Health and Occupational
Hygiene Laboratory cc, 2015).

The highest daily PM10 concentration of 45 μg/m3 was

measured on the southwestern fenceline and was well below the 24-hour limit value of the
SAAQS of 75 μg/m3. The highest daily PM2.5 concentration of 13.0 μg/m3 was measured on the
mine.

The measurements suggest compliance with the NAAQS. However, the greatest

limitation of ambient monitoring for a short period is that mining activities vary considerably
as well as the prevailing meteorology.

The measurements may therefore not be

representative.
At the Tshipi Borwa Mine near Hotazel PM10 monitoring was conducted on 30 September 2015
and 9 May 2017 (Tshipi Borwa Mine, 2017). The 24-hour PM10 concentration ranged from 92
μg/m3 to 542 μg/m3 during the day of monitoring in 2015. On the day of monitoring in 2017
the 24-hour concentrations were higher and ranged from 257 μg/m 3 to 809 μg/m3. During
both campaigns the measured PM10 concentrations exceeded the 24-hour limit value of the
NAAQS of 75 μg/m3, suggesting non-compliance with the NAAQS.
At the Black Rock Mine Operations ambient PM10 and PM2.5 monitoring is conducted for two
weeks every quarter. Data reports were provided for three monitoring campaigns between
October 2015 and July 2016 (WSP Parsons Brinckerhoff, 2015, 2016a, 2016b). The reported
ambient 24-hour PM10 and PM2.5 concentrations are relatively low for the three reported
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periods with no exceedances of the limit value of the NAAQS. The average PM10 and PM2.5
concentrations during each of the campaigns was low relative to the annual NAAQS of 40
μg/m3 and 25 μg/m3 respectively.
The campaign measurements suggest compliance with the NAAQS at the Petra Diamonds
Finsch Mine and the Black Rock Mining Operations and non-compliance Tshipi Borwa Mine.
The major limitation of ambient monitoring for short campaign periods is that particulate
emission in the form of mining activities varies considerably as does the prevailing
meteorology. The measured concentrations are fundamentally dependant on the emission
and the prevailing meteorology, of which both vary considerably over short time periods. The
measurements may therefore not be representative of typical conditions.

The NAAQS

provides for 4 exceedances per year of the 24-hour limit value. With just daily measurement
or two week campaigns it is not possible to assess whether there is compliance with the
NAAQS or not.
Ambient monitoring PM10 and PM2.5 monitoring at Kolemela provides 24-hour average
concentrations at eight sites, two on the mine and six in the surrounding environment. In
2016 ambient 24-hour PM10 concentrations are relatively low, except at the monitoring site
at Postmansburg.

At this site the PM 10 was non-compliant in 2016 with 10 exceedances

surpassing the four allowed by the NAAQS. At Kapieskareer two exceedances of the limit
value occurred in 2016. No exceedances were recorded elsewhere.
Monitored PM2.5 concentrations in 2016 were relatively low and complied with the NAAQS
except at Kapieskareer. At this site one exceedance on the 24-hour limit value of the NAAQS
occurred in April 2016. As NAAQS does not provide for any exceedances of the limit value,
ambient of PM2.5 concentrations were non-compliant at Kapieskareer in 2016.

Points for consideration in the AQMP
i.

There is only one continuous ambient monitoring station the
Northern Cape, the background station at Niewoudtville

ii.

Passive sampling is conducted at main commercial centres in the
Northern Cape

iii.

Ambient concentrations of pollutants associated with combustions,
i.e. SO2, NO2 and CO are low relative to the NAAQIS throughout the
Northern Cape

iv.

Ambient O3 concentrations at the background site and elsewhere in
the Northern Cape
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v.

Ambient concentrations of particulates (PM10 and PM2.5) are high
relative to the NAAQIS at the background site, at Postmansburg and
in the vicinity of some mines

3.3

Capacity

The assessment of capacity was conducted along the lines of the Rapid Capacity Assessment
Model – or "the Six S Model". The model has provided a framework for structuring the
assessment, focusing on six essential components of capacity, viz. Structure, System, Skills,
incentiveS, Strategies and inter-relationshipS (T&B Consult, 2002).
3.3.1 Structure
The structural component of capacity refers to the organisation itself and the broader
arrangement of air quality staff. It refers to their roles and responsibilities within the
department, and also to the lines of communication and command within the department. A
well-defined structure forms the basis for effective AQM within an organisation.
The Northern Cape Department of Environment and Nature Conservation is responsible for
Air Quality Management. Air Quality and Climate Change is a sub-directorate of the
environmental management unit. The designated provincial Air Quality Officer (AQO) is David
Khakhane. There are two other officials tasked with air quality management for the Northern
Cape Province. One in charge of the Western Region and the other in charge of the Eastern
Region.
The three staff members designated for air quality functions also have climate change
commitments, spending roughly equal amounts of time on each aspect. There is currently no
organogram for the sub-directorate for Air Quality and Climate Change.
Mechanisms exist to discuss air quality outside of the Department of Environment and Nature
Conservation, including the Provincial Strategic Planning process, which has indicators for the
annual budget. The budget is distributed to the respective directorates by the provincial
treasury. Air Quality and Climate Change is allocated their budget from the Department of
Environment and Nature Conservation.
The five municipalities in the Northern Cape have appointed air quality officers and two of
these municipalities have developed AQMPs. The Francis Baard Municipality is currently
reviewing their AQMP while the Namaqua DM recently drafted an AQMP.
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3.3.2 Systems
The systems component of capacity refers to all the tools at the organisation’s disposal to
manage air quality. These include equipment and hardware, as well as ‘soft’ tools such as
operational procedures and air quality information.
The Northern Cape government does not own any continuous ambient air quality stations.
The South African Weather Service (SAWS) owns and operates a continuous ambient air
quality monitoring station near Niewoudtville in the Karoo. A written a letter of motivation
has been written to SAWS indicating that Air Quality and Climate Change are willing to take
responsibility for the station.
In the absence of continuous monitoring, the Department conducts passive monitoring of NO 2,
SO2, O3 and BTEX at Kimberley, Upington, Kuruman, De Aar and in the Namakwa District
Municipality near Okiep and Springbok. There are currently 15 passive sampling stations in
the Northern Cape (Table 3-1). The municipalities are being trained to conduct their own
passive monitoring and have recently designated air quality officers. Two districts have air
quality by-laws.
The sub-directorate for Air Quality and Climate Change is the Emission Licensing Authority
(AELA) and processes and issues AELs and assists the districts with issuing licences. In the
2017 reporting cycle 91% of all industries operating Listed Activities in the Northern Cape
report to the NAIES. Some Controlled Emitters are documented on a NAIES master list.
3.3.3 Skills
Skills in AQM are not defined in any legal document. Skills development is generally
incorporated into the authority’s AQMP, which is part of the IDP or other departmental
planning document. This does not form a binding commitment.
David Khakhane the AQO, has an honours in wildlife management and prior to specialising in
air quality, worked in nature conservation for nine years. He has worked in air quality since
2011, and has been in charge of the unit since 2013. He has completed numerous short
courses in air quality management at the University of Potchefstroom and training courses
offered by the DEA and the National Association for Clean Air (NACA).
The other staff members in the sub-directorate also have scientific backgrounds in
biochemistry, environmental management and GIS with an average of three years of air
quality experience. With experienced leadership and suitably qualified junior staff, the air
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quality team in the Northern Cape feel fully confident in their ability to implement the NEM:
AQA. There are some areas where the staff require additional capacity building.
There is a perception that the province has pristine air but there are relatively high PM 10 and
O3 concentrations of recorded at the SAWS background station near Niewoudtville and in the
passive sampling network. The provincial AQO believes that each needs at least one air quality
official for licencing and compliance tracking.
The incumbent junior staff in the sub-directorate would like to pursue an MSc in air quality.
The staff would like to have the capacity to do health studies, particularly to explore the
impacts of the elevated ozone levels in the province. The staff would also like to develop
technical skills like dispersion modelling, stack monitoring and emission inventory
compilation. The background concentrations of PM10 are relatively high so there is also a need
to develop capacity to manage dust from regulated sources.
There are departmental processes in place to foster learning and staff capacity is developed
through internal and external training courses. Skill sharing of scarce skills does occur,
through training exercises and workshops. However, geographically it is a difficult task.
Specific technical skills being developed include, monitoring, modelling and greenhouse gas
reporting. The municipalities are being trained to conduct their own passive monitoring. These
municipalities have recently designated air quality officers, two districts have air quality bylaws and soon they will all be capacity to execute their respective functions.
Skills development in management competencies is also encourages, staff members have
attended project management courses at the University of the Free State, and Advanced
Management Development Program and more recently a Change Management Program.
3.3.4 Incentives
Incentives examine the motivational policies at the individual level but also the broader
collaboration motivation existing within the department and with other departments and
stakeholders.
There are salary and bonus opportunities in place which are linked to KPIs. If certain targets
are achieved, a motivation can be made for a bonus.
The culture and work ethic of the provincial department is suitable and accommodating for
most staff. The sub-directorate for Air Quality and Climate Change comprises driven and
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motivated officials who consider themselves scientists and technical experts. They do
however, require a budget that is sufficient to implement positive changes.
There are opportunities for career growth and flexibility, as well as lateral movement within
the organisation. David Khakhane emphasised that “growth in the Provincial Government is
also dependent on individual attitudes and identifying what you can extract from your work
that allows you to move forward”. By example he moved from conservation to air quality
without formal training as did the other officials in his team but he believes they are able to
hold their own as specialists. The team is passionate about the Northern Cape, which is a
potential indicator of greater retention of skilled staff.
There are no financial partnerships for air quality. The department’s air quality budget is
motivated annually. There are some sources of external funding sources from the German
GIZ program for climate change projects and from Kumba Iron Ore and Sishen Mining
Company for air quality projects.
3.3.5 Strategy
Strategy as a component of capacity refers to the alignment of the department’s structure,
systems, skills and incentives to reach the air quality goals that have been set.
The NEM:AQA and National Framework are two overarching legal documents that guide all
AQM activities in South Africa.

Otherwise the most important strategy document for an

authority is the AQMP. This summarises all the necessary information relating to the authority
and plans a way forward for implementation. The sub-directorate for Air Quality and Climate
Change is currently in the process of drafting an AQMP. In the absence of the plan, the
province has been guided by mandated functions.
3.3.6 Inter-relationships
Inter-relationships deal with a critical element for implementation capacity, and examines the
manner in which the AQM department relates to other departments within the authority and
other stakeholders.
Relationships between departments within an authority are not defined in legislation. Intergovernmental

cooperation is subject to legislation. Departments are compelled to

communicate in instances where conflict arises and resolve issues according to legislated
steps. An inter-governmental forum is also a necessary tool to foster cooperation and improve
relations.
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In the Northern Cape internal working partners include waste management, compliance and
enforcement, energy and planning. Staff have also trained local councillors to better
understand air quality and climate change.
There are no formal service level agreements with municipalities but in terms of Section 238,
the Province took on municipal functions where municipalities were unable to. Regular
meetings are held between provincial and municipal officials, as well as between national and
provincial staff through the Working Group 2 forum. In addition provincial officials attend EHP
forums, mining and environmental forums as well as working group meetings for climate
change and air quality. Besides Kumba Iron Ore there are no other working partners for air
quality.
3.3.7 Capacity summary
The structural assessment revealed that while there is an air quality function established at
the provincial level, the lack of an organogram and dedicated air quality directorate has limited
the number of staff members tasked with air quality management and the allocation of
resources. The air quality management systems in place require further development,
particularly with regards to ambient monitoring. The staff profile has a suitable educational
background, and appropriate experience to carry out the function. However, more officials
are required in the district municipalities to assist with ambient monitoring, licencing and
enforcement. The AQMP is in progress and in the absence of a plan and in its absence turned
to mandated functions for guidance. The sub-directorate for Air Quality and Climate Change
collaborate with other provincial departments, local municipalities, national government as
well as external working partners such as the GIZ and Kumba Iron Ore. The result is a strong
air quality team, which aims to fulfil its mandate to improve air quality, despite budget and
human capacity issues that might hinder less determined teams in other air quality units. A
summary is provided in Table 3-23.
Table 3-24: Summary of the Capacity assessment for the Northern Cape
Capacity

Yes

No

Limited

Comment

Structure
AQM function

Y

AQO designated

AQM department

Y

Sub-directorate established

Reporting line

Y

Well defined

Communication line

Y

Well defined
Systems

Defined approach

L

Not all aspects are defined

Performance indicators

L

Not all are established
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Ambient air quality monitoring

L

Passive sampling is undertaken

Air quality data management

L

Passive results are reported

system

monthly, no data system

Controlled emitters

Y

Database is however incomplete

Atmospheric emission licensing

Y

Function with province
Skills

Suitability of staff profiles

Y

Profiles suit the function

Departmental learning

Y

These are available

Skill sharing

Y

Active sharing

Technical skills development

Y

Further training is required

Management skills

Y

Management training for all staff

processes

development
Strategy
AQMP development

In

Planned date for completion is

progress
Level of AQMP implementation

N/A

Vision, mission internalisation

N/A

Flexibility

N/A

Plan ownership

N/A

Plan

monitoring,

evaluation,

Feb 2018

N/A

review
Inter-relationships
Internal working partners

Y

National, provincial and municipal
partners

External working partners

Y

Active with some partners

Other organisations

Y

German GIZ for climate change

Points for consideration in the AQMP
i.

The Air Quality Management and Climate change sub-directorate
needs to be elevated to a directorate level to ensure appropriate
allocation of resources to execute its mandated functions

ii.

The Northern Cape requires further development of specific
systems, particularly to establish and maintain a continuous
monitoring network

iii.

Air quality officials have adequate capacity to carry out their
functions, they do however require capacity building in emission
inventory compilation and dispersion modelling as well as human
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resources to provide an oversight role in key regions in the
province
iv.

AQM in the province is enhanced by strong cooperative governance
and the involvement of external and internal stakeholders
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4 SUMMARY
The baseline assessment described the current state of air quality and the trends, identifying
gaps and issues and recommendations to improve air quality in the Northern Cape.
Emissions
The total CO emission of 131,352 tons is largest emission of all pollutants considered in the
Northern Cape emission inventory. The major contributor is biomass burning emissions
followed by a much smaller contribution from motor vehicles. Mining is the largest sources of
particulates (PM10, PM2.5, TSP), with smaller contributions from industry and biomass burning.
Motor vehicles are the largest source of NOX and VOC emissions, although these are relatively
small.
Ambient monitoring
There is only one continuous ambient monitoring station the Northern Cape, the background
station at Niewoudtville. Passive sampling is conducted at main commercial centres in the
Northern Cape. Ambient concentrations of pollutants associated with combustions, i.e. SO 2,
NO2 and CO are low relative to the NAAQIS throughout the Northern Cape. Ambient O3
concentrations at the background site and elsewhere in the Northern Cape.
Capacity
The Air Quality Management and Climate change sub-directorate needs to be elevated to a
directorate level to ensure appropriate allocation of resources to execute its mandated
functions. The Northern Cape requires further development of specific systems, particularly
to establish and maintain a continuous monitoring network. Air quality officials have adequate
capacity to carry out their functions, they do however require capacity building in emission
inventory compilation and dispersion modelling as well as human resources to provide an
oversight role in key regions in the province. AQM in the province is enhanced by strong
cooperative governance and the involvement of external and internal stakeholders
The baseline assessment is followed by the development of the strategic implementation plan
that involves setting a vision and mission, supported by short and long-term goals and
objectives for the implementation of defined management measures.
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APPENDIX 1: Municipal wards in the Northern Cape

Ward
DC6: Namakwa
NC061: Richtersveld
30601001: Ward 1
30601002: Ward 2
30601003: Ward 3
30601004: Ward 4
NC062: Nama Khoi
30602001: Ward 1
30602002: Ward 2
30602003: Ward 3
30602004: Ward 4
30602005: Ward 5
30602006: Ward 6
30602007: Ward 7
30602008: Ward 8
30602009: Ward 9
NC064: Kamiesberg
30604001: Ward 1
30604002: Ward 2
30604003: Ward 3
30604004: Ward 4
NC065: Hantam
30605001: Ward 1
30605002: Ward 2
30605003: Ward 3
30605004: Ward 4
30605005: Ward 5
NC066: Karoo Hoogland
30606001: Ward 1
30606002: Ward 2
30606003: Ward 3
30606004: Ward 4
NC067: Khâi-Ma
30607001: Ward 1
30607002: Ward 2
30607003: Ward 3
30607004: Ward 4
DC7: Pixley ka Seme
NC071: Ubuntu
30701001: Ward 1
30701002: Ward 2
30701003: Ward 3
30701004: Ward 4
NC072: Umsobomvu
30702001: Ward 1
30702002: Ward 2
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30702003: Ward 3
30702004: Ward 4
30702005: Ward 5
NC073: Emthanjeni
30703001: Ward 1
30703002: Ward 2
30703003: Ward 3
30703004: Ward 4
30703005: Ward 5
30703006: Ward 6
30703007: Ward 7
NC074: Kareeberg
30704001: Ward 1
30704002: Ward 2
30704003: Ward 3
30704004: Ward 4
NC075: Renosterberg
30705001: Ward 1
30705002: Ward 2
30705003: Ward 3
30705004: Ward 4
NC076: Thembelihle
30706001: Ward 1
30706002: Ward 2
30706003: Ward 3
30706004: Ward 4
NC077: Siyathemba
30707001: Ward 1
30707002: Ward 2
30707003: Ward 3
30707004: Ward 4
NC078: Siyancuma
30708001: Ward 1
30708002: Ward 2
30708003: Ward 3
30708004: Ward 4
30708005: Ward 5
30708006: Ward 6
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APPENDIX 2: Emission estimation techniques
1

Industrial sources (Listed Activities and Controlled Emitters)

a.

Source testing

Atmospheric Emission Licence (AEL) application forms serve as the principle information
source for activity data for estimating emissions from industrial sources. Industries that
operate Listed Activities must undertake emission testing to demonstrate compliance with
emission limits. The main outputs of emission testing are emission concentrations in units
of mg/Nm3. These emission concentrations were converted to emission rates by utilising
the measured gas flowrate (also measured as part of an emission testing campaign)
through the stacks and the following equation:
𝑘𝑔

𝑚𝑔

𝑚3

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (ℎ𝑟 ) = 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ( 𝑚3 ) × 𝐹𝑙𝑜𝑤𝑟𝑎𝑡𝑒 ( ℎ𝑟 ) ÷ 106

(1)

Emission testing is generally considered to be the most accurate method for estimating
emissions, as it entails the direct measurement of pollutant concentrations. However,
emission testing companies in South Africa are not accredited. The results of emission
testing must therefore be used with caution.
b.

Emission factors

Several industries did not submit emission testing data with their AEL applications. It was
therefore not possible to estimate emissions using the source testing method.

The

alternate method was to use fuel consumption data and apply appropriate emission factors
to estimate emissions.
Sulphur dioxide
The quantity of SO2 emitted from combustion processes depends on the mass fraction of
sulphur in the fuel burnt. According to CONCAWE, the following equation can be used to
estimate SO2 emissions from combustion processes (Concawe, 2009):
𝑘𝑔

(2)

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝑦𝑒𝑎𝑟) = 2000 × 𝐴 × 𝑀𝐹𝑆
Where,
A

= mass of fuel consumed (ton/year)

MFS

= mass fraction of sulphur in fuel

This equation assumes complete combustion of sulphur to SO2. The composition of sulphur
in coal generally varies between 0.5 and 1.3%. A conservative estimate of 1% (or mass
fraction of 0.01) was however used in cases where the sulphur content was not provided.
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The composition of sulphur in heavy fuel oil (HFO) is generally high at 3.5% or 0.035
(m/m). Sasol gas has the lowest sulphur content of 0.001875%. This value was estimated
from information provided by Sasol that the sulphur content of its gas is < 15 mg/m 3. The
composition of sulphur in diesel is 500 ppm (m/m), which is commercially available from
most suppliers, including the oil companies. In terms of mass fraction, this equates to a
value of 0.0005.
Nitrogen oxides
According to Environment Australia (2008), the following equation can be used to estimate
emissions from combustion processes using emission factors:
𝑘𝑔

(3)

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝑦𝑒𝑎𝑟) = 𝐴 × 𝐸𝐹 × 𝐶𝐸
Where,
A

= mass of fuel consumed (ton/year)

EF

= uncontrolled emission factor (kg pollutant/ton fuel burnt)

CE

= control efficiency of the emission from the use of a control device

The NOx emission factor for the uncontrolled combustion of coal is 3.8 kg/ton. The NO x
emission factor for the uncontrolled combustion of natural gas (similar to Sasol gas) from
boilers of <30 MW is 2.16 kg/ton.

The relevant emission factor for the uncontrolled

combustion of residual oil (similar to HFO) is 7.32 kg/ton and for diesel it is 2.72 kg/ton.
As with SO2, emissions of NOx are the highest when residual oil is burnt.
Carbon monoxide
Equation (3) above is also used for the estimation of CO emissions from combustion
processes.

The CO emission factor for uncontrolled combustion of coal in boilers is

2.5 kg/ton. For residual oil combustion, a CO emission factor 0.67 kg/ton is specified by
Environment Australia. This value is almost three times higher for gas combustion at 1.82
kg/ton. The CO emission factor drops to 0.68 kg/ton for diesel, a value similar to that for
residual oil.
Particulate matter
The USEPA (2005) provides emission factors of 33 kg/ton for PM and 6.6 kg/ton for PM 10
for coal combustion from boilers with a spreader stoker feed configuration. For natural
gas, Environment Australia provides an emission factor of 0.16 kg/ton for boilers rated <
30 MW. For residual oil, the emission factor for PM 10 is even less at 0.0542 kg/ton, while
it is 0.14 kg/ton for diesel.
Volatile organic compounds (VOCs)
VOC emissions by definition include all emissions of volatile organics with the exception of
methane.

Emissions of VOCs from combustion processes are estimated by using the

emission factor method and equation (3), as presented by Environment Australia. In line
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with the USEPA, Environment Australia provides an emission factor of 0.03 kg/ton of VOC
emissions from the uncontrolled combustion of coal.
With respect to natural gas, the VOC emission factor increases to 0.119 kg/ton.

For

residual oil and boilers rated < 30 MW, the VOC emission factor is low at 0.04 kg/ton, and
decreases further to 0.0272 kg/ton for diesel.
2

Residential fuel burning

The estimation of emissions from domestic burning is based on energy use data contained
in the 2011 census (StatsSA, 2011), which delineates the number of households utilising
fuels for domestic purposes (cooking, lighting, space heating). To determine the average
quantity of fuels consumed per household, data on the quantities of fuels consumed in
specific geographical areas of South Africa was sourced from the FRIDGE (Fund for
Research into Industrial Development, Growth and Equity, 2006) report. The estimation
of domestic fuel burning emissions is challenging given that the amount of fuel consumed
is not known with certainty. The quantity of fuels consumed varies with geographical areas
due to climate (more fuels are consumed in colder areas) and the extent of development
(more fuels are consumed in rural areas). However, the FRIDGE report does specify fuel
consumption data for residential areas in the eThekwini Municipality.

The total fuel

consumption was based on household level fuel consumption for wood, paraffin and LPG.
Emission factors for the criteria pollutants from domestic burning were also sourced from
the FRIDGE report (Table A).
Table A: Emission factors identified for the estimation of household fuel
combustion emissions
Emission Factors
Fuel

Units

Wood
Paraffin
LPG

SO2

NOx

VOCs

PM10

CO

Benzene

g/kg

0.18

5

22

15.7

114.6

0.9

g/l

8.5

1.5

0.09

0.2

44.9

0

g/kg

0.01

1.4

0.5

0.07

13.6

0

3 Quarries
Emissions of particulates result from most mining activities, i.e. from the initial removal of
topsoil and overburden, to drilling and blasting, loading, hauling, crushing and the storage
of ore and waste material. The amount of particulates emitted by any activity depends
mostly on the nature and amount of material moved or handled and the nature and extent
of the dust control measures, influenced also by rainfall and wind. Emissions may be
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estimated using emission factors and details of the activities if such data are readily
available otherwise this may be a protracted process.
Emissions for mining were rather assumed using an approach that was employed in
estimating mining emission for the Waterberg-Bojanala Priority Area (DEA, 2014)
apportioning the total annual emissions according to the mine size where size ‘0’ mines
half the size of size ‘1’ mines, and so on to size ‘6’ mines with a scaling factor of 1. In so
doing, a generic emission is estimated for each mine size from 0 to 6. The four quarries in
eThekwini Municipality are size ‘0’ with a particulate emission of less than 34 tons per
annum.
4 Motor vehicles
For the top-down approach, fuel sales data for 2012 was sourced from the Department of
Energy (DoE). The data is arranged in accordance with the defunct demarcation system
of magisterial districts. This necessitated the linking of magisterial districts to local and
metropolitan municipalities. Table B presents the Tier 1 emission factors developed by the
European Environmental Agency (EEA), which were used in the top-down approach, for
combustion.
Table B: Emission factors for motor vehicle combustion
Category
Motorcycles
Passenger cars
Light-duty vehicles
Heavy-duty vehicles and buses

Fuel

Emission Factor (g/kg Fuel)
NOx

SO2

PM10

CO2 1

Gasoline

9.50

-

2.7

69 300

Gasoline

14.5

-

0.037

69 300

Diesel 50

11

0.1

1.7

74 100

Gasoline

24

-

0.03

69 300

Diesel 500

11

1

1.7

74 100

Diesel 500

37

1

1.2

74 100

Notes (1): CO2 emission factor unit is kg/TJ (IPCC, 2006)

The following equation was used to estimate motor vehicle emissions (with the exception
of SO2 emissions from combustion and PM10 emissions from tyre and brake wear and road
surface wear) using the Tier 1 (or top-down) approach:
Ei = Σj (Σm (FCj,m X EFi,j,m))

(4)

Where,
Ei

= emission of pollutant i (g),

FCj,m

= fuel consumption of vehicle category j using fuel m (kg),

EFi,j,m

= fuel consumption-specific emission factor of pollutant i for vehicle
category j and fuel m (g/kg).

Since emissions of SO2 are dependent on the sulphur content of the fuel burnt, the EEA
proposes the following equation to estimate SO2 emissions:
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ESO2,m = 2 x kS,m x FCm

(5)

Where,
ESO2,m

= emissions of SO2 per fuel m (g),

kS,m

= weight related sulphur content in fuel of type m (g/g fuel),

FCm

= fuel consumption of fuel m (g).

The kS,m for diesel 50 is 0.00005 and for diesel 500 it is 0.0005. This implies that the SO 2
emission factor for diesel 50 is 0.0001 and for diesel 500 it is 0.001.
The vehicle composition for the priority area was determined using provincial vehicle
registration information obtained from eNatis. This shows the breakdown of used and new
vehicles according to specific categories. These are:





Motorcycles
Passenger cars
Light-duty vehicles
Heavy-duty vehicles and buses

This breakdown is consistent with the emission factors developed by the EEA and allows
for direct use of the factors without further conversions or assumptions.
Having determined the vehicle composition per province, it was then necessary to correct
these figures for fuel type. The relevance of this is related to the use of certain types of
fuels by certain types of vehicle categories. For instance, HDVs do not use gasoline and
motorcycles do not use diesel.

To simplify the task, certain assumptions were also

necessary. Included amongst these were:





Diesel 50 is used exclusively by passenger cars;
Diesel 500 is not used by passenger cars;
Gasoline is not used by HDVs and buses;
The proportion of fuel consumed by a certain class of vehicle is equal to the
composition of that class of vehicle in the province. The inherent assumption is
that the fuel economy rates are equal for motorcycles, passenger cars and LDVs
using gasoline and for LDVs and HDVs using diesel 500. This assumption is not
necessary for diesel 50 as only passenger cars use diesel 50.

Using the steps described above, motor vehicles emissions were estimated using the topdown approach to estimate emissions from motor vehicles for municipalities in eThekwini.
The emissions were reported in units of ton/year.
5 Biomass burning
Emissions from biomass burning are estimated by using the following equations:

M ijt    [ A]ijt  [ B]ijt [CF ]ijt 

(6)

Where,
65

Air Quality Management Plan for the Northern Cape
Air Quality Baseline Assessment Report
M

is the total amount of burned biomass

A

is the annually (time) burned area (m2)

B

is the fuel load (kg/m2) expressed on a dry mass CDM basis

CF

is the fraction of available fuel which burns (the combustion factor)

The total emissions of gaseous pollutants and particulate matter are calculated using the
following equation:

Q( x)  M ijt  EF ( x)

(7)

Where,
Q(x)

Total emissions of gaseous pollutants and particulate matter



is the chemical species

EF

is the emission factor in gram species per kilogram of dry matter burned

Area Burned:
The determination of annual burned area was based on remote sensing techniques and
procedures. Data was sourced from the Meraka Institute, which is an operating unit of the
CSIR. The Remote Sensing Research Unit (RSRU) conducts activities related to remote
sensing and earth observation application development. Earth surface properties, such as
fires, are observed from satellites. One of their main areas of focus is tracking of fires,
namely, active fires, burnt area mapping and fire danger modelling.
Notes:
1)

A count of 463 m x 463 m pixels in a given year, for a given local municipality (LM),
that are flagged as “Burned” by one or other of two algorithms for detecting burned
areas from MODIS data.

2)

An aggregation of the area of all the “Burned” pixels that are counted in a given
year, for a given LM. Unit of measure is m2. To get hectares, divide by 10 000.

3)

The count may include the same areas more than once – this is possible, as a fire
can partially burn the area of a pixel observation more than once in a year. Also,
each burned area is not necessarily 463 m x 463 m; rather, what the algorithm
says is that enough of a pixel has burned to flag the whole pixel as “Burned”.

A fuel load of 0.502 kg/m2 and a combustion factor of 0.63 was applied for sugarcane.
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APPENDIX 4: Air quality modelling plan of study
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1

INTRODUCTION

In accordance with Section 15(2) of the National Environmental Management: Air Quality
Act (NEM: AQA) (Act No. 39 of 2004), the Northern Cape Department of Environment and
Nature Conservation (NC-DENC) is required to develop an Air Quality Management Plan
(AQMP).

With the assistance of co-funding from Kumba Iron Ore, the Department of

Environment and Nature Conservation are able to develop their first AQMP in 2017.
A baseline assessment is the first step in the development or review of an AQMP and
includes an assessment of the status of the air quality management tools and systems,
including dispersion modelling. The focus of this report is the dispersion modelling plan of
study according to the requirements of the DEA regulation for dispersion modelling,
documented in the Code of Practice for Air Dispersion Modelling in Air Quality Management
in South Africa (DEA, 2014).
2

OBJECTIVE

Most mining and industrial activity in the Northern Cape take place in the John Taolo
Gaetsewe and ZF Mgcawu District Municipalities. Ambient monitoring is done by the NCDENC for SO2, NO2 and O3 in both municipalities and particulate monitoring is done by
some mines. Considering the mining and the arid nature of the environment, particulates
are a pollutant of concern, particularly in these two municipalities.
The objective of the dispersion modelling is to develop an understanding of the spatial
extent of the impact of emissions from mining and industrial activities on ambient air
quality, particularly in the John Taolo Gaetsewe and ZF Mgcawu District Municipalities.
3

PROJECT LOCATION

The Northern Cape has a shoreline in the west with the Atlantic Ocean and has
international borders with Namibia in the northwest and Botswana in the north (Figure 31), with the Orange River forming the border with Namibia and the Molopo River forming
the border with Botswana. It borders four provinces, namely North West Province to the
northeast, the Free State to the east, the Eastern Cape to the southeast and the Western
Cape to the south and southwest. (Figure A4-1). The Northern Cape has five district
municipalities, namely Francis Baard, John Taolo Gaetsewe, Namakwa, Pixley ka Seme
and ZF Mgcawu. Kimberley is the administrative capital of the province.

The main regional

settlements are Springbok, Upington, De Aar, Kuruman, Calvinia and Colesberg
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Figure A4-1: Location map showing the Northern Cape with the municipal boundaries
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4

LAND USE DETERMINATION IN THE MODELLING DOMAIN

The Code of Practice for Air Dispersion Modelling in Air Quality Management in South Africa
(DEA, 2014) recommends the Land Use Procedure as sufficient for determining the
urban/rural status of a modelling domain. The classification of the study area as urban or
rural is based on the Auer method specified in the US EPA guideline on air dispersion
models (US EPA, 2005). From the Auer’s method, areas typically defined as rural include
residences with grass lawns and trees, large estates, metropolitan parks and golf courses,
agricultural areas, undeveloped land and water surfaces. An area is defined as urban if it
has less than 35% vegetation coverage or the area falls into one of the use types in Table
A4-1. The Land cover Map of the Northern Cape is shown in Figure A4-2.
Table A4-1: Land types, use and structures and vegetation cover
Urban Land Use
Type

5

Use and Structures

Vegetation

I1

Heavy industrial

Less than 5 %

I2

Light/moderate industrial

Less than 5 %

C1

Commercial

Less than 15 %

R2

Dense single / multi-family

Less than 30 %

R3

Multi-family, two-story

Less than 35 %

ELEVATION DATA (DEM) AND RESOLUTION

The topographical and land use for the respective modelling domains is obtained from the
dataset accompanying the CSIRO’s The Air Pollution Model (TAPM) modelling package.
This dataset includes global terrain elevation and land use classification data on a
longitude/latitude grid at 30-second grid spacing from the US Geological Survey, Earth
Resources Observation Systems (EROS) Data Center.
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Figure A4-2: Land cover Map of the Northern Cape
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6

EMISSIONS CHARACTERISATION AND MODEL SCENARIOS

6.1

Emission sources

Emissions of air pollutants result from a number of source sectors in the Northern Cape,
including:








Industrial facilities (listed activities and controlled emitters);
Transport (motor vehicles, airports);
Waste management (landfill sites and wastewater treatment works);
Residential fuel burning;
Mining and quarries, including mine dumps;
Biomass burning; and
Biogenic emissions.

An emissions inventory is being developed as part of the baseline assessment. The
emission inventory will quantify the emissions from industrial sources, transport,
residential fuel burning and biomass burning. Emissions from waste management, mining
and mine dumps, and biogenic sources will be described qualitatively in the emission
inventory.
For modelling purposes, the emission inventory includes details of source parameters for
industrial and mining sources only. This means that only industrial and mining sources
will be modelled.
6.2

Baseline modelling

Industrial sources are modelled in the baseline assessment to augment ambient
monitoring data.
Industrial sources are categorised and modelled according to the Section 21 categories in
order to assess the relative contribution of different categories to ambient concentrations.
6.3

Background concentrations

In this study, ambient monitoring data will be assessed to determine representative
background concentrations. These will not be included in the model runs, but will be used
to assess the relative contribution of industrial and mining sources.
7

METEOROLOGICAL DATA

The South African Weather Service (SAWS) operate meteorological monitoring stations
within the Northern Cape. These do not provide comprehensive data coverage across the
province. To address this issue the TAPM meteorological data will be used to supplement
the meteorology in the modelling domain (CSIRO, 2008).
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Three years of hourly observed meteorological data for the period 2014-2016 from
selected SAWS meteorological stations will be input to TAPM to ‘nudge’ the modelled
meteorology towards the observations and to create a continuous meteorological input file
for the domain. The datasets will be chosen based on the completeness of the data record
and the representativeness of the surrounding areas.
TAPM is set-up in a nested configuration of two domains. The outer domain is 400 km by
400 km at a 20 km grid resolution and the inner domain is 200 km by 200 km at a 10 km
grid resolution. The subset of the entire TAPM model output in the form of pre-processed
gridded surface meteorological data fields will be input into CALMET. This approach
eliminates potential issues associated with missing observational data. Upper air data is
included in the pre-processed TAPM meteorological fields.
8

MODELLING PROCEDURES

8.1

Proposed Model

A Level 3 air quality assessment is conducted in situations where the purpose of the
assessment requires a detailed understanding of the air quality impacts (time and space
variation of the concentrations) and when it is important to account for causality effects,
calms, non-linear plume trajectories, spatial variations in turbulent mixing, multiple source
types and chemical transformations (DEA, 2014). A Level 3 assessment may be used in
situations where there is a need to evaluate air quality consequences under a permitting
or environmental assessment process for large industrial developments that have
considerable social, economic and potential environmental consequences. Under these
circumstances, this study clearly demonstrates the need for a Level 3 assessment.
CALPUFF
is
a
US
EPA
approved
air
dispersion
model
(http://www.src.com/calpuff/calpuff1.htm) and is recommended by the DEA for Level 3
assessments (DEA, 2014). CALPUFF is considered to be an appropriate air dispersion model
for the purpose of this assessment as it is well suited to simulate dispersion from the large
array of sources and source types. More information about the model can be found in the
User’s Guide for the CALPUFF Dispersion Model (US EPA, 1995).
8.2

Grid receptors

Three modelling domains (Figure A4-3) will be used for the CALMET and CALPUFF model
runs. These focus on the concentration of emission sources and current or future air
pollution hotspots. Modelling grid specifications are given in Table A4-2.
John Taolo Gaetsewe and ZF Mgcawu Districts (Modelling domain 1)
A CALPUFF modelling domain of 40 000 km2 which covers both municipalities, where the
domain extends 200 km (west-east) by 200 km (north-south). It will consist of a uniformly
spaced receptor grid with 5 km spacing, giving 1 600 grid cells (40x40 grid cells). The
modelling domain caters for a buffer zone around the boundaries of the province.
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John Taolo Gaetsewe District (Modelling domain 2)
A CALPUFF modelling domain of 12 000 km2, where the domain extends 100 km (westeast) by 120 km (north-south). It will consist of a uniformly spaced receptor grid with 2
km spacing, giving 3 000 grid cells (50x60 grid cells).
ZF Mgcawu District (Modelling domain 3)
A CALPUFF modelling domain of 14 000 km2, where the domain extends 140 km (westeast) by 100 km (north-south). It will consist of a uniformly spaced receptor grid with 2
km spacing, giving 3 500 grid cells (70x50 grid cells).
Table A4-2: Modelling domain specifications

ZF Mgcawu
District

Area (km2)

40 000

12 000

14 000

Distance (km) in west-east and
north-south direction

200x200

100x120

140x100

Grid resolution (km)

5

2

2

40x40

50x60

70x50

1 600

3 000

3 500

Modelling grid
specifications

John Taolo
Gaetsewe
and ZF
Mgcawu
Districts

John Taolo
Gaetsewe
District

Modelling Domains

Number of grid cells in westeast and north-south direction
Total number of grid cells in
modelling domain
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Figure A4-3: Relative location of the three modelling domains that will be used for the CALMET and CALPUFF model runs.
The modelling domains are represented by the white lines
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8.3

Model settings

The parameterisation of key variables that will apply in CALMET and CALPUFF are indicated
in Table A4-3 and Table A4-4 respectively.
Table A4-3: Parameterisation of key variables for CALMET
Parameter
12 vertical cell face heights (m)
Coriolis parameter (per second)
Empirical constants for mixing
height equation

Minimum potential temperature
lapse rate (K/m)
Depth
of
layer
above
convective
mixing
height
through which lapse rate is
computed (m)
Wind field model
Surface wind extrapolation
Restrictions on extrapolation of
surface data
Radius of influence of terrain
features (km)
Radius of influence of surface
stations (km)

Model value
0, 20, 40, 80, 160, 320, 640, 1000, 1500, 2000,
2500, 3000, 4000
0.0001
Neutral, mechanical: 1.41
Convective: 0.15
Stable: 2400
Overwater, mechanical: 0.12
0.001
200

Diagnostic wind module
Similarity theory
No extrapolation as modelled upper air data field is
applied
5
Not used as continuous surface data field is applied

Table A4-4: Parameterisation of key variables for CALPUFF
Parameter
Chemical transformation

Model value
Default NO2 conversion factor is applied

Wind speed profile

Rural

Calm conditions

Wind speed < 0.5 m/s

Plume rise

Transitional plume rise, stack tip downwash, and
partial plume penetration is modelled

Dispersion

CALPUFF used in PUFF mode

Dispersion option

Pasquill-Gifford coefficients are used for rural and
McElroy-Pooler coefficients are used for urban

Terrain adjustment method

Partial plume path adjustment
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8.4

Model accuracy

Air quality models attempt to predict ambient concentrations based on “known” or
measured parameters, such as wind speed, temperature profiles, solar radiation and
emissions. There are however, variations in the parameters that are not measured, the
so-called “unknown” parameters as well as unresolved details of atmospheric turbulent
flow. Variations in these “unknown” parameters can result in deviations of the predicted
concentrations of the same event, even though the “known” parameters are fixed.
There are also “reducible” uncertainties that result from inaccuracies in the model, errors
in input values and errors in the measured concentrations. These might include poor
quality or unrepresentative meteorological, geophysical and source emission data, errors
in the measured concentrations that are used to compare with model predictions and
inadequate model physics and formulation used to predict the concentrations. “Reducible”
uncertainties can be controlled or minimised. This is done by using accurate input data,
preparing the input files correctly, checking and re-checking for errors, correcting for odd
model behaviour, ensuring that the errors in the measured data are minimised and
applying appropriate model physics.
Models recommended in the DEA dispersion modelling guideline (DEA, 2014) have been
evaluated using a range of modelling test kits (http://www.epa.gov./scram001). CALPUFF
is one of the models that have been evaluated and it is therefore not mandatory to perform
any modelling evaluations. Rather the accuracy of the modelling in this assessment is
enhanced by every effort to minimise the “reducible” uncertainties in input data and model
parameterisation.
REFERENCES
CSIRO (2008): TAPM V4. User Manual, CSIRO Marine and Atmospheric Research Internal
Report No. 5, October 2008,ISBN: 978-1-921424-73-1,
https://publications.csiro.au/rpr/download?pid=procite:7f1f5a42-69e4-4711ad81-a21befc593b9&dsid=DS1.
DEA (2014): Code of Practice for Air Dispersion Modelling in Air Quality Management in
South Africa, Government Notice R.533, Government Gazette, no. 37804, 11 July
2014.
US EPA (2005): Revision to the Guideline on Air Quality Models: Adoption of a Preferred
General Purpose (Flat and Complex Terrain) Dispersion Model and Other Revisions;
Final Rule. US EPA.
US EPA (1995): A User’s Guide for the CALPUFF Dispersion Model. EPA-454/B-95-006.
US EPA, Research Triangle Park, N.C.

77

Air Quality Management Plan for the Northern Cape
Air Quality Baseline Assessment Report

APPENDIX 5: Legislative background
Introduction
The Bill of Rights contained in the Constitution of the Republic of South Africa enshrines
the rights of all people in the country and affirms the democratic values of human dignity,
equality and freedom. The state must respect, protect, promote and fulfil the requirements
in the Bill of Rights. Section 24 of the Constitution states that everyone has the right:
a) To an environment that is not harmful to their health or well-being; and
b) To have the environment protected, for the benefit of present and future
generations, through reasonable legislative and other measures that i.
Prevent pollution and ecological degradation;
ii.
Promote conservation; and
iii.
Secure ecologically sustainable development and the use of natural
resources while promoting justifiable economic and social development.
In order to give effect to this right in the context of air quality, it is necessary to ensure
that levels of air pollution are not harmful to human health or well-being. It follows that
the setting of ambient air quality standards is necessary, as well as mechanisms to ensure
that ambient air quality standards are achieved and maintained. Hence, the National
Environmental Management: Air Quality Act (Act No. 39 of 2004) (the AQA) provides an
objectives-based approach to the management of air quality at different governance and
operational levels and is the legislative means to ensuring that the rights described above
are upheld. An overview of some legislative tools that enable authorities to manage air
quality is provided here:
Priority Areas
Sections 18 of the AQA provides for the Minister of Water and Environmental Affairs to
declare an area a priority area if ambient air quality are or may be exceeded, or a situation
exists where negative impacts on air quality may occur and the area requires specific air
quality management to rectify the situation. The declaration provides for situations of
national interest, where impacts may affect neighbouring counties, or if the situation
extends beyond provincial borders.
The declaration of a Priority Area triggers the requirement for the development of a Priority
Area AQMP (Section 19(1)(a)). The AQMP, in turn, provides authorities with a means to
address the ambient air quality situation. Section 19(6) specifies that the AQMP must (a)
be aimed at co-ordinating air quality management in the area, (b) must address the issues
relating to air quality, and (c) must provide for the implementation of the plan by a
committee representing relevant role-players. Further to this, Section 20 of the AQA
provides for the development of regulations for the implementation and enforcement of
the AQMP.
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National ambient air quality standards

Health based ambient air quality standards have been established for criteria pollutants
and one toxic air pollutant in South Africa (DEA, 2009 and 2012) (Table A5-1). The national
ambient air quality standard consists of a limit value and a tolerance or permitted
frequency of exceedance. The limit value is the fixed concentration level aimed at reducing
the harmful effects of a pollutant. The permitted frequency of exceedance is the 99 th
percentile and represents the tolerated exceedance of the limit value. It accounts for high
concentrations due to process upsets and meteorological variations. Compliance with the
ambient standard therefore implies the frequency of exceedance does not exceed the
permitted tolerance.
Table A5-1: Ambient air quality standards for SO2, NO2, PM10, O3, benzene,
ozone and lead (DEA, 2009) and PM 2.5 (2012)

Pollutant

SO2

NO2
PM10

PM2.5
O3
Benzene
Pb

Limit value
(µg/m3)

Number of
exceedances per
annum

1 hour

350

88

24 hour

125

4

1 year
1 hour

50
200

0
88

1 year

40

0

24 hour

75

4

1 year

40

0

24 hour

40
251

0
0

1 year

20
151

0
0

8 hours

Averaging
Period

120

11

1year

5

0

1 year

5

0

30
10

88
11

1 hour
8 hours
1: Effective date is 1 January 2030
CO

Minimum Emission Standards
On 31 March 2010 the Minister of Water and Environmental Affairs published Notice No.
537 in the Government Gazette, terms of Section 21 of the AQA, declaring Listed Activities
and related Minimum Emission Standards. These were subsequently revised and published
in Notice No. 893 in Government Gazette 37054 on 22 November 2011 for 10 Listed
Activity categories and a total of 64 sub-categories. For each sub-category emission
standards are specified as concentrations for relevant pollutants, as well as the
requirements for emissions measurements, compliance timeframes, reporting and the
methods for emission sampling and analysis.
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Facilities that operate Listed Activities must be in the possession of an Atmospheric
Emission License (AEL) in terms of Section 22 of the AQA. Compliance with Minimum
Emission Standards is enforced by the AEL Authority through the conditions of the AEL.
Controlled Emitters
Controlled Emitters are a category of source that is defined in Section 23 of the AQA, and
caters for appliance or activities that are not Listed Activities, but result in atmospheric
emissions that present a threat to health or the environment. On 1 November 2014 the
Minister of Water and Environmental Affairs declared boilers of less than 50 MW heat input
the first Controlled Emitter through the publication of Notice No. 831 in Government
Gazette 36973.
This declaration provides municipal regulators with a means of managing emissions from
smaller facilities by enforcing the requirements of the regulations. This applies to limiting
black visible smoke, enforcing emission standards specified in the regulation, enforcing
emission measurements and reporting.
On 28 March 2014 the Minister published her intention to declare temporary asphalt plants
as Controlled Emitters through the publication of Notice No. 201 in Government Gazette
37461.
National dust control regulation
On 1 November 2013 the Minister of Water and Environmental Affairs published the
National Dust Control Regulations in terms of Section 53(o) of the AQA, prescribing general
measures for the control of dust in all areas (DEA, 2013 c). The regulation provides
standards for acceptable dust fall for residential and non-residential areas, as well as the
requirements and methods of monitoring and reporting. The regulations are enforced by
the Air Quality Officer.
Policy for the thermal treatment of general and hazardous waste
The Minister of Water and Environmental Affairs published the National Policy on Thermal
Treatment of General and Hazardous Waste on 24 July 2009 in Notice No. 777 in
Government Gazette 32439.
Schedule 1 of the policy provided interim emission standards for waste incineration as the
Minimum Emissions were being developed. The interim emission standards in Schedule 1
were superseded by the Minimum Emission Standards in Category 8 of Notice No. 537 of
31 March 2010, and then later in Notice No. 893 of 22 November 2013. Waste incineration
is a Listed Activity and the Minimum Emission Standards are enforced by the Air Quality
Officer through the AEL.
Similarly, Schedule 2 of the policy provided interim emission standards for the use of
Alternative Fuels and Resources (AFR) co-processing. The interim emission standards in
Schedule 2 were superseded by the Minimum Emission Standards in Sub-Category 5.4 of
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Notice No. 537 of 31 March 2010, and then later in Notice No. 893 of 22 November 2013.
Schedule 4 of the policy specifies the conditions for environmental authorisation for AFR
co-processing, specifying conditions for operational management and air quality
management. The Minimum Emission Standards and conditions for AFR co-processing are
enforced by the Air Quality Officer through the AEL.
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APPENDIX 6: Air pollutants and risks to human health
The route of exposure to air pollutants is mostly inhalation. Different groups of people are
affected differently from exposure to air pollutants, depending on their level of sensitivity
with the elderly, young children and the health impaired being more susceptible. The factor
that links an air pollutant to an observed health effect is the level of the concentration and
the duration of the exposure to that particular air pollutant, known as the dose. The effects
may be with short-term (acute) effects or long-term (chronic).
Short-term effects include irritation to the eyes, nose and throat and the upper respiratory
system, headaches, nausea and allergic reactions. Short-term exposure can aggravate
existing health problems such as asthma and emphysema. Long-term effects include
chronic respiratory disease, lung cancer, heart disease and damage to the nervous and
renal systems. An overview of the pollutants for which there are national ambient air
quality standards is provided in the following text.
Sulphur dioxide (SO2)
Dominant sources of SO2 include fossil fuel combustion from industry and power plants.
SO2 is emitted when coal is burnt for energy. The combustion of oil also results in high
SO2 emissions. Domestic coal or kerosene burning can thus also result in the release of
SO2. Motor vehicles also emit SO2, in particular diesel vehicles due to the higher sulphur
content of diesel fuel. Mining processes where smelting of mineral ores occurs can also
result in the production of SO2 as metals usually exist as sulphides within the ore.
On inhalation, most SO2 only penetrates as far as the nose and throat, with minimal
amounts reaching the lungs, unless the person is breathing heavily, breathing only through
the mouth, or if the concentration of SO2 is high (CCINFO, 1998). The acute response to
SO2 is rapid, within 10 minutes in asthmatics (WHO, 2005). Effects such as a reduction
in lung function, an increase in airway resistance, wheezing and shortness of breath, are
enhanced by exercise that increases the volume of air inspired, as it allows SO2 to
penetrate further into the respiratory tract (WHO, 1999).
SO2 reacts with cell moisture in the respiratory system to form sulphuric acid. This can
lead to impaired cell function and effects such as coughing, broncho-constriction,
exacerbation of asthma and reduced lung function.
SO2 has the potential to form sulphurous acid or slowly form sulphuric acid in the
atmosphere via oxidation by the hydroxyl radical. The sulphuric acid may then dissolve in
water droplets and fall as precipitation. This may decrease the pH of rain water, altering
any balance within ecosystems and can be damaging to man-made structures.
Nitrogen dioxide (NO2)
Nitrogen dioxide (NO2) and nitric oxide (NO) are formed simultaneously in combustion
processes and other high temperature operations such as metallurgical furnaces, blast
furnaces, plasma furnaces, and kilns. NOX is a term commonly used to refer to the
combination of NO and NO2. NOX can also be released from nitric acid plants and other
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types of industrial processes involving the generation and/or use of nitric acid. NOX also
forms naturally by denitrification by anaerobic bacteria in soils and plants. Lightning is a
source of NOX during the discharge and the rapid cooling of air after the electric discharge.
The route of exposure to NO2 is inhalation and the seriousness of the effects depend more
on the concentration than the length of exposure. The site of deposition for NO 2 is the
distal lung where NO2 reacts with moisture in the fluids of the respiratory tract to form
nitrous and nitric acids (WHO, 1997). About 80 to 90% of inhaled NO2 is absorbed through
the lungs (CCINFO, 1998). Nitrogen dioxide (present in the blood as the nitrite ion)
oxidises unsaturated membrane lipids and proteins, which then results in the loss of
control of cell permeability. Nitrogen dioxide caused decrements in lung function,
particularly increased airway resistance. People with chronic respiratory problems and
people who work or exercise outside will be more at risk to NO 2 exposure (EAE, 2006).
People with a vitamin C deficiency may be more at risk, as vitamin C inhibits the oxidation
reactions of NO2 in the body (WHO, 1997).
NOx also reacts with water in the atmosphere and can contribute to the formation of acid
rain. It is an important pre-cursor in the formation of ozone. NOX is a key ingredient in
atmospheric photochemistry and the formation of secondary pollutants such as ozone and
smog.
Particulates
Particulate matter is a broad term used to describe the fine particles found in the
atmosphere, including soil dust, dirt, soot, smoke, pollen, ash, aerosols and liquid droplets.
The most distinguishing characteristic of PM is the particle size and the chemical
composition. Particle size has the greatest influence on the behaviour of PM in the
atmosphere with smaller particles tending to have longer residence times than larger ones.
PM is categorised, according to particle size, into TSP, PM10 and PM2.5.
Total suspended particulates (TSP) consist of all sizes of particles suspended within
the air smaller than 100 micrometres (µm). TSP is useful for understanding nuisance
effects of PM, e.g. settling on houses, deposition on and discolouration of buildings, and
reduction in visibility.
Sometimes referred to simply as coarse particles, they are generally emitted from motor
vehicles (primarily those using diesel engines), factory and utility smokestacks,
construction sites, tilled fields, unpaved roads, stone crushing, and burning of wood.
Natural sources include sea spray, windblown dust and volcanoes. Coarse particles tend
to have relatively short residence times as they settle out rapidly and PM 10 is generally
found relatively close to the source except in strong winds.
PM2.5 describes all particulate matter in the atmosphere with a diameter equal or less than
2.5 µm. They are often called fine particles, and are mostly related to combustion (motor
vehicles, smelting, incinerators), rather than mechanical processes as is the case with
PM10. PM2.5 may be suspended in the atmosphere for long periods and can be transported
over large distances.
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Fine particles can form in the atmosphere in three ways: when particles form from the gas
phase, when gas molecules aggregate or cluster together without the aid of an existing
surface to form a new particle, or from reactions of gases to form vapours that nucleate
to form particles.
Particulate matter may contain both organic and inorganic pollutants. The extent to which
particulates are considered harmful depends on their chemical composition and size, e.g.
particulates emitted from diesel vehicle exhausts mainly contain unburned fuel oil and
hydrocarbons that are known to be carcinogenic. Very fine particulates pose the greatest
health risk as they can penetrate deep into the lung, as opposed to larger particles that
may be filtered out through the airways’ natural mechanisms.
In normal nasal breathing, particles larger than 10 μm are typically removed from the air
stream as it passes through the nose and upper respiratory airways, and particles between
3 μm and 10 μm are deposited on the mucociliary escalator in the upper airways. Only
particles in the range of 1 μm to 2 μm penetrate deeper where deposition in the alveoli of
the lung can occur (WHO, 2003).
Coarse particles (PM10 to PM2.5) can accumulate in the respiratory system and aggravate
health problems such as asthma. PM2.5 which can penetrate deeply into the lungs, are
more likely to contribute to the health effects (e.g. premature mortality and hospital
admissions) than coarse particles (WHO, 2003). People with existing health conditions
such as cardiovascular disease and asthmatics, as well as the elderly and children, are
more at risk to the inhalation of particulates than normal healthy people (Pope, 2000;
Zanobetti et al., 2000).
Carbon monoxide (CO)
Carbon monoxide (CO) is a product of incomplete combustion of fossil fuels. It is
predominantly formed in internal combustion engines of motor vehicles, but the
combustion of any carbon-based material can release CO. Chemical reactions in the
atmosphere may also lead to the formation of CO by the oxidation of other carbon-based
gases such as methane. Decomposition of organic material within soils can also result in
the release of CO. When inhaled, CO enters the blood stream by crossing the alveolar,
capillary and placental membranes. In the bloodstream approximately 80-90% of
absorbed CO binds with haemoglobin to form carboxyhaemoglobin. The haemoglobin
affinity for CO is approximately 200-250 times higher than that of oxygen.
Carboxyhaemoglobin reduces the oxygen carrying capacity of the blood and reduces the
release of oxygen from haemoglobin, which leads to tissue hypoxia. This may lead to
neurological effects and sometimes delayed severe neurological effects that may include
impaired coordination, vision problems, reduced vigilance and cognitive ability, reduced
manual dexterity, and difficulty in performing complex tasks (WHO, 1999).
Ozone (O3)
Oxone (O3) is a colourless gas which carries a harsh odour. It occurs naturally in the lower
stratosphere as the ozone layer. This layer protects the earth from shortwave ultraviolet
radiation. Near the earth’s surface, ozone is a secondary pollutant and a major constituent
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of photochemical smog. The formation of ozone is dependent on the availability of NOX,
VOCs and sunlight. Thus, ozone may not be related directly to any source. Rather it may
be associated with the sources of its precursor gases (NOx and VOCs). Ozone may also
reach the lower troposphere from the stratosphere, mostly associated with deep frontal
systems or with deep convective storms. Ozone is a very reactive gas and a strong oxidant,
associated with a number of health effects. These include respiratory system effects such
as coughing, aggravation of asthma and reduced lung function
Lead (Pb)
Lead (Pb) is a metal that occurs naturally in small amounts in the earth’s crust. It is used
in the production of some types of batteries, ammunition, metal products (such as solder
and pipes) ceramic glazes and paint. Chemicals containing lead, such as tetraethyl lead
and tetramethyl lead are used as gasoline additives. In the atmosphere, lead exists
primarily in the particulate form and is removed from air by wet and dry deposition. Nearly
all environmental exposure to lead is to inorganic compounds. Exposure to Pb may be
through inhalation of contaminated air and ingestion of contaminated food, water and soil.
Hand-mouth contact is the main route of exposure for children. Lead can accumulate in
plants and animals. The half-life of lead in human blood (it affects haemoglobin synthesis
in the blood) is 28 to 36 days, but lead accumulates in the bones and teeth where it can
stay for decades and be released again. Children absorb more and excrete less of the
absorbed lead than adults.
Benzene (C6H6)
Benzene (C6H6) is a natural component of crude oil, petrol, diesel and other liquid fuels
and is emitted when these fuels are combusted. Diesel exhaust emissions therefore
contain benzene. After exposure to benzene, several factors determine whether harmful
health effects will occur, as well as the type and severity of such health effects. These
factors include the amount of benzene to which an individual is exposed and the length of
time of the exposure. For example, brief exposure (5–10 minutes) to very high levels of
benzene (14000 – 28000 µg/m3) can result in death (ATSDR, 2007). Lower levels (980 –
4200 µg/m3) can cause drowsiness, dizziness, rapid heart rate, headaches, tremors,
confusion and unconsciousness. In most cases, people will stop feeling these effects when
they are no longer exposed and begin to breathe fresh air. Inhalation of benzene for long
periods may result in harmful effects in the tissues that form blood cells, especially the
bone marrow. These effects can disrupt normal blood production and cause a decrease in
important blood components. Excessive exposure to benzene can be harmful to the
immune system, increasing the chance for infection. Both the International Agency for
Cancer Research and the US-EPA have determined that benzene is carcinogenic to humans
as long-term exposure to benzene can cause leukaemia, a cancer of the blood-forming
organs.
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