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WELCOME MESSAGE
Dear friends, colleagues, special
guests and members of the South
African air quality fraternity.
It gives me great pleasure to welcome you to
the 37th edition of the annual conference of the
National Association for Clean Air (NACA) to
be held at the Riverside Sun in Vanderbijlpark.
The hosting of this conference in the Vaal
Triangle coincides with the review of the
development of the Air Quality Management
Plan for the Vaal Triangle Airshed. It also
represents a breakaway from the traditional
approach of recent years to jointly host
Air Quality Week in collaboration with the
Department of Environmental Affairs (DEA), the
format of which comprised the government
Lekgotla, followed by the joint workshop and
the NACA Conference.
Council took a decision following fairly intense
debate and scrutiny to only hold conferences in
Gauteng (Johannesburg or Pretoria), Durban,
Cape Town and the Vaal Triangle in future.
This was prompted by low attendances in
recent years at conferences outside of the
major centres which have resulted in lower
attendance numbers and a concomitant loss
in revenue for NACA. The conference plays a
vital role in the South African air quality sphere
and it is important that it is well attended.
This decision by NACA, however, does not
mean an end in relations with DEA; all other
aspects of our memorandum of understanding
remain unaffected. NACA does recognize the
importance of forging and maintaining strong
relations with DEA. However, when DEA
returns to hosting its Lekgotla at one of the
major centres, then the previous arrangement
will again fall into place where a joint Air Quality
Week will be organized by NACA and DEA.
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This change in arrangements has necessitated
a change in the structure of the 2018
conference. Instead of a 2-day conference on
a Thursday and Friday, as was the norm in the
past, the conference will now take place on a
Wednesday and Thursday (31 October and 1
November). However, this will be preceded
by a joint DEA-NACA Stakeholder Workshop
on Tuesday (30 October) entitled “Framework
to support emission monitoring and reporting
in the South African Atmospheric Emission
Licensing and Inventory Portal (SAAELIP)”. In
light of this, I would like to take this opportunity
to thank DEA and in particular, the National
Air Quality Officer, for their continued support
of NACA and its initiatives. Following the joint
workshop, NACA has introduced a new item to
its programme, that is, a conference workshop,
which is based on a topical aspect of air quality
management. This year, the focus will be on
“Greenhouse Gases and Climate Change in
South Africa: Contextualising the challenge”.
The intention of the conference workshop is
to provide delegates with a form of training on
an aspect of air quality management. For their
gracious participation in the workshop, I would
like to thank the various presenters.
The past year has been an eventful and
exciting one for NACA. In addition to the
conference, which continues to serve as
a premier meeting place for the South
African air quality family, several seminars
and training courses were held. In support
of DEA, “Emission Management” training
courses for government officials were held in
seven of the provinces in the past year. The
“Introduction to Air Quality Management”
training course was presented in February this
year in Centurion to delegates from industry
and consultancies and to students from the
Mongusuthu University of Technology (MUT)
in September. A successful “Introduction to
Dispersion Modelling” training course was also
held, followed by the more advanced 4-day
“Aermod and Calpuff Dispersion Modelling”
course, which was presented by Jessie The
of Lakes Environmental, the company that

developed the models. All courses achieved
near full attendance, emphasing the need for
such courses in South Africa and the critical
role that NACA plays in providing training for air
quality practitioners.
This year, Caradee Wright stepped down as a
co-editor of the Clean Air Journal (CAJ). We
thank her for her dedication, hard work and
enthusiasm over the years. We welcomed
Kristy Langerman as the new co-editor. The
journal published its first issue for 2018 earlier
this year and is finalizing the November/
December issue. We thank the community for
their support of the CAJ as we work towards
developing it into an internationally recognized
journal on air quality and atmospheric science.
It was also our pleasure to award a bursary
during 2018 to Yusuf Mansoor of Wits
University for his M.Sc. degree in the field of air
quality management. The various branches of
NACA each held a single seminar during the
year.
On the financial front, the 2017/18 financials
showed a significant improvement from the
previous year. The 2016/17 financial year
realized a net loss of R236 647. This increased
to a profit of R142 108 in the 2017/18 financial
year, representing a R378 755 turnaround.
This turnaround is primarily attributable to
the increased revenue from hosting last
year’s conference in Gauteng and the income
generated from the many training courses that
were held during the last financial year.

The current Council is serving its second and
final year. My term as President comes to
an end at the end of this year and my Vice
President, Prof. Stuart Piketh, will assume the
role of President. Miss Gabi Mkhatshwa was
voted in by Council as our new Vice President.
During the upcoming AGM, three new Council
members will be nominated to replace outgoing
Council members.
I would also like to take this opportunity of
thanking our many sponsors and exhibitors for
this year’s Conference. Special mention must
be made of Eskom, our Platinum Sponsor for
so generously contributing to our Conference.
I would also like to thank C&M Consulting
Engineers, our Gold Sponsor, Enviroserv and
Lakes Environmental, our Silver Sponsors and
our many Bronze Sponsors. I wish to also
thank the 23 members of the Scientific Review
Committee, who selflessly give their time and
scientific expertise each year to ensure our
academic papers are of the highest standard.
On a personal level, I would like to take this
opportunity to thank my Council for the
sterling work they have done this year despite
demanding personal work commitments.
Thank you also to Beverley Terry, who has now
served NACA for the past 10 years.

Mr Benton Pillay
President
National Association for Clean Air
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The organising committee would like to thank
all those who gave their time and effort in the
various aspects of the conference organisation.

Papers submitted for oral presentation were
subject to a scientific review process by two
reviewers. The National Association for Clean
Air wishes to thank the review committee for
their effort and time.

Ero Electronic SA
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John Thompson
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2018 Local Organising
Committee
Benton Pillay
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Herman van der Walt
Martin van Nierop
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Stuart Piketh
Willie Kok

Conference Organisers
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The papers included in this proceedings were
reviewed by two of the specialists listed below.
A total of 42 abstracts were submitted and
screened by the editors, 27 full papers were
submitted for review and 25 were accepted
and included in the proceedings. Reviewers
verified that comments were suitably addressed
in the final papers.
Co-chairpersons of the Scientific
Review Committee
Professor Stuart John Piketh
Dr Roelof Burger
North-West University

Dr Gerhard Fourie
EnviroNgaka CC
Dr Rebecca Garland
CSIR
Dr Micky Josipovic
North-West University
Dr Gerrit Kornelius
University of Pretoria
Dr Kristy Langerman
University of Johannesburg
Dr Hanlie Liebenberg-Enslin
Airshed Planning Professionals
Ms Seneca Naidoo
CSIR
Prof Kobus (JJ) Pienaar
North-West University
Prof Hannes Rautenbach
South African Weather Service

Dr Joseph Adesina
North-West University

Dr James Tshilongo
National Metrology Institute of South Africa

Dr Katye Altieri
University of Cape Town

Dr Martin van Nierop
Gondwana Environmental Solutions

Prof Harold Annegarn
North-West University

Dr Pieter van Zyl
North-West University

Dr Johan Paul Beukes
North-West University

Prof Sivakumar Venkataraman
University of KwaZulu-Natal

Dr Stephen Broccardo
North-West University

Dr Andrew Venter
Sasol

Dr Gregor Feig
South African Environmental Observation
Network (SAEON)

Dr Caradee Wright
South African Medical Research Council
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2018 NACA NATIONAL CONFERENCE
30 October - 1 November 2018
Riverside Sun | Vanderbijlpark | Gauteng

TUESDAY, 30 OCTOBER 2018
07:00 - 08:00

Registration & Refreshments

08:00 - 13:00

Department of Environmental Affairs (DEA) and the National
Association for Clean Air (NACA) Multi-Stakeholder Workshop.
Framework to support emission monitoring and reporting in the South
African Atmospheric Emission Licensing and Inventory Portal (SAAELIP).

WEDNESDAY, 31 OCTOBER 2018
07:30 - 08:30

Registration & Refreshments
Plenary Session
Session Chair: Mr Benton Pillay,
President of the National Association for Clean Air

08:30 - 08:40

Opening by NACA President
Mr Benton Pillay

08:40 – 08:45

NACA Conference Platinum Sponsor
Eskom Representative

08:45 - 09:05

Feedback from the Department of Environmental Affairs,
Air Quality Governance Lekgotla 2018
Dr Thuli Khumalo, Chief Director: Air Quality Management,
Department of Environmental Affairs

09:05 - 09:25

Effective Visualisation of Annual Air Quality
Trends in Priority Areas
Christiaan Pauw

13:00 - 14:00

Lunch

14:00 - 14:30

Afternoon NACA Workshop Attendee Arrival & Refreshments
NACA Conference Registration

14:30 - 17:30

NACA Conference Workshop: Greenhouse Gases and Climate
Change in South Africa: Contextualising the Challenge.

09:25 - 09:45

14:30 - 15:00

South Africa’s Approach to GHG Emission Reduction
Mr Azwimpheleli Mac Makwarela, Director, Climate Change Mitigation
Policy, Regulation and Planning, Department of Environmental Affairs

Perceptions of Air Pollution in a Low-Income
Community on the Highveld
Orlinda P. Mafika

09:45 - 10:15

15:00 - 16:00

Meet Current Legislative Requirements, whilst Avoiding the Pitfalls
Ms Shamini Harrington; Sasol, SHE Policy and Sustainability Advisor

Latest Developments in Air Quality Legislation
– Clearing the Smoke?
Mr Ian Sampson, Partner and Head of the Environmental & Clean
Energy Law Department, Shepstone & Wylie Attorneys

16:00 - 16:30

Projected Climate Change Futures over Africa
Prof. Francois Engelbrecht, Chief Researcher, CSIR Natural Resources and
the Environment Unit

10:15 - 10:30

Questions & Answers

10:30 - 11:00

Mid-morning Refreshments - Exhibition and Poster Viewing

16:30 - 17:30

Questions & Answers – panel of workshop speakers

18:00 - Late

NACA and C & M Consulting Engineers Ice-Breaker Cocktail
Riverside Sun, Pool Area (Weather permitting)
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Dust and Related Topics
Session Chair: Dr Kristy Langerman
University of Johannesburg
11:00 - 11:20

Correlating Dust Concentration Measurements Aloft with
Opencast Mining Surface Operations
Natasha A Shackleton

11:20 - 11:40

Composition of Dustfall Samples Taken from a Monitoring
Bucket Close to a Derelict and Ownerless Asbestos
Mine in Koegas, Northern Cape
Ongeziwe Mtyelwa

11:40 - 12:00

The Applicability of Using m-NDHI to Identify Ambient
Particulate Air Quality from Remotely Sensed
Images in the Vaal Area, Gauteng
Elanie van Staden
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WEDNESDAY, 31 OCTOBER 2018
Modelling and Emissions
12:00 - 12:20

12:20 - 13:20

A comparative Study of Emission Factors and Continuous
Emission Monitor Systems for Power Station Gaseous Emission
Inventories
John Keir
Lunch
Modelling and Emissions
Session Chair: Ms Gabi Mkhatshwa
Eskom

13:20 – 13:40

Contextualising the South African Situation as
Part of a Review of Global New Particle Formation Studies
Johan P. Beukes

13:40 - 14:00

Use of CALPUFF to Model the Atmospheric Dispersion of
Mercury over the South African Highveld
Monray D. Belelie

14:00- 14:20

Meteorological Variables Associated with Particulate Matter
Concentrations at Six Polluted Sites in South Africa
Anzel de Lange

14:20 - 14:40

Estimating PM Emissions from Domestic Burning of Solid-Fuels
in Residential Areas Using Monte-Carlo Simulation
Ncobile C. Nkosi

THURSDAY, 1 NOVEMBER 2018
08:00 - 08:30

Tea & Coffee Refreshments
Monitoring
Session Chair: Dr Martin van Nierop
Gondwana Environmental Solutions

08:30 - 09:30

Keynote Speaker
Dr Stephan Borrmann, Johannes Gutenberg University and
Max-Planck Institute for Chemistry, Mainz, Germany
The Upper Troposphere and Lower Stratosphere in the Asian and West
African Monsoons: In-Situ Measurements of Aerosols and Clouds

09:30 - 09:50

Local Development of Passive PM Monitors
Tinashe Mukota

09:50 - 10:10

Development and Validation of Accurate Primary Gas
Standards for the Quantification of Nitrous Oxide in Nitrogen
at Low Nanomole per Mole Levels for Ambient Measurements
in South Africa
Silindile L. Lushozi

10:10 - 10:40

Mid-morning Refreshments - Exhibition and Poster Viewing

10:40 - 11:00

Dissemination and Traceability of NMISA Gas Standards for
Accurate Measurements
Napo Ntsasa

11:00 - 11:20

Characterising Household Respirable Particulate Matter in
Sharpeville, Gauteng
Thapelo A. Letsholo

14:40 - 15:00

Calculating Health Effects of Coal-fired Power Station Emissions
Kristy E. Langerman

15:00 - 15:30

Mid-afternoon Refreshments - Exhibition and Poster Viewing

15:30 - 15:50

A novel method to conduct source apportionment
of continuously measured trace gases
Edwin Cogho

11:20 - 11:40

The use of satellite fire radiative power observations to estimate
the availabilities (activity patterns) of pyrometallurgical smelters
Johan P. Beukes

Contextualization of Airborne Microplastic Pollution in the
South African Environment
Carina Verster

11:40 – 12:00

Assessing the Potential of Thermal Insulation Offset
Opportunities on the South African Highveld
Newton R. Matandirotya

12:00 - 13:00

Lunch

15:50 - 16:10

16:10 - 16:40

Land Use Regression as a Tool to Quantify PM2.5
Concentrations and Identify Suitable Offset Sites on the
Highveld
Farina Lindeque

16:40 - 16:50

Assessing the application of AERMOD in modelling tall stack
emissions on the Highveld
Prince Chidhindi

16:50 - 18:00

NACA Annual General Meeting, Plenary Venue

18:00 - Late

Informal Braai & Awards Ceremony
Riverside Sun, Island on the banks of the Vaal River
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Monitoring
Session Chair: Dr James Tshilongo
National Metrology Institute of South Africa (NMISA)
13:00 – 13:20

Characterizing Indoor PM4 loading of Two Contrasting Houses
in Kwazamokuhle, Mpumalanga
Marvin M. Qhekwana
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THURSDAY, 1 NOVEMBER 2018
13:20 - 13:40

Assessment of Changes in Concentrations of Selected Criteria
Pollutants in the Vaal and Highveld priority Areas
Gregor Feig

13:40 - 14:00

Spatial and Temporal Trends of PM₁₀ and SO₂
in the Richards Bay Area
Mark Zunckel

14:00- 14:20

Biogenic Volatile Organic Compounds in a
Savannah-Grassland Region
Pieter van Zyl

14:20 - 15:20

Panel Discussion
Mapping the Future of Air Quality Management in South Africa

15:20 - 15:40

Awards for Best Papers
Announcement of NACA 2019
CLOSING

15:40
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Mid-afternoon Refreshments

KEYNOTE SPEAKER
Dr Stephan Borrmann,
Johannes Gutenberg University and Max-Planck Institute for Chemistry, Mainz, Germany
THE UPPER TROPOSPHERE AND LOWER STRATOSPHERE IN THE
ASIAN AND WEST AFRICAN MONSOONS: IN-SITU MEASUREMENTS OF
AEROSOLS AND CLOUDS
ABSTRACT:
During the Asian and West African monsoons large meteorological structures develop which reach into
the UTLS with impact on the aerosols and the precursor gases entering the stratosphere. Embedded
in the Easterly flow in West Africa these are widespread fields of Mesoscale Convective Systems (MCS)
which reach altitudes of 16 to 18 km. Further Northeast the Asian Monsoon Anticyclone (AMA) forms
from mid-June until October in an altitude band from 12 to 20 km. The AMA extends from East Asia to
the Middle East and, as a fairly closed rotating air mass it is reminiscent of the polar vortex, albeit with a
strong convective uplift. Long range transport from as far as Eastern China provides materials which are
carried aloft by the West African MCS and the deep convective AMA clouds. Sources (e.g., biomass
burning) from the regional boundary layers also contribute here. The anvil outflows of the West African
MCS and the AMA clouds release the uplifted (and partly processed) source gases and aerosols into
the UTLS. Here New Particle Formation events (NPF) generate new aerosols from the inorganic and
organic precursors by homogeneous nucleation. Such NPF occur in clear, cloud free air, as well as in
the presence of ice particles in the margins of Cb and MCS anvils. CALIPSO measurements revealed
a distinct aerosol layer (the Asian Tropopause Aerosol Layer; ATAL) between 15 and 16.5 km within
the AMA, the physical and chemical characteristics of which still are unclear. However, in other tropical
vertical profiles (e.g., Hawaii, Brazil, Burkina Faso, Australia) enhancements of submicron aerosol mixing
ratios also have been observed -outside of “confinements” like the AMA- between 350 K and 380 K
theta altitude levels. Only about 50 % of these particles evaporate when exposed to 250 °C heating.
Since these phenomena occur at and above the tropopause in areas with slow upwelling motion,
they may contribute to the global stratospheric aerosol. By contrast, recent hypotheses indicate, the
aerosol particles nucleated in the UT (probably from organic condensable gases) above Amazonia are
transported downward, possibly supplying CCN for cloud development in the middle troposphere. With
emphasis on in-situ measurements this presentation provides an overview of the aerosol properties at
the gateway to the stratosphere in the tropical UT/LS.
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RESEARCH BRIEFS
Summary of research paper published in
The Journal of the Southern African Institute of Mining and Metallurgy:
THE USE OF SATELLITE OBSERVATIONS OF FIRE RADIATIVE POWER TO ESTIMATE
THE AVAILABILITIES (ACTIVITY PATTERNS) OF PYROMETALLURGICAL SMELTERS
Johan P. Beukes*1, Pieter G. van Zyl1, Mikhail Sofiev2, Joana Soares2,3
Hanlie Liebenberg-Enslin4, Natasha Shackleton4, and Anu-Maija Sundström2
Chemical Resource Beneficiation, North-West University, Potchefstroom,
South Africa, paul.beukes@nwu.ac.za; Pieter.VanZyl@nwu.ac.za
2
Finnish Meteorological Institute, Finland, Mikhail.Sofiev@fmi.fi; anu-maija.sundstrom@fmi.fi
3
Environment and Climate Change Canada, Canada, joana.soares@canada.ca;
4
Airshed Planning Professionals (Pty) Ltd, South Africa,
hanlie@airshed.co.za; natasha@airshed.co.za
1

Notwithstanding the limitations of the method presented in the paper, the calculated plant availability
data proved that most of the smelters were not operational (0% plant availabilities) during or directly after
the Financial Crisis in 2008/2009, at which time a significant decrease in several atmospheric pollutants
were reported on a regional basis in South Africa. This decrease was most likely due to many smelters
stopping operation, which would have resulted in significant decreased atmospheric pollution, as proven
with dispersion modelling and satellite retrievals presented in the paper.
Based on the positive results indicated, satellite derived plant availabilities for large points sources
should receive significantly more research attention. However, significant advances will only be possible
if false positive “fires” from point sources are captured in a separate dataset, instead of being removed
from the current MODIS FRP dataset.

http://dx.doi.org/10.17159/2411-9717/2018/v118n6a9
Pyrometallurgical smelters consume significant amounts of fossil fuels. Notwithstanding emission
abatement technologies, these smelters emit various atmospheric trace gas pollutants and fine
particulate matter, which are important from an air quality perspective. Additionally carbon dioxide (CO2)
and black carbon (BC), the two most important atmospheric climate forcing species are also emitted.
It is important to model the contribution, transport and impact of pollutants emitted by pyrometallurgical
smelters. In order to achieve this, atmospheric modellers require an accurate emission inventory, which
indicate emissions (how much of what species by which processes), emission periods, stack-/emission
heights and emission velocities (if emitted through stacks). However, in many countries atmospheric
modellers do not have access to a proper emission inventory, or they are legally prohibited from obtaining
such information. The paper demonstrates how fire radiative power (FRP) observations by the Moderate
Resolution Imaging Spectro-radiometer (MODIS) instruments on board the Aqua and Terra satellites
can be used to estimate the production plant availabilities of pyrometallurgical smelters. Such temporal
activity patterns will assist modellers to re-create air quality scenarios for regions more accurately.
The comparatively crude algorithm presented in the paper, which considered false positive “fires”,
were able to relatively accurately indicate commissioning and/or expansion(s) of ferrochromium (FeCr)
smelters in South Africa, which were considered as an example industry. However, calculated plant
availabilities could not be compared against real plant availabilities, due to a lack of such data in the
public domain. Also, false positive “fires” from point sources, known to the administrators of the MODIS
FRP dataset, is currently removed from the dataset, which makes the afore-mentioned comparisons
even more difficult.
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RESEARCH BRIEFS
BIOGENIC VOLATILE ORGANIC COMPOUNDS IN A
SAVANNAH-GRASSLAND REGION.”
Pieter G. van Zyl*1, Kerneels Jaars1, Johan P. Beukes1, Heidi Hellén2, Ville Vakkari2,
Micky Josipovic1, Andrew D. Venter1, Matti Räsänen3, Leandra Knoetze1,
Dirk P. Cilliers1, Stefan J. Siebert1, Markku Kulmala3, Janne Rinne4,
Alex Guenther5, Lauri Laakso1,2 and Hannele Hakola2

Clean Air Campaign

Unit for Environmental Sciences and Management,
North-West University, Potchefstroom, South Africa
2
Finnish Meteorological Institute, PL 503, 00101 Helsinki, Finland
3
Department of Physics, University of Helsinki, Finland
4
Department of Physical Geography and Ecosystem Science
Lund University Sölvegatan 12S-223 62 Lund, Sweden
5
Department of Earth System Science, University of California, Irvine, USA
1

Abstract
Biogenic volatile organic compounds (BVOCs) are important in the chemistry of the troposphere,
especially in the formation of tropospheric ozone (O3) and secondary organic aerosols (SOA). It is
estimated on a global scale that approximately 90 % of annual BVOC emissions are from terrestrial
sources. Measurements of BVOCs were conducted at the Welgegund measurement station, which
is a regionally representative background site situated in savannah grassland. Very few BVOC
measurements exist for grassland savannah and results presented in this study are the most extensive
for this type of landscape. Samples were collected twice a week during daytime and night-time through
two long-term sampling campaigns. The annual median concentrations of isoprene, 2-methyl-3butene-2-ol (MBO), monoterpenes and sesquiterpenes (SQT) during the first campaign were 14, 7,
120 and 8 pptv, respectively, and 14, 4, 83 and 4 pptv, respectively, during the second campaign.
The sum of the concentrations of the monoterpenes were at least an order of magnitude higher than
the concentrations of other BVOC species during both sampling campaigns, with α-pinene being the
most abundant species. The highest BVOC concentrations were observed during the wet season and
elevated soil moisture was associated with increased BVOC concentrations. However, comparisons
with measurements conducted at other landscapes in southern Africa and the rest of the world that
have more woody vegetation indicated that BVOC concentrations were, in general, significantly lower
for the grassland savannah. Furthermore, BVOC concentrations were an order of magnitude lower
compared to total aromatic concentrations measured at Welgegund. Statistical analysis indicated that
soil moisture had the most significant impact on atmospheric levels of MBO, monoterpenes and SQT
concentrations, while temperature had the greatest influence on isoprene levels.
Keywords:
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Making our air cleaner and better to
breathe is the best thing to do for
the health of our families, ourselves
and our communities.
Let’s do it together!

Generation Division

Page 15

NACA 2018 | Annual Conference Proceedings

SCIENTIFIC PAPERS
USE OF CALPUFF TO MODEL THE ATMOSPHERIC DISPERSION OF
MERCURY OVER THE SOUTH AFRICAN HIGHVELD

CONTEXTUALISING THE SOUTH AFRICAN SITUATION AS PART OF A REVIEW OF
GLOBAL NEW PARTICLE FORMATION STUDIES

Monray D. Belelie*, Roelof P. Burger, Andrew D. Venter, and Stuart J. Piketh

Johan P. Beukes*1, Pieter G. van Zyl1, Ville Vakkari2, Tuomo Nieminen3,4,
Miroslav Josipovic1, Lauri Laakso1,2 and Markku Kulmala4

Unit for Environmental Sciences and Management,
North-West University, Potchefstroom, South Africa
Abstract
Coal combustion in coal-fired power plants has been identified as the dominant source of mercury (Hg)
emissions in South Africa. The majority of South African coal-fired power plants are located in a region
afflicted by the poorest air quality in the country - the South African Highveld area. The state of Hg
emitted by the power sector on the South African Highveld is, however, unclear. It is thus important to
generate knowledge on Hg emissions in this region as it represents one of the most concentrated source
regions of Hg in the world. This study presents results pertaining to the first ever dispersion modelling
study regarding Hg concentrations over this region, through use of CALPUFF. The atmospherically
significant forms of Hg (Hg0, Hg2+, and HgP) were modelled from 12 coal-fired power plants during
2011-2014. The concentrations of the Hg species are highest over the cluster of power plants that are
situated in the centre of the domain. Moreover, the results convey that concentrations of the species are
accumulating in an area of already high concentrations over two of the plants.
Keywords:

Coal-fired power plants, mercury, South African Highveld, CALPUFF.

1
Unit for Environmental Sciences and Management, North-West University, Potchefstroom,
South Africa, paul.beukes@nwu.ac.za, Pieter.VanZyl@nwu.ac.za, Micky.Josipovic@nwu.ac.za
2
Finnish Meteorological Institute, Helsinki, Finland, ville.vakkari@fmi.fi, Lauri.Laakso@fmi.fi
3
Institute for Atmospheric and Earth System Research / Physics, Faculty of Science,
University of Helsinki, markku.kulmala@helsinki.fi
4
Department of Applied Physics, University of Eastern Finland, tuomo.nieminen@uef.fi

Abstract
Atmospheric aerosols have significant impacts on air quality and human health, climate, and air
quality-climate interactions. Model simulations have indicated that atmospheric new particle
formation (NPF) and subsequent particle growth is a very important source of atmospheric aerosol
particles globally. This short review compare NPF and growth measured in South Africa to longterm measurements conducted internationally, and consider the likely causes and mechanism(s)
of NPF and particle growth in South Africa. NPF frequencies at South African measurement sites
were found to be the highest ever reported. Additionally, the annual median particle formation
rates at the South African sites were amongst the highest, while the particle growth rates were
the highest. Submicron particulate matter (PM1) formed as a result of NPF and growth exacerbate
the existing PM air quality problem in South Africa. The currently available results indicate that
the growth of the smallest particles are likely dominated by condensation of sulphuric acid and/or
sulphate (SO42-), with the factional contribution of organic aerosols (OA) increasing as the particles
grow larger. Therefore, the emissions, formations and/or transformation of these two species need
to be considered in greater detail. However, the afore-mentioned two species are linked to several
more precursor/participating species, including sulphur dioxide (SO2), hydrogen sulphide (H2S),
volatile organic compounds (VOCs), nitrogen oxide (NO), nitrogen dioxide (NO2), ozone (O3), the
hydroxyl radical (•OH) and the nitrate radical (NO3•), which implies that a much broader approach is
required to fully understand (and address) NPF and growth in South Africa.
Keywords:
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Abstract
Coal-fired power plants are considered a major source of criteria pollutants. The existence of such
activities close to densely populated areas has an impact on human health and more generally on
the environment. The impact of pollutants depends typically on the pollutant’s residence time and the
existence of background concentration levels. This study evaluates the dispersion of PM2.5, SO2 and
NOX emissions from Eskom power plants close to KwaZamokuhle Township (KT) in order to evaluate
their impact on the Township’s ambient air quality. AERMOD -a steady state dispersion model- was
used to calculate surface concentrations within 50km of Arnot, Hendrina and Komati power-plants and
establish its impacts on air quality in KT. One-hour, 24-hour and annual average concentrations for the
period 2015-2017 were simulated. The modelled results together with data obtained from Eskom’s
KwaZamokuhle monitoring site were used to evaluate the extent to which these power plants contribute
to the ambient air quality in the KT. The results confirm that the power plants contribute to concentrations
of criteria pollutants in the ambient air of the township. However, the results also show that the power
plants are performing within the standards because the frequency of exceedance was low to negligible.
A comparison between the simulated data and the monitored data led to an inference that power
plants are not the only significant sources of PM2.5, SO2 and NOX. The model greatly underestimated the
formation of pollutants; hence the results of this analyses show that AERMOD might not be the most
appropriate model in these situations.
Keywords:
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Abstract
In atmospheric sciences source apportionment is important, since this enables targeted reduction of
important sources to improve ambient air quality. In South Africa source- and receptor modelling have
been used to achieve this. However, to date most receptor source apportionment studies conducted
have only considered particulate matter (PM) and/or wet deposition. Trace gases are often precursors
for PM and could also have detrimental human health and environmental impacts. In this paper a
novel method to conduct source apportionment of trace gases is introduced. This method is based
on the identification of coincidental concentration peaks of continuously measured species, which is
considered in context of ancillary information such as back-trajectories. The method can be applied
to any comprehensive dataset (numerous species measured simultaneously) of trace gases and/
or aerosols/particulate matter, with little modification to the scripts (currently in MATLAB). The basic
algorithm will be explained by considering H2S source apportionment on the Mpumalanga Highveld,
although detailed H2S source apportionment is not yet completed.
Keywords:
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Abstract
The World Health Organization (WHO) and the World Meteorological Organization (WMO) recognizes
Particulate Matter (PM) pollution as a topical problem for human health. Countries are introducing
legislation to combat high PM pollution concentrations and recognizing the health impacts associated
therewith. In this paper, measured hourly PM concentrations from air quality monitoring stations situated
in South Africa was collected and analyzed. Meteorological parameters, which have an influence on the
dispersion of pollutants in the atmosphere, were modeled and used to calculate Air Dispersion Potential
(ADP). ADP is an index, developed here, to describe the meteorological potential for pollution dispersion
in the atmosphere. PM10 and PM2.5 concentrations at six sites were compared with calculated ADP
values. It was found that there exists a weak relationship between the ADP index and PM classes.
This means that, ADP values favourable for pollution dispersion result in lower PM concentrations.
Summer and winter seasons were considered separately in order to establish when ADP produces the
best forecasts of PM concentration. Two qualifying sites, with highest accuracy, were studied further.
For the cases considered, it was shown that the most successful class predicted was for high, and
consequently dangerous, PM concentrations. The performance of the ADP forecast in different classes
should be investigated further at well-maintained background stations.
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Abstract
Ambient air pollution has important impacts on a variety of environmental issues, particularly on human
health and ecosystem processes. A key tool for understanding the impacts of atmospheric pollution is
through the long term measurement of the ambient concentrations of criteria atmospheric pollutants.
Monitoring of ambient pollution concentrations has been conducted in the National Air Quality Priority
areas since 2009. During this time period, significant changes in the management of air pollution have
occurred, including the adoption of the ambient air quality standards, and the implementation of section
21 emission standards. This paper examines the long term evolution of ambient concentrations for PM,
SO2 in the Vaal Triangle Airshed Priority Area 2007-2017 and Highveld Priority Area. These trends will
be evaluated against the implementation of management interventions and highlight the variation in the
measured concentrations and emerging areas of concern.
Keywords:
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Abstract
Emissions inventories are used to understand environmental problems. Unnecessary money can be
spent on abatement equipment if there are errors in emission inventories. In South Africa, at Eskom,
inventories mainly use emission factors. Starting in 2007, one Continuous Emissions Monitoring
Systems (CEMS) was installed per power station. CEMS are mainly used for compliance monitoring
which is a requirement of new environmental legislation in South Africa. Eskom, at this time, considered
using CEMS and stack gas flow meters for its mass emission per month inventory, instead of emission
factors multiplied by coal mass flow. To assess this, a comparison of CEMS and emission factors’
advantages and disadvantages, were made in terms of cost, data quality, training, availability, reliability
and complexity for gaseous mass emissions per month. It was found that the data quality of both
estimation techniques were very similar, however, emission factors are far more cost effective than
CEMS. CEMS are complex and will give inaccurate results when not operated and maintained reliably. It
is therefore recommended that emission factors be used as a backup to CEMS. It is also proposed that
developing economies, with limited fiscal resources, use the emission factors method, as described in
this paper, as it has been shown to be accurate and cost effective.

Abstract
Emissions from coal-fired power stations increase the incidence of respiratory, cardiovascular
and cardiopulmonary diseases and contribute to premature deaths. Wildly varying estimates of the
magnitude of these health impacts have been published, however. This paper investigates the reasons
for the large discrepancies calculated in four comprehensive health risk assessments of South African
coal-fired power station emissions. We review the approaches and input data used by the studies. We
also evaluate the exposure-response functions (which relate the pollution concentration to which the
population is exposed to the increase in health risk) used by each study and give specific attention to the
question of whether the exposure-response functions are relevant to the South African context. Health
risks are under-estimated in studies that assume high counterfactual concentrations, because health
risks at lower particulate matter concentrations are not accounted for. Health risks are probably overestimated, however, in other studies which use linear or exponential exposure-response functions that
are not applicable in areas where exposure levels are much higher (such as solid fuel-using communities).
A more accurate estimate of health effects would be obtained by applying integrated exposure-response
functions to quantify health risks at actual exposure levels, and then apportioning the health effects
relative to the contribution made by each source to total exposure levels. A fair assessment of the health
risk of South Africa’s older coal-fired power stations should also weigh the health costs of the emissions
against the health benefits of electricity use in lower income households.

1
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Abstract
Managing air quality in low-income communities in South Africa where solid fuel combustion accounts
for between 30% and 80% of primary energy remains a significant challenge for all levels of government.
The use of solid fuels, such as coal and wood, within households pose potentially a significant health
risk accounting for 3.5 million premature deaths globally. This study aims to characterise the typical
indoor concentrations of respirable particulate matter in typical low-income houses characteristic of
the Sharpeville community. The assessment includes quantifying the indoor ambient concentrations,
variability and chemical characteristics of indoor airborne PM4 in order to inform future health
assessments and air quality management strategies. Access to electricity in the Sharpeville community
is not a problem, nevertheless, 33.78% of the community still use solid fuels during the winter months
and 11.1% during summer, in their household energy mix. Measurements of indoor airborne respirable
particulate matter concentrations were conducted in Sharpeville, a low-income settlement in the Vaal
Triangle Airshed Priority Area. Measurements were conducted using a DustTrak model 8530 Photometric
Monitor (continuous measurement) fitted with 10mm Nylon Dorr-Oliver Cyclones and a Sensidyne Gilian
GilAir Plus air sampling pumps (filter samples). The sampling pumps pulled air through 37mm Filter
Cassettes containing Quartz and Mixed Cellulose Ester membrane filters. Indoor PM4 concentrations
are high in all houses during winter and decrease significantly during summer but remained high in two
houses. During winter indoor PM levels are problematic and exceed the National Ambient Air Quality
Standards for PM10 and PM2.5 by a factor of 3 and 5. Prominent exceedances of the standards are
observed within H07 and H08 with average 24hr concentrations of 286 μg/m3 and 228 μg/m3 during
winter. The concentrations are less extreme during summer, they however remain high in H07 at 159 μg/
m3. The chemical composition of the indoor airborne PM4 are discussed and presented to understand
the contribution of other sources to indoor PM4 elevated concentrations.
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Abstract
The implementation of air quality offset programmes has been a requirement of some Atmospheric
Emission Licenses (AEL) since April 2015, and several pilot offset programmes aimed at reducing
emissions from solid fuel burning have been implemented in low-income settlements on the Highveld.
To date, no offsets have been implemented at a larger scale and very limited data exist on the impact
a large scale roll out might have. Health impact assessment could be a valuable tool to assess the
regional impact that offset programs could have on public health. For HIA aimed at quantifying the
health benefits of improved air quality in low-income areas, the high spatial- and seasonal variability
of annual PM concentrations need to be represented as accurately as possible, but this represents a
challenge. For this study we used monitored air quality data from the SAAQIS database and the 2011
small area level census data set to deploy a land-use type regression model. Our aim was to quantify the
spatial variation of PM2.5 concentrations across the study area and to identify suitable communities for
intervention implementation using household statistics at the Enumeration Area (EA) scale. Conducting
the analysis at this spatial resolution better represented the steep urban population gradients and socioeconomic factors that influence air quality in low income settlements in South Africa. The results of the
land use regression model show high spatial variability of PM2.5 concentrations over the Highveld with
average background PM2.5 concentrations of between 20 to 30 mg/m3. Only 21% of EAs included in
the study were identified as target areas where interventions to target residential solid fuel burning could
be implemented.
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Abstract
Nitrous oxide (N2O) is an important greenhouse gas and is the third largest contributor to global warming
with a global warming potential high than that of carbon dioxide. Ambient N2O is globally monitored
and reported at nanomole per mole levels(nmol.mol-1). Traceable and accurate N2O gas standards are
required to understand the behaviour of the greenhouse gas in the atmosphere and global warming
potential. A suite of primary standard gas mixtures in ten-litre cylinders of aluminium material have
been prepared at 330 nmol.mol-1 amount of substance fractions for the calibration of analytical
instruments used to measure N2O. An automatic weighing system with a mass comparator and a fully
automated circular turntable cylinder exchanger, gas filling station, cavity ring-down spectroscopy and
gas chromatography coupled with micro electron detector were used in the preparation of the gas
mixtures. The gravimetric expanded uncertainty of less than 0.08% was obtained at coverage factor
of 2 on 95 % confidence level using automatic weighing. An instrumental precision of 0.1% and 0.4%
was achieved during the analysis with an instrumental drift of 0.005% and 0.5% on spectroscopy and
gas chromatography techniques, respectively. Short-term stability of the primary standard gas mixtures
was done to be in the range of analysis uncertainty. Results show that the overall uncertainty of the
primary standard gas mixtures was certified with the relative expanded uncertainty of less than 0.8 %
at 95 % confidence level. The small uncertainties achieved will be advantageous on the calibration of
instruments used for nitrous oxide monitoring.
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Abstract
Air pollution associated with domestic fuel burning has been ranked the 4th cause of many premature
deaths globally by the World Health Organization. This is because this activity emits pollutants such as
particulate matter (PM), carbon dioxide (CO2), nitrogen dioxide (NO2) and volatile organic compounds
(VOCs) into the surrounding area. Of these pollutants, PM with an aerodynamic of 2.5 μm is understood
to have the greatest impacts on human health because it has the ability to easily be absorbed into the
bloodstream and vital organs. It is for this reason that a number of interventions have been implemented
in low-income settlements with an attempt to reduce solid fuel burning, with many being unsuccessful
because of various reasons, including a lack of behavioural change. Studies show that to achieve
a change in behaviour, one must understand the perceptions of the individual and the community.
This understanding can provide an insight as to whether people acknowledge that air pollution is a
problem in their surrounding environment and if they associate their own activities as contributing to
poor air quality. Such research can aid in determining whether the success of community interventions
aimed at improving air quality are influenced by the perceptions people have on air pollution. This
study aims to investigate how community perceptions of air pollution compare to actual monitored
ambient concentrations within the low-income settlement of KwaDela. This was achieved by comparing
Quality of Life surveys answered by households within the community to actual monitored ambient PM2.5
concentrations. Results show that community members do not perceive air quality to be a great threat in
their community, even though mean monitored ambient PM2.5 concentrations were in exceedance of the
NAAQS. This insight can be beneficial during the planning stage of an intervention because strategies
that will trigger behavioural change could be targeted.
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Abstract
Household domestic solid fuel burning for space heating is a leading contributor to indoor and
ambient air pollution on the South Africa Highveld. Regardless of high residential electricity access
across South Africa, low-income households still heavily rely on traditional stoves for space heating.
Solid fuel use contributes to greenhouse gas emissions, indoor and ambient air pollution. This study
characterises indoor thermal comfort conditions of typical low-income residential dwellings in order
to better understand the scale of appropriate interventions that can be used to reduce emissions.
In-situ temperature measurements were done in 2014, 2016 and 2017 across three Highveld
settlements of kwaZamokuhle, kwaDela, and Jourberton and one settlement on the Lowveld, Agincourt
being a reference site. The sample included a mixture of old, newly constructed Reconstruction and
Development Programme (RDP) structures and non RDP structures. Findings were that; structures
in kwaDela, Jourberton and kwaZamokuhle had the coldest interiors with indoor mean temperatures
of less than 15°C. These temperatures do not meet either WHO indoor temperature guidelines. This
in-turn increases the amount of fuel needed for space heating contributing negatively to indoor and
ambient air quality in the region. The study concluded that many dwellings on the South African Highveld
are poorly insulated as shown by low indoor temperatures therefore presenting thermal insulation offset
opportunities.
Keywords:
		

Low-income, space heating, particulate matter, emissions, indoor
thermal comfort, ambient temperature, indoor temperature, solid fuels

1
Water and Environment, Council for Geoscience,
280 Pretoria Street, Silverton, Pretoria, 0184, South Africa.
2
Department of Environmental Sciences, Florida Campus, University of South Africa,
P O Box X6, Florida, 1710, South Africa.
Corresponding author: omtyelwa@geoscience.org.za

Abstract
Asbestos mining in South Africa started in 1893, its production gradually increased to such an extent
that in 1984 South Africa was ranked the second biggest producer in the world. During production the
long fibres were economically valuable and the short fibres were discarded with other waste materials
and eventually developed into waste dumps. These waste dumps became a source of environmental
hazard and health risk (asbestosis, cancer and mesothelioma) which resulted in the ban of asbestos
mining. The ban was followed by prohibition of the use, manufacture, transport, import and export
of asbestos and asbestos-containing materials in 2002 resulted in a large number of abandoned unrehabilitated asbestos mine waste dumps. A monitoring bucket has been installed according to the
American Standard Test Method D1739-1970 as guided by the National Dust Control Regulations,
2013. The method is a crude method adopted for this study and a reference method from National
Dust Control Regulation no.827 of 2013. It is located in a homestead within 1km from a derelict and
ownerless asbestos mine in Koegas, in the Northern Cape province. The samples were collected over
a period of 6 months, from August 2016 to January 2017 at 30 day intervals. The XRD results for the
sampling period show that the dust samples are mainly composed of plagioclase and quartz with one
occurrence of serpentine in August 2016. The dustfall rates are also within the residential threshold of
600ml/m3/day.
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Abstract
The measurement of ambient particulate concentration (PM10 and PM2.5) using active monitors requires
expensive or labour-intensive apparatus, or both. This has precluded widespread or intensive ambient
particulate monitoring networks to be set up in South Africa, except in some priority areas, although
particulate matter is generally acknowledged to be an air pollutant of concern in large parts of Southern
Africa. In this paper, we report on the calibration of locally manufactured passive diffusive monitoring
devices (samplers) for ambient PM (from PM2.5 to PM30 and intermediate sizes) based on a design initially
published by researchers at the University of North Carolina. Modifications include the configuration of
the diffusion screen and the insertion of a microscope slide to facilitate sample handling. For calibration
purposes, duplicate samplers of each type (local and UNC) were co-located at eight TEOM monitoring
sites in three networks. Imaging of the substrate is carried out using an optical microscope. The
collected images (10 to 49 per sample) were analysed using both proprietary (Zeiss Axiovision®) and
open-source (ImageJ) software. Results of the calibration show a considerable variation amongst the
two co-located local and UNC samplers although the latter show lesser discrepancies when analysed
using the AxioVision software. Greater agreement of the local samplers and the station values is noted at
a 200X magnification using the AxioVision software with R2=0.78 and R2=0.76 respectively. Advantages
of the technology include low capital cost of the device and its small size (~20mm in diameter and
10mm thick), which makes it inobtrusive. Computer-based image analysis reduces the labour cost.
A disadvantage is the fairly low time resolution of two to seven days required to produce statistically
significant values hence disqualifying it for use as a standard method. The device is therefore more
suitable for screening-level, high spatial density sampling, but some non-regulatory applications are
pointed out.
Keywords:
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Abstract
Emissions represent the largest uncertainty in assessing the impact of the sources on ambient air quality.
The aim of this article is to characterise the probability distribution of particulate emissions from domestic
burning of solid fuels in a typical low-income residential area on the South African Highveld. Qualitative
and quantitative data from previous research done in the kwaDela residential area will be used to meet
the objective of the study. A Monte Carlo simulation model combined uncertainties from each input
parameter to estimate uncertainty in the total fine PM emission estimate at a 99 % confidence interval.
High emissions were recorded in winter, owing to the increase in the number of burning events per
household, a greater average amount of solid fuel used per due to longer burning duration and a larger
number of households burning compared to summer. Total PM emitted from domestic burning per
winter day in kwaDela ranges between 33.7 kg to 70.1 kg, with an average of 51.4 kg and a standard
deviation of ± 5.3 kg. Summer daily emissions range between 16.6 kg and 35.5 kg, with an average of
25.1 kg and a standard deviation of ± 2.5 kg. The study highlights the largest uncertainty in particulate
emission estimates from solid fuel burning in low-income settlements.
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Abstract
Metrological traceability requires that the measured value is accompanied by a statement of uncertainty
for the quantity being assessed. To comply with various regulations in the country, the measurement
results obtained in the field of environmental monitoring (such as ambient air, in-door, automotive, stack
emission etc.), at different times, at different locations, or with different experimental procedures, different
equipment’s are metrological traceability to the International System of Units (SI) were consistent with
each other, considering their associated uncertainties.
The National Metrology Institute of South Africa (NMISA) produces highly accurate and precise primary
reference gas mixtures with very low relative uncertainty (0.3 % to 2 %) depending on the components.
The gas mixtures are disseminated to various industries such as air pollution monitoring field, indoor
air quality field, emissions, medical industries and many other fields. In the past year, there has been a
huge improvement in the calibration and measurement capabilities of gas mixtures due to improvement
in technology, competency and increase in the scope of services of dissemination of gas mixtures in
South Africa. This work describes the benefits of measurement traceability, and the implementation
of the principles of measurement science, and explains how to improve the reliability and accuracy
using NMISA primary reference gas mixtures. It is hoped that this paper will contribute to air pollution
monitoring and highlight and describe the traceability hierarchy, explained status of NMISA international
key comparison and dissemination of primary reference gas mixture to local industries.
Keywords:
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Abstract
In South Africa, the results of air quality monitoring in priority airsheds are routinely presented using a bar
graph where each bar represents a year of observation and the height of each bar indicates the annual
average of the pollutant of concern. This type of presentation presumably makes it possible for the
reader to distinguish trends in air quality in the area of concern. Although this approach does not appear
problematic at first, contemplation of such presentations often leaves the reader with more questions
than answers. Large stepwise deviations (e.g. PM2.5 in Sharpeville in 2010 - 2012, see Khumalo 2017, p
27) elicit questions as to the cause of such large year-on-year differences and whether these may be an
artefact of the measurement process itself. Further questions centre on the significance of the variation
between years. For example: When may one conclude that a specific year is meaningfully different from
preceding or subsequent years? This paper explores the question of how to analyse and visualise the
results of a fleet of monitoring stations to concisely and effectively communicate with stakeholders in a
way that facilitates deeper understanding of the air quality situation and contributes to effective action.
This is done by re-analysing and visualising eight years of data from a monitoring station in the Highveld
Priority Area. Although inherent problems related to stakeholders’ interpretation of such texts remain, we
make five recommendations for visualisations of air quality data: show seasonality, show the long-term
trend only after correcting for seasonality, visualise variance, visualise extremes, and make use of all the
available aesthetic elements.
Keywords:

Communicating air quality trends.
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SCIENTIFIC PAPERS
CHARACTERIZING INDOOR PM4 LOADING OF TWO CONTRASTING HOUSES IN
KWAZAMOKUHLE, MPUMALANGA
Marvin M. Qhekwana 1, Thapelo A. F. Letsholo 1, Roelof P. Burger 1,
Joseph A. Adesina 1, and Stuart J. Piketh 1
1
Climatology Research Group, Unit for Geo-Spatial Sciences and
Environmental Management, North West University, Potchefstroom, South Africa

Abstract
The low-income settlement of Kwazamokuhle is located in the Highveld Priority Airshed (HPA). The
residents typically burn solid fuels during winter for space heating and cooking. Airborne respirable
particulate matter in the indoor environment poses a serious health concern therefore, it is important to
characterize the household variability of particulate matter (PM) concentrations. For the purpose of this
paper, indoor respirable PM4 concentrations were measured and represented. The PM4 concentration
was measured with a Sidepak AM510 photometric monitor at a flow rate of 1.7 L/min. The samples
were collected in 2017 during the winter and summer seasons respectively. These measurements were
made at two contrasting houses, where, one household depended on a mixture of electricity and solidfuels for cooking and space heating, the second house was solely reliant on electricity. The airborne PM4
loading in the two houses is significant in winter as the solid fuel burning household showed median
concentrations of 122.9μg/m3 and the non-burning house 84.2 μg/m3. Be that as it may, both houses
still display a clear exceedance of the NAAQS PM2.5 24-hr limit. The trend is most evident in winter. The
data collected and represented mirrors the bimodal diurnal peaks consistent with domestic activity
and indoor solid-fuel burning. This suggests that the use of solid fuels has an influence on the indoor
air quality. Variability of indoor PM4 concentrations is noticeable between summer and winter seasons,
where in summer little to no solid fuel combustion occurs indoors and the bi-modal PM distribution
peaks are still present but at significantly lower concentrations.
Keywords:
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CORRELATING DUST CONCENTRATION MEASUREMENTS
ALOFT WITH OPENCAST MINING SURFACE OPERATIONS
Natasha A Shackleton*1,2, Gerrit Kornelius2
1

Airshed Planning Professionals (Pty) Ltd, P O Box 5260, Halfway House,
Gauteng, 1685, South Africa, natasha@airshed.co.za
2
University of Pretoria, Private bag X20, Hatfield, 0028, South Africa,
u04403525@tuks.co.za, Gerrit.Kornelius@up.ac.za

Abstract
Work has been done in the fields of mapping, environmental monitoring and quantity surveying using
unmanned aerial vehicles (UAVs). However, to the authors’ knowledge limited studies have been
undertaken in the field of three-dimensional particulate sampling using UAVs from mining industries.
This could be a useful tool in monitoring impacts of different industries on the quality of the air at the site
and in the vicinity; and could potentially provide information required for day to day dust management.
With the mandate of communities for air quality standards compliance in industrial areas, there is an
increase in importance of evolving procedures and reliable quantification tools. The main aim of the
research was to determine the correlation between modelled dust concentrations and the measured
three-dimensional concentration field determined from UAV sampling. To achieve this aim, the following
objectives were undertaken: (1) Coordination of flight and sampling schedule; (2) Undertaking a series
of UAV sampling campaigns at the selected sources of emissions (opencast mines or quarries), with
simultaneous observation of meteorological conditions; (3) Compilation of an emissions inventory for
the mine or quarry and (4) Undertaking of air dispersion modelling; and (5) Conducting computational
analysis of sampling data in order to determine correlation between modelled concentrations for the
operation and the sampled concentrations. This study shows the prospect of using UAVs fitted with
sampling equipment to monitor industrial operation’s impacts and develop management plans based
on the three-dimensional concentration arrangement. The results of this research can be used to assist
in development of dust management plans for opencast mines. Four sampling campaigns have been
conducted. The methodology as well as two campaigns results are presented in this paper.
Keywords:
Unmanned aerial vehicle, DustTrak, particulate matter,
		
dust management, opencast mines, quarries, surface operations,
		dispersion modelling
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SCIENTIFIC PAPERS
THE APPLICABILITY OF USING M-NDHI TO IDENTIFY AMBIENT PARTICULATE AIR QUALITY
FROM REMOTELY SENSED IMAGES IN THE VAAL AREA, GAUTENG

CONTEXTUALIZATION OF AIRBORNE MICROPLASTIC POLLUTION
IN THE SOUTH AFRICAN ENVIRONMENT

Elanie van Staden*1,2

Carina Verster*1 and Hindrik Bouwman1

1

UNISA, Department of Environmental Science, Roodepoort, Gauteng, 1709, South Africa.
2
Gondwana Environmental Solutions International,
Post Office Box 158, Florida Hills, 1716, South Africa, elanie@gesza.co.za

Abstract
Results from ambient air quality monitoring stations (AQMS) show that low-income townships suffer the
worst particulate air quality in South Africa. The general public could experience difficulty in accessing
and/or interpreting data from AQM Stations as some stations are often not managed and maintained
correctly or data is lost and/or unreliable, making it difficult to establish the air quality situation in some
parts of the country. Stations are also not widely spread throughout the country and can prove to
be costly to install and maintain in areas where they are needed. Remotely sensed air quality data
could provide a proxy for detecting air quality issues in areas where there is little or no air surface
quality monitoring data available. The aim of this study was to investigate the potential to use remote
sensing data in detecting particulate matter (PM) concentrations in low-income areas such as Diepkloof.
Remote sensing data was compared to data from the Diepkloof AQMS to determine its usefulness in
this application. The modified normalised difference haze index (m-NDHI) was used to detect particulate
air pollution levels from the remotely sensed images. The Diepkloof area was used due to its proximity
to low income settlements and domestic fuel burning, and other AQMS sites in the Vaal Triangle Airshed
Priority Area (VTAPA) have been analysed to validate the findings. All AQMS sites fall within one Landsat
8 Scene, namely, path 170, row 78. Scenes for 2015 were downloaded and analysed. Results indicated
that using the m-NDHI is not viable to determine particulate matter levels in low-income areas in the
VTAPA.
Keywords:
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Abstract
Plastic has been found in all compartments of the environment, with specific research focus on the
aquatic environment. An emerging body of literature highlights the presence of synthetic polymers
suspended in the air column and the deposition thereof. The presence of plastic in the air that we
breathe poses several potential health risks which are being investigated. Atmospheric microplastic
might be the form of this pollutant that humans are most exposed to, as small particles are able to pass
through the respiratory tract and come in contact with the respiratory surface of lungs. The presence
of synthetic polymers in human lungs have been associated with cancer formation in lung tissue. Due
to the uncertainty of the health risks associated with atmospheric microplastics and the presence of
microplastic found elsewhere in the South African environment, it is recommended that further research
is conducted on the scope of microplastics in the air of industrialised, residential, and natural regions
of Southern Africa.
Keywords:
		

Microplastics, atmospheric fallout, inhalation, ecotoxicology,
environmental health, anthropogenic activity, health risk

Ambient Air Quality, Remote Sensing, m-NDHI, Particulate Matter,
Air Pollutants, Air Quality Monitoring Station, Landsat 8.
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SCIENTIFIC PAPERS
SPATIAL AND TEMPORAL TRENDS OF PM₁₀ AND SO₂
IN THE RICHARDS BAY AREA
Nick O. Okello1, Sandy Camminga2, Tom W. Okello1 and Mark Zunckel*3
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2
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KwaZulu-Natal, South Africa, camminga@iafrica.com
3
uMoya-NILU Consulting, Durban, KwaZulu-Natal, South Africa,
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Abstract
Air pollution is a public health emergency (WHO, 2016a). It is the biggest environmental risk to health
with a global responsibility for about 1 in 9 deaths annually. In 2013, Statistics SA indicated that 10
% of all deaths in South Africa were attributed to respiratory diseases. Areas with increased industrial
growth such as Richards Bay are particularly vulnerable. The paper analyses the spatial and temporal
concentration trends of PM₁₀ and SO₂ in Richards Bay over the last two decades; specifically, since
the promulgation of national ambient air quality standards (NAAQS) and minimum emissions standards
(MES). Mann-Kendell trend tests was applied to monitoring data from the Richards Bay Clean Air
Association (RBCAA) to test for an improving or worsening trend and the significance thereof. The
pollution concentration data was also compared to NAAQS and the WHO annual guidelines. Overall,
results indicate that although there has been a downward trend in the concentration of PM₁₀ and SO₂
emissions in the study area, the trends are not statistically significant. However, there was indication of
statistically significant reducing trends in ambient concentrations at some stations. The concentrations
at all stations were however below NAAQS.
Keywords:

Air quality, trends, status, Richards Bay.
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Years

of Service Excellence

Air Pollution is Breathtaking!!!
C&M are proudly celebrating our 30 years of
excellence and we would like to thank:
- Our loyal Customers through the past years!
- Our past Directors and current Leadership
- Our past employees
- Our dedicated Team
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a TSI Company
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Auto-Download of Maps
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And more...
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For all your Air Pollution Monitoring requirements contact us on:
www.airpolguys.com info@airpolguys.com
012 803 5124 / 012 803 5126

info@webLakes.com | www.webLakes.com | 1.519.746.5995
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