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WELCOME MESSAGE
Dear Colleagues and Members of the South
African Air Quality Fraternity,
It gives me great pleasure to welcome you to
this 15th edition of the annual conference of
the National Association for Clean Air (NACA)
to be held at the CedarWoods of Sandton.
The hosting of the conference in Gauteng,
the economic hub of our country, has been
associated with greater interest from both
delegates and exhibitors, and coincides
with the revision of the province’s air quality
management plan. To this end, I would like to
express my gratitude to the National Air Quality
Officer and the Department of Environmental
Affairs for agreeing to change the host province
for this year’s National Air Quality Week from
the Northern Cape to Gauteng. The conference
plays a vital role in the South African air quality
sphere and it is important that it is successful,
and the selection of an appropriate venue is a
crucial success factor.
In my first year as NACA President, I have
reflected on the role of NACA in South African
society. Is NACA superfluous or does it really
contribute to the ultimate aim of ensuring that
our citizens breathe clean air? My conclusion
is that it certainly does, and does so very
effectively.
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NACA serves as the single most effective forum
for bringing together the air quality family of
industry, government, consultants, academics
and civil society. This is achieved by the
hosting of this conference, the hosting of
branch seminars, and the hosting of air quality
training courses.
The annual conference is our premier event.
In addition to serving as a meeting place for
the air quality family, it provides a platform for
the dissemination of technical information and
the latest trends in air quality management.
Friends and adversaries meet and converse in
a relaxed environment free of the antagonism
sometimes associated with more formal
interactions. NACA branches are required
to host 2 seminars annually. These seminars
are especially effective in bringing together
industrial representatives and municipal
licensing authorities. Thanks to the efforts of
branch committees with assistance from Bev
Terry, five such branch seminars were hosted in
the past year; two by the North West branch,
and one each by the Northern, KwaZulu-Natal
and Western Cape branches.

NACA has access to the leading academics
and experts in the field of air quality
management in South Africa. These individuals
have been successfully utilized to present
a range of air quality training courses. In
the past year, the Introduction to Air Quality
Management was presented in Johannesburg,
Richards Bay and to students of Environmental
Health from the Mangosuthu University of
Technology. A successful Introduction to
Dispersion Modelling training course was also
presented in Centurion to delegates from
industry and consultancies, emphasizing the
need for NACA to present more courses of a
highly technical nature.

The KwaZulu Natal branch of NACA has
successfully ensured that attendance of
NACA’s annual conference will earn members
registered with the South African Council for
Natural Scientific Professions (SACNASP) three
CPD points. This is a great achievement and
is certain to increase conference attendance in
future.

NACA’s Clean Air Journal has seen an
exponential growth in popularity. It publishes
articles biannually by scientists and researchers
in different disciplines in air quality, air pollution,
its impacts on the environment and the
management thereof. Thanks to the dedication
and fortitude of the co-editors, the journal
achieved the great honour of recently being
accepted for inclusion in Scopus, the world’s
largest abstract and citation database of peerreviewed research literature.

Mr Benton Pillay
President
National Association for Clean Air

In conclusion, I would like to thank the
conference organizing committee, the technical
committee, the presenters and all those who
have submitted articles and posters towards
ensuring that this year’s conference is a roaring
success.
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COMMITTEES

Scientific Review Committee

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:

Mr Gerhard Fourie
EnviroNgaka CC

Chairperson of the Scientific Review
Committee
Professor Stuart John Piketh, North-West
University

Dr Micky Josipovic
North-West University

2017 Local Organising
Committee
Agnes Makau
Benton Pillay
Beverley Terry
Gabi Mkhatshwa
Louise Mollentze
Roelof Burger
Stuart Piketh
Thabang Tshobeni
Willie Kok

Conference Organisers
Mongoose Communications & Design (Pty) Ltd.

Dr Joseph Adesina
North-West University
Dr Katye Altieri
University of Cape Town
Prof Harold Annegarn
North-West University
Dr Johan Paul Beukes
North-West University
Dr Stephen Broccardo
North-West University
Dr Roelof Burger
North-West University
Dr Hanlie Liebenberg-Enslin
Airshed Planning Professionals
Dr Gregor Feig
CSIR

LIST OF EXHIBITORS

Dr Rebecca Garland
CSIR

Dr Gerrit Kornelius
University of Pretoria
Dr Kristy Langerman
Eskom Holdings SOC Ltd
Prof Hannes Rautenbach
South African Weather Service
Dr James Tshilongo
National Metrology Institute of South Africa
Dr Martin van Nierop
Gondwana Environmental Solutions
Dr Pieter van Zyl
North-West University
Prof Sivakumar Venkataraman
University of KwaZulu-Natal
Dr Andrew Venter
North-West University

C&M Consulting Engineers
www.airpolguys.com | 012 803 5124
Envirocon Instrumentation
www.envirocon.co.za | 011 476 7323
Ero Electronic SA
www.eroelectronic.co.za | 011 869 1101
GIBB (Pty) Ltd.
www.gibb.co.za | 031 267 6163
Gondwana Environmental Solutions
www.gondwanagroup.co.za | 011 472 3112
SI Analytics (Pty) Ltd.
www.sianalytics.co.za | 011 444 7809
John Thompson
www.actom.co.za | 011 392 0900
Levego
www.levego.co.za | 011 608 4148
Pollution Monitoring Equipment
www.zantow.co.za | 083 384 3641
Skyside
www.skyside.co.za | 031 1001 300
Testo South Africa
www.testo.co.za | 011 380 8060
uMoya-Nilu Consulting
www.umoya-nilu.co.za| 031 262 3265
WSP Environmental (Pty) Ltd.
www.wsp.com | 011 361 1380
Yellow Tree Environmental
www.yellowtree.co.za | 076 917 0209

Dr Caradee Wright
South African Medical Research Council

Prof Patricia Forbes
University of Pretoria
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2017 NACA NATIONAL CONFERENCE
4 - 6 OCTOBER 2017
CedarWoods of Sandton | Woodmead

Thursday, 5 October 2017 continued
09:15 - 09:55

Wednesday, 4 October 2017
09:30 - 13:00

Department of Environmental Affairs, launch of the upgraded South
African Air Quality Information System (SAAQIS)

13:00 - 17:00

NACA Registration

14:00 - 15:45

NACA Conference Workshop
Social and Economic Aspects of Air Quality Offsets in cooperation with and
sponsored by Eskom and Sasol

16:00 - Late

Refreshments, networking and NACA Ice-Breaker Cocktail
Exhibition Area, CedarWoods of Sandton, Community Centre

Eskom and Sasol Sponsored Keynote Speaker
“Sustainable Heating in Chile: Environmental Management Tools and
Actions to Improve Air Quality”, Mr Rodrigo Dittborn Cabello, Professional,
Department of Sustainable Heating, Air Quality Division, Ministry of
Environment (Chile)

Session 1 – Monitoring
09:55 - 10:15

Black Carbon Over the Northern Interior of South Africa – Spatial,
Temporal and Source Assessments
Paul Beukes

10:15 - 10:35

Aerosols Optical Properties and Direct Radiative Effect over Gobabeb,
Namibia using Ground Based Remote Sensing
Joseph Adesina

10:35 - 11:00

Mid-morning Refreshments - Exhibition and Poster Viewing
Session 2 – Calibration and Standards
Session Chair: Dr Gerrit Kornelius (University of Pretoria)

Thursday, 5 October 2017
07:30 - 08:30

11:00 - 11:20

Improved Measurements of Sulphur Containing Compounds in Nitrogen
Reference Gas Mixtures
Nompumelelo Leshabane

11:20 - 11:40

Measurement Equivalence of National Measurement Standards, a
Carbon Dioxide Case Study
Mudalo Jozela

Registration & Refreshments
Session Chair: Mr Benton Pillay

08:30 - 08:40

Opening by NACA President
Mr Benton Pillay

11:40 - 12:00

08:40 – 08:50

Welcome
Mr BN Nkontwana, Head of Department: Agriculture and Rural Development,
Gauteng Provincial Government

Development of Benzene and Chloroform Primary Reference Gas
Mixtures
Goitsemang Lekoto

12:00 - 12:20

Application of the Mass Measurement Technique in the Preparation of
Greenhouse Gas in Air Primary Reference Gas Mixtures
Silindile Lushozi

12:20 – 12:40

Characterising Heat Loss in Low - Income Houses, Kwazamokuhle,
Mpumalanga, South Africa
Newton Matandirotya

08:50 - 09:10

Feedback from DEA Lekgotla
Dr Thuli Khumalo, Chief Director: Air Quality Management

09:10 - 09:15

Introduction to the keynote speaker
Mr Thava Govender, Group Executive:
Transmission and Acting Group Executive: Risk and Sustainability
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Thursday, 5 October 2017 continued

Friday, 6 October 2017

12:40 - 13:30

08:00 - 08:30

Lunch

Tea & Coffee Refreshments

Session 3 – Dust and Related Topics

Session 5 – Emissions

Session Chair: Prof Harold Annegarn (North-West University)

Session Chair: Ms Gabi Mkhatshwa (Eskom)

13:30 - 13:50

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

08:30 - 08:50

Alternative Energy use for Clamp Kilns – Propane Gas Firing to
Reduce Emissions
Oladapo Akinshipe

13:50 - 14:10

Exposure to Wood Dust and Health Effects: A Review of
Epidemiological Evidences from Developing Countries
Kevin Kasangana

08:50 - 09:10

Lightning NOx Emission over South Africa: The Importance of
Lightning Compared to other Natural and Anthropogenic Sources
Bathobile Maseko

14:10 - 14:30

Investigation of Directional Dust Fallout Measurement Techniques
Gerrit Kornelius

09:10 - 09:30

14:30 - 14:50

Understanding the Synoptic Systems that Lead to Strong Easterly Wind
Conditions and High Particulate Matter Concentrations on the West
Coast of Namibia
Hanlie Liebenberg-Enslin

Evaluating the Costs and Benefits Associated with the Reduction
in SO2 Emissions from Industrial Activities on the Highveld of South
Africa
Marilize Steyn

09:30 - 09:50

The use of Flue Gas Cooling Technology to Reduce Improve the
Efficiency of Coal-Fired Power Stations
Gerrit Kornelius

09:50 - 10:10

The Potential Impacts of Liquefied Petroleum Gas Heater
Use on Indoor Air Quality
Maluta Mbedzi

10:10 - 10:30

Mid-morning Refreshments - Exhibition and Poster Viewing

14:50 – 15:20

Session 4 – Modelling and Emissions
Session Chair: Dr Hanlie Liebenberg-Enslin
(Airshed Planning Professionals)

15:20 - 15:40

15:40 - 16:00

Modelling the Effects of Biogenic NOx on Deposition for the South
African Highveld and Waterberg Regions
André Bruwer
The Application of Photochemical Modelling for the City of
Johannesburg AQMP
Mogesh Naidoo

Session 6 – Deposition and Air Quality Management
Session Chair: Mr Daniel Masekameni
(University of the Witwatersrand)
10:30 - 10:50

CAMx Model Study of the Impact of Natural Sources Emissions on
Ozone Formation over WBPA
Bheki Sibiya

Rainwater Chemistry over Eastern South Africa
Mpho Mompati

10:50 - 11:10

Impact of Ozone on Four Major Crops in Mpumalanga, South Africa
Rebecca Garland

16:20 - 16:40

Emissions of Tar Balls from Domestic Coal Burning Braziers
Daniel Masekameni

11:10 - 11:30

17:00 - 19:00

NACA Annual General Meeting
Plenary Venue

Climate Change Projections and Health, City of Johannesburg,
South Africa
Joyce Shirinde

19:00 - Late

Informal Braai
Pool and Dining Area of CedarWoods of Sandton

11:30 – 11:50

The Development of an African Atmospheric Science Network
Rebecca Garland

16:00 - 16:20
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Friday, 6 October 2017 continued

KEYNOTE SPEAKER

11:50 – 12:10

A National Greenhouse Gas Inventory Management System
for South Africa
Luanne Stevens

Mr Rodrigo Dittborn,

12:10 - 12:30

Awards for Best Papers
Announcement of NACA 2018
CLOSING

12:30

Lunch
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Professional engineer and environmental policy analyst in the Sustainable Heating Program,
Division of Air Quality in the Ministry of the Environment of Chile
Rodrigo Dittborn is a professional engineer and environmental policy analyst in the Sustainable
Heating Program, Division of Air Quality in the Ministry of the Environment of Chile. From his
undergraduate years while studying Industrial and Environmental Engineering, Rodrigo had
active involvement in public policy issues, specifically focused on air pollution and heating.
Chile, as a developing country, has several socio-economic and environmental issues that
parallel our challenges in South Africa. Already in his relatively short career in the Ministry,
Rodrigo has had important major influences on the implementation of sustainable energy
policies and air quality improvement in Chilean cities. He was the technical supervisor for a
feasibility study of a District Energy System in the city of Concepcion, based on waste heat
recovery of industries. He developed terms of reference and was the technical supervisor
for a district heating project for 12 public buildings in the city of Coyhaique. In May 2017
Rodrigo represented the Chilean Ministry of the Environment at an international “Summit on
Black Carbon and other Emissions from Combined Cooking + Heating and Coal Heating
Stoves”, in Warsaw Poland. He presented a paper on the ground-breaking success of a
Chilean project titled: Sustainable Heating: How to improve the way that Chileans heat
their homes? The main goal of this government-led programme was to atmospheric PM2.5
concentrations A side benefit was to reduce short-term climate emissions of Black Carbon.
The extensive community engagement and use of alternative cleaner technologies to replace
traditional domestic stove use is a feature of this programme. These aspects resonate with
the problems of domestic coal smoke emissions in South Africa.
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SCIENTIFIC PAPERS
AEROSOLS OPTICAL PROPERTIES AND DIRECT RADIATIVE EFFECT OVER
GOBABEB, NAMIBIA USING GROUND BASED REMOTE SENSING

ALTERNATIVE ENERGY USE FOR CLAMP KILNS –
PROPANE GAS FIRING TO REDUCE EMISSIONS

Joseph .A. Adesina1, Stuart J. Piketh1, Paola Formenti2, G. Maggs-Kölling3,
Brent N. Holben4 and Mikhail G. Sorokin5

Oladapo Akinshipe*1,2 and Gerrit Kornelius1

School of Geo- and Spatial Science, Unit for Env. Sc. and Management,
North-West University, Potchefstroom
2
Laboratoire Interuniversitaire des Systèmes Atmosphériques,
UMR-CNRS 7583, Universités Paris-Est- Créteil and Paris Diderot,
Institut Pierre Simon Laplace, Créteil, France
3
Gobabeb Research and Training Centre, Walvis Bay, Namibia
4
Laboratory for Terrestrial Physics, NASA Goddard Space Flight Center, Greenbelt, MD
5
Science Systems and applications Inc.
NASA Goddard Space Flight Center, Greenbelt, MD
Email: jadesina173@gmail.com
1

Abstract
Aerosols have both climatic and health effects and thus poses a challenge to researchers
to quantify these effects. These effects cannot be studied in isolation from their properties.
This study investigates the columnar optical properties of aerosols over Gobabeb, Namibia
(23.56S, 15.04oE, 40oS asl) using ground based remote sensing based on December 2014
to November 2015 dataset. Aerosol optical depth AOD500 has its maximum and minimum
values in August (0.37±0.30) and June (0.06±0.02) respectively. The Angström parameter
was mostly above unity during the study period and indicates the prevalence of fine particles
for most part of the year with maximum and minimum in August (1.44±0.19) and December
(0.57±0.19), respectively. The columnar water vapor was highest in March (2.09±0.58) and
lowest in June (0.76±0.27). The volume size distribution shows the fine particles having
a mean radius of about 0.16 μm and the coarse mode ranges between 3 μm and 7 μm.
The single scattering albedo indicates that the summer season has a prevalence of coarse
particles such as dust while the spring indicates a prevalence of fine particles made up of
either urban/industrial or biomass burning aerosols. The radiative forcing shows a heating
effect in all seasons with maximum and minimum in winter (9.41 Wm-2) and autumn (3.64
Wm-2) respectively.

Environmental Engineering Group, Chemical Engineering, University of Pretoria,
oladapo@airshed.co.za
2
Airshed Planning Professionals (Pty) Ltd. PO Box 5260, Midrand, South Africa,
gkornelius@gmail.com

1

Abstract
In previous papers we reported on the measurement of emissions from a model kiln designed
to simulate clamp kilns used for firing clay bricks. The model kiln simulates the operating
conditions and configuration similar to a transverse slice of a typical full-scale clamp kiln,
but with a lower capacity (20 000 to 35 000 bricks per firing cycle). In South African clamp
kilns, the primary source of energy is coal, both as internal fuel i.e. fuel contained within the
bricks, and as ignition fuel at the bottom of the clamp. The latter is typically 25% to 35%
of the total fuel used. In this paper, we report on a trial to use locally available liquidified
petroleum gas as a substitute for the ignition fuel in order to reduce emissions from clamp
kilns. Measurements were taken of emissions for particulate matter, sulfur dioxide, carbon
monoxide, carbon dioxide and nitrogen oxides. Although apparatus malfunction caused
incomplete measurements over the 12 day trial, corrected results indicate reductions of
approximately 12% in particulate matter emissions, 73% in NOx emissions, 683% in carbon
monoxide emissions, 8% in carbon dioxide emissions and a 16% increase in SO2 emissions.
The increase in SO2 emissions is not commensurate with reductions in fuel sulfur input,
indicating retention of sulfur in the brick.
Keywords: Stack monitoring, clamp kiln, emission rate, emission factor,
model kiln design, clay brick emissions

Keywords: Gobabeb, Aerosol Optical Depth, Volume Size Distribution,
Radiative Forcing, Single Scattering Albedo
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SCIENTIFIC PAPERS (continued)
BLACK CARBON OVER THE NORTHERN INTERIOR OF SOUTH AFRICA –
SPATIAL, TEMPORAL AND SOURCE ASSESSMENTS

MODELLING THE EFFECTS OF BIOGENIC NOX ON DEPOSITION
FOR THE SOUTH AFRICAN HIGHVELD AND WATERBERG REGIONS

Johan P. Beukes1*, Kgaugelo E. Chiloane1, Pieter G. van Zyl1, Petra Maritz1,
Ville Vakkari2, Miroslav Josipovic1, Andrew D. Venter1, Kerneels Jaars1, Petri Tiitta1,3,
Markku Kulmala4, Alfred Wiedensohler5, Catherine Liousse6, Gabisile V. Mkhatshwa7,
Avishkar Ramandh8, Lauri Laakso1,2

Adamus P. Bruwer*1, Gerrit Kornelius1, 2

Unit for Environmental Sciences and Management, North-West University,
Potchefstroom, 2520, South Africa
2
Finnish Meteorological Institute, Helsinki, Finland
3
Department of Environmental and Biological Sciences,
Univ. of Eastern Finland, 70211 Kuopio, Finland
4
Department of Physics, University of Helsinki, Finland
5
Leibniz Institute for Tropospheric Research, Leipzig, Germany
6
Laboratoire d’Aérologie, Université Paul Sabatier-CNRS, OMP,
14 Avenue Edouard Belin, 31400 Toulouse, France
7
Research, Testing and Development, Eskom SOC Ltd, Rosherville, South Africa
8
Sasol Technology R&D (Pty) Limited, South Africa
1

Abstract
After CO2, black carbon is considered the second most important contributor to global warming.
This paper presents equivalent black carbon (eBC) data collected at Elandsfontein, Welgegund
and Marikana, as well elemental carbon (EC) measured at Louis Trichardt, Skukuza, Vaal Triangle,
Amersfoort and Botsalano. Spatial mass concentration patterns indicated that the eBC or EC
concentrations in the SA interior are in general higher than what has been reported for the
developed world. Similar seasonal patterns were observed at all three sites where continuous
measurement data were collected (Elandsfontein, Welgegund and Marikana), with the highest eBC
mass concentrations measured during June-October, indicating contributions from household
combustion in winter months (June-August), as well as savannah and grassland fires in the dry
season (May to mid-October). From the diurnal patterns it could be deduced that for Marikana
and Welgegund, household combustion, and savannah and grassland fires were the most
significant sources, respectively. Possible contributing sources were explored in greater detail for
Elandsfontein, with five sources being identified as coal-fired power stations, pyrometallurgical
smelters, traffic, household combustion, as well as savannah and grassland fires. Comparison of
source strengths indicated that household combustion, and savannah and grassland fires were
the most significant sources of eBC during winter and spring, while coal-fired power stations,
pyro-metallurgical smelters and traffic contribute to eBC year round.

1

Airshed Planning Professionals (Pty) Ltd, Johannesburg, South Africa,
andre@airshed.co.za, gerrit@airshed.co.za
2
University of Pretoria, South Africa

Abstracts
Due to coal burning and industrial activities high levels of nitrogen and sulfur deposition occur
on both the South African Highveld and the Waterberg areas. This study builds on CALPUFF
dispersion modelling previously done by Scorgie and Kornelius (2009) for the Highveld to
predict sulfur and nitrogen deposition for the area, whose study previously excluded biogenic
emissions. To take into account the important effect rainfall has on deposition and biogenic
NOX emissions, three scenarios were modelled: average rainfall year (2001), below average
rainfall year (2003) and above average rainfall year (2010). Biogenic soil NOX emission rates
were modelled using work done by Yienger and Levy (1995) and included in the existing
emission inventory by Scorgie and Kornelius (2009) to see how much it compares to existing
anthropogenic N emissions and how it affects N deposition. The biogenic NOx emissions
contributed 3.96 %, 4.14 % and 3.34 % to total released NOx for 2001, 2003 and 2010
respectively and is significantly higher than what is contributed by household fuel burning,
small industrial sources and biomass burning. Dry nitrogen deposition rates were affected
the most, increasing between 1.69 - 6.19 %. Wet deposition rates were affected very little
showing only a small increase (0.13 % to 0.75 %), while total nitrogen deposition rates
increased from 0.32 % to 1.77 %. Biogenic emissions were also modelled for the Waterberg
area using an existing dispersion model and emission inventory by Liebenberg-Enslin et al.
(2010) for 2006. Waterberg biogenic emission made up only 2.3 % of total NOx emissions
and would add little to the total nitrogen and therefore it was decided not to run a CALPUFF
dispersion and deposition model for the Waterberg area.
Keywords: South African Highveld, South African Waterberg, biogenic NOX emissions,
deposition modelling

Keywords: Black carbon (BC), elemental carbon (EC), source apportionment
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SCIENTIFIC PAPERS (continued)
IMPACT OF OZONE ON FOUR MAJOR CROPS IN MPUMALANGA, SOUTH AFRICA

THE DEVELOPMENT OF AN AFRICAN ATMOSPHERIC SCIENCE NETWORK

Pedro Piqueras1,2, Ayanda, Ntsele3, Gregor Feig1, Seneca Naidoo1,
Akua Asa-Awuku4, Rebecca M Garland1,5

Rebecca M Garland1,2*, Hanlie Liebenberg-Enslin3*, Paul J Young4,5,
Christine F. Braban6, Katye Altieri7, Johan Paul Beukes2, Roelof Burger2,
Mogesh Naidoo1, Janine Wichmann8, Stuart Piketh2, Pieter G van Zyl2
and all participants of Pretoria IGAC Africa meeting

Council for Scientific and Industrial Research, Natural Resources Environment, Meiring
Naude Road, Pretoria, Brummeria, South Africa gfeig@csir.co.za, snaidoo8@csir.co.za,
rgarland@csir.co.za
2
Department of Chemical and Environmental Engineering, Bourns College of Engineering,
University of California, Riverside, CA, USA ppiqu001@ucr.edu
3
Department of Geography, Geoinformatics and Meteorology,
University of Pretoria, Pretoria, South Africa u13106742@tuks.co.za
4
Department of Chemical and Biomolecular Engineering,
University of Maryland, College Park.
College Park, MD 20742, USA asaawuku@umd.edu
5
Unit for Environmental Science and Management, North West University,
Potchefstroom, South Africa
1

Abstract
The Mpumalanga Highveld Priority Area (MHPA) is regarded as one of the largest
industrialised areas in Africa, and the province heavily relies on agriculture as a source of
revenue. Monitoring data collected over the past seven years shows elevated concentrations
of known phytotoxic pollutant ozone (O3), especially during the growing season. This study
quantifies the effects of ambient O3 on four crops (wheat, maize, sorghum and soybean) in
Mpumalanga. The AOT40 values (accumulated exposure over threshold of 40 ppb), which
are the thresholds used in the European Union to estimate crop yield loss from O3, were
calculated from multiple years of ambient O3 data. These AOT40 values were then used
to calculated yield and revenue losses in different magisterial districts within the province.
Results suggest that the most affected crop is wheat (multi-year Average Yield Loss (AYL) of
14% and multi-year average Total Annual Loss (TAL) of R31 million in the region), followed
by maize (AYL of 11% and TAL of R649 million in the region), sorghum (AYL of 0.55% and
TAL of R1.03 million in the region) and soybean (AYL of 0.12% and TAL of R4.14 million in
the region). This paper will highlight the importance of these findings in terms of stressors on
agriculture, and will also compare with the potential risk to human health through inhalation
of these pollutants
Keywords: Ground-level ozone, agriculture impact, Highveld Priority Area
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Natural Resources and the Environment, CSIR, Pretoria, South Africa
Unit for Environmental Sciences and Management, North-West University, Potchefstroom
3
Airshed Planning Professionals, Midrand, South Africa
4
Lancaster Environment Centre, Lancaster University, UK
5
Pentland Centre for Sustainability in Business, Lancaster University, UK
6
NERC Centre for Ecology & Hydrology, UK
7
Department of Oceanography, University of Cape Town, South Africa
8
School of Health Systems and Public Health, University of Pretoria, South Africa
1

2

*RMG and HLE contributed equally to this conference paper
Abstract
Currently in Africa atmospheric science research is fragmented and there is not strong
collaboration between researchers across the continent. This hampers the impact of
the research locally, regionally and internationally and can also impact the researchers’
ability to perform cutting-edge research where resources are limited. Additionally, there
is no formal initiative or platform to connect African researchers focusing on atmospheric
science research even though atmospheric science research can have large impacts on key
societal issues for the continent (e.g. air quality, human health, agriculture, climate change).
It is critical in the future to foster strong collaborations to address these issues effectively.
Critically, issues highlighted in the fifth Assessment Report of IPCC included the lack of
observation in the African continent. An African working group on atmospheric science
has been proposed that would provide the following: a formal organization through which
African atmospheric scientists can develop a cohesive community to enhance collaboration
regionally and internationally; improve uptake and impact of African scientists’ research;
contribute to bridge the gap of missing knowledge and foster the next generation of African
atmospheric science researchers. This presentation will describe the rationale behind
proposing this group, the aims and plans for the network, together with the potential role for
NACA and the Clean Air Journal in this new network.
Keywords: Air quality, atmospheric science, Pan-Africa
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SCIENTIFIC PAPERS (continued)
MEASUREMENT EQUIVALENCE OF NATIONAL MEASUREMENT STANDARDS,
A CARBON DIOXIDE CASE STUDY

EXPOSURE TO WOOD DUST AND HEALTH EFFECTS: A REVIEW OF
EPIDEMIOLOGICAL EVIDENCES FROM DEVELOPING COUNTRIES

Mudalo I. Jozela*1,2, James Tshilongo1, Napo G. Ntsasa1,
Nompumelelo Leshabane1 and Luke Chimuka2

Kevin K. Kasangana*1, Martha Chadyiwa1, Daniel Masekameni2
and Tafadzwa Makonese3

National Metrology Institute of South Africa (NMISA),
Private Bag X34, Lynnwood Ridge, 0040,
2
University of Witwatersrand, School of Chemistry, Private Bag 3, Wits, 2050
mjozela@nmisa.org

1
Department of Environmental Health, University of Johannesburg,
Doornfontein Campus P. bag 17011, Doornfontein 2028, Johannesburg, South Africa,
2
Division of Occupational Health, School of Public Health, University of the Witwatersrand,
Parktown, 2193, Johannesburg, South Africa
3
SeTAR Centre, University of Johannesburg, Bunting Road Campus, P. Bag 524,
Auckland Park 2006, Johannesburg, South Africa
*Corresponding author: kevinkas93@gmail.com

1

Abstract
South Africa mainly depends on coal burning as a major source of energy, which has
led to rapid increase in the atmospheric carbon dioxide (CO2) emissions. The increase in
atmospheric CO2 emissions is fast becoming a problem as it is linked to global warming.
CO2 is amongst the most important greenhouse gases as it has largest radiative effect and
major contributor to greenhouse effect. South Africa signed the Kyoto Protocol in 2002
which is an international treaty aimed at reducing emissions of greenhouse gases such as
CO2 and further took an initiative to reduce carbon emissions to 34 % by 2020 and 42 % by
2025. To monitor the reduction of CO2 emissions traceable CO2 in air standards are required
to calibrate instruments used for CO2 monitoring. NMISA has developed CO2 standards in
nitrogen, however these do not mimic the atmospheric CO2.
This has led to the development of accurate gas mixtures of CO2 in air which mimic the
atmospheric CO2. This paper will describe the development of CO2 gas mixtures prepared
gravimetrically in accordance to International Organization for Standardization (ISO 6142).
A suite of CO2 in air gas mixtures were prepared. Purity analysis of all the parent gases
was done, this is the first step of the traceability chain. After preparation, the gas mixtures
were analysed using gas chromatograph with flame ionisation detector (GC-FID). The gas
mixtures were produced with measurement uncertainty of 0,3 % (k=2).
Keywords: CO2 in air gas mixtures, emission, traceability, purity analysis

Abstract
In this paper, biomedical literature assessing the risks of nasal cancer and other wood dust
exposure related symptoms and diseases in the developing world were reviewed in detail
and contrasted with experiences in the developed world. Pollutants arising from industrial
processes, including wood processing plants are amongst the leading causes of morbidity
and premature deaths in exposed individuals. Industrial and artisanal wood processes
are associated with emissions of varied sizes of wood dust particles, toxic chemicals and
biological agents including fungi and endotoxins. To identify studies that assessed the
risk of nasal cancer and decreased lung functions in wood industry workers; systematic
literature reviews were conducted with scholarly search engines including PubMed, and
Scopus. A total of 100 studies published after 1999 were scoped and identified in line
with the objectives of the present review. The strongest associations between wood dust
exposure and ill-health in developing world are: respiratory symptoms, (100%, n= 33) and an
increased risk of nasal cancer (17%, n= 14). While, only 8% of the studies in developed world
have associated wood dust exposure with nasal cancer, there is a great debate regarding
the validity of such studies as their findings are limited to one sector of wood industries,
sawmilling and lack basis of true toxicological studies. To confirm the aetiology of nasal
cancer in wood industries, future studies should incorporate dose response relationship and
potential implications of fine and ultrafine wood particles as well as endotoxins. This could
aid to develop sustainable strategies for interventions and reduction of risk of exposure.
Keywords: Developing world, health effects, nasal cancer,
wood dust, wood processing industries
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INVESTIGATION OF DIRECTIONAL DUST FALLOUT MEASUREMENT TECHNIQUES
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THE USE OF FLUE GAS COOLING TECHNOLOGY TO REDUCE IMPROVE THE
EFFICIENCY OF COAL-FIRED POWER STATIONS
Pierru Roberts1, C. J. Luther Els1, Oleg Bosyi2 and Gerrit Kornelius3

1

Abstract
In addition to the two versions of ASTM D1739 being used for dust fallout monitoring in
South Africa, directional gauges using four similar collection buckets with a lid mechanically
positioned by the wind have been extensively used. In a previous paper, preliminary results
of a correlation study between the two ASTM versions and a four-bucket directional fallout
gauge were presented. In this paper, we present the final results of a controlled comparative
study over a period of 32 months at two sites, using two versions of the ASTM apparatus, a
single-bucket DustWatch type apparatus and the DustWatch four-bucket directional gauge.
It is shown that the values from all the apparatuses are log-normally distributed, rather than
normally distributed. Correlation analyses were therefore carried out on that basis. Although
reasonable correlation (R2 up to 0.83 between the geometric averages) exists between the
total dust collected in the directional buckets and the dust collected in the single buckets at
a specific site, and results from the directional buckets can therefore be used as an indication
of conformance with the National Dust Control Regulations limit values, a conversion factor
must be applied.
Keywords: Dust deposition, directional dust deposition gauges
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Abstract
Developments in heat exchanger technology, specifically in the use of polymers as tube
material, have allowed the use of gas to water heat exchangers under conditions previously
not viable. Two applications in the flue gas cleaning circuit of coal-fired power stations
are described in this paper. In conventional pulverised coal-fired boilers, cooling of gas
prior to the wet flue gas desulfurisation (WFGD) absorber reduces water consumption for
evaporative cooling of the flue gas and can recover heat for feed water preheating or for use
elsewhere in the plant. In another application where circulating fluidised bed boilers, which
are currently proposed for a number of independent power producers and may not require
wet FGD, heat recovery is still feasible upstream of the bag filter typically used for particulate
emission control on these installations. The extracted heat can again be recovered for use in
other power plant processes, in this case most economically for pre-heating combustion air.
This paper presents case studies for each of the above applications, showing that the power
station efficiency is typically increased by approximately 1% of its pre-installation value. An
economic analysis is provided for each, including additional power sales, reduced water
consumption, or reduced fuel use with a reduction in carbon tax. For the larger installations
with WFGD, payback time can be in the order of 4 years.
Keywords: Flue gas desulfurisation, boiler efficiency improvement, carbon tax
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DEVELOPMENT OF BENZENE AND CHLOROFORM PRIMARY
REFERENCE GAS MIXTURES

IMPROVED MEASUREMENTS OF SULPHUR CONTAINING COMPOUNDS IN
NITROGEN REFERENCE GAS MIXTURES
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Peter Gorst-Allman1 and Luke Chimuka2
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Abstract
Air pollution poses a serious threat to the environment and human health. Volatile Organic
Compounds (VOCs) are listed among major pollutants in South Africa due to their negative
health impacts (carcinogenic, damage to the liver, kidney and central nervous system). For
air quality purposes, quantification of harmful VOCs is mandatory. To accurately measure
ambient air pollutants reference materials traceable to SI units are required. The National
Metrology Institute of South Africa is mandated to disseminate traceable measurements to
the country. This work presents the development of binary reference gas mixtures of VOCs
(benzene and chloroform) in nitrogen. The gas mixtures (9-10 μmol/mol) were prepared using
gravimetric methods according to ISO 6142. The gravimetric mixtures were analysed by Gas
Chromatography-Flame Ionisation Detection (GC-FID) using a one-point calibration method
to verify the gravimetric mole fraction and internal consistency. The percentage difference
between the gravimetric and analysed results for benzene ranged from 0.1% to 1.4%,
chloroform results ranged from 1.0% to 1.3%. Both gas mixtures showed good internal
consistency. The good agreement between gravimetric and analysed values indicates that
the mixtures can be used confidently for VOC analysis.
Keywords: Volatile Organic Compounds, GC-FID, ISO 6142, Internal Consistency,
One-Point Calibration Method
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Abstract
Accurate measurements for the determination of sulphur containing compounds is very
critical for the compliance with legislation in various industries and environmental sectors such
as natural gas and air monitoring industries. Sulphur containing compounds measurements
are challenging because sulphur compounds tend to adsorb on the internal surfaces of
the sample collection devices and transfer lines. These types of compounds have known
health implications to humans having prolonged exposure. Some of the sulphur containing
compounds is used as odorants and others are highly reactive such as hydrogen sulphide,
sulphur dioxide and mercaptans.
The traceability to such compounds is achieved through the preparation of reference gas
mixtures. Reference gas mixtures are gravimetrically prepared in accordance to International
Organization for Standardization (ISO 6142:2015). The sulphur compounds gas mixtures were
produced with the highest metrological capability; thus, the molar mass, purity assessment,
and the weighing gave an overall gravimetric relative uncertainty which is less than 0.2 %
(k=1). One of the biggest challenges in producing sulphur compounds gas mixture is the
handling of gas cylinder from gravimetric preparation until the verification stage. This work
will detail the improved techniques used to produce the sulphur compounds gas mixtures.
The internal consistency between the mixtures was verified using Non-Dispersive UltraViolet analyser (NDUV) and Gas Chromatography coupled with sulphur chemiluminescence
detector (GC-SCD).
Our measurement uncertainty results show that the gravimetric value, internal consistency,
homogeneity and stability were within relative uncertainty of 1.5 % as compared to our
previous uncertainty of 3 %.
Keywords: Outdoor air quality, sulphur compounds, reference gas mixtures
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UNDERSTANDING THE SYNOPTIC SYSTEMS THAT LEAD TO STRONG EASTERLY
WIND CONDITIONS AND HIGH PARTICULATE MATTER CONCENTRATIONS ON
THE WEST COAST OF NAMIBIA
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Abstract
Synoptic-scale circulations govern local weather conditions and play a significant role in
determining the impact of local air pollution. The Erongo Region, located in the western
part of Namibia, falls within the west coast arid zone of Southern Africa and is characterised
by low rainfall, extreme temperatures and unique climatic factors influencing the natural
environment and biodiversity. Episodic dust storms associated with easterly trade winds is
a common phenomenon during the winter months. During these events dust is transported
over long distances westward towards the Atlantic Ocean. During 2017, these east
wind conditions occurred earlier and more frequently than in previous years. High PM10
concentrations measured at the coastal towns of Swakopmund and Walvis Bay coincided
with these east wind episodes in spite of differing local prevailing local wind directions.
Two such episodes were assessed in detail to understand the synoptic-scale circulations
governing these easterly wind conditions and the intensity of these systems, as well as the
origin of the high particulate matter concentrations.
Keywords: Synoptic-scale circulations, easterly winds, dispersion potential,
emissions, air pollution impacts

APPLICATION OF THE MASS MEASUREMENT TECHNIQUE IN THE PREPARATION
OF GREENHOUSE GAS IN AIR PRIMARY REFERENCE GAS MIXTURES
Silindile L. Lushozi*1,2, James Tshilongo1, Luke Chimuka2, Napo G. Ntsasa1,
Goistemang A. Lekoto1,2 and Peter Gorst-Allman1
1
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Abstract
Gravimetric dilution is one of the methods used to prepare primary reference gas mixtures
according to ISO 6142 (2001). The National Metrology Institute of South Africa (NMISA) has
a novel automated weighing system that uses mass measurement technology to calibrate
the concentration of the primary reference gas mixtures. The automatic weighing system
measurement method is based on the mass change of the cylinder before and after filling.
The balance consists of an electronic mass comparator with a maximum capacity of 26.1 kg
and a readability of 1 mg, and an automatic circular turntable plate to support the tare and
sample cylinders. The equipment is used to demonstrate small measurement uncertainties
of less than 2 mg at 95% confidence level with a coverage factor of k=2 achieved over
the single-pan balance. The circular turntable plate can load a maximum capacity of four
cylinders alternatively on the weighing pan of the mass comparator. In this study, buoyancy
that might occur during mass difference of the primary reference gas mixtures before
and after filling was calculated since buoyancy effect is one of the contributing source of
uncertainty in weighing by gravimetric method. Then, two multicomponent primary reference
gas mixtures containing carbon dioxide and methane in synthetic air (Ar+O2+N2) were
prepared and verified against existing standards on the gas chromatography methanator
with flame ionisation detector and by using cavity ring down spectroscopy. One primary
reference gas mixture was used to analyse dried air samples which contain 380-400 μmol/
mol CO2 and 1.77-2 μmol/mol CH4. The percentage difference obtained in CO2 ranged
from 0.012-0.06% and 0.0003- 0.05% in CH4, and a measurement precision of 0.5% was
also obtained on the measurement results. These samples were obtained from the World
Meteorological Organization Global Atmospheric Watch Cape Point station.
Keywords: Mass measurement, automated weighing system, reference gases
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EMISSIONS OF TAR BALLS FROM DOMESTIC COAL BURNING BRAZIERS
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LIGHTNING NOX EMISSION OVER SOUTH AFRICA: THE IMPORTANCE OF
LIGHTNING COMPARED TO OTHER NATURAL AND ANTHROPOGENIC SOURCES

Bathobile Maseko*1, Gregor Feig2, Roelof Burger3

1

Abstract
On the central-plateau of the South African Highveld, domestic coal combustion is associated
with the release of carbonaceous aerosols often produced as dendritic carbonaceous
particles and tar balls. However, very few studies have been conducted to validate this
contribution. Combustion of coal in low-income settlements is done using self-constructed
devices (predominantly braziers) known as imbaulas. Combustion characteristics in these
devices are influenced by fire ignition methods. The most common ignition method in South
African Highveld areas is the bottom-lit updraft (BLUD) relative to the less favoured Top
lit-updraft (TLUD) ignition technique. Aerosols samples were collected using Nucleopore
filters combustion phases (ignition and pyrolysis). The JSM 5800LV SEM at the University
of Pretoria and the Vega3 LM at the University of Johannesburg were used to observe
particle morphologies from coal-burning fires. Both instruments were equipped with energy
dispersive spectroscopy (EDS), which provides the possibility to analyse particle chemical
compositions. Tar balls were identified in both ignition methods (BLUD and TLUD) and in
pyrolysis (stage I and II). When sampling close to the fires (at ignition and pyrolysis stage I),
the filter material rapidly clogged and a continuous layer of liquid/tarry substance coalesced
and covered the entire filter membrane, with some pores completely closed. At the 5 m exit
point, micrographs showed distinct particles morphologies, including giant spherical organic
particles that had condensed as the exhaust stream cooled. Perfectly spherical giant tar
balls were observed in ageing smoke from smouldering combustion conditions typical
of poorly ventilated BLUD fires. The spherical tar ball particles were found as individual
spherical particles and as aggregates forming diffusion accretion chains. It is hypothesised
that spherical organic particles may have been formed by the ejection of liquid tar droplets
(pyrolysis stage I products of coal burning) from the pores of the burning coal, followed by
rapid thermal transformation upon passing through the flame or glow zone of the fire.
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Abstract
Nitrogen oxides (NOx=NO+NO2) are toxic air pollutants that play an important role in
tropospheric chemistry. In the presence of sunlight, NOx and Volatile Organic Compounds
(VOC) react to form surface ozone (O3) as a secondary air pollutant. South Africa is one of
the global NOx hotspots, with contribution from the high industrial emissions from coalfired power plants. South Africa is also known to be one of the global lightning hotspot,
thus understanding the lightning’s contribution to the NOx budget is vital. Lightning data
from the South African Lightning Detection Network (SALDN) was used to quantify the NOx
produced by lightning (LNOx). The provincial LNOx estimates will give an overall overview
of NOx production in each province, this will assist policy makers understand one of the
background sources, and inform air quality management nationally and provincially.
Keywords: Lightning, NOx, Ozone

Keywords: Coal, imbaula, combustion phase, particulate, carbonaceous aerosols
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CHARACTERISING HEAT LOSS IN LOW- INCOME HOUSES,
KWAZAMOKUHLE, MPUMALANGA, SOUTH AFRICA

THE POTENTIAL IMPACTS OF LIQUEFIED PETROLEUM GAS HEATER
USE ON INDOOR AIR QUALITY
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Abstract
Household coal and wood burning is a major contributor to poor air quality. The majority
of low-income communities in developing countries rely heavily on solid carbonic fuels for
cooking and space heating. Houses are poorly insulated making it necessary to use more
fuel for space heating. Emissions from burning activities impact negatively on both indoor
and outdoor air quality. This paper characterizes heat loss of housing units in the settlement
of Kwazamokuhle in the province of Mpumalanga, South Africa. A combination of in-situ and
remote sensing measurements were used. Poor quality housing presents an opportunity
to devise mitigations to improve household energy efficiency. The study findings were that
housing units where an energy retrofit was done lose less heat than units without retrofits. It
points to the importance of insulation in improving energy efficiency of low- income housing
units.
Keywords: Aerial thermal imagery, heat loss, household air pollution,
indoor air pollution low-income housing, solid fuels, outdoor air pollution
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Abstract
Both national and international studies have shown that indoor air pollution has adverse
impacts on human health. This is particularly the case in developing countries such as South
Africa. However, little has been done in terms of addressing this problem in the country. The
dependence on solid fuels such as coal and wood for cooking, space heating and lighting
purposes continues to be a problem in the country. This is especially the case in low-income
communities. Therefore, indoor air pollution continues to pose a threat to the health of many
citizens. In response to the national air quality offsets guideline, efforts are being made to
address some of the air pollution problems faced in many low-income communities. This
study was carried out to investigate the potential impacts of using a Liquefied Petroleum
Gas (LPG) heater on indoor air quality. LPG heaters are being considered as an alternative
to the solid fuels used in the aforementioned communities for space heating. Several
air quality parameters were monitored continuously in a building at Eskom’s Research,
Testing and Development (RT&D) Department. The results show that the outdoor-to-indoor
transport of air pollutants significantly contributes to the indoor concentrations of all the
air pollutants measured in this study. Specifically, the indoor NO2 concentrations increased
when the heater was turned on, owing to the rapid reaction between O3 and NO to produce
NO2. Furthermore, the results show that the LPG heater is a contributor to the indoor CO
concentrations. However, the concentrations of these air pollutants remained well within
acceptable ambient air quality levels. Although it was expected that there might be some
formation of secondary particulate matter indoors, this was not observed in the results
obtained in this study.
Keywords: Liquefied Petroleum Gas, indoor air quality, nitrogen dioxide, carbon monoxide.
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Abstract
Adverse effects of acid deposition due to increasing atmospheric emissions of acid-forming
pollutants are a concern to terrestrial and aquatic ecosystems. Rapid industrial development
in South Africa due to abundance of mineral resources has largely contributed to this
environmental calamity. Studies in industrial and background sites over eastern South Africa
have reported that deposition of acidic species does not pose an immediate threat to regional
ecosystems (Mphepya, 2002). With this knowledge, direct measurements of selected acidforming gaseous species and water-soluble aerosols were taken to confirm if ecosystems in
remote and industrial sites under study are not at risk since emission rates have continuously
increased over the years (Liousse et al., 2005; Pretorius et al., 2015). This paper reports
on rainwater chemistry (Jun 2015 – Apr 2016) and gaseous pollutants (Dec 2010 – Aug
2016) at selected background (Knysna, Cathedral Peak) and industrial sites (Lephalale,
Vaalwater, Elandsfontein) over eastern South Africa. The chemical composition of rainwater
was analysed for CH3COO-, HCOO-, C3H5O2-, C2O42-, Carbonates, H+, NO3-, SO42-, Na+,
Cl-, F-, NH4+, K+, Mg2+ and Ca2+ at Vaalwater, Cathedral peak, Elandsfontein and Knysna.
Gaseous concentrations were measured for SO2, NO2 and O3 at six sites in Lephalale and
simultaneously, at the four monitoring sites of rainwater chemistry. DIONEX ICS 3000 ion
chromatograph was used to analyse sample extracts of rainwater and gaseous pollutants.
Strict adherence to procedures followed by the DEBITS/IDAF programme, recommended
by WMO were used to ensure data quality of results. The formation of secondary particulate
matter through scavenging of atmospheric gaseous pollutants directly affects the pH and
composition of rainwater. Of all monitored alkaline species, Ca2+ (1.01) and NH4+ (1.35) were
the major buffering agents for rainwater acidity. Values of fractional acidity (FA) were used to
evaluate the extent of acidification on ecosystems at the study sites.

THE APPLICATION OF PHOTOCHEMICAL MODELLING
FOR THE CITY OF JOHANNESBURG AQMP
Mogesh Naidoo1*, Bheki Sibiya1, Terri Bird2, Mpho Nekhwalivhe3,
Justice Netshandama3 and Musa Mahlatji3
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2
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3
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Abstract
Municipalities are required to develop an Air Quality Management Plan (AQMP) in order to work
towards mitigating the negative impacts of air quality on human health and the environment.
The 2016 AQMP for the City of Johannesburg (CoJ) incorporated photochemical modelling
to assist in air quality “hotspot” and scenario analyses. The complex emission source profile
of CoJ (like many urban areas) necessitated the use of a one-atmosphere chemistry model.
The Comprehensive Air Quality Model with Extensions (CAMx) photochemical model was
used to accomplish this. A regional and CoJ specific emissions inventory was developed
for both management and modelling purposes; which fed into the model hotspot analysis
(also as a baseline) and the basis of the scenarios. This paper will present the various
methodologies employed to effectively apply CAMx in CoJ, results and strengths and
limitations encountered in the process.
Keywords: Air quality management, modelling, emissions, Johannesburg

Keywords: Rainwater chemistry, Acid-forming pollutants, pH, Acid rain,
Sulphur, Nitrogen, Long-range transport, Deposition.
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Abstract
Work has been done in the fields of mapping, environmental monitoring and quantity
surveying using unmanned aerial vehicles (UAVs); however, to the author’s knowledge limited
studies have been undertaken in the field of 3-D particulate sampling from industries such as
mines using UAVs. 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 is to determine
the correlation between modelled dust concentrations and the measured three-dimensional
concentration field determined from UAV sampling. In order to achieve this aim, the following
objectives will be undertaken: (1) Determination of the best configuration of the equipment
on the UAV for the most accurate data collection; (2) Coordination of flight and sampling
schedule; (3) Undertaking a series of UAV sampling campaigns at the selected source of
emissions (opencast mines or quarries), with simultaneous observation of meteorological
conditions; (4) Compilation of an emissions inventory for the mine and undertaking of air
dispersion modelling; and (5) Conducting computational analysis of sampling data in order
to determine correlation between modelled concentrations for the mine and the sampled
concentrations. This study will determine the prospect of using UAVs fitted with sampling
equipment to monitor industrial operation’s impacts and develop management plans based
on the 3-D concentration arrangement. The results of this research can also possibly be used
to determine emission factors for mines, as well as in the development of dust management
plans for opencast mines. One sampling campaign has been conducted and these results
as well as the research methodology are presented in this paper.
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Abstract
The current study evaluates the climate change projections and its impact over the City of
Johannesburg. It is projected that the temperature in subtropical Africa could increase by
4 – 6°C by the end of the 21st century compared to present day. The increase in temperature
may have negative impact on human health especially for people living in cities. The aim of
the study is to evaluate climate projections for the City of Johannesburg for potential risk
to human health, based on the city-specific temperature threshold. The Conformal-Cubic
Atmospheric Model (CCAM) was used to make past, current and future projections over
Africa for the period 1979-2100. The projections were based on two emissions scenarios,
Representative Concentration Pathways (RCP) namely; RCP4.5 (low greenhouse gasses
emission scenario) as well RCP8.5 (high greenhouse emission scenario), at a horizontal
resolution of 0.5 degrees. Time series for the present, near-future and the far-future scenarios
were analysed for temperature increase above specific thresholds. The projected apparent
air temperatures for RCP8.5 are much higher than for RCP4.5, meaning that if we continue
with business as usual, temperatures over the City of Johannesburg will increase resulting
in serious health impacts.
Keywords: Climate change, Human health, Hot days, Heat wave

Keywords: UAV, sampling, particulate, impacts, emissions, dust management, opencast
mines, quarries, surface operations, dispersion modelling
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Abstract
Accurate estimation of emissions from natural sources are needed for reliable predictions
of pollutant concentrations in the atmosphere using air quality models. In this study the
comprehensive emissions inventory for the Waterberg-Bojanalo Priority Area developed at
CSIR, and a modelling system consisting of the CCAM regional climate model and the
CAMx photochemical model, were applied to simulate O3 concentrations. CAMx was
applied with Ozone Source Apportionment Technology (OSAT) to study and quantify the
contributions of emissions from natural sources to the WBPA ozone levels for the year 2013.
The natural source categories included biomass burning from the Fire Inventory from NCAR
model (FINN) and biogenic emissions (BVOC) from the MEGAN model. Simulations from
the modelling system indicate that the average annual concentration of O3 in the WBPA is
between 24-33 ppb with average daily maximum concentrations (>45 ppb) occurring on the
south WBPA region. The diagnosis with OSAT further revealed that exclusion of biomass
burning and biogenic emissions decreases the modelled mean seasonal O3 concentrations
by more than 30% in total during summer while in winter 12% was the total impact. The
biogenic source has significant impact (up to 24%) in summer while the BB emission
contributing more (about 9%) in winter. The results in general indicate that among the natural
emissions sources, biogenic emissions are found to be the most significant contributor to
ozone formation in 2013, with up to 10% contribution to the annual average concentration
downwind of the Matimba power plant and up to 24% contribution to the average daily
maximum concentration at the same region. The contribution of BB emissions is notable
higher only in the seasonal mean O3 level with a maximum almost twice as much of that
of biogenic source. These results suggest that inclusion of biogenic and BB emissions has
a significant effect on O3 levels in the WBPA; it further highlight the importance of using
a detailed and comprehensive emissions information in air quality modelling for impact
assessment of any proposed development at the WBPA.
Keywords: CAMx, CCAM, O3, Biomass burning, biogenic, OSAT,
WBPA, VOC, FINN, MEGAN
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Abstract
South Africa has committed to reducing its contribution to the global GHG budget. It ratified the
United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol.
The UNFCCC stipulates that Non-Annex 1 countries are required to submit inventory reports
every two years as part of their Biennial Update Reports (BURs) or National Communications
(NCs). To assist with this increased reporting a National GHG Inventory Management System
(NGHGIS), with new internal procedures and capacities, is being developed. The NGHGIS has
been designed to ensure transparency, consistency, comparability, completeness and accuracy
of the GHG inventory. It ensures the quality of the inventory through planning, preparation and
management of inventory activities. The NGHGIS has been set up in a web-based, collaborative
platform that allows for document management, sharing and storage. The main components
of the NGHGIS are the (a) organisational structure; (b) inventory preparation work plan where
responsibilities are assigned; (c) data supplier and stakeholder lists; (d) input datasets (linked
to the stakeholder list) providing information on required data, MOU’s, and data due dates; (e)
quality assurance and quality control (QA/QC) objectives, checks, logs and tools; (f) emission
calculation method statements; (g) GHG inventory outputs which include estimation files, a trend
viewer and a public website; and (h) improvement plans. In addition to the web-based system,
new institutional arrangements and data flows have been proposed, the legal landscape has
been mapped, draft MOUs for data suppliers have been drawn up and a detailed QA/QC plan
has been developed. The final stage of the NGHGIS is the development of the data collection plan
and technical guidelines for the Agriculture, Forestry and Other Land Use (AFOLU) and Waste
sectors. The centralised NGHGIS will reduce the loss of information, improve continuity between
inventories and assist in the timely completion of inventory updates.
Keywords: National system, GHG inventory, institutional arrangements,
stakeholders, datasets, quality control
Page 35

AIR QUALITY WEEK 2017 | Annual Conference Proceedings

SCIENTIFIC PAPERS (continued)
EVALUATING THE COSTS AND BENEFITS ASSOCIATED WITH THE
REDUCTION IN SO2 EMISSIONS FROM INDUSTRIAL ACTIVITIES
ON THE HIGHVELD OF SOUTH AFRICA
Marilize Steyn and Gerrit Kornelius
*

Environmental Engineering Group, Department of Chemical Engineering,
University of Pretoria, Pretoria, South Africa
marilizeg@gmail.com gerrit.kornelius@up.ac.za
Abstract
The costs and benefits associated with the implementation of an SO2 point source standard
for solid fuel combustion installations (Category 1.1 sources, National Environmental
Management: Air Quality Act: s21 List of Activities 2013) were evaluated to assess the
desirability of implementation of the standards from an environmental as well as economic
point of view. The study used a bottoms-up or impact pathway approach to analyse the
impact of emission reduction. To reach the new plant (2020) SO2 emission standard of
500 mg/Nm3, the installation of wet flue gas desulfurisation (FGD) is the likely technology
as it is a widely installed and well-developed technology. Costs and benefits associated
with the installation of FGD were identified and ranked into four categories, based on the
expected impact and the availability of information. All costs and benefits that could be
quantified and monetized (Category 1 impacts) were included in the evaluation. A sensitivity
analysis was conducted on the costs and benefits with the largest impact on NPV (net
present value) or the largest uncertainty associated with the calculation to determine a range
of feasible values. Site specific information was used where available, supplemented by
benefit transfer where local data was not available. The impact on premature adult mortality
was found to be the most significant benefit and dependent on the concentration response
function selected and sensitive to the VSL (value of statistical life) estimate used (high R115
billion; low R36 billion). The choice of appropriate concentration response functions and the
applicability thereof in the South African context are important considerations, likely requiring
further study. The capital cost of FGD installations was found to be the most significant cost
and was sensitive to the evaluation method (central R187 bil; high R306 bil; low R80 bil).
Failure to account for operating costs would significantly impact the economic evaluation.
The results of the study indicate that, given the information currently available, it is unlikely
that the benefit of reducing SO2 emissions from existing sources to the required standard
outweighs the cost of implementation on Highveld of South Africa.
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Clean Air Campaign

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
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