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The College of Agriculture, Engineering and Science would like to express its grateful
thanks to the following sponsors of the 2013 College Postgraduate Research Day:

« COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH (CSIR)

< DEPARTMENT OF SCIENCE AND TECHNOLOGY (DST)

% ESKOM

s ENGINEERING COUNCIL OF SOUTH AFRICA (ECSA)
s NATIONAL RESEARCH FOUNDATION (NRF)
% SAPREF
s TECHNOLOGY INNOVATION AGENCY (TIA)
s TECHNOLOGY AND HUMAN RESOURCES PROGRAMME (THRIP)
+ UNILEVER

% UKZN RESEARCH OFFCE

s UKZN SCHOOL OF AGRICULTURAL, EARTH & ENVIRONMENTAL
SCIENCES

s UKZN SCHOOL OF CHEMISTRY AND PHYSICS
% UKZN SCHOOL OF ENGINEERING
% UKZN SCHOOL OF LIFE SCIENCES

% UKZN SCHOOL OF MATHEMATICS, STATISTICS AND COMPUTER
SCIENCE
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PROGRAMME

Friday 1 November 2013, UNITE/School of Engineering Building

08:30 - 08:55 Registration (UNITE/School of Engineering building foyer)

09:00 - 09:10 Introduction (Main Lecture Theatre)

Dr Leigh Jarvis, School of Engineering, UKZN

Opening and Welcome

Professor Urmilla Bob, Dean of Research, UKZN

09:10 - 09:40 Keynote Lecture

Dr Sahal Yacoob, School of Chemistry and Physics, UKZN:

The Higgs Mechanism in our Understanding of the Universe

09:50 - 11:10 Session 1 Student Oral Presentations

UNITE Building UNITE Building UNITE Building UNITE Building
Venue
Tut 1 Venue Tut 2 Venue Tut 3 Venue Main Venue

09:50 - 10:10 T1.1: Tatenda R. T2.1: Tbrahim T3.1: Ray Leroy M1: Coetzer, Willem G.
Musimwa Abdulkadir Khuboni

10:10 - 10:30 T1.2: Alexander T2.2: Ovokeroye A. T3.2: Abdulmutaleb E. M2: Nontobeko Mvubu
Metz Abafe Zorgani

10:30 - 10:50 T1.3: Mmaphuti T2.3: Joseph A. Adesina  T3.3: Peter Akuon M3: Charlotte Ramadhin
Andrias Nkoana

10:50 - 11:10 T1.4: Mdlambuzi T2.4: Godfrey Keru T3.4: Sphumelele Colin M4: Letricha Padayachee
Thandile Ndlovu

11:10-11:40 Tea



11:40 - 13:00

Session 2 Student Oral Presentations

UNITE Building UNITE Building UNITE Building UNITE Building
Venue
Tut 1 Venue Tut 2 Venue Tut 3 Venue Main Venue
11:40 - 12:00 T1.5: Sikhulumile T2.5: Lucy Ombaka T3.5: Justin Pringle MS5: Lindokuhle Luthuli
Sinyolo
12:00 - 12:20 T1.6: Simangele T2.6: Victoria Chiazzari  T3.6: J. C. Landman M6: Julien Fattebert
Sithole
12:20 - 12:40 T1.7: Nozipho M. T2.7: Nomfundo T3.7: Oscar Ngesa M7: Lindy Thompson
Motsa Mabhlangeni
12:40 - 13:00 T1.8: Pumlani T2.8: Tonderai T3.8: Yibeltal Bayleyegn MS8: Caroline Okoth
Ggqaleni Mombeshora

13:00 - 14:00 Lunch and Poster Viewing

14:00 - 15:20 Session 3 Student Oral Presentations

v UNITE Building UNITE Building UNITE Building UNITE Building
enue
Tut 1 Venue Tut 2 Venue Tut 3 Venue Main Venue

14:00 - 14:20 T1.9: Vimbayi G.P. T2.9: Aloice O. Ogweno T3.9: Wayne M9: Samantha Naidoo
Chimonyo Frederick

14:20 - 14:40 T1.10: Nicholas T2.10: Yaseera Ismail T3.10: M10: Andrinajoro R.
Christopher Moyo Christopher Rae Rakotoarivelo

14:40 - 15:00 T1.11: Adu-poku, T2.11: Makhamisa T3.11: Ragalo, M11: Tendekai Mahlanza
Stubbe Senekane Anisa

15:00 - 15:20 T1.12: Olaoluwa T2.12: Leigh Hunter T3.12: Apratim M12: Shane McPherson

Olarewaju Omoniyi

15:20 - 16:00 Finalisation of Judging and Tea

Ganguly

16:00 — 16:10 TIA Presentation: Innovation, Commercialisation and Entrepreneurship

(Main Lecture Theatre)

16:10 - 16:40 Prize-Giving (Main Lecture Theatre)

16:40 — 16:45 Lucky Draw

16:45

Closing

Commercialization and Entrepreneurship, UKZN

Professor Deresh Ramjugernath, Pro Vice-Chancellor: Innovation,



Keynote Lecture

THE HIGGS MECHANISM IN OUR UNDERSTANDING OF THE
UNIVERSE

By
DR SAHAL YACOOB
UKZN SCHOOL OF CHEMISTRY & PHYSICS

Abstract:

The 2013 Nobel Prize in Physics was awarded for the theory of mass generation for the fundamental
particles of the standard model of particle physics. The presentation will describe the standard model
of particle physics in order to highlight why this theoretical advance made by Higgs and Englert is
prize-worthy.

Biography:

Dr Sahal Yacoob is a lecturer in UKZN’s School of Chemistry and
Physics, whose area of expertise is particle physics. His PhD was
awarded by Northwestern University based on work at the
Tevatron particle collider, and he has worked at the Lawrence

Berkeley, and Fermi National Laboratories in the USA.

Dr Yaccob is currently a member of the ATLAS collaboration,

whose discovery of the Higgs Boson last year validated the theory

for which this year’s Nobel Prize in Physics was awarded.



Oral Presentations (UNITE Tutorial 1)

Time UNITE Tutorial 1 ‘ TITLE

09:50 - 11:10 | Session 1 Chair: Dr Samson Tesfay

09:50 - 10:10 T1.1: Tatenda R. Musimwa Why SR52 is such a Great Maize Hybrid
School of Agricultural, Earth &
Environmental Sciences

10:10 - 10:30 T.1.2: Alexander Metz Gold mineralisation in the Sabie-Pilgrim's
School of Agricultural, Earth & Rest Goldfield
Environmental Sciences

10:30 - 10:50 T1.3: Mmaphuti Andrias Nkoana | Urban biodiversity management in the face
School of Agricultural, Earth & of climate change: livelihood impacts and
Environmental Sciences adaptation strategies in Inanda community

of eThekwini metropolitan area

10:50 - 11:10 T1.4: Mdlambuzi Thandile Spiral distribution and vertical assessment
School of Agricultural, Earth & of Heavy metals in soil irrigated with
Environmental Sciences. sewage sludge from Darvill treatment

11:40 - 13:00 | Session 2 Chair: Dr Samson Tesfay

11:40 - 12:00 T1.5: Sikhulumile Sinyolo The impact of the Tugela Ferry smallholder
School of Agricultural, Earth & irrigation scheme on household welfare
Environmental Sciences

12:00 - 12:20 T1.6: Simangele Sithole Water quality from water harvesting
School of Agricultural, Earth & systems
Environmental Sciences

12:20 - 12:40 T1.7: Nozipho M. Motsa Growth response of locally bred sweet
School of Agricultural, Earth & potato (Ipomeabatatas L.) varieties to
Environmental Sciences varying environmental conditions in

KwaZulu-Natal, South Africa

12:40 - 13:00 T1.8: Pumlani Gqaleni Seed quality components of selected
School of Agricultural, Earth & banbara groundnut colour selections
Environmental Sciences

14:00 - 15:20 | Session 3 Chair: Dr Samson Tesfay

14:00 - 14:20 T1.9: Vimbayi G.P. Chimonyo Seed priming effects on seed quality and
School of Agricultural, Earth & seedling establisment of bottle groud grown
Environmental Sciences under simulated water stress

14:20 - 14:40 T1.10: Nicholas Christopher Energy flux and water use efficiency
Moyo measurements in a maize and soybean
School of Agricultural, Earth & cropping in KwaZulu-Natal Midlands
Environmental Sciences

14:40 - 15:00 T1.11: Stubbe Adu-poku Material Flow Analysis of the South
School of Agricultural, Earth & African Pu]p Sector.
Environmental Sciences

15:00 - 15:20 T1.12: Olaoluwa Olarewaju Is mesocarp oil a reliable maturity and

Omoniyi
School of Agricultural, Earth &
Environmental Sciences

quality indicator in avocado?




Oral Presentations (UNITE Tutorial 2)

Time UNITE Tutorial 2 ‘ TITLE
09:50 - 11:10 Session 1 Chair: Prof Richard Mace
T2.1: Ibrahim Abdulkadir Synthesis, characterization and
09:50 - 10:10 School of Chemistry & Physics photocatalytic activities of perovskite-like
Ndo.s(Big,X0.Mng 1)FeOs.5
T2.2: Ovokeroye A. Abafe Endocrine Disrupters in the South African
10:10 - 10:30 School of Chemistry & Physics Indoor Environment: Implications for
Personal Exposure
10:30 - 10:50 T2.3: Joseph A Adesing Aerosol optical pfopenie's over Pretoria,
School of Chemistry & Physics South Africa During Spring time
T2.4: Godfrey Keru Bulk heterojunction solar cell with
10:50 - 11:10 School of Chemistry & Physics nitrogen-doped carbon nanotubes/polymer
composites in the active layer
11:40 - 13:00 | Session 2 Chair: Prof Richard Mace
T2.5: Lucy Ombaka Solvent-free synthesis and electrochemical
11:40 - 12:00 School of Chemistry & Physics properties of novel 1,1°-
ferrocenyldiacrylonitriles
12:00 - 12:20 T2.6: Victorig Chiazzar.i The chemotherapeutic potential of bidentate
School of Chemistry & Physics pyrrolide-imine gold(IIT)
T2.7: Nomfundo Mahlangeni Novel chalcones and dihydrochalcones
12:20 - 12:40 School of Chemistry & Physics isolated from cyrtanthus obliquus L.F
Aiton. Bulbs
12:40 - 13:00 T2.8: Tonderai Mombeshora Light harvesting nano-materials
School of Chemistry & Physics
14:00 - 15:20 | Session 3 Chair: Prof Richard Mace
T2.9: Aloice O. Ogweno New (Pyridyl)benzoazole Ruthenium
14:00 - 14:20 School of Chemistry & Physics complexes As Catalysts for The Transfer
Hydrogenation of Ketones
14:20 - 14:40 T2.10: Yasee.ra Ismail . Free-space quantum Key Distribution
School of Chemistry & Physics (QKD) through multiple entanglement
1440 - 15:00 T2.11: Makhgmisa Sengkane FPGA-Based emulation of qudit quantum
School of Chemistry & Physics fourier transform circuits
T2.12: Leigh Hunter Derivatised Phenanthroline Copper(Il) and
15:00 - 15:20 School of Chemistry & Physics Nickel(IT) Chelates: Targeted

Chemotherapeutic Agents




Oral Presentations (UNITE Tutorial 3)

Time UNITE Tutorial 3 ‘ TITLE
09:50 - 11:10 Session 1 Chair: Prof Jules-Raymond Tapamo
T3.1: Ray Leroy Khuboni OpenCL Parallelization of Feature
09:50 - 10:10 School of Engineering Extraction for Patch-based Multi-View
Stereo
T3.2: Abdulmutaleb E. Zorgani Assessment of Permeable Reactive
School of Engineering Barriers Alternative Media for the
10:10 - 10:30 .. . .
Remediation of Nitrate-Contaminated
Ground-Waters
i . T3.3: Peter Akuon Research Experience on Polar coding and
10:30 - 10:50 . . .
School of Engineering smart antenna Design research
T3.4: Sphumelele Colin Ndlovu Development of an integrated Model and
10:50 - 11:10 School of Engineering system to enable optimal efficiency of a
lunar laser ranger signal path
11:40 - 13:00 | Session 2 Chair: Prof Jules-Raymond Tapamo
T3.5: Justin Pringle The Automated, Objective Classification of
11:40 - 12:00 School of Engineering Circulation Patterns Driving the Wave
Climate of KwaZulu-Natal South, Africa
12:00 - 12:20 T3.6: J. C. Landman Establishing learning outcomes for higher
) ' School of Engineering education qualifications in surveying
T3.7: Oscar Ngesa Spatial Joint Modeling and Mapping of
12:20 - 12:40 School of Mathematics, Statistics & HIV and HSV-2
Computer Science
T3.8: Yibeltal Bayleyegn A Mathematical Description of the
12:40 - 13:00 School of Mathematics, Statistics & Interactions of CycE/Cdk2, Cdc25A and
Computer Science P27%"" in a Core Cancer Sub-Network
14:00 - 15:20 | Session 3 Chair: Prof Jules-Raymond Tapamo
T3.9: Wayne Frederick Quantifying Scalability of Decentral Media
School of Engineering Streaming Networks over Central
14:00 - 14:20 Networks, including Empirical Evaluation
of a Peer-to-Peer Protocol, by use of Peak
Signal to Noise Ratio
T3.10: Christopher Rae Investigation of evolutionary algorithm
14:20 - 14:40 School of Mathematics, Statistics & hyper-heuristics for the nurse rostering
Computer Science problem
T3.11: Anisa Ragalo A hyper-heuristic approach towards
14:40 - 15:00 School of Mathematics, Statistics & mitigating premature convergence in
Computer Science genetic programming
T3.12: Apratim Ganguly Neutron stars in Starobinsky model
15:00 - 15:20 School of Mathematics, Statistics &

Computer Science




Oral Presentations (UNITE Main Lecture Theatre)

Time UNITE Main Lecture Theatre ‘ TITLE
09:50 - 11:10 Session 1 Chair: Dr Yougasphree Naidoo
M1: Willem G. Coetzer The use of microsatellites to address taxonomic
09:50 - 10:10 School of Life Sciences and illegal trade in Cape Parrots (Poicephalus
Robustus)
M2: Nontobeko Mvubu Cytokine production by epithelial cells infected
10:10 - 10:30 School of Life Sciences with clinical strains of Mycobacterium
’ tuberculosis that dominate in KwaZulu-Natal
(South Africa).
M3: Charlotte Ramadhin Optimization of the UptiBlue™ assay for the
10:30 - 10:50 School of Life Sciences rapid, accurate and reliable determination of
IGF-I bioactivity
M4: Letricha Padayachee Regulation of the Thioredoxin System in
10:30 - 11:10 School of Life Sciences Saccharomyces Cerevisiae
11:40 - 13:00 | Session 2 Chair: Dr Yougasphree Naidoo
MS5: Lindokuhle Luthuli Molecular epidemiology of Amphistomes
School of Life Sciences affecting ruminants from selected Southern
11:40 - 12:00 . . .. .
African countries using internal transcribed
spacer two (ITS2) region of rRNA gene
M6: Julien Fattebert Socio-spatial ecology of a leopard population
12:00 - 12:20 . ; .
School of Life Sciences recovering from over-harvest
M7: Lindy Thompson Seasonal variation in basal metabolic rate,
12:20 - 12:40 School of Life Sciences respiratory quotient and evaporative water loss
in the Cape White Eye, Zosterops Pallidus
MB&: Caroline Okoth Response of parasitoids to frass produced by
12:40 - 13:00 School of Life Sciences stemborers from ancestral and improved
sugarcane varieties
14:00 - 15:20 | Session 3 Chair: Dr Yougasphree Naidoo
M9: Samantha Naidoo Foraging at wastewater treatment works
14:00 - 14:20 School of Life Sciences increases health risks in an urban adapter, The
Banana Bat
M10: Andrinajoro R. Phylogeography of Hipposideros commersoni
14:20 - 14:40 Rakotoarivelo (Chiroptera: Hipposideridae) in the dry forests
School of Life Sciences of Madagascar
M11: Tendekai Mahlanza Towards the use of Fusarium sacchari in
14:40 - 15:00 School of Life Sciences biological control of Eldana saccharina
sugarcane
M12: Shane McPherson Camera trap technology to study the diet of
15:00 - 15:20 School of Life Sciences urban-breeding Crowned Eagles (Stephaoactus

coronatus) in KwaZulu-Natal




Poster Presentations (UNITE Tutorial 4 & 5)

Poster Name Title
Number
P1 Abuobayda M. Shabat A Comparative study of Feature methods for Informal
School of Engineering Settlements Characterization
P2 Adetoyese Adeyemo Seasonal Impact On Livestock Production and Mitigating
School of Agricultural, Earth & | Factors on Irrigation Scheme: A Case Study, Muden KZN
Environmental Sciences
P3 Akintunde Alonge Rainfall Fade Effects on Microwave and Millimetre Wave
School of Engineering Communication Networks at South Africa and Rwanda
P4 Alaika Kassim An Overview on the Effects of Postharvest handling and
School of Engineering varying storage on the quality of avocados (Persea
Americana mill)
P5 Alembong Oswald Material flow analysis in the South African forestry Sector
School of Agricultural, Earth &
Environmental Sciences
P6 Alisha Sewbalas Epidermal Growth Factor Targeted Novel Cationic
School of Life Sciences Lipoplexes Enhance Transgene Expression in HepG2 Cell
Line In Vitro
P7 Aminu Mohammed Anti-oxidative and anti-diabetic effects of seed and whole
School of Life Sciences plant from black caraway (Nigella sativa) in vitro
P8 Amy Webster Wattle: Chop or Cherish
School of Agricultural, Earth &
Environmental Sciences
P9 Andrew Young Apuko Modeling and Simulation of hybrid photovoltaic and
Oyieke thermal (pv/t) power module
School of Life Sciences
P10 Armeline Dembo Mafuta | On Dynamic Pricing and Service-Class-Based Joint Call
School of Mathematics, Admission Control for Congestion Control
Statistics & Computer Science | Heterogeneous Wireless Networks
P11 Victoria Awolola Antibacterial and anti-biofilm activity of ficus sansibarica
School of Chemistry & Physics | warb. subsp. sansibarica (moraceae) extracts.
P12 Betony Adams An Open quantum systems approach to magnetoreception
School of Chemistry & Physics
P13 Chengetanai Mushonga Impact of sox and nox deposition on the leaching
School of Agricultural, Earth & | behaviour of soils and water quality in the South African
Environmental Sciences Highveld
P14 Chika Chukwuma Xylitol Improves in vivo Anti-oxidative Status in a
School of Life Sciences Normal and Type 2 Diabetes Model of Rats
P15 Drew van der Riet A Modular Prosthetic arm with Haptic Interfacing for
School of Engineering Transradial/Transhumeral Amputees
P16 Ekemena O. Oseghe Preparation and characterization of mesoporous Mn/TIO,
School of Chemistry & Physics | nanocomposite: Effect of pH variaation on the properties
of the materials
P17 Ellen Letsogile Thipe Two Greenhouse Microclimates and their effect on
School of Engineering growth, yield and quality of tomatoes
P18 Emmanuel Gakuba Analysis of polychlorinated biphenyls (PCBs) from
School of Chemistry & Physics | Umgeni River
P19 Faiaz Abdool Shaik Isolation and partial characterization of Crocodile Serum
School of Life Sciences Immunoglobulins
P20 Farai Mazvimbakupa Germination and seed quality tests of local landrace and
School of Agricultural, Earth & | hybrid maize varieties
Environmental Sciences
P21 Faustin Habyarimana Determinants of poverty of household in Rwanda.

School of MSCS




P22 Gbadebo Adeyinka The analysis of persistent organic pollutants (POPs) in
School of Chemistry & Physics | Msunduzi Rivers KwaZulu-Natal, South Africa
P23 George Simba Nyamato Synthesis and characterization of new pyrazolylpyridine
School of Chemistry & Physics | late transition metal complexes
P24 Hannah Adebanjo Comparative analysis of texture features analysis for
School of Engineering urban settlements hyperspectral image classification
P25 [lunga Kalanda Cowpea (Vigna unguiculata (L) Walp) seed quality
School of Agricultural, Earth &
Environmental Sciences
P26 Johra Ali High temperature production and desulphurisation of
School of Engineering syngas
P27 Jonathan Archer Carbon doping of precursor boron powder for control of
School of Engineering normal resistance of MgB2 bulks for specific use in fault
current limiter applications
P28 Jules Raymond Kala Leaf shape characterisation using the new convexity
School of Mathematics, measure of polygons, the Seven invariants moments and
Statistics & Computer Science other morphological features
P29 July Teboho Bell Bulkheterojuction Organic Solar Cell. While for Oral
School of Chemistry & Physics | titled Enhanced Current in P3HT/PCBM
Bulkheterojunction Solae Cell
P30 Kabwit Alain Ntambwe An investigation of the relationship between bending
School of Engineering amplitude and vibrational loads on polymeric insulators
P31 Kevin Garapo Characterization of trinni events
School of Chemistry & Physics
P32 Khulekani Sedwell The Extent and Distribution of Linkage Disequilibrium in
Khanyile Exclusively Raised Chicken Populations of Southern
School of Life Sciences Africa
P33 Kumaresan Cunden Design of novel hydrokinetic turbine for ocean energy
School of Engineering power generaﬁon
P34 Kuveneshan Moodley A Universal Segment Approach for the Prediction of the
School of Engineering Activity Coefficient of Complex Pharmaceuticals in Non-
electrolyte Solvents
P35 Kyle van Duffelen Molecular Simulation study of Permeation through
School of Engineering Fluoropolymers
P36 Lerato Hlaka Effects of sex-host and pregnancy on T. Zimbabwensis
School of Life Sciences Infection in Sprague-Dawley rats and balb/ ¢ mice
P37 Luandrn Jansen Van Reduction of freshwater usage and wastewater generation
Vuuren at Sappi Stanger mill; Water Pinch Analysis
School of Engineering
P38 Lumbumba E. Estimation Voltage charge output for Piezoelectric Energy
Nyamayoka Harvesting by Vibration
School of Engineering
P39 Macdex Mutema Overland flow and sediment dynamics from the summit to
School of Agricultural, Earth & | the Thukela Mouth, South Africa
Environmental Sciences
P40 Makhamisa Senekane Implementation and security analysis of the B92 protocol
School of Chemistry & Physics | using clavis2 system
P41 Marco Mariola Telecommunication system for moon mission
School of Chemistry & Physics | implementing quantum key distribution
P42 Mendy Shozi Assessing the distribution and historical accumulation of
School of Agricultural, Earth & | heavy metals in the sediments of the Msunduzi River,
Environmental Sciences Pietermaritzburg
P43 Milindi Sibomana Postharvest deterioration of sugarcane in a simulated

School of Engineering

harvest-to-crush delay




P44 Mngqobi Zikode Structural and Kinetics Studies of Polymerization
School of Chemistry & Physics | Reactions of e-Caprolactone Catalysed By
Bis(pyrazolylmethyl)pyridine Cu(Il) and Zn(II)
Complexes
P45 Mohammed Auwal Anti-diabetic activity of acetone fraction of Cassia
Ibrahim singueana Stem bark in a type 2 diabetes model of rats
School of Life Sciences
P46 Mohammed Falalu Phytochemical and nutritional investigations of the fruits
Hamza of cryptocarya latifolia
School of Chemistry & Physics
P47 Mothusi Dikole Chemical composition of water and sediments from
School of Chemistry & Physics Umngeni river
P48 Nasubo Ongoma Formal temporal conceptual data models
School of Mathematics,
Statistics & Computer Science
P49 Nelson W. Attandoh Kinetic studies of Rop of e-Caprolactone with Zinc(II)
School of Chemistry & Physics | and Copper(II) complexes of imidazole derivatives
P50 Nkanyiso Sithole Seed quality of selected botte gourd landraces in South
School of Agricultural, Earth & | Africa as compared to popular members of cucurbits
Environmental Sciences
P51 Nkosinathi Dlamini Quantum dynamics in a thermal bath with very few
School of Chemistry & Physics | degrees of freedom
P52 Ntokozo Chamane An investigation of the effect of Isomeric Carbon sources
School of Chemistry & Physics | on the synthesis of shaped Carbon nanomaterials
P53 Obiyemi Obiseye Rain attenuation model for digital satellite television over
School of Engineering Sub-saharan Africa
P54 Ofentse Mokonoto Calibration and Validation of selected yield models for
School of Agricultural, Earth & | selected Biofuel feedstock (Sugar beet and sugarcane)
Environmental Sciences
P55 Ollengo, Moses A. In-vitro study of photostabilizing potential of plant
School of Chemistry & Physics | extracts on sunscreen absorbers in skin-lightening
products
P56 OlufunmilayoA lice Three dimensional photovoltaic structure _ Its impact on
Mafimidiwo solar power generation
School of Engineering
P57 Oluwakorede Oluyide Scale selection in graph cut optimization for supervised
School of MSCS lung segmentation
P58 Perfect P. Chifoto Mesosphere-Lower Thermosphere planetary and tidal
School of Chemistry & Physics | waves structure over Southern Hemisphere using Super
DARN HF radar
P59 Preshnee Singh Hadedas in the hood: Hadeda ibis (Bostrychia hagedash)
School of Life Sciences activity in surburban neighbourhoods of Pietermaritzburg,
KZN
P60 Qiniso Mthethwa The systematics of the bee genus Scrapter (Hymenoptera:
School of Life Sciences Colletidae)
P61 Rishaad Ballim The effects of nutrients on the biocorrosion of mild steel
School of Life Sciences coupons
P62 Sakhile Bongamandla The Socio-Economic Impacts of Ecotourism in Rural
Nsukwini Areas: Using the Nompondo Community and the
School of Agricultural, Earth & | Hluhluwe iMfolozi Park (HiP) as a Case Study.
Environmental Sciences
P63 Sandipa Bhikraj Gold(IIl) Pseudomacrocyclic Bis(Pyrrolide-Imine) Schiff
School of Chemistry & Physics | Base Complexes: Potential Chemotherapeutic Agents
P64 Sarisha Singh Characterization of biofilm-forming abilities and adhesion
School of Life Sciences characteristics of Fllavobacterium aquatile and F.

johnsoniae Himar-1 Mutants




P65 Shakira Gaffar An exploration of the potential role of small-scale farming
School of Built Environment & | in facilitating development and mitigating against climate
Development Studies change: a case study of eThekwini Municipality policies

and practices

P66 Sharmini Pillay Quantum Key Distribution in the Turbulent Atmosphere
School of Chemistry & Physics

P67 Sian Waldron A Critical Analysis of a Stimulatory Participatory Model
School of Agricultural, Earth & | as a Tool for the Development and Testing of a Meso-
Environmental Sciences Scale Integrated Natural Resource Management Strategy.

P68 Snqobizizwe B. Dlodlo Application of ISA S88 batch process control standards in
School of Life Sciences a Microbrewery

P69 Talent Chipiti In vitro antioxidant activities of leaf and root extracts of
School of Life Sciences Albizia Antunesiana harms

P70 Temitope Mapayi Characterization of retinal images for detection and
School of Mathematics, classification of Diabetic retinoparthy
Statistics & Computer Science

P71 Thabo Hellington Mweli | Mapping of electric fields along geomagnetic field lines
School of Chemistry & Physics

P72 Thembisile Zaca Kinetics of the polymerizations of lactides and
School of Chemistry & Physics | caprolactones by benzoazole Cu(Il) and Zn(Il) initiators

P73 Thobani Khomo Spatial assessment of optimum growing areas for selected
School of Agricultural, Earth & | biofuel feedstocks in South Africa
Environmental Sciences

P74 Unais Kadwa The relationship between pipe age and pipe roughness for
School of Engineering large diameter cement-mortar lined pipelines conveying

potable water

P75 Valentina Zedda The applicability of C&D waste material in South Africa
School of Engineering road construction

P76 Marie Veronna Investigating the presence of enteric pathogenic viruses in
School of Life Sciences the Umhlangane river, Durban, South Africa

P77 Vulindlela Zikhali Wind driven wave generation and distribution in shallow
School of Engineering lakes and the effect on primary production processes
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ORAL ABSTRACTS

WHY SRS52 IS SUCH A GREAT MAIZE HYBRID

Tatenda Musimwa T1.1
212560075@stu.ukzn.ac.za
School of Agricultural, Earth and Environmental Sciences
Supervised by Professor John Derera

Although SR52 is such a great hybrid, the basis of its outstanding yield and heterosis has
never been explained. Therefore, genetic components of yield and its secondary traits of one
of the most successful and first single cross hybrid to be commercialised in the world, SR52,
were studied using the generation mean analysis. The study was carried out to determine the
relative importance of additive, dominance and epistatic gene effects in determining yield,
yield components and secondary traits in SR52. The information would be crucial in coming
up with an appropriate choice of breeding strategy that could result in other high yielding
hybrids of SR52’s calibre. The F1 hybrid and its parents SC (P2) and N3 (P1) were obtained
from the Crop Breeding Institute (CBI) in Zimbabwe. The F2, and backcross generations
(BCP1 and BCP2) were made in the 2012 winter season at Makhathini Research Station in
South Africa. The 6 populations comprising the two parents, F1, F2, BCP1 and BCP2 were
evaluated in field trials at Cedara, Ukulinga and Makhathini Research Station, during the
2012/2013 season. The relationship between yield and its components in SR52 was also
investigated using correlation and path coefficient analysis in order to determine their direct
and indirect contribution to grain yield and heterosis. The days from planting to pollen shed
and days to silk emergence as well as plant and ear height displayed the highest correlation
with yield. Ear length, hundred kernel weight and number of kernels per row were highly
significant (P > 0.01) and had the highest and positive direct effects on yield. Taking into
consideration the fact that these traits can only be assessed after harvest, it is not possible for
breeders to make their selections early using secondary yield traits. Generally, the indirect
effects of secondary traits on yield were small. High levels of heterosis reaching up to 311%
for yield were confirmed. The three parameter goodness of fit generation mean analysis
model was significant for all traits indicating the presence of epistasis. Consequently the role
of epistasis was further investigated by partitioning it into additive x additive, additive x
dominance and dominance x dominance gene effects. The six parameter model confirmed the
presence of epistasis of the additive x additive nature for grain yield. Both dominance and
additive gene effects were highly significant for yield and the majority of the yield
components and secondary traits. With regards to relative importance, dominance gene action
along with other non-fixable epistatic effects contributed over 80% to yield as well as 70% to
yield components such as ear length, ear weight and leaf chlorophyll content. The results
indicate that dominance gene action is the basis of exceptional heterosis which is displayed
by SR52 because additive gene effect played a minor role while epistatic effects were
negligible. This has implication for breeding strategy and suggests that good inbred lines
must be selected on the basis of their performance in crosses.



GOLD MINERALISATION IN THE SABIE-PILGRIM'S REST GOLDFIELD

Alexander Metz T1.2
211559955@stu.ukzn.ac.za
School of Agricultural, Earth and Environmental Sciences
Supervised by Dr Marlina Elburg

The Sabie-Pilgrim's Rest Goldfield is the oldest economically mined Gold field in South
Africa. After a long period of inactivity, there has been renewed interest in the Sabie-
Pilgrim's Rest area, due to the latest efforts for further exploration in the Goldfield. Scientists
are still uncertain about the nature of the Goldfield due to limited information regarding the
source of Gold rich fluids and the heat source and therefore the Sabie- Pilgrim's Rest
Goldfield couldn't be classified as one of the major types of ore deposits

Bushveld magmatism is thought to have been the main heat source and the engine for the
fluid transport.

The aim of the Project is to identify the type of the Sabie-Pilgrim's Rest Goldfield, to find
evidence for the association to an igneous or orogenic event which triggered the fluid flow
and to determine the source of the gold rich fluids.

Previous data sets relating to the study area are questionable as they have all utilised out
dated analytical procedures. The current investigation would employ the latest techniques for
ore deposit classification thereby providing a better understanding of the Sabie-Pilgrim's Rest
Goldfield and mesothermal goldfields in general.

This research will help to achieve a better understanding of gold deposits and their relation to
geological settings and will help in the discovery of new deposits.



URBAN BIODIVERSITY MANAGEMENT IN THE FACE OF CLIMATE CHANGE:
LIVELIHOOD IMPACTS AND ADAPTATION STRATEGIES IN INANDA
COMMUNITY OF ETHEKWINI METROPOLITAN AREA

Mmaphuti Andrias Nkoana T1.3
nkoanama@gmail.com
School of Agricultural, Earth & Environmental Sciences
Supervised by Dr E.Wale. Zegeye

Natural forest resources are an integral part of biodiversity for the livelihoods in Inanda
community, KwaZulu-Natal. Studies have shown that natural forest products contribute
significantly to maintaining livelihoods in developing countries. However, recent studies
have shown a lack of research and credible evidence on climate change impacts as a major
challenge in developing countries. Climate change knowledge in South African rural
communities is seriously constrained by lack of studies and published literature. Reduced
access to and the use of forest resources would greatly affect the welfare of rural households
and increase wealth differentiation among them. Full understanding of livelihood dependency
on natural forest resources is needed, particularly where most rural communities derive their
livelihoods from nature-based enterprises.

The study examines how rural livelihoods are linked to the status of natural forest resources
and how that link is impacted by changes in the forest driven by factors including climate
change. Furthermore, the study examines the coping and livelihood adaptive strategies of
rural households in response to climate change impacts in the studied areas (Bhekuphiwa and
Mgangeni). Data were collected through key informant interviews, group discussion,
participant observation and household questionnaire surveys from a total of 150 households,
randomly selected from the above two areas. The proxy used to measure the dependence on
natural forest resources was the relative share of household income that is derived from such
natural forest resources. Ordinary Least Square regression was used to examine the
dependency of natural forest resources. Moreover, a multinomial logit model was used to
examine the coping and livelihood adaptive strategies of rural households in response to
climate change. The empirical results and the conclusions drawn highlight the necessary
policy measures that need to be taken to improve rural livelihoods in response to climatic
change and make forest ecosystems more sustainable to lift the standard of living of people
engaged in informal activities (such as forest products collection).



SPATIAL DISTRIBUTION AND VERTICAL ASSESSMENT OF HEAVY METALS
IN SOILS IRRIGATED WITH SEWAGE SLUDGE FROM DARVILL TREATMENT

Thandile Mdlambuzi T1.4
Mdlambuzi thandile@ukzn.ac.za
School of Agricultural, Earth & Environmental Sciences
Supervised by Prof Pardon Muchaonyerwa

Increase in urbanization and industrialization has resulted in large amounts of sewage sludge
with high concentrations in heavy metals. The high organic matter and nutrients in sewage
sludge suggests that it can be used as a soil amendment in agriculture. The major challenge of
land application of sewage sludge is the potential pollution of soils, plants and ground water.
This study was conducted to determine the effects of long term land application of sewage
sludge on spatial and vertical distribution of total and available heavy metal concentrations in
soils. Soils were sampled (0-10, 10-20, 20-30, 30-40 and 40-50 cm depths) from five
transects on land treated with sewage sludge from Darvill treatment works in
Pietermaritzburg for more than 20 years, and from a control site.

The samples were extracted using aqua regia, ammonium nitrate and using total characteristic
leachable procedure (TCLP) before analysis for heavy metal concentrations inductively
coupled plama spectroscopy (ICP). Concentrations of aqua regia extractable Cr, Zn, Ni, Pb,
As, Cu, Hg and Cd were about five times higher than South African minimum permissible
levels (MPL) in all transects. The trends of heavy metals were in the order Zn > Cr > Pb >
Cu > Ni > Cd > As > Hg. Ammonium nitrate extractable heavy metal concentration also
exceeded toxicity levels, particularly Zn. The TCLP extractable heavy metal concentrations
were 2 to 3 times more than the TCLP limits set by the WRC of South Africa.



THE IMPACT OF THE TUGELA FERRY SMALLHOLDER IRRIGATION
SCHEME ON HOUSEHOLD WELFARE

Sikhulumile Sinyolo T1.5
211559540@stu.ukzn.ac.za
School of Agricultural, Earth and Environmental Sciences
Supervised by Dr Maxwell Mudhara and Dr Edilegnaw Wale

The potential of smallholder irrigated agriculture to enhance food security and alleviate rural
poverty has led the South African government to prioritise and invest significantly in
irrigation establishment, rehabilitation and revitalisation. The question, however, pertains to
the extent to which smallholder irrigation has been able to reduce poverty in the rural
communities to justify this investment. Using a sample of 251 farmers, this study found that
factors such as land size, perceived soil fertility, household size, and access to support
services were significant predictors of irrigation participation. The results from the treatment
effect model indicated that access to irrigation plays a positive role in the welfare of rural
households, with irrigators spending about R2 000 per adult equivalent on consumption more
than the non-irrigators. The study, therefore, concluded that government investments in
smallholder irrigation for poverty reduction are justified. The other factors that influenced
household consumption were off-farm income, land size, livestock size, education level,
family size and access to support services and infrastructure. The study recommends that
investments in smallholder irrigation continue for poverty reduction, and that priority should
also be on finding other feasible rural micro-projects and development initiatives to
complement smallholder irrigation and significantly reduce rural poverty.



WATER QUALITY FROM WATER HARVESTING SYSTEMS

Simangele Sithole T1.6
208501904@stu.ukzn.ac.za
Centre for Water Resources Research
School of Agricultural, Earth and Environmental Sciences
University of KwaZulu-Natal
Supervised by Mrs Lauren Bulcock

Due to a lack of reliable surface water and ground water, rainwater harvesting has played a
prominent role in rural areas’ domestic supply and small-scale irrigation. As a consequence a
wide variety of rainwater harvesting systems have been introduced to rural, smallholder
farming areas in southern Africa. Whilst the optimal design of such systems for water
provision is fairly well studied, the quality of the water harvested and its suitability for use
has received little attention. Thus, this study focuses on the quality of water harvested from
different rooftop and ground catchment systems, which provide the source of water that is
stored for prolonged periods. The quality of harvested runoff in the Potshini catchment, South
Africa, and the factors that affect it were assessed over 12-month surveillance period. Water
samples from storage tanks were collected at a frequency of once every week during the rainy
season, and fortnightly during the dry season. Water samples from pre-installed rain gauges
were also collected, in order to determine the quality of rainwater prior to contact with any
type of catchment and storage. Key rainfall events, including rainfall intensity, were
monitored by means of a weather station, which is installed within the study area. Physical,
chemical and microbiological water quality indicators were analysed according to potable
specifications. Physical parameters, such as pH, temperature and electric conductivity were
measured in situ. Chemical (e.g. NO3", Al, Fe, Zn) and microbiological (Total coliforms,
Escherichia coli and Salmonella) parameters were analysed in accredited laboratories.
Preliminary results show that harvested runoff quality is influenced by different catchment
systems and varies seasonally. An overall increase in trace metal concentrations occurs
during rainy months. Mostly, during the drier months, average concentrations of trace metals
are higher in runoff harvested from ground catchments compared to rooftop catchments; with
the exception of Zn. Average Zn concentrations were 2.12mg/L and 2.50 mg/L on the rooftop
and ground catchment, respectively. This indicates the influence by the roof material, the
majority of which is corrugated roof sheets, usually with zinc coating. Further statistical
analysis will be performed to determine potential relationships between other site parameters.



GROWTH RESPONSE OF LOCALLY BRED SWEET POTATO
(IPOMEABATATAS L.) VARIETIES TO VARYING ENVIRONMENTAL
CONDITIONS IN KWAZULU-NATAL, SOUTH AFRICA

Nozipho M. Motsa T1.7
mgcibelomotsa@yahoo.co.uk
School of Agricultural, Earth and Environmental Sciences
Supervised by Prof. Albert T. Modi

Sweet potato is widely cultivated as a food security (for vitamin A deficiencies) crop [1]. It
has the ability to adapt to a wide range of environmental conditions and to grow well with
low input requirements even on marginal soils and under adverse weather conditions
[1][2][4]. However, there are also reports suggesting that it may be sensitive to varying
environmental conditions such as soil types and climate [1]. The environment of KwaZulu-
Natal (KZN) province has diverse climate, soils and topography [3] which offer a suitable
experimental scenario for evaluating sweet potato adaptation. The objective of this study was
to assess growth, physiological responses and subsequent yield of locally bred sweet potato
varieties to different environmental conditions of KZN using local knowledge with the aim of
enhancing food security in the province.

Three sweet potato varieties (A40, A45 and 100062.1) were grown in three different
locations of KZN (Deepdale, Richards Bay and Umbumbulu) using local knowledge. Plots
were arranged in a randomized complete block design with three replications. Bi-weekly data
collection included stomatal conductance (SC), chlorophyll content index (CCI), vine length,
leaf and branch number. Yield (biomass and storage root) and harvest index were determined
at harvest. Results showed that SC, CCI and plant growth parameters were mostly affected by
location and environmental conditions as compared to varietal differences. Plants grown in
Deepdale and Umbumbulu recorded high growth rate than those grown in Richards Bay.
Yield followed the same trend where Deepdale recorded higher storage root yield(42.0 t ha™)
followed by Umbumbulu(29.4 t ha™) then Richards Bay (5.4 t ha™). Harvest index was the
same across all three locations.

The study showed that growth and yields of sweet potato in KZN is sensitive to
environmental conditions. Environmental conditions in Deepdale were better suited for sweet
potato production. Proper variety selection for farmers living in these different environments
is important in order to maximise yield potential. The lack of basic agronomic practices such
as fertilizer application in the communities hampers sweet potato yields, therefore farmers are
encouraged to employ good agronomic practices.

1. AGILI, S., NYENDE, B., NGAMAU, K. & MASINDE, P. (2012). Selection, yield,
drought tolerance indices of orange-fleshed sweet potato (lpomea batatas Lam) hybrid
clone. Journal of Nutrition & Food Sciences,2 (30), 1-8.

2. ITHEAGWARA, M.C. (2013). Isolation, modification and characterization of sweet potato
(Ipomea batatas L (Lam)) starch. Journal of Food Processing Technology,4 (1), 1-6.

3. NQOBO, H. & DLALA, B. (2002), Provincial report on education and training for
agriculture and rural development in KwaZulu-Natal. KZN department of Agriculture,
South Africa. www.nda.agric.za (08 August 2013).

4. OGGEMA, J.N., KINYUA, M. G.,, OUMA, J. P. & OWUOCHE, J. O. (2007).
Agronomic performance of locally adapted sweet potato ([pomea batatas (L) Lam)
cultivars derived from tissue culture regenerated plants. African Journal of
Biotechnology,6 (12), 1418-1425.




SEED QUALITY COMPONENTS OF SELECTED BAMBARA GROUNDNUT
COLOUR SELECTIONS

Gqaleni Pumlani T1.8
207526737@ukzn.ac.za
School of Agricultural, Earth & Environmental Sciences
Supervised by Prof Modi Albert

Bambara groundnut (Vigna subterranea (L) Verdc.) is an indigenous African legume that is
reported to have wide adaptation to a range of environments. It is popular among subsistence
farmers in sub-Saharan African. However, research on the crop still lags behind that of other
established legumes and in most places the crop is still cultivated from landraces, with no
locally improved varieties available. The objective of this study was to compare three
bambara groundnut colour selections, for seed performance. Seeds of a Bambara landrace
were bought from McDonalds seed company Pietermaritzburg, KwaZulu-Natal. The landrace
was characterized with three distinct colors which were cream (C1), brown speckled (B1) and
black speckled (B2). Standard germination (SG) test and electrical conductivity (EC) were
used to assess seed quality under laboratory conditions. For the SG test, each seed colour was
represented by 25 seeds (x 4 replications for each seed colour) and was germinated between
moistened double-layered brown paper sheets at 25°C for 8 days. The R & A CM100 Model
Single Cell Analyzer50 was used to analyze EC, 50 seeds from each colour selection were
individually weighed and put into cells, each filled with 2ml water. EC was measured over a
period of 24 hours. Highly significant differences (P<0.001) were observed among seed
colour selections with respect to daily germination and germination velocity index (GVI).
Final germination for black speckled, brown speckled and cream seeds was 86.67%, 77.33%
and 66.67%, respectively. These results showed that the darker coloured seeds had a faster
germination rate. There were significant differences (P<0.05) among Bambara groundnut
selections with respect to root and shoot lengths; black speckled seeds had the highest
measured values of shoot and root lengths followed by brown speckle and cream
respectively. Brown speckle had the highest EC value (616.2uS/g) and cream had the lowest
EC value (27.5uS/g). This implies that, based on results of electrolyte leakage, brown
speckled seeds had lesser vigour than black speckled and cream seeds, respectively. Bambara
seed germination is associated with seed colour. Seed colour can be used for germplasm
selection to grow the crop under various conditions. Darker coloured seed were more
vigorous than light coloured seed, therefore farmers may use darker coloured seeds for fast
emergence which is directly proportional to higher yields.



SEED PRIMING EFFECTS ON SEED QUALITY AND SEEDLING
ESTABLISHMENT OF BOTTLE GOURD GROWN UNDER SIMULATED WATER
STRESS

Vimbayi G.P. Chimonyo T1.9
212561507@stu.ukzn.ac.za
School of Agricultural, Earth & Environmental Sciences
Supervised by Professor Albert T. Modi

Lack of adequate soil water and seed dormancy are known to affect seed germination and
seedling establishment of bottle gourd (Lagenaria siceraria (Molina) Standl.). Breaking seed
dormancy and priming have been shown to improve speed and synchrony of seed
germination and establishment. This study was done to evaluate different techniques of
breaking seed dormancy and the subsequent effect of seed priming on seed quality and
seedling establishment of two bottle gourd landrace selections (Round and O4) under PEG
6000 - imposed water stress.

To break dormancy, the following treatments were applied on 880 seeds of each landrace
selection: immersion in hot water (70°C) for 10 min followed by ice cold water, scarification
using sand paper and immersion in concentrated (98%) sulphuric acid (H,SO4) for 5 min.
Following this, 220 seeds from each dormancy treatment were then primed using either
distilled water, 2% PEG 6000 or 2% KNOs. Thereafter, standard germination test (SGT),
root: shoot ratio, seedling fresh and dry mass, germination velocity index (GVI) and electrical
conductivity were done to establish seed quality and vigour of treated (dormancy*priming)
seeds. Treated seeds were also planted in seedling trays filled with pine bark and watered
with distilled water which was adjusted to 0, 0.5 or 1 bars of osmotic potential using PEG
6000 to mimic well-watered, mild and severe stress, respectively. All experiments where laid
out in a completely randomized design with two replications. Germination (radicle protrusion
> 2 mm) for SGT and emergence counts for seedling establishment was determined daily up
to day 14. On day 14, seedlings were harvested and root: shoot ratio, total fresh and dry mass
(g) and fresh and dry mass of roots and shoots measured.

For all seed quality and seedling emergence traits measured, significant interactions (P <
0.001) were observed among landrace selections, dormancy breaking techniques and priming
treatments. Across landrace selections, seeds treated with H,SO,4 followed by priming with
2% PEG had a higher final germination (85%), and faster mean germination time (3.22 days)
which resulted in higher total biomass (0.57 g) compared with untreated seed (final
germination (58%), mean germination time (8.56 days) and total biomass (0.37 g). Seedling
emergence, across landrace selections, was significantly (P < 0.001) lower under mild (52%)
and severe (25%) water stress than well-watered conditions (82%). Similar to germination,
treating seeds with H,SO4 followed by priming with 2% PEG 6000 resulted in an
improvement of 23%, 38% and 25% in seedling establishment under well-watered, mild and
severe stress, respectively.

A combined effect of breaking dormancy with 98% H,SO,4 and priming with 2% PEG 6000
can increase seed quality and establishment of bottle gourd, even under water stress.



ENERGY FLUX AND WATER USE EFFICIENCY MEASUREMENTS IN A MAIZE
AND SOYBEAN CROPPING SYSTEM IN KWAZULU-NATAL MIDLANDS

Nicholas C Moyo T1.10
201502605@stu.ukzn.ac.za
School of Agricultural, Earth and Environmental Sciences
Supervised by Professor Michael J Savage

The agricultural sector is one of the crucial sectors heavily impacted by the consequences of
water scarcity. Improved water resources management in croplands is important when the
available water resources become more scarce. Evaporation and transpiration are important
processes in the hydrological cycle. Their quantification remains one of the important
challenges for the agricultural and environmental sciences. Sophisticated instruments have
been developed to quantify total evaporation (E7). Various methods have been used for
measuring the sensible heat flux (H) from which latent energy flux (LE) and hence ET can be
calculated as a residual from measurements of net irradiance and soil heat flux using
shortened energy balance. Eddy covariance, a direct method of measuring fluxes, was used
for estimating E7 over maize and soybean crops in KwaZulu-Natal midlands. Energy flux
measurements coupled with carbon dioxide fluxes were used to determine water use
efficiency for each crop for the entire growing season (2012 to 2013).



MATERIAL FLOW ANALYSIS OF THE SOUTH AFRICAN PULP SECTOR

Stubbe Adu-Poku T1.11
213571459@stu.ukzn.ac.za
School of Agricultural, Earth and Environmental Sciences
Supervisor Mr Tain Kerr
Prof Chris Buckley

Material Flow Analysis is a systematic approach to reconstructing the stocks and flows of a
material, compound or element through an economic system and the environment. It applies
to materials that raise particular concern regarding their sustainability and also looks at the
environmental consequences arising from using these materials in production systems. This is
particularly important since the pulp and paper industry is often falsely perceived by the
public as an industry that embarks on activities that have detrimental impact on the
environment while in actual fact, the industry depends on sustainably grown forest
plantations. If a new pulp mill needs to be built, MFA can guide decision makers to decide on
which pulp mills have the least environmental impact with respect to resource use, solid and
liquid effluent generation and climate change.

Environmental issues facing our planet such as ozone depletion and global warming are
caused by the flow of material through the economic system and the environment. For
instance, the flow of carbon exerts pressure on the environment, as such; any increments in
the carbon flow would cause an increase in environmental pressure. As the concentration of
carbon-dioxide continues to climb, it is predicted that global temperatures will increase by
2 to 5 C° by the year 2050. The need to curb carbon emissions is imperative especially in a
dynamic industry such as the pulp and paper industry which receives its raw materials from
carbon rich trees and sugar plantations.

The purpose of this project is therefore to perform a material balance with respect to carbon
over the South African pulp sector. The pulp mills to be investigated include all mills under
the auspices of the Paper Manufactures Association of South-Africa belonging to the parent
companies: Sappi, Mondi and Mpact. The approach is to segregate the different mills
according to the pulping process employed as well as the type of raw materials used. Data
will of cause be sourced from each of the mills, the literature and production statistics
databases. The mills will be modelled into a single integrated system where all carbon flows
will be quantified, and interpreted with the aid of material flow based indicators.

Furthermore, this study is one of a series of three projects aimed at compiling a complete
Material Flow Analysis over the entire forest products sector of South-Africa. The data
acquired from each of the three projects will be brought together into a complete Material
Flow Analysis for the entire sector value chain which will therefore allow the relevant
stakeholders to make cognitive decisions based on the results obtained.



IS MESOCARP OIL A RELIABLE MATURITY AND QUALITY INDICATOR IN
AVOCADO?

Olaoluwa Olarewaju T1.12
213573230@stu.ukzn.ac.za
School of Agricultural, Earth and Environmental Sciences
Supervised by Dr Isa Bertling

To harvest fruit at full physiological maturity is essential as it plays a vital role in the eating
quality and shelf life of fruit. A variety of maturity parameters exist and in avocado,
mesocarp oil (MO) and mesocarp moisture content (MC) are commonly used as maturity and
quality indicators, but the partial reliability of these indicators can result in immature fruit
reaching the consumer. The behaviour of mesocarp oil at different harvesting period
has been problematic. Different maturity indices might also be more reliable for judging the
quality of late season avocados. The effect of harvesting time on MO and MC was therefore
investigated in ‘Hass’ and ‘Fuerte’ avocado fruit to find out whether or not these indicators
are reliable. These two cultivars of were harvested during the early, mid and late harvesting
period during a season from the cool subtropical area of KwaZulu-Natal, South Africa. There
was significant difference between the harvesting time and percentage MC (P<0.001) as well
as the percentage MO (P<0.001) on the two cultivars. Similar trend was observed in both
cultivars for MC as it decreases from early to late harvesting period. The percentage MO,
however, increases between the early and mid-harvest but decreases during the late
harvesting period. The results of this study indicate that the MO is not a reliable indicator for
the maturity and quality of the late harvest of avocado fruit. A more reliable indicator is
therefore required for avocado fruit.



THE EFFECT OF SYNTHESIS METHOD ON THE STRUCTURE AND MAGNETIC
PROPERTIES OF a-Fe,03

Ibrahim Abdulkadir T2.1
211560303 @stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Prof. Bice S. Martincigh

Samples of a-Fe,O3 nanoparticles have been synthesized through the Co-precipitation route
in CTAB (Hem_PR), citric acid sol-gel method (Hem_SG) and a modified sol-gel method in
Tween20 (Hem_TW), the samples were characterized by X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR), transmission and high-resolution electron
microscopy (TEM and HRTEM) which all show formation of phases of hematite
nanoparticles after higher temperature calcinations. The BET analysis gives evidence of
much higher surface area for Hem TW, Mossbauer spectroscopy and vibrational sample
magnetometer (VSM) were also used to study the change in phase composition and magnetic
properties of each sample. In general, it can be concluded that the surfactants impacted on the
physical properties (i.e shape, size, surface area and magnetic properties) of the synthesized
a-Fe,O; nanoparticles



ENDOCRINE DISRUPTERS IN THE SOUTH AFRICAN INDOOR
ENVIRONMENT: IMPLICATIONS FOR PERSONAL EXPOSURE

Ovokeroye Abafe T2.2
211560839@stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Professor Bice Martincigh

Polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls were measured in
indoor dust of different microenvironments. The sum of PBDEs (BDE 28, 47, 100, 99, 154
153, 183 and 209) and PCBs (CB 28 153 and 180) were quantified by gas chromatography
with mass spectrometer. The mean concentrations of ) ,—s PBDEs and ) ,-3 PCBs in 10
homes, 12 university offices, 13 university students’ LANs and 19 automobiles were
1714.48, 1549.14, 817.99, 3318.63 ng g and 890.74, 923.22, 1877.26 ng g for PBDEs and
PCBs, respectively. The concentrations of PBDEs did correlate (r = 0.60) with PCB
concentrations in homes, thus assuming similar sources. BDE -47 and 99 correlated (r= 0.59
and 0.36) in homes and offices. Likewise, BDE-47 showed positive correlation (1= 0.78)
with mattresses and sofa-containing furniture and BDE-209 correlated (= 0.54) with
electronic appliances; thus implicating the household items as potential source of these PBDE
congeners. The estimated daily exposure doses of PBDEs and PCBs were highest for toddlers
(46.45, 11.51 ng kg'-body weight day” and 24.92, 7.87 ng kg'-body weight day”,
respectively for high and average dust intake rates). The estimated daily intake of PCBs was
higher than the EPA’s reference dose of 20 ng kg™ d' for aroclor 1254. However, the
maximum daily intake estimated in this study did not exceed the upper-bound estimate of
PBDE daily intake in Canadian population and EPA’s reference dose of 0.1 and 0.200 pg kg™
d! for BDE- 47, BDE-99 and BDE -153; dust ingestion and dermal contact, is considered an
important pathway of exposure to PBDEs and PCBs particularly for young children.



AEROSOL OPTICAL PROPERTIES OVER PRETORIA, SOUTH AFRICA DURING
SPRING TIME

Joseph A Adesina T2.3
212562186(@ukzn.ac.za
School of Chemistry and Physics
Supervised by Prof. Sivakumar Venkataraman

Aerosols constitute of tiny particles of solid or liquid matter associated with the atmosphere.
They have direct, indirect and semidirect effect on earth’s climate. Biomass is an important
source of aerosol and it comes from tropical continents like Africa. In southern hemisphere it
reaches its peak during the agricultural season. The present study investigates the optical
properties of aerosol measured with the ground based CIMEL Sunphotometer (as part of
AErosol RObotic NETwork (AERONET) over Pretoria for the springtime (September to
November) of 2012. AOD (Aerosol Optical Depth) showed strong wavelength dependence
with lower wavelength corresponding to higher AOD and vice-versa. The seasonal AODs
(at wavelength of 500nm) average was found to be 0.21£0.12, CWV (Columnar Water
Vapor) was 1.39+0.50 and ou49.370 (Angstrom Exponent) average was 1.52+0.22 with fine
aerosol dominance throughout the season.



BULK HETEROJUNCTION SOLAR CELL WITH NITROGEN-DOPED CARBON
NANOTUBES/POLYMER COMPOSITES IN THE ACTIVE LAYER

Godfrey Keru T2.4
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School of Chemistry and Physics
Supervised by Dr Vincent Nyamori

Energy demand is increasing as the population and economy expand. Over 80% of the
energy used today in the world is supplied by fossil fuels and only less than 15% is provided
by renewable energy [1]. The use of fossil fuels releases large amount of pollution to the
environment, consequences being; acid rain, depletion of the ozone layer, harsh and
sometimes unpredictable climatic conditions, occurrence and spread of tropical diseases and
other problems that not only seriously affect humans but also animals, plants and to some
extent these appalling conditions can destroy fragile ecosystem. However, there is intense
interest and focus on the development of technologies based on renewable source of energy
such as biomass, geothermal, solar, wind and hydropower. Some of the reasons for this can
be attributed to the concerns surrounding energy security, clean environment, sustainability,
the need to increase accessible and affordable energy services, especially where they lack in
developing countries such as African countries.

Amongst all the various options available as renewable sources of energy, solar energy has
some key advantages, especially when considering developing nations within Africa. Solar
energy is free, clean, ecologically acceptable, and finally it can be converted directly to other
forms of energy. However, developing solar energy conversion technologies can produce
chemical waste. Photovoltaic technologies are dominated by silicon solar panels, whose
production is energy intensive, expensive and this pushes the overall production cost up [2].
One way of making solar cells affordable is by replacing SSC with organic solar cells (OSC),
because they can be easily and cheaply manufactured by screen printing, spin coating, ink jet
printing and can be mass produced [3] but their efficiencies (output) are still very low
compared to their silicon counterparts. One way of trying to improve these efficiencies is by
introduction of carbon nanotubes (CNTs) in the active layer to accept excited electrons and
transfer charges to the electrodes.

In this study Nitrogen-doped CNTs (N-CNTs) have been synthesised and characterised with
TEM, SEM, TGA, Raman spectroscopy and elemental analysis. N-CNTs were then
combined with a conducting polymer, poly (3-hexylthiophene) to form a composite. This
composite was spin coated onto indium tin oxide coated glass substrate to form part of active
layer of bulk heterojunction cell and finally, a counter electrode was vacuum evaporated on
the device. The device was characterised using current- voltage studies with a standard solar
simulator. Results obtained are promising and with more research OSC can be
commercialised. Overall cost of production can be reduced due to cheap technology used in
production of OSC and this, can make solar panels affordable.
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SOLVENT-FREE SYNTHESIS AND ELECTROCHEMICAL PROPERTIES OF
NOVEL 1,I’-FERROCENYLDIACRYLONITRILES

Lucy Ombaka T2.5
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An efficient and simple solvent-free approach for the synthesis of novel 1,1°-
ferrocenyldiacrylonitriles was achieved by grinding together L,1I’-
ferrocenedicarboxyaldehyde (1) and phenylacetonitriles as summarized in Scheme 1. A
range of 1,1’-ferrocenyldi-acrylonitriles (compounds 2 to 7) were synthesized within short

reaction times, with water as the only by-product. Selectivity towards
ferrocenyldiacrylonitrile formation showed a dependence on the electronegativity of the para
substituent on the phenyl rings. In a similar manner, grinding together

ferrocenemonocarboxyaldehyde (8) and phenylenediacetonitrile yielded phenylene-3,3’-
bis(ferrocenyl)diacrylonitrile (9) and 3-ferrocenyl-2-(acetonitro-phenyl)acrylonitrile (10) as
summarized in Scheme 1. The compounds were characterized by using NMR, IR and UV-
visible spectroscopy and HR-MS. Some of the 1,1’-ferrocenyldiacrylonitriles showed
solvatochromic behaviour in solvents of varying polarities. Cyclic voltammetry
measurements of selected compounds highlighted the role of the ligands in tuning the
electrochemical properties of 1,1’-ferrocenyldiacrylonitriles [1]. X-ray crystallographic
analysis of selected compounds exhibited the different preferred conformations of the
ferrocenyl moeity in ferrocenyldiacrylonitrile. Hence, 1,1’-ferrocenyldiacrylonitriles and
bisferrocenyldiacrylonitrile are potentially useful for further electrochromic and electron
transfer studies, which may translate to novel applications [2].

&-cvo &
solvent-free u@ ¢
C=( formati
ON i rullll_mml on -
%{.-@h =,
Fo CN Q—/‘
o =T x e
X=CN [2]. X=CF, [3], = b r'uf-:m:nyl:--@
V=l 4| VR |If|i dhiacry loarile [9]
B
i CN Gy
&g =CTrx = O~ = CHLCM
Fe Ec
Lg—CHO ,
Z Fas ferrocenylacry lonitr-
X=C1[5], X=F [T iles [ 141]
Scheme 1: Solvent-free synthesis of ferrocenylacrylonitriles.

[1] Ombaka, L. M.; Ndungu, P.; Omondi, B.; Nyamori, V. O. (manuscript submitted).
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THE CHEMOTHERAPEUTIC POTENTIAL OF BIDENTATE PYRROLIDE-IMINE
GOLD(II) CHELATES
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Research into the applications of gold(IIl) as the basis of potential chemotherapeutic agents
has expanded considerably over the last few years [1]. The d® electronic configuration of the
gold(I1T) ion with its vacant dx*-y* orbitals results in a rigorously square planar coordination
geometry; ideal for the synthesis of planar DNA intercalating agents. In this work five novel
bidentate pyrrolide-imine gold(IIT) Schiff base chelates have been synthesised with a view to
creating a new library of anti-tumour agents. The novel chemotherapeutics are anticipated to
exert their cytotoxicity through DNA intercalation and topoisomerase enzyme inhibition. The
structures of the chelates differ in the nature of their imine appendages, see Figure 1.
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Figure 1: Structure of the novel gold(lll) chelates synthesised in this work.

The Schiff base ligands were synthesised using a solid-state technique. The library of ligands
were all fully characterised by NMR, IR and UV-visible spectroscopy as well as mass
spectrometry and single crystal X-ray crystallography. The ligands were then coordinated to
the gold(Ill) ion, the successful synthesis of the chelates was confirmed by NMR, IR, and
UV-visible spectroscopy as well as mass spectrometry and single crystal X-ray diffraction.
To expand the understanding of the solid-state and electronic structure of both the ligands and
metal chelates they were studied by density functional theory. The octanol/water partition
coefficients (log Po/w) of the metal chelates were measured to further the understanding of
the biodistribution of metal-based chemotherapeutics. The cytotoxicity of the gold(III)
chelates against a representative panel of four human tumour cell lines was also determined.

[1] O. Q. Munro, K. J. Akerman and M. P. Akerman, Gold Complexes, 2011,
WO02011/158176 A2.



NOVEL CHALCONES AND DIHYDROCHALCONES ISOLATED FROM
CYRTANTHUS OBLIQUUS L.F AITON. BULBS
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The extracts of Cyrtanthus obliquus bulbs, commonly used in traditional medicine as an
analgesic, yielded two new chalcones 2',4',6'-trihydroxy-5',4-dimethoxy-a-hydroxymethyl-
chalcone (2) and 2'4',6'.4-tetrahydroxy-o-hydroxymethyl-chalcone (5) with two new
dihydrochalcones,2',4',6'-trihydroxy-5',4-dimethoxy-a-hydroxymethyl-B-methyl-
dihydrochalcone (1) and 2'4'.6'4-tetrahydroxy-5'-methoxy-a-hydroxymethyl-B-methyl-
dihydrochalcone (3). An unusual 3-B-glucopyranosyl-22,27-dihydroxy-lanosta-8-ene (4) was
also isolated from the bulbs. The antioxidant studies done on compounds 1-3 and 5 showed
that dihydrochalcones have higher activity then chalcones.



TOWARDS THE USE OF Fusarium sacchari IN BIOLOGICAL CONTROL OF
Eldana saccharina IN SUGARCANE

Tendekai Mahlanza T2.8
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Supervised by Prof Paula Watt, Dr Sandy Snyman and Dr Stuart Rutherford

Eldana saccharina is a destructive pest of sugarcane in South Africa. Infestation of stalks by
this insect is associated with fungal infection of bored tissue by opportunistic Fusarium spp.
Previous studies showed that strains of Fusarium can be either harmful (e.g. F. sacchari
PNG40) or beneficial to E. saccharina. The former has potential as an endophytic biological
control agent against the stalk borer. However, the usefulness of F. sacchari PNG40 is
limited by its pathogenicity on sugarcane, which leads to stalk rot disease. The aim of this
study, therefore, was to produce sugarcane genotypes tolerant to F. sacchari PNG40 by in
vitro induced mutagenesis and employ the plants in testing the ability of the fungus to control
E. saccharina. Plants tolerant to the fungus were produced by exposing sugarcane
embryogenic calli (cultivars NCo376 and N41) to the mutagen ethyl methanesulphonate. This
was followed by in vitro selection during somatic embryogenesis and subsequent plantlet
regeneration on media containing 100 ppm F. sacchari PNG40 culture filtrates (CF), which
contain phytotoxins produced by the fungus. Tolerance was confirmed by subsequent
trimming of the roots of regenerated plants and exposing them to 1500 ppm CF, followed by
inoculation with F. sacchari PNG40. These tolerant mutants of NCo376 and N41 are
currently being utilised in trials to test the effect of the fungus on E. saccharina larval
survival and growth. This will indicate the feasibility of employing PNG40 as an endophytic
biological control agent against E. saccharina.

In addition, a new relatively rapid method for screening sugarcane lines exhibiting E.
saccharina tolerance is being tested. The conventional method of inoculating plants with E.
saccharina eggs in shade house pot trials requires long periods of time (12 months) and
space, limiting the number of genotypes that can be screened. The objective is, therefore, to
improve the efficiency of E. saccharina resistance screening in both the trials being
conducted in the current study and the plant breeding programme of the South African
Sugarcane Research Institute.



NEW (PYRIDYL) BENZOAZOLE RUTHENIUM COMPLEXES AS CATALYSTS
FOR THE TRANSFER HYDROGENATION OF KETONES
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Transfer hydrogenation of ketones is one of the most preferred methods for the reduction of
ketones to their corresponding alcohols. Ruthenium complexes bearing N and P donor
ligands have been found to be more active in the transfer hydrogenation of ketones compared
to other transition metal complexes. In this contribution, we report the synthesis of
(pyridyl)benzoazole ruthenium complexes and their investigation as catalysts in the transfer
hydrogenation of ketones. The complexes were synthesized as shown in Scheme 1.

All the complexes were found to be active in the transfer hydrogenation of acetophenone and
its derivatives (Scheme 2). In general, Ru(Il) compounds containing phosphine donor ligand
(4-6) were more active that the corresponding Ru(Ill) complexes (1-3). The nature of the
ligand also influenced the activity of the complexes. Generally the activity of the complexes
was in the order of NH > O >S. DFT studies has been used to explain the observed catalytic
trends.

References

L (a) Cho, C. S.; Kim, B. T.; Kim, T.; Shim, S. C. J. Org. Chem. 2001, 66, 9020-9022. (b)
Raja, M. U. S., E.; Ramesh, R. Inorg. Chem. Comm., 2010, 13, 1321-1324. (c¢) Tao, R. X., Y ;
An, G.; Ding K.; Zhang, H.; Sun, Z.; Liu, Z. J. Colloid Interf Sci., 2010, 351, 501-506.



FREE-SPACE QUANTUM KEY DISTRIBUTION (QKD) THROUGH MULITPLE
ENTANGLEMENT SOURCES
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Quantum information science is based on the notion that the manipulation of information is
governed only by the laws of physics. Quantum information encapsulates two major
disciplines, quantum computing and quantum communication. Ultimately, the security of
information lies in the development of quantum communication. At present, classical
computers although capable of utilising mathematical algorithms to uphold the security of
information, communication may be threatened by the rapid development of more powerful
systems. A solution to the problem would be to shift the approach of ensuring the security of
information from a mathematical basis to a physical platform through quantum
communication.

Quantum communication exploits some of the fundamental features of the quantum world,
namely, the superposition principle and the Heisenberg uncertainty relation. One of the most
advanced quantum information related technology at present is Quantum Key Distribution
(QKD) which is a process that involves transmitting a secret key between two individuals.
The most vital characteristic of such a method is that the secrecy of the generated key is
guaranteed by the laws of nature. Practical QKD systems, although capable producing
provably secure keys, must in itself be trusted. Quantum entanglement provides this
additional layer of security to the systems. One method of obtaining entanglement, using
single photons, lies in the successful implementation of a second-order nonlinear process
which is referred to as spontaneous parametric down conversion (SPDC).

By exploiting QKD together with entanglement we can aim to shape a quantum network.
This is achieved by using multiple entanglement sources to build a QKD network. Free-space
QKD however introduces its own challenges which are due to turbulence within the
atmosphere. Here, we give an overview of QKD using entanglement as a platform for the
formation of the secure key as well as discuss some of the challenges faced when carrying out
the QKD process external to the laboratory.



FPGA-BASED EMULATION OF QUDIT QUANTUM FOURIER TRANSFORM
CIRCUITS

Makhamisa Senekane T2.11
211560527 @stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Prof. Francesco Petruccione

Quantum computation uses quantum mechanical concepts such as entanglement and
superposition to process information. In some aspects of computation, quantum computation
is known to outperform its classical counterpart, with Quantum Fourier Transform (QFT)
playing an important role in achieving the speed-ups since it (QFT) forms the basis for many
quantum algorithms. In this paper, we report the emulation of d -dimensional QFT circuits
using Field Programmable Gate Array (FPGA). We then compare the performance between
software-based simulation and FPGA-based emulation. The results show that the emulation is
faster than the simulation. In addition to performance speed-up, the emulation offers
additional benefits as opposed to simulation, and such benefits include the fact that
emulation closely mimics quantum circuits due to its parallelism, and the fact that emulation,
as opposed to simulation, gives further insight on the issues of signal delays and errors.



DERIVATISED PHENANTHROLINE COPPER(II) AND NICKEL(II) CHELATES:
TARGETED CHEMOTHERAPEUTIC AGENTS
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In this work, 1,10-phenanthroline has been derivatised and linked to 8-aminoquinoline via an
amide bond to yield a tetradentate ligand. Coordination of the ligand to Cu(Il) and Ni(II) with
concomitant deprotonation of the amide N-H yields monocationic chelates which were
isolated as the hexafluorophosphate(V) salts. The metal chelates were developed as

chemotherapeutic agents.
T PFg

M = Ni(ll)
= Cu(ll)

The metal chelates have been designed to incorporate several of the features common to
DNA intercalators, which is the anticipated mechanism of action. The affinity of the metal
chelates for calf thymus DNA was determined through DNA titrations. Both the metal
chelates showed moderate binding constants (1.11 x 10° M for the copper(II) chelate and
1.64 x 10* M for the nickel(II) chelate) illustrating the propensity for DNA intercalation. In
addition to acting as DNA intercalators, the redox active copper(Il) centre can catalyse the
formation of hydroxyl radicals. These hydroxyl radicals can induce both single and double-
stranded breaks in the DNA, triggering apoptosis. The formation of hydroxyl radicals in
solution was illustrated experimentally by the decomposition of the highly conjugated dye,
rhodamine B. The ligand has been studied by single crystal X-ray diffraction and was found
to crystallise in the monoclinic space group Cc with Z = 4. The quinoline ring was not in the
same plane as the phenanthroline moiety, exhibiting a torsion angle of 35.0(1)°. The ligand
formed a one-dimensional hydrogen-bonded chain in the solid state. A low resolution X-ray
structure of the copper(Il) chelate showed it to be nominally square planar; ideal for DNA
intercalation. The cytotoxicity of the metal chelates against a panel of four human cancer cell
lines (A549, TK-10, HT-29 and U251) was determined. The copper(Il) chelate had a mean
ICsg value of 13.0 uM, showing the greatest cytotoxicity towards the CNS cancer U251. The
nickel(Il) chelate was considerably less cytotoxic with a mean ICsy value of
32.0 uM. The considerable difference in cytotoxicity is attributed to the higher DNA binding
affinity and the ability of the copper(Il) chelate to produce hydroxyl radicals in vitro.



OPENCL PARALLELIZATION OF FEATURE EXTRACTION FOR PATCH-
BASED MULTI-VIEW STEREO
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This research is based on the state-of-the-art Multi-View Stereo (MVS) reconstruction
algorithms. There are many MVS algorithms that are able to reconstruct accurate 3D models
from a set of 2D images of real world objects or scenes. However, most algorithms are
limited since only the best MVS algorithms are able to achieve results that rival 3D laser
scanners. Laser scanners are an active scanning system that render 3D models by analyzing
the distortion of structured light (laser beams) that is projected onto the surface of an object.
The methodology is costly and invasive. Image-based modeling is a passive, low-cost
alternative with minimal hardware complexity. 3D modeling can be achieved by processing
ordinary 2D images of any rigid 3D object.

A recent study shows a comparison and evaluation of different MVS algorithms [1], and it
identifies the Patch-based MVS algorithm by Y. Furukawa and J. Ponce [2] as the best
performing algorithm. This algorithm is able to handle all types of image dataset such as
objects, scenes and crowded scenes and proves to be efficient at producing very accurate 3D
models but lacks computational efficiency. The main aim of this research is to improve the
computational efficiency of this algorithm by utilizing heterogeneous platforms which
consists of processors with different Instruction Set Architectures. Heterogeneous systems are
often a combination of multi-core and many-core processors working together to improve
computational performance. With new technologies such as Multi-core and Many-core
processors, parallelization of sequential programs can achieve high performance. Given the
wide range of processors available from different vendors, consistent performance and code
portability is a major concern. Open Computing Language (OpenCL) was chosen and
preferred for its portable execution on heterogeneous systems. The existing algorithm will be
compared with the parallel and portable version of the algorithm to determine its overall
performance. Preliminary experiments confirm a marginal speedup. A full investigation is
underway.
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ASSESSMENT OF PERMEABLE REACTIVE BARRIERS ALTERNATIVE MEDIA
FOR THE REMEDIATION OF NITRATE-CONTAMINATED GROUND-WATERS
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The increase in the contamination of ground-water (GW) with nitrates in both developing and
developed countries mainly results from agricultural activities and improper sanitation
systems, and is a recent phenomenon that has become a source of great health concern,
particularly in regions where people rely on the ground-water as their primary water source.

Due to the advantages of using Permeable Reactive Barriers (PRB) including its cost-
effectiveness as well as its capability to remove or mitigate the spread of large spectrum of
contaminants (including nitrates), a significant increase has been observed in the use of this
subsurface treatment technology compared to other methods. However, identifying more
economic and reliable reactive media to be used instead of the costly conventional PRB
materials is now of key importance.

Two local soils namely Berea Red Sand (BRS) and Umgeni Sand (US) were the main focus
of this research. In addition to these soils, Zero Valent Iron (ZVI) was also used in this study.
Through the use of batch experiments the feasibility of the nitrate reduction was investigated
by five substrates including 100% ZVI, 100% BRS, 100% US, mix of 75% ZVI + 25% BRS,
and mix of 50% ZVI + 50% BRS. Four concentrations of nitrate synthetic solution including
10 mg/l, 25 mg/l, 50 mg/l, and 100 mg/l were used to simulate nitrate-contaminated ground-
water. All the batch experiments were performed under semi-aerobic and uncontrolled pH
conditions, and only one solid/liquid ratio of 1:10 was used.

The two mixes (mix of 75% ZVI + 25% BRS, and mix of 50% ZVI + 50% BRS) exhibited a
nitrate removal efficiency of 100%, with all the different initial concentrations that were used
with it; besides these two mixes, none of the other substrates showed this performance. 100%
ZVI; however, managed complete nitrate reduction when the 10 mg/l and 25 mg/l
concentrations were used.

Finally, it was concluded that the benefits of using BRS in combination with other materials
such as ZVI in the PRB field are promising.



RESEARCH EXPERIENCE ON
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Polar codes were invented in 2008 and different aspects of smart antennas have been studied
for a long time. However, there has been difficulty in fully integrating these theoretical
systems to the practical platform. Some of these difficulties are achievable via polar codes — a
way of transforming information for reliable consumption especially in telecommunications.

In order to do so, the study of polar coding is inevitable. Some of the smart antenna
applications are the use of better performing modulation schemes for better reliability,
multiple small antennas for higher data rates and the use of diversity paths for reliability.
More importantly, the performance basis for these practical systems must be provided with
proof.

This presentation focusses on the paradigm shift brought about by the invention of polar
codes, the research problems met so far and the unplanned experience that add constructively
to a researcher’s output. The unplanned factors discussed fall under the following: time, tools
(simulation codes design, pure mathematics and communication theory) and supervisor
relationship. Note that the correlation of these experience factors to the output is not obvious
and is considered situational.



DEVELOPMENT OF AN INTEGRATED MODEL AND SYSTEM TO ENABLE
OPTIMAL EFFICIENCY OF A LUNAR LASER RANGER SIGNAL PATH
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Lunar Laser Ranging (LLR) is the space geodetic technique that measures the Earth-Moon
distance. Such a distance can be calculated from the round trip time-of-flight (TOF) which is
measured by firing a pulsed laser light (transmitted through a beam expander) to corner cube
retro-reflectors arrays that were placed on the Moon during the lunar missions [1]. The
transmitted pulse of laser light with a beam divergence of about 3 to 4 arcseconds spreads to
a diameter of about 7 km on the Moon surface [2]. This is due to the effects of atmospheric
perturbations on the propagating laser pulse. Hence, the returned signal from the retro-
reflectors to the photon detection system on Earth is weak but still detectable.

Combrinck [3, 4], in collaboration with OCA and NASA proposed the development of a new
LLR station for the Southern Hemisphere (in HartRAO, RSA) that will also provide Satellite
Laser Ranging (SLR). In this current work, we develop an integrated model and system to
enable optimal efficiency of a lunar laser ranger signal path. This will be achieved by
developing a model and data analyses software that can enable correct beam expander
settings for precise beam collimation through the atmosphere so that beam wander is reduced.
Development of a computer-controlled microprocessor monitored signal path (optical and
electrical) to monitor and control thermal changes inside the LLR system is required in order
to minimise beam divergence on the surface of the Moon. The signal path system must also
be auto-operated to detect adverse signal path conditions and feed system condition
information to a control program.
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THE AUTOMATED, OBJECTIVE CLASSIFICATION OF CIRCULATION
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The wave climate is a fundamental driver of coastal vulnerability. Changing trends in the
wave height, period and direction can severely impact on a coastline. In a diverse storm
environment, the changes in these parameters are difficult to assess. The wave climate is
strongly linked to atmospheric circulation patterns. Therefore if the link between wave
climate parameters and the atmospheric circulation patterns driving them can be found,
changes can be easily assessed.

An automated objective classification was developed to find links between the large scale
atmospheric circulation patterns and wave climate variables (wave height). The model is a
development of existing methods for classifying atmospheric circulation patterns (CPs) and
linking them to rainfall. The algorithm utilizes a set of objective functions based on wave
heights to guide the classification for an 18 yr (1992 - 2009) calibration period. The
optimized classification only considers extreme events, i.e. wave heights above 3.5m and is
based on fuzzy logic. Fuzzy rules define classification types that are used to detect local high
and low pressure anomalies. A process of simulated annealing is used to optimize the CP
classification.

Three dominant patterns were shown to drive the wave climate along the eastern South
African coastline. The circulation patterns exhibit some seasonality with one pattern present
throughout the year. Some 50 - 80% of the extreme wave events are explained by these three
patterns. It is evident that strong low pressure anomalies east of the country channel the wind
toward the KwaZulu-Natal coastline. These concentrated wind fields drive wave
development resulting in extreme wave conditions along the coastline. The conclusions are
that it is possible to link circulation patterns with wave heights within a diverse storm
environment. The circulation patterns agree with qualitative observations of wave climate
drivers. This study has implications for risk assessment and management of coastlines
worldwide.



ESTABLISHING LEARNING OUTCOMES FOR HIGHER EDUCATION
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Education and training in South Africa have undergone major changes since 1995 and
subsequently there has been a move away from traditional “content-based” education and
training, to “outcomes-based” education and training. This resulted in the review of curricula
in Higher Education in the country, and Higher Education Institutions registered whole
qualifications with the South African Qualifications Authority (SAQA) in an outcomes-based
(OBE) format.

Learning programmes at all Higher Education Institutions have continuously been adjusted so
as to include strong components of cadastral surveying, engineering and topographical
surveying which are critical for land reform and economic development. It is critical that
such learning programmes are current and prepare the graduates for a career in the Surveying
Profession.

One of the major steps in the operation of an outcomes-based system of education or training
is putting the process into manageable units of learning. Such units of learning are usually
tied to individual workplace competencies or clusters of workplace competencies that have
been identified by some form of narrow consultation with stakeholders, also referred to as an
Outcomes Analysis. From such an analysis appropriate learning unit titles can be identified
for further development into completed learning programmes.

One of the methods available to identify appropriate learning outcomes is the DACUM
(Develop a Curriculum) method, which works on the premise that expert workers are better
able to describe/define their occupation than anyone else. The DACUM method is a proven
way of arriving at relevant learning outcomes, which is the starting point in the curriculum
development process as used in outcomes-based education and training programmes.

This paper will show how the DACUM method could be used to effectively verify and
update Higher Education programmes in surveying to meet the requirements of the Surveying
Profession.



SPATIAL JOINT MODELING AND MAPPING OF HIV AND HSV-2

Oscar Ngesa T3.7
212558383 @stu.ukzn.ac.za
School of Mathematics, Statistics and Computer Science
Supervised by Prof Henry Mwambi

The Joint modeling of epidemiological and public health outcomes within a spatial statistical
context opens numerous opportunities for understanding disease aetiology. In this paper we
model the joint variation of the Human immunodeficiency virus (HIV) and the Herpes
simplex virus-type 2 (HSV-2). The dataset used in this study consisted of men age 15-49
years from the 2007 Kenya Aids Indicator Survey data.

The Joint spatial modelling strategy helps in stabilizing parameter estimates by borrowing
strength between different diseases and also between neighbouring regions. A Bayesian
approach was used and the models were implemented in WinBUGS software.

Both diseases showed significant spatial variation with highest disease burdens occurring
around the Lake Victoria region. There was a significant positive correlation between HIV
and HSV-2, a result in line with other studies. The correlation between the two diseases could
mean that occurrence of one disease could be accelerating transmission and/or acquisition of
the other disease. HSV-2 is not widely publicized and there are very few centres that test for
it. There is need to put more effort and investment in controlling HSV-2 with the hope of
reducing acquisition and transmission of HIV.



A MATHEMATICAL DESCRIPTION OF THE INTERACTIONS OF CycE/Cdk2,
Cdc25A and P27%"' IN A CORE CANCER SUB-NETWORK
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Recent studies have shown that the initiation of human cancer is due to the malfunction of
some genes (such as E2F, CycE, CycD, Cdc25A, P27K'p1, Rb) at the R-checkpoint during the
Gj-to-S transition of the cell cycle. Identifying and modeling the dynamics of these genes
provides new insight on the initiation and progression of many type of cancers. In this study,
a cancer sub-network which has a mutual activation between phosphatase Cdc25A and
CycE/Cdk2 complex and a mutual inhibition between Cdk inhibitor P27"" and CycE/Cdk2
complex is identified. A new mathematical model for the dynamics of this cancer sub-
network concentration is developed. Positive equilibrium points are determined and
rigorously analyzed. We have found a condition for the existence of the positive equilibrium
points from the activation, inhibition, and degradation parameter values of the dynamical
system. We also found the conditions that need to be put into place for the equilibrium points
to be asymptotically stable. Numerical simulations have also been carried out. These analytic
and numerical results confirm experimental results in the literature, thus validating our
model.



QUANTIFYING SCALABILITY OF DECENTRAL MEDIA STREAMING
NETWORKS OVER CENTRAL NETWORKS, INCLUDING EMPIRICAL
EVALUATION OF A PEER-TO-PEER PROTOCOL, BY USE OF PEAK SIGNAL TO
NOISE RATIO
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The performance of central and decentral media streaming architectures is examined in this
paper. Peak Signal to Noise Ratio (PSNR) is used to quantify the performance of both
architectures, with quality and scalability used as performance criteria. Both central and
decentral architectures are implemented with the same hardware characteristics in Network
Simulator 2. Performance analysis of network results is achieved with modifications to the
Evalvid framework. Experimental results indicate that the decentral system has on average 15
% higher PSNR than the central system and 34 % higher scalability under similar operating
conditions. Decentral system drawbacks under very high loads are examined with possible
solutions mentioned. Performance of the quality and scalability quantification system
prompts testing of a serving peer protocol to improve decentral system performance under
very high loads. Results show a 30 % increase in PSNR under high system loads.



INVESTIGATION OF EVOLUTIONARY ALGORITHM HYPER-HEURISTICS
FOR THE NURSE ROSTERING PROBLEM
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This work investigates using evolutionary algorithms as hyper-heuristics to provide solutions
to a set nurse rostering problems [1, 2]. A hyper-heuristic is a methodology that provides a
more general approach to problem solving [3, 4]. This generality is achieved by exploring a
heuristic space. Instead of operating directly on a candidate solution the hyper-heuristic
employs low-level heuristics to operate on a candidate solution. A hyper-heuristic is given a
set of problem specific low-level heuristics. This allows potential for a hyper-heuristic to
generalize over multiple domains by only getting information from the low-level heuristics’
affect on the candidate solution. In this work an evolutionary algorithm is used as a selection
perturbative hyper-heuristics by encoding chromosomes to represent a sequence of low-level
perturbation heuristics. The low-level perturbation heuristics will change (perturb) a
candidate solution. Each chromosome is applied to a candidate solution of a single problem
instance that is a feasible roster created randomly. Evolutionary algorithms are population
based meta-heuristics that are inspired by biological evolution. Evolutionary algorithms have
previously been used to search the solution space [5] and the heuristic space [6]. In this work
specifically the nurse rostering problem is investigated using the hyper-heuristic
methodology. The nurse rostering problem is a personnel scheduling problem that is NP-
Hard. This problem has not been studied using evolutionary algorithm hyper-heuristics.



A HYPER-HEURISTIC APPROACH TOWARDS MITIGATING PREMATURE
CONVERGENCE IN GENETIC PROGRAMMING
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Genetic Programming (GP) is an Evolutionary Computation algorithm that searches a
solution space of computer programs for a globally optimal solution [1]. The GP algorithm
begins with a randomly generated population of candidate solutions. Subsequently GP selects
candidate solutions from the population according to a fitness function. Variation operators
are then applied to the selected candidate solutions in order to produce the next generation of
solutions. The procedure of creating succeeding generations from selected individuals in a
current generation is conducted iteratively until the global optimum solution is discovered.

The fitness function is a critical aspect of the GP search, as it steers the direction of the search
[1]. In standard GP, individuals are awarded fitness values based on their distance from a
known objective [1]. Typically, the objective is the goal state desired by the GP practitioner.
Individuals that are closer to achieving the goal state are thus considered better than
individuals that are further away. This method of measuring fitness is termed objective
fitness. According to [2], “the objective fitness function is only a heuristic measure of
progress towards the goal”. This is because sometimes improving fitness or making progress
towards the objective may require taking intermediate steps in the search space that may at
first seem deleterious. In several GP domains the steps to an objective do not always
resemble the objective [2][3]. However the objective fitness function is unlikely to allow a
GP to make such beneficial albeit intermediately deleterious transitions as it exerts a constant
selection pressure towards high fitness areas of the search space [1][2][3]. Resultantly, the
objective fitness function often causes the Premature Convergence of a GP search. A
Prematurely Converged GP is stuck in sub-optimal regions of the search space and resultantly
cannot attain the desired global optimum solution. Given the problems associated with
objective fitness, several alternative methods of measuring fitness have been proposed in GP
literature. However these alternative approaches are often domain specific, and are not
generally applicable across GP problem domains.

Hyperheuristic methodologies are a breakthrough in the field of combinatorial optimization.
Hyperheuristics automate the selection of low level heuristic methods to solve computational
search problems. This research seeks to apply hyperheuristic methodologies to alleviating
Premature Convergence. Specifically, we look towards automating the combination of the
distinct heuristic approaches to measuring fitness proposed in literature, to provide a high-
level, generic modus operandi towards curbing Premature Convergence in GP.

[1] J. R. Koza, Genetic Programming: vol. 1, On the programming of computers by
means of natural selection, vol. 1. MIT press, 1992.

2] J. Lehman and K. O. Stanley, “Efficiently evolving programs through the search for
novelty,” in Proceedings of the 12th annual conference on Genetic and evolutionary
computation, 2010, pp. 837-844.

[3] W. B. Langdon and R. Poli, “Why ants are hard,” 1998.



NEUTRON STARS IN STAROBINSKY MODEL
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We study the structure of neutron stars in f(R)=R+aR? theory of gravity (Starobinsky model),
in an exact and non-perturbative approach. In this model, apart from the standard General
Relativistic junction conditions, two extra conditions, namely the continuity of the curvature
scalar and its first derivative needs to be satisfied. For an exterior Schwarzschild solution, the
curvature scalar and its derivative needs to be satisfied. For an exterior Schwarzschild
solution, the curvature scalar and its derivative has to be zero at the stellar surface. We show
that for some equation of state (EoS) of matter, matching all conditions at the surface of the
star is impossible. Hence the model brings two major fine-tuning problems:

(1) only some particular classes of EoS are consistent with Schwarzschild at the surface and
(i1) given that EoS, only a very particular set of boundary conditions at the centre of the star
will satisfy the given boundary conditions at the surface.

Hence we show that this model (and subsequently many other f(R) models where uniqueness
theorem is valid) is highly unnatural, for the existence of compact astrophysical objects. This
is because the EoS of a compact star should be completely determined by the physics of
nuclear matter of high density and not on the theory of gravity.



THE USE OF MICROSATELLITES TO ADDRESS TAXONOMIC AND ILLEGAL
TRADE IN CAPE PARROTS (POICEPHALUS ROBUSTUS)
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The Cape Parrot (Poicephalus robustus) is the only endemic parrot species in South Africa.
Recent population estimations suggest that there are less than 1600 Cape Parrots in the wild,
far less than expected from historical records. Various factors have been identified as possible
causes for the population decline. One of these is the illegal trade of Cape Parrots, with
hatchlings being unsustainably harvested from the wild and traded as captive born.
Poicephalus robustus is currently listed by IUCN as of ‘Least concern’ and is not considered
by CITES as an endangered species, precluding the Cape Parrot from protection by
international trading laws. The main reason for this is that the Cape Parrot is currently listed
as a sub-species of P. robustus together with the Grey-headed Parrot (P.r. suahelicus) in
south-central Africa and the Brown-necked Parrot (P.r. fuscicollis) from West Africa.
Previous morphological, ecological and behavioural studies have recognized the Cape Parrot
as a distinct species separate from Grey-headed and Brown-necked parrots. The molecular
confirmation of the taxonomic status of Cape Parrots is thus required to better protect these
parrots, and also to provide a DNA-based tool for the detection of illegally traded birds.
Choosing molecular markers that provide sufficient power to resolve both above (taxonomic
status of Cape parrots) and below (forensic tool to identify illegally traded parrots) the
species level is an important consideration of this project. In this presentation the merits of
multilocus microsatellite markers will be discussed, in the context of some preliminary data
from the current PhD genetic study.



CYTOKINE PRODUCTION BY EPITHELIAL CELLS INFECTED WITH
CLINICAL STRAINS OF MYCOBACTERIUM TUBERCULOSIS THAT DOMINATE
IN KWAZULU-NATAL (SOUTH AFRICA)
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Mycobacterium tuberculosis, (MTB), the causative agent of tuberculosis (TB) remains one of
the major causes of mortality worldwide, leading to 1.4 million deaths each year. Specific
strains of MTB dominate in different geographic regions globally. In KwaZulu-Natal, the
KZN strain has been associated with drug resistance since 1994 and was responsible for XDR
TB, and high mortality rates at Tugela Ferry in 2005. MTB is able to infect and replicate in
pulmonary epithelial cells that are present in greater abundance in the alveolar space. In this
study, we determined differential host response to infection by measuring
cytokine/chemokine response of pulmonary epithelial cells infected by dominant strains in
KZN.

The in vitro host response to infection of A549 pulmonary epithelial cells infected with the
KZN, F28, FI11, Beijing, Unique and H37Rv strains was investigated for
cytokines/chemokines (CCs) production. CC production was measured at 0, 24, 48 and 72 hr
post-infection using the Bio-Plex assay.

Eighteen CC (IL-1ra, -2, -4, -6, -8, -9, -17, , Rantes, Eotaxin, GM-CSF, TNF-a, I[FN-y, MIP-
la, MIP-18, MCP-1, IP-10 and PDGF-bb) were detected using the BioPlex Pro Human
Cytokine 27-plex assay. The BioPlex Pro Human Cytokine 16-plex kit confirmed the
presence of 11 CC, (IL-6, IL-8, G-CSF, GM-CSF, IFN-y, IP-10, MCP-1, MIP-1a, MIP-1§,
Rantes and TNF-q,) in the supernatants of the infected A549 cells at all-time intervals for the
different strains. The concentrations of these CCs were found to be significantly higher
(P<0.05) in the infected cells compared to the uninfected cells. In comparison to other strains,
F28 and KZN induced a higher production of IL-8, IFN-y, TNF-a, G-CSF, GM-CSF and
Rantes at both 48 and 72 hr. The laboratory strain H37Rv induced the highest production of
IL-6, TNF-a, G-CSF, GM-CSF, Rantes, MIP-1a and MIP-1f at 24 hr after infection. There
was no trend in the response of pulmonary epithelial cells and induction of different CCs,
suggesting the presence of different virulence factors in these clinical strains.

Our results indicate that cytokine production in pulmonary epithelial cells is strain dependent
and may explain differential host response to various strains of M. tuberculosis.



OPTIMIZATION OF THE UPTIBLUE™ ASSAY FOR THE RAPID, ACCURATE
AND RELIABLE DETERMINATION OF IGF-1 BIOACTIVITY
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Growth factors play a major role in cell growth and proliferation and are thus used to enrich
cell growth media. Insulin-like growth factor-I (IGF-I) is a potent mitogen which is an
attractive alternative to the controversial use of serum and insulin in cell culture. Recent
biotechnological advances in South African research have led to the development of novel
technologies to produce IGF-I of high purity at low cost, thereby enabling the widespread
availability of IGF-I on the commercial market. However little was known about the
bioactivity of this product as well as how it fared against commercial IGF-I and insulin. Thus
this study was aimed at the determination of the bioactivity of this novel IGF-I product using
the UptiBlue™ assay and the critical comparison of this novel assay with traditional cell
proliferation assays as indirect measurement of IGF-I bioactivity. It was further focused on
the critical evaluation of recombinant IGF-I as an alternative to commercially available IGF-I
and insulin in terms of bioactivity.

The bioactivity of recombinant IGF-I, commercial IGF-I and insulin were determined using
three cell proliferation assays namely, the crystal violet, MTS and UptiBlue™ assay. Each of
the assays were optimized with regard to cell number and dye incubation time for Balb/c 3T3
fibroblast, C2C12 mouse myoblast and CHO cell lines.

The data obtained demonstrated that the UptiBlue™ assay compared favourably with the two
traditional assays and supports the hypothesis that it can indeed be used for the indirect
measurement of IGF-I bioactivity. In addition the IGF-I product displays high bioactivity as
expressed by ECsy values ranging from 4.5-8ng/ml. The data further show that the
recombinant IGF-I product is significantly more bioactive than insulin at a 1000 times lower
concentration and in the same bioactivity range as commercially available product.

Thus it can be concluded that locally produced South African recombinant IGF-I is a potent
promoter of cell growth that displays high bioactivity at low concentrations in serum free
media as defined by this study, thereby representing a new and improved, cost effective
alternative to serum for the culture of mammalian cells.



REGULATION OF THE THIOREDOXIN SYSTEM IN SACCHAROMYCES
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The thioredoxin system consisting of thioredoxin (Trx), thioredoxin reductase and NADPH
plays a significant role in a large number of redox-dependent processes such as DNA
synthesis and anti-oxidant defense. Elevated levels of this system have been associated with a
number of diseases including cancer and HIV. Understanding the regulation of this network
from a systems perspective is therefore essential. However, contradictory descriptions of
thioredoxin as both an enzyme and redox couple have stifled the adoption of systems biology
approaches within the field. Using kinetic modeling, this discrepancy was resolved by
proposing that saturation of Trx activity could be due to the saturation of the Trx redox cycle
which consequently allowed development of the first computational models of the
thioredoxin system in Jurkat T-cells and Escherichia coli. While these models successfully
described the network properties of the thioredoxin system in these organisms, further
confirmatory studies were required before this modeling approach could be generally
accepted. The aim of this study was to utilize computational and molecular methods to
confirm or reject this proposed mechanism for thioredoxin activity. To determine if there is
any difference in the kinetic models obtained when thioredoxin was modeled as an enzyme or
as a redox couple, representative core models were developed. The data showed that when
modeling Trx as a redox couple, the system was able to achieve steady state, there was a re-
distribution of Trx into its oxidized form and, thioredoxin reductase affected the rates within
the system. On the other hand, when Trx was modeled as an enzyme, the system could not
reach a steady state, Trx remained in the reduced form and thioredoxin reductase
concentration had no effect on the rates within the system. As these properties could be
directly tested in vitro, we sought to directly confirm which model was correct. The
thioredoxin system from Saccharomyces cerevisiae was cloned, expressed and purified and
substrate saturation curves were generated using insulin as a model substrate. The data showed
that the system reached steady state and with increasing concentrations of insulin, the system
saturated with a progressive re-distribution of the thioredoxin moiety into its oxidized form.
Further, increasing the thioredoxin reductase concentration increased the flux through the
system. Collectively, the results obtained through in vitro analyses provided unambiguous
support for the thioredoxin redox couple model. These results will enable the construction of
a complete computational model of the yeast thioredoxin system and provide a basis for the
analysis of this network in a number of pathologies.



MOLECULAR EPIDEMIOLOGY OF AMPHISTOMES AFFECTING RUMINANTS
FROM SELECTED SOUTHERN AFRICAN COUNTRIES USING INTERNAL
TRANSCRIBED SPACER TWO (ITS2) REGION OF rRNA GENE
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Amphistomes are digenetic trematodes (flukes) that infect ruminants and other groups of
animals, including humans. Amphistomes have a cosmopolitan distribution and in heavy
infection by juveniles have been shown to cause conditions such as diarrhea, inflammation of
mucosa of the ceacum and even death. Members of this group of parasites cause a disease
known as amphistomiasis. The objective of this study was to identify and characterize by
molecular method the species of Amphistomes of cattle in parts of South Africa and
Zimbabwe where disease have occurred, and compare our findings with what has been
reported in other parts of the world. Special reference was made to sub-typing of
Amphistomes by type-specific PCR and sequencing of the internal transcribed spacer of
rRNA gene. Nucleotide sequencing of ITS2 region of rRNA gene revealed the presence of
four species of Amphistomes namely the Calicophoron daubneyi, Calicophoron
microbothrium and Gastrothylax spp. In addition there was one unidentified Calicophoron
spp. We intend to morphologically confirm if this unidentified group is indeed a new species.
The analysis also found that majority of animal’s sampled showed mixed infections while
others had single infection.



SOCIO-SPATIAL ECOLOGY OF A LEOPARD POPULATION RECOVERING
FROM OVER-HARVEST

Julien Fattebert Mé
jufattebert@yahoo.fr
School of Life Sciences
Supervised by Prof. Rob Slotow

High-harvest can influence the population and spatial ecology of various carnivore species.
Following reduction of harvest, the leopard (Panthera pardus) population at the edge of the
protected Phinda-Mkhuze Complex, South Africa, recovered within four years with
demographic parameters matching those of the core, and stabilized afterwards. We used ten
years of telemetry data to address the impact of harvest on the dynamics of the spatial
ecology of the leopard within this quasi-experimental design framework. We addressed the
dynamics of the social organisation in adult leopard within the framework of a dual
reproductive strategy hypothesis, and evaluated the density-dependence of the natal dispersal
patterns in subadult leopards. As the population recovered, females reduced the size of their
home-ranges, whereas males reduced the extent of intra-sexual overlap to secure more
exclusive access to females. Adult females overlapped more with relatives than with
unrelated females, forming matrilineal kin clusters. Female dispersal distance was inversely
density-dependent, and all females that settled and bred were philopatric. The only female
that started dispersal died before they dispersed beyond one female home-range diameter.
Dispersal distance in males was longer and density-dependent. There was no evidence for
pre-saturation dispersal, and there was a lag of three years after the implementation of a
sustainable harvest protocol for the dispersal distances to increase. After the population
stabilized, long-distance dispersal was documented in males and revealed potential linkage
between areas currently regarded as distinct conservation units. In this study we show that the
disturbance due to high-harvest continued to impact the socio-spatial organisation and
dispersal patterns after the demographic recovery of the population.



SEASONAL VARIATION IN BASAL METABOLIC RATE, RESPIRATORY
QUOTIENT AND EVAPORATIVE WATER LOSS IN THE CAPE WHITE-EYE,
ZOSTEROPS PALLIDUS
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One way in which birds in the northern hemisphere generally cope with extreme winter
conditions is by elevating their basal metabolic rates (BMRs). In the southern hemisphere
however, winters are generally milder, although there are still unpredictable periods of
extreme cold, and so it is expected that small Afrotropical birds would conserve energy by
lowering their winter BMRs. Open flow respirometry was used to record oxygen
consumption, carbon dioxide production and evaporative water loss (EWL) in twelve wild-
caught Cape White-eyes Zosterops pallidus, in summer and winter, at a range of
temperatures. In winter, Cape White-eyes significantly reduced their BMRs and dropped their
lower critical limits. Mean respiratory quotient was lower in summer than in winter,
indicating greater catabolism of lipids in summer than in winter. There was no seasonal
difference in EWL, but at 35°C, EWL was higher in winter than in summer. Overall, these
results are indicative of energy conservation during winter, and are consistent with those of
other small southern hemisphere birds for which such seasonal differences have been
investigated. However, similar studies on Afrotropical species are relatively few, and more
work is needed to confirm these trends.



RESPONSE OF PARASITOIDS TO FRASS PRODUCED BY STEMBORERS FROM
ANCESTRAL AND IMPROVED SUGARCANE VARIETIES
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Thirty years of attempts to control the stemborer Eldana saccharina biologically in sugarcane
have yielded little success. Recent literature, however, suggests that different host plants
attacked by E. saccharina emit different volatile chemical profiles. It has been hypothesized
that ‘SOS’ volatiles have been bred out of modern sugarcane varieties. To test this, 3
stemborer species; Sesamia calamistis, E. saccharina and Chilo partellus were separately fed
on N21I, NI1 and 51NG146 sugarcane varieties. The frass obtained was tested on
Xanthopimpla stemmator and Cotesia sesamiae parasitoids. Using a petri-dish behavioral test
(20 replicates), response time to frass, duration of time spent on frass and number of times
parasitoids visited frass were recorded. Attraction to SING146 frass was fastest for both C.
sesamiae (1.69 + 0.44) and X. stemmator (1.44 £ 0.30) and slowest to N21 frass (6.65 = 0.71)
for C. sesamiae and N11 (4.88 £ 0.96) for X. stemmator. Similar results for duration of time
spent on frass and number of visits to frass by the parasitoids was recorded.
Electrophysiological studies and further identification of active volatile compounds from
frass and attacked plants, using GC-MS are recommended to determine whether differences
in blend ratios and/or amount exist for these sugarcane varieties.



FORAGING AT WASTEWATER TREATMENT WORKS INCREASES HEALTH
RISKS IN AN URBAN ADAPTER, THE BANANA BAT
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The Banana Bat, Neoromicia nana, is an urban adapter that exploits swarms of pollution-
tolerant chironomid midges at wastewater treatment works (WWTWs). We have previously
shown that although WWTWs are beneficial to N. nana in creating an optimal food resource
in the short-term, there are also long-term costs, specifically the accumulation of metal
pollutants such as cadmium, chromium and nickel in the muscle, liver and kidney of N. nana.
Here we investigated how foraging at WWTWs versus unpolluted sites, impacts various
levels of the physiology of N. nana. We used haematocrits to assess haematological
differences, hepatosomatic and renalsomatic indices to evaluate relative size differences in
detoxification organs, and gonadosomatic indices to evaluate relative size differences in
reproductive organs of male bats. We found that haematocrits were significantly higher in
N.nana foraging at WWTWs indicating that N. nana may be compensating for a chronically
low oxygen circulation within the body or kidney damage. In addition, hepatosomatic and
renalsomatic indices were significantly higher suggesting hypertrophy of the detoxification
organs. Finally, the gonadosomatic index of the testes were also significantly larger at
WWTWs, suggesting that reproductive potential of males may be compromised, hence
warranting further analyses, currently underway in our laboratory. Sub-lethal damage from
pollutants is evident in N. nana foraging at WWTWs and chronic health problems may
ultimately extend to the population level.



PHYLOGEOGRAPHY OF HIPPOSIDEROS COMMERSONI (CHIROPTERA:
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The Commerson leaf-nosed bat (Hipposideros commersoni) is an endemic species to
Madagascar and is particularly common in the western portion of the island in forested areas
from sea level to 1150 m. Extensive exploitation for bush meat is probably the most
important cause for this species’ decline. Seasonal variation has been recorded in its activity
and diet, and during the austral winter, at certain sites these bats are not observed exiting
caves at dusk to forage. It is not clear if populations undergo a form of torpor or whether
they are partially migratory. No information is previously available on the phylogeography of
this species and such studies might provide insights into dispersal patterns and gene flow. In
this study, we examined the phylogeographic patterns of H. commersoni across the dry forest
areas of Madagascar using the hypervariable mitochondrial control region gene. Preliminary
analyses indicate some geographical structure within this species, with evidence of seasonal
movements, consistent with previous morphological studies.



TOWARDS THE USE OF Fusarium sacchari IN BIOLOGICAL CONTROL OF
Eldana saccharina IN SUGARCANE
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Eldana saccharina is a destructive pest of sugarcane in South Africa. Infestation of stalks by
this insect is associated with fungal infection of bored tissue by opportunistic Fusarium spp.
Previous studies showed that strains of Fusarium can be either harmful (e.g. F. sacchari
PNG40) or beneficial to E. saccharina. The former has potential as an endophytic biological
control agent against the stalk borer. However, the usefulness of F. sacchari PNG40 is
limited by its pathogenicity on sugarcane, which leads to stalk rot disease. The aim of this
study, therefore, was to produce sugarcane genotypes tolerant to F. sacchari PNG40 by in
vitro induced mutagenesis and employ the plants in testing the ability of the fungus to control
E. saccharina. Plants tolerant to the fungus were produced by exposing sugarcane
embryogenic calli (cultivars NCo376 and N41) to the mutagen ethyl methanesulphonate. This
was followed by in vitro selection during somatic embryogenesis and subsequent plantlet
regeneration on media containing 100 ppm F. sacchari PNG40 culture filtrates (CF), which
contain phytotoxins produced by the fungus. Tolerance was confirmed by subsequent
trimming of the roots of regenerated plants and exposing them to 1500 ppm CF, followed by
inoculation with F. sacchari PNG40. These tolerant mutants of NCo0376 and N41 are
currently being utilised in trials to test the effect of the fungus on E. saccharina larval
survival and growth. This will indicate the feasibility of employing PNG40 as an endophytic
biological control agent against E. saccharina.

In addition, a new relatively rapid method for screening sugarcane lines exhibiting E.
saccharina tolerance is being tested. The conventional method of inoculating plants with E.
saccharina eggs in shade house pot trials requires long periods of time (12 months) and
space, limiting the number of genotypes that can be screened. The objective is, therefore, to
improve the efficiency of E. saccharina resistance screening in both the trials being
conducted in the current study and the plant breeding programme of the South African
Sugarcane Research Institute.



CAMERA TRAP TECHNOLOGY TO STUDY THE DIET OF URBAN-BREEDING
CROWNED EAGLES (Stephaoaetus coronatus) IN KWAZULU-NATAL

Shane McPherson M12
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Supervised by Prof Colleen Downs, Dr Mark Brown

The Crowned Eagle (Stephanoaetus coronatus) is a large avian carnivore of African forest
biomes. Through much of its range in natural forest ecosystems, humans have a chronic
negative impact through loss of traditional prey, loss of habitat, and direct persecution. There
appears to be a healthy population in the peri-urban metropolitan environments of Durban
and Pietermaritzburg, KwaZulu-Natal, South Africa. The crowned eagle serves as an
indicator species to investigate urban predator ecology, urban landscape planning, and
human-wildlife conflicts particularly regarding the diet and perceived threats to companion
animals.

The diet of breeding eagles was determined by deploying camera traps at five nests during
the 2012 season using an interval sampling schedule. The first camera was deployed in early
August, while the bulk of data was collected from November to March. Over four hundred
prey items were observed of which 84% allow positive identification to species level.
Synurban wildlife comprises the vast majority of prey items. Primary prey include; Rock
Hyrax (Procavia capensis), Hadeda Ibis (Bostrychia hagedash), Vervet Monkey
(Cercopithecus aethiops), and Blue Duiker (Cephalophus monticolor). The high number and
variety of birds, especially nestlings of hadeda ibis, provides a contrast to the literature on
crowned eagle diet. Domestic animals are scarcely represented with domestic chickens being
the most favoured of this type of prey, contributing 5% of the number of prey animals
identified. The use of camera trap technology in this study has provided an efficient and
effective means of diet sampling, and is recommended for similar studies on large eagles.



POSTER ABSTRACTS

A COMPARATIVE STUDY OF FEATURE METHODS FOR INFORMAL
SETTLEMENTS CHARACTERIZATION

Abuobayda M. SHABAT P1
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School of Engineering
Supervised by Prof Jules-Raymond TAPAMO

In developing and emerging countries progression of informal settlements has been a fast
growing phenomenon since the mid-1990s[1, 2]. Half of the world’s population is housed in
urban settlements. The reason of this phenomenon is the immigration of people from rural
areas to the cities and the increase of the poor areas. The growth of informal settlements has
been amplified in South Africa after the end of apartheid. In order to transform informal
settlements to improve the living conditions in these areas, a lot of spatial information is
required. There are many traditional methods used to collect these data, such as statistical
analysis and fieldwork; but these methods are limited to capture urban processes, because
informal settlements have very dynamical nature with respect to time and space. Remote
sensing has been proven to provide more efficient techniques to study and monitor spatial
patterns of settlements structures with high spatial resolution. Several feature methods (e.g.,
GLCM, LBP and LDP) to extract, analyse and contextualise features of the informal
settlements have been proposed in the literature[4, 5, 6]. Recently a new feature method,
Local Directional Pattern(LDP), based on kirsch masks has been proposed and widely used
biometrics features extraction [3]. In this dissertation we investigate the use of LDP for the
63haracterisation of informal settlements. Performance of LDP in characterizing informal
settlements is then evaluated and compared to the popular Gray Level Co-occurrence Matrix

(GLCM) using four classifiers ( Naive-bayes, Multilayer Perceptron, Support Vector
Machine, k-nearest Neighbor). The experimental results show that LDP outperforms GLCM.
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SEASONAL IMPACT ON LIVESTOCK PRODUCTION AND MITIGATING
FACTORS ON IRRIGATION SCHEME: A CASE STUDY, MUDEN KZN
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Six goats and six cattle were selected along the irrigation scheme. These livestock were
dossed with chromium modated marker and Cobalt EDTA marker. Feacal samples were
collected hours interval (3 hourly for 2 day and 12 hourly for 5 days). The samples were
analysis to determine the liquid and particle passage rate in the digestive system. These were
done in two different seasons. The livestock were weighted before and after the dossing to
determine the weight loss/gain (6 weeks interval).

The distribution of livestock owners was randomly selected among the communities based on
their personal interest to participate in the project. Also a total number of ninety famers are
selected for discussion and questionnaire interview. This is to explore and justify the existing
potential value chains for goats and cattle in Muden in relation to Livestock Ownership
Purpose, Social-economic Value, Management Skills, Risks and Mitigations, Marketing
Values and its impacts.



RAINFALL FADE EFFECTS ON MICROWAVE AND MILLIMETRE WAVE
COMMUNICATION NETWORKS AT SOUTH AFRICA AND RWANDA
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The transmission of content-rich and advanced formats of multimedia contents is quickly
becoming a reality in the payload deliveries of satellite and terrestrial networks. This is very
obvious in the huge consumer demand for video streaming, cloud computing platforms and
Internet-of-Things (IoT). To compensate for these increasing demands, wireless network
providers employ a combination of advanced modulation techniques, improved data
compression techniques and higher frequencies scaling, to sustain service delivery. The
method of operating at higher frequencies, especially beyond 10 GHz, is susceptible to
familiar forms of atmospheric and precipitation attenuation of signals. These inherently create
scenarios of random disturbances in the transmitted signals and hence, poor signal reception
and poor service delivery. Rainfall fade is one of such severe forms of precipitation induced
by scattering losses, encountered by transmitted signals, as attenuation continually varies in
time and space.

In this study, we compare our results of rainfall fade predictions from our measurements at
Durban, South Africa and Butare, Rwanda. By applying the lognormal dropsize prediction
model, the received signals at our locations are compared, under prevailing rainfall
conditions. The ITU-R P.838 and P.837 recommendations are also implemented in this study,
to ascertain their performances and efficiency with our predictions. For the transmission
frequencies, contemporary wireless radio and industrial standards such as WiFi, Wimax,
Satellite C/Ku bands and 60 GHz platforms are employed. Our results show that rainfall
fading might be minimal at Butare, as compared to that seen at Durban, using the compared
standards. In addition, rainfall fade tracking as demonstrated in this study will be
advantageous to radio resource management, as compared to the standards proposed by ITU-
R in wireless radio applications.



AN OVERVIEW ON THE EFFECTS OF POSTHARVEST HANDLING AND
VARYING STORAGE ON THE QUALITY OF AVOCADOS (PERSEA
AMERICANA MILL)
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To maintain avocado fruit quality proper integrated postharvest technologies are required.
Thus, the primary aim of this study was to evaluate the effects of combined postharvest
treatments on the physical, chemical and sensory quality parameters of ‘Hass’ avocado fruit.
The study focused on time-varying temperatures over 28 days, to simulate a realistic avocado
cold chain in South Africa. A 66andomized complete block design with pre-packaging (hot
water and Avoshine” wax coating), packaging (low density polyethylene (LDPE) and corn
starch biodegradable films) and storage conditions (controlled and ambient) with three
replications, was used. The quality parameters that were evaluated included physiological
weight loss, marketability, skin colour, firmness (exterior and pulp), puree colour, puree
viscosity, moisture content, dry matter, Ph, total soluble solids and total titratable acid.
Storage conditions and the storage period significantly (P < 0.001) affected the physiological
weight loss, marketability, skin colour, firmness, puree colour, puree viscosity, moisture
content, dry matter, Ph, total soluble solids and total titratable acid. Low temperature storage
offered the greatest benefit in maintaining higher fruit marketability, compared to ambient
conditions. Control samples that were subjected to ambient conditions without any pre-
packaging or packaging treatments, exhibited increased rates of ripening, which were evident
in increased physiological weight loss, reduced firmness (exterior and pulp), darkened skin
colour, decline in Ph, increased total titratable acid and total soluble solids. Avoshine®
coating, combined with LDPE packaging was beneficial in maintaining better fruit
marketability, moisture content and dry matter, indicative of delayed ripening. Hot water
treatment promoted a darkening of the skin, decreased pulp firmness and lower fruit
marketability. The results show that cold storage is essential in improving the shelf life and
maintaining the quality of avocado fruit during export. To further improve the quality and
shelf life, Avoshine® wax applied to the avocado surface and thereafter packaged in micro-
perforated LDPE films, can be employed.



MATERIAL FLOW ANALYSIS IN THE SOUTH AFRICAN FORESTRY SECTOR
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The forest, pulp and paper industry is an environmentally sustainable industry, but many,
including the government and laymen (public in general) are unaware of this fact. A material
flow analysis in the South African forestry product sector is a step towards showing the
public the positive attributes of the forest, pulp and paper industry

This study is based on a Material Flow Analysis (MFA) for all the forest products produced
or used in South Africa. MFA can be used for early recognition, priority setting, to analyze
and improve the effectiveness of measures and to design efficient material management
strategies in view of sustainability. The objective of materials management is to analyze
material flows and stocks, evaluate these results to control material flows in view of certain
goals such as sustainable development. The analysis will assist precautionary policy making
by underlining the best methods in utilizing the available limited forest resources with respect
to carbon flows, and its impact on the environment, the economy and society.

MFA provides decision makers with an improved understanding of the functioning of their
region (in this case the forest) so that they can prepare for, and react to, present and future
material flows and stock issues. The results can be interpreted against environmental
standards or using assessment methodologies such as the Environmental Impact Assessment
(EIA) tool.

Sustainably managed forests can provide greater carbon mitigation benefits than unmanaged
forests, while delivering a wide range of environmental and social benefits including timber
and biomass resources, jobs and economic opportunities, clean water, wildlife habitat, and
recreation.

The objectives of this study are:

- To collect and analyze data on material stocks and flows within the South African forestry
Sector

- To verify the data and to incorporate the data into a mass balance

- To validate and incorporate the mass balance into a material flow analysis in the forest
product industry

- To evaluate the importance and relevance of these flows and stocks with respect to their use
and to assess the sensitivity of the model to errors and changes.

References

[1] DAFF. 2013. Department of Agriculture Forestry and Fisheries [Online]. Available:
http://forestry.daff.gov.za/webapp/ [Accessed 19 March 2013].

[2] HARALD, A., PATRICK, G., MICHAEL, G., THELMA, K., WERNER, K., RODEL,
L., DANIEL, M., BRAIM, M., STEPHEN, O., KEITH, P., JOHN, R. & N, R. 2006. Chapter
2. Generic methodologies applicable to multiple land use categories. 2006 IPCC Guidelines
for National Greenhouse Gas Inventories.



EPIDERMAL GROWTH FACTOR TARGETED NOVEL CATIONIC LIPOPLEXES
ENHANCE TRANSGENE EXPRESSION IN HEPG2 CELL LINE IN VITRO
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For augmented efficiency, cationic liposomes can be modified as cell-specific gene therapy
systems. Of the various ligands used for modification and exploitation of receptor mediated
endocytosis, the epidermal growth factor (EGF) was chosen for this investigation. The aim of
this study was to evaluate the hepatotropism of targeted liposomes for enhanced transgene
expression in the HepG2 (Human hepatocellular carcinoma) cell line, known to over express
EGF.

Four liposomes, two consisting of cytofectins 3B[N-(N',N'-dimethylaminopropane)-carbamoyl]
(Chol-T) and N,N-dimethylaminopropylamidosuccinyl-cholesterylformylhydrazide (MS09) and two
displaying additional distearoylphosphatidylethanolamine-polyethyleneglycol 2000 (DSPE-PEG 2000),
were formulated with the neutral lipid DOPE through thin film rehydration. Preformed
cationic liposomes were conjugated to the (EGF) polypeptide through a simple adsorption
system prior to characterisation and cell culture studies. All liposome formulations were
investigated for their ability to bind, condense and protect plasmid DNA (pCMV-Luc), using
the agarose gel retardation, ethidium bromide dye displacement and nuclease protection
assays. All liposomes and lipoplexes were subjected to electron microscopy and zeta-sizing
to determine lamellarity and size distribution. In vitro cytoxicity was determined using the
MTT assay, and gene expression using the luciferase reporter gene assay and fluorescence
microscopy in the HepG2 cell line.

Overall targeted liposomes showed good binding and protection of plasmid DNA. These
novel lipoplex systems were able to successfully transfect the HepG2 cell line with minimal
cytotoxicity and greater transgene expression than the receptor negative control cell line.
Initial results show that with further optimisation clinically viable gene or drug delivery
vehicles can be formulated.



ANTI-OXIDATIVE AND ANTI-DIABETIC EFFECTS OF SEED AND WHOLE
PLANT FROM BLACK CARAWAY (NIGELLA SATIVA) IN VITRO
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The present study investigated and compared the anti-oxidative, anti-glycation and o-
glucosidase and a-amylase inhibitory effects of seed and whole plant from black caraway
(Nigella sativa) in-vitro. The plant samples were sequentially extracted using solvents of
increasing polarity and investigated for 1,1-diphenyl-2-picryl-hydrazyl(DPPH) radical
scavenging activities inhibitions of hemoglobin glycosylation, a-amylase and a-glucosidase
activities as markers of in vitro anti-diabetic effects. From the results obtained, all the extracts
exhibited greater and dose-dependent DPPH radical scavenging activities. The seed ethanolic
extract indicated a significantly (p<0.05) higher radical scavenging activity with higher
polyphenols and flavonoids contents compared to other solvent extracts. Similarly, the seed
ethanolic extract possessed a significantly (p<0.05) higher ability to inhibit the hemoglobin
glycosylation than other extracts and gallic acid standard, as indicated by lower ICs, value.
Furthermore, similar pattern of inhibition were observed for both o-amylase and a-
glucosidase activities, with seed ethanolic extract possessing greater inhibitory effects than
other extracts and acarbose standard. In conclusion, although various solvents extracts from
whole plant demonstrated similar anti-oxidative and anti-diabetic effects, seed showed better
activities than whole plant. This could be the reason for preferential usage of seed rather than
whole plant for therapeutic purposes.



WATTLE: CHOP OR CHERISH
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Wattle management is a complex situation in South Africa. Early in the 19" century wattle
trees were an asset that was cherished, today people are paid for its removal. Wattle is
considered as one of the “top ten” invasive plant species in South Africa, causing irreversible
environmental damage in many pristine rural areas. Silver wattle (4. dealbata) and Black
wattle (4. mearnsii) both Classified as Category 2 plants in Conservation of Agricultural
Resources Act, 1983 (Act 43 of 1983) which has been revised recently. Wattle threatens
biodiversity and consumes a significant amount of water. One cannot totally eradicate wattle
from this area. Rural communities have become heavily reliant on the wattle as a resource.

The perception of wattle has changed dramatically since it was originally planted. Early
farmers perceiving Wattle as a precious resource, there were little indigenous forests. They
needed a fast growing fuel, building material and protection for livestock. Travellers
purposely collected wattle seed and planting it near their Homestead’s. Wattle stands were
common sight to be seen near Homestead. Wattle is a pioneering species and the seeds are
known to last up to 50 years. To get a better understanding of wattle distribution and its
spreading ability. This project will test the seed viability of both indigenous Acacia and
exotic Acacia species, using Tetrazolium Testing technique. These results will help us
establish what potential threat lies in the seed bed.

CASE STUDY in the foothills of the Eastern Cape Drakensberg a region of the former
Transkei. Madlangala and Mabua are the two case study communities. Near Matatiele, South
Africa.



MODELING AND SIMULATION OF HYBRID PHOTOVOLTAIC AND THERMAL
(PV/T) POWER MODULE
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Solar energy has gained popularity in the recent past because of its sustainability and
environmental friendliness but has not been fully exploited to bridge the current energy gaps
due to costly harnessing systems. The major problem of the current Photovoltaic (PV)
technologies inhibiting their application is their low conversion efficiency of the solar
radiation to electrical energy. This relates to the fact that, the PV cells are unable to fully
absorb the solar radiation within spectral range, thus resulting in heat dissipation to the
surrounding atmosphere and raised temperatures. The high temperatures are undesirable for
operation of PV modules and need to be controlled in order to achieve relatively higher
efficiencies. For this reason, a novel and efficient conversion technology for solar energy that
produces both electricity and heat energy simultaneously has been developed as hybrid
Photovoltaic and Thermal (PV/T) systems. In the present study, a simulation model into
which a detailed manufacturer’s data would be entered so as to accurately predict the
performance of the vacuum hybrid flat plate PV/T collector system made of specified
components that can be subjected to experimental validation is created using typical weather
conditions of Durban, South Africa in Transient Simulation Systems (TRNSYS) and
Engineering Equations Solver (EES) softwares. The influence of vacuum segment on the
electrical and thermal performance of the system using temperatures, current, voltage and
power flow over medium-term duration (daily cycle) is also assessed. A detailed parametric
and sensitivity studies is also conducted on the PV/T collector to assess the possibility effect
of changes in the PV/T system component dimensions, environmental conditions and control
factors to assess the possibility of electrical and thermal efficiency improvement. Since, the
result of the Simulation of the system’s performance enables virtual experiments that give
graphical results which would reflect the experimental results, an experiment will be done to
enable validation of the model by comparing experimental results of the system’s operating
temperatures and energy gains with individual components simulation results obtained in
TRNSYS based on the actual daily weather data (ambient temperature and solar radiation
intensity) required during the experiment.



ON DYNAMIC PRICING AND SERVICE-CLASS-BASED JOINT CALL
ADMISSION CONTROL FOR CONGESTION CONTROL HETEROGENEOUS
WIRELESS NETWORKS
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Next Generation of Wireless Networks (NGWNs) are heterogeneous which consist of several
Radio Access Technologies (RATs) that coexist in the same geographical area. This
heterogeneity of wireless networks are supposed to support multiple mobile terminals calls
coming simultaneously to the RATs. NGWNs have to handle the Quality of services (QoS) of
any incoming users calls and manage the inflow of calls into RATs. Congestion problem
arises wherever there are multiple incoming users calls especially during peak hours of the
day. Several attempts have been made in literature to control this problem. This research is a
further study on how to improve congestion control in Heterogeneous Wireless Networks
(HWN). The well-known recent techniques for solving congestion control problem are the
application of dynamic pricing and Joint Call Admission Control (JCAC) algorithm. The
dynamic pricing is proposes incentives to users by increasing or decreasing the price of calls
to encourage users to make calls during the off hours period while discouraging users during
the peak hours of the day. The service-class based JCAC algorithm is a technique to admit
calls into a suitable RAT based on the classes of services in such a way different RATs are
optimized in order to support the different classes of services. These two methods are used
and integrated together to reduce congestion in HWN. In this research, we investigate two
recent dynamic pricing for congestion control. Two recent dynamic pricing schemes are
compared and furthermore a service-class-based JCAC algorithm is proposed and modeled
by using the multi-dimensional Markov process model for controlling congestion during the
peak hours of the day in HWN. The simulation evaluates the performance of the proposed
service-class-based JCAC algorithm while the two dynamic pricing are also compared with
flat-pricing during the peak hours of the day. Results obtained via simulation.



ANTIBACTERIAL AND ANTI-BIOFILM ACTIVITY OF FICUS SANSIBARICA
WARB. SUBSP. SANSIBARICA (MORACEAE) EXTRACTS
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Ficus species are used in the treatment of illnesses such as convulsions, respiratory disorders
and wound healing "' 1. The phytochemical investigation of the figs, leaves and stems bark
of Ficus Warb. subsp. sansibarica resulted in the isolation of three triterpenes and three
flavonoids: lupeol acetate, cycloart-23-ene-3,25-diol, B-sitosterol, 5,7,4',-trihydroxyflavan-3-
ol, epicatechin and isovitexin, elucidated by 1D and 2D NMR techniques and verified by
comparison with data in the literature. This is the first report of these compounds from F.
sansibarica.

The crude extracts and isolated compounds demonstrated weak antimicrobial activity in
comparison to ampicillin and tetracycline. Antimicrobial activity was observed against S.
aureus ATCC 29213 with four of the six isolated compounds at a concentration of 8 mg/ml
using the disc diffusion assay. No activity of the isolated compounds was observed at 1 — 4
mg/ml against E. coli ATCC 25922, E. coli ATCC 35218 and S. aureus ATCC 43300.
Lupeol acetate increased adhesion of both antimicrobial-susceptible and antimicrobial-
resistant E. coli and S. aureus strains at a very low concentration of 2 mg/ml. Exposure to
epicatechin (1 — 7.5 mg/ml) resulted in decreased adhesion of susceptible E. coli ATCC
25922 and S. aureus ATCC 29213, but increased adhesion of resistant £. coli ATCC 35218
and S. aureus 43300. The flavonoids, isovitexin and 5, 7, 4’-trihydroxyflavanol-3-ol (1 — 2.5
mg/ml) resulted in increased adhesion with E. coli strains, while adhesion of S. aureus ATCC
29213 was decreased at the same concentration. The isolated flavonoids demonstrated limited
antimicrobial activity against the bacteria tested and strain-specific anti-adhesion activities,
with epicatechin being the most effective.

The results of this study provide baseline information on F. sansibarica potential validity in
the treatment of infections associated to the studied microorganisms.
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AN OPEN QUANTUM SYSTEMS APPROACH TO MAGNETORECEPTION
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The emerging field of Quantum Biology centres on the possibility that living things might
employ nontrivial quantum effects in their day to day behaviour. This surprising result has
given rise to the investigation of such quantum effects in areas as diverse as photosynthesis
and magnetoreception. In the case of avian magnetoreception, experiment supports the role of
a radical pair mechanism in how birds sense the magnetic field. Following from radical pair
theory and using the theory of open quantum systems we have completed the analytical
derivation of the master equation in the Born-Markov approximation for the simple case of
two electrons, each interacting with an environment of N nuclear spins as well as the external
magnetic field, then placed in a boson bath and allowed to dissipate. We have then solved the
master equation and analysed the dynamics of the radical pair.



IMPACT OF SOx AND NOx DEPOSITION ON THE LEACHING BEHAVIOUR OF
SOILS AND WATER QUALITY IN THE SOUTH AFRICAN HIGHVELD
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Atmospheric emissions of sulphur and nitrogen oxides lead to the formation of acid rain,
which when deposited results in soil and water acidification. Cases of soil and water
acidification have been reported in Europe, United States and Asia. The purpose of this study
was to investigate the leaching characteristics and susceptibility to acidification of soils
exposed to atmospheric deposition in the Eastern Highveld of South Africa and further
determine the influence of deposition on catchment water quality.

Soil samples were collected from a farm located within the Sandspruit catchment from two
hillslope transects at the crest and toe slope positions. Soils from the four sampling positions
where subjected to column leach tests using distilled water (pH 7.05) and a simulated acid
rain solution (pH 4.35). Leachate from each column was collected as pore volume aliquots
and measurements for EC, pH and ORP conducted immediately after collection. Further
analysis was conducted for base cations and anions and the data presented as breakthrough
curves.

The breakthrough curves showed differences between leaching liquid used and between
aerated and non-aerated columns. Crest soils exhibited the highest EC values and base cation
concentration compared to toe soils indicating more leaching of bases, whilst there were no
significant differences in leachate pH between leaching liquid. Although crest soils showed
higher loses of bases, the soils where buffered as indicated with pH values between 6.5 and
8.0 even with the simulated acid rain treatment.

Surface water samples were obtained from the farm catchment and sampling was extended to
the quaternary scale comprising tributaries downstream of the research site that feed into the
Sandspruit River. The samples were taken at least once a year from 2011 to 2013. The pH
and EC of the samples was measured upon collection and further analysed for sulphate and
nitrate and base cations. The results showed that atmospheric deposition had not resulted in
surface water acidification, but resulted in increased sulphate loads.



XYLITOL IMPROVES IN VIVO ANTI-OXIDATIVE STATUS IN A NORMAL AND
TYPE 2 DIABETES MODEL OF RATS
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The present study investigated the effects of xylitol on in vivo anti-oxidative status in normal
and type 2 diabetes (T2D) rat model.

Six weeks old male Sprague-Dawley rats were randomly divided into four groups: Normal
Control (NC), Normal Xylitol (NXYL), Diabetic Control (DBC) and Diabetic Xylitol
(DXYL). Type 2 diabetes was induced in the animals in DBC and DXYL groups using 10%
fructose solution and streptozotocin (STZ) (40mg/Kg body weight). After confirmation of
diabetes, a 10% xylitol solution was supplied ad libitum to NXYL and DXYL group, while
normal water was supplied to the animals in the NC and DBC groups. At the end of the
experimental period, thiobarbituric acid reactive substance (TBARS) and reduced glutathione
concentrations (GSH) as well as major anti-oxidant enzymes activities were determined in the
serum, liver, kidney, heart and pancreas samples.

A significant decrease in TBARS concentration and a significant increase in anti-oxidant
enzyme activities were observed in the NXYL and DXYL groups compared to the DBC
group in most of the samples analyzed.

The data of this study suggest that xylitol has potential anti-oxidative effect, which may be
partly involved in its anti-diabetic effects found in some recently published studies.



A MODULAR PROSTHETIC ARM WITH HAPTIC INTERFACING FOR
TRANSRADIAL/TRANSHUMERAL AMPUTEES
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The design of an upper limb prosthetic hand faces a number of challenges. An upper limb
prosthesis need to contain the actuators, power supply, and processing unit internally. A
human hand relies on outside sources (muscles in the forearm, power from the heart and
control from the brain) for all of these functions [1]. This paper looks at the design of a
modular upper limb prosthesis suitable for use with both transradial and transhumeral
amputees. The prosthesis is controlled through the use of two non-invasive electromyography
(EMGQG) signals taken from the existing stump of the amputee. A novel control algorithm is
developed allowing the control of a wide range of grip-types and gesture movements without
any need for manual input. This is achieved through a Haptic User Interface (HUI) which
displays a navigational menu to the user.

The prosthetic hand is equipped with tactile sensors to detect grip force, object slip, object
temperature and texture. These four types of sensory information are very useful to amputees
as they not only improve the control of the prosthesis [2], but also restore a sense of touch
through the texture and temperature information. Techniques to communicate the four senses
through a haptic feedback system are investigated and tests are done to evaluate these
techniques [3].

A low cost approach to the research and development of the prosthetic arm is being used.
This paves the way for future improvements to be made in the field of upper limb prosthetics
as well as reducing the cost of the technology. Reduction in cost makes the technology more
accessible for research and commercial use alike.
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comparison of upper limb prosthetics,” IEEE AFRICON Conference, Mauritius, September
2013.

[2] K. Kim, and J. Colgate, “Haptic feedback enhances grip force control of sEMG-
controlled prosthetic hands in targeted reinnervation amputees,” IEEE Transactions on
Neural Systems and Rehabilitation Engineering, Vol. 20, No. 6, November 2012.

[3] van der Riet, D., Stopforth, R., Bright, G. and Diegel, O., “Simultaneous vibrotactile
feedback for multi-sensory upper limb prosthetics,” 6™ IEEE Robotics and Mechatronics
Conference of South Africa, Durban, October2013



PREPARATION AND CHARACTERIZATION OF MESOPOROUS Mn/TIO;
NANOCOMPOSITE: EFFECT OF pH VARIATION ON THE PROPERTIES OF
THE MATERIALS

Ekemena O. Oseghe P16
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Supervised by Professor SB Jonnalagadda and Dr. PG Ndungu

Several sol-gel modifications can be employed in fabricating high quality mesoporous
materials. In this work, the effect of pH during the synthesis conditions was evaluated.
Mesoporous Mn/TiO; (20 wt. % Mn) nanocomposites were synthesized by the sol-gel
process and the pH varied, keeping other variables constant. The materials, after calcination,
were characterized with X-ray powder diffraction (XRD), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), high resolution transmission electron
microscopy (HRTEM), mapping, inductively coupled plasma optical emission spectrometry
(ICP-OES), Fourier transform infrared (FTIR), energy dispersive x-ray spectrometry (EDX),
and nitrogen sorption at 77 K. The textural characteristics showed that the nanocomposites
are mesoporous and the physico-chemical characterizations revealed the titanium dioxide was
mainly in the anatase phase. The photocatalytic activities of the materials were evaluated by
decolourizing a dye (Methylene blue (MB)) under visible light. The nanocomposite
synthesized under basic condition (pH= 11) had the greatest activity and this was attributed to
the band gap, and more OH functional groups on the surface.



TWO GREENHOUSE MICROCLIMATES AND THEIR EFFECT ON GROWTH,
YIELD AND QUALITY OF TOMATOES

Ellen Letsogile Thipe P17
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Greenhouse ventilation in sub-tropical and tropical areas is important for reducing the solar
heat gain and maintaining acceptable air moisture content levels for crop growth. The two
main techniques used in ventilation are natural and fan-pad evaporative cooling. The
microclimate in a fan-pad evaporative cooled tunnel (FPVT) and an open-ended naturally
ventilated tunnel (NVT) was investigated during the summer of 2012-2013. The effect of the
microclimate on crop growth, yield and quality, using four tomato cultivars, was also studied.
Daytime air temperatures were higher in the NVT than in the FPVT and the relative humidity
(RH) was higher in the FPVT than the NVT. The highest temperature and RH differences
were 4 °C and 18 % respectively. Night-time temperatures were not significantly different
and relative humidity (RH) was higher in the FPVT (93-100%) than in the NVT (91-94%).
The microclimate in both tunnels was non-uniform. During the day, temperatures were 4 -6
°C lower in the crop canopy than close to the cover, whereas at night, temperatures were 1 °C
higher within the crop canopy than close to the cover. RH was 10-20 % higher within the
crop canopy than close to the cover in both tunnels during the day. At night, the FPVT RH
was 3-6 % higher close to the cover than within the crop canopy, whereas in the NVT, the
opposite occurred. Tomato growth was significantly faster in the FPVT than in the NVT.
Total and marketable yields were not significantly different in the two tunnels. However,
total non-marketable yield was 60 % higher in the NVT than in the FPVT. The higher
unmarketable yield in the NVT was due to higher undersized and insect-damaged fruit yield.
The results highlight the substantial solar heat gain in greenhouses in sub-tropical areas and
emphasize the need to investigate alternative measures of reducing the solar heat load on
greenhouse structures. A cost benefit analysis for FPVT needs to be conducted to establish
whether the production costs associated with the FPVT are recovered through lower non-
marketable yield.



ANALYSIS OF POLYCHLORINATED BIPHENYLS (PCBS) FROM UMGENI
RIVER

Emmanuel Gakuba P18
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Supervised by Dr Brenda Moodley

Polychlorinated biphenyls (PCBs) constitute a group of persistent organic pollutants
characterized by their persistence, bioaccumulation, toxicity and long-range transport [1].
PCBs are intentionally produced and globally used in transformers and condensers as flame-
resistant dielectric insulating fluids; in mining as hydraulic oils; printing ink, glues, resins,
plasticisers, etc. [2]. They are potentially toxic as well as have carcinogenic, mutagenic and
teratogenic effects [3]. Due to their various environmental hazards, they were banned by the
United States congress and the Stockholm convention in 1979. Although, they were banned,
they still occur in different environmental matrices such us water, sediment, soil, bio solid
etc. due to their persistence.

The Umgeni River is one of the major rivers found in the province of KwaZulu-Natal in
South Africa. It has a surface area of 4416km” and travels a distance of 225 km from source
to mouth [4]. Humans activities cause pollution along the river as it continues to flow, thus
making it unsafe to consume. One of the main sources of pollution is informal settlements
observed along the banks of the river. Residents of these informal settlements use the river
water for bathing and washing due to unavailability of treated water. Other sources of
contamination include industrial wastes and agricultural use of pesticides by farmers, etc.

This project undertook an analysis of persistent organic pollutants such as PCBs from
samples collected from Umgeni River. The water samples were extracted using liquid-liquid
extraction and the soil and sediment samples using soxhlet extraction. Clean-up of the
extracts was carried out using florisil and the purified extracts were analysed by gas
chromatography-mass spectrometry (GC-MS) for 8PCBs. The lowest concentration in water
was found for PCB77 having a concentration of 2.8 pg/L at Umgeni Business Park and the
highest concentration was 12.35 pg/L for PCB52 at Albert falls outlet. Pore water showed the
lowest concentration (32.68 pg/L) for PCB77 at Inanda dam outlet and the highest
concentration was 464.42 pg/L for PCB52. The concentrations of PCBs in sediment varied
between 38.09 pg/kg for PCB180 at Blue lagoon and 636.56 pg/kg, of dry weight (dw) for
PCBS52 at Umgeni Business Park. In soil, the concentration of PCB180 was below limit of
detection at the Northern Waste Water Treatment Works effluent (outlet), while the highest
was 461.39 ug/kg, (dw) for PCB28 at Midmar dam outlet.

References

[1] Pennington, D. W. 2001. An evaluation of chemical persistence screening approaches.
Chemosphere, 44, 1589-1561.

[2] Manz, M.; Wenzel, K.D.; Dietze, U.; Schuurmann, G. 2001. Persistent organic pollutants
in agricultural soils of central Germany. The science of the total environment, 277,187-198.
[3] Radojevic, M.; Bashkin, N.V.2007. Practical Environmental Analysis, second ed.,
Thomas Graham House, Cambridge: the Royal Society of Chemistry[4] uMngeni river and
neighbouring rivers and streams - Product of the river health programme, 2002.
http://www.csir.co.za/rhp/state_of rivers/umngeni_02.pdf (accessed on 17/09/2013.




ISOLATION AND PARTIAL CHARACTERIZATION OF CROCODILE SERUM
IMMUNOGLOBULINS
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Crocodiles live in bacterial rich environments and they are often injured by territorial fights,
attacking prey and boat propellers. Crocodiles have shown to be resistant to bacterial
infection. The mechanism of immunity is not well characterized. Antibodies are
immunoglobulin proteins which contribute towards immunity in three main ways which
include; neutralization, opsonisation and activation of the complement system.
Immunoglobulins are distinguished based upon their size, type of heavy chain, antigenic
characteristics, carbohydrate content and function. To date, there are five major classes of
antibodies which have been described in man and designated as IgA, IgG, IgD, IgE and IgM
according to the respective heavy chains a, B, 6, €, and p. Analogous forms of IgA, IgG and
IgM have been observed in other species of mammals. There have also been reports of
immunoglobulins which are homologous to IgM and IgG in representatives of the avian,
reptilian and amphibian classes. Recent studies on the IgH loci of Alligator mississippiensis
and Crocodylus porosus showed the presence of genes encoding for four immunoglobulins M
(IgM), three immunoglobulins D (IgD), three immunoglobulins A (IgA) and three
immunoglobulins Y (IgY). However, crocodile immunoglobulins have not been
biochemically studied to date. This study has isolated and begun to characterize
immunoglobulins from the Nile crocodile’s (Crocodylus niloticus) serum. The study focussed
on purifying the immunoglobulins using a combination of biochemical techniques which
included; ammonium sulfate and polyethylene glycol precipitation, ion exchange
chromatography, gel filtration, affinity chromatography and three phase partitioning. The
purified immunoglobulins were used to immunize chickens to produce monoclonal
antibodies. Future studies will include further characterization of these immunoglobulins and
the use of the monoclonal antibodies for diagnostics.



GERMINATION AND SEED QUALITY TESTS OF LOCAL LANDRACE AND
HYBRID MAIZE VARIETIES
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Maize (Zea mays L.) landraces remain popular among subsistence farmers possibly due to
their yield stability under low input systems. However, there is limited research describing
seed quality attributes of local maize landraces. The objective of this study was to compare
viability (germination, imbibition, tetrazolium test) and vigour (electrical conductivity,
seedling root: shoot ratio) of two maize landraces (Landrace 1 and Landrace 2) with two
hybrids (PAN53 and SC701).

Seed viability was determined using the standard germination (SG), imbibition and
tetrazolium (TZ) tests. Seed vigour was evaluated by measuring electrical conductivity (EC)
and seedling root: shoot ratio. All experiments were laid out as completely randomized
designs with five replicates, with the exception of the TZ-test which had four replications.
Daily counts of germination (radical protrusion of 2mm) were taken for the SG-test until day
8. For the imbibition test, change in seed mass was recorded at intervals (0.25, 0.5, 1, 2, 12,
24, 48 and 96 hrs) over three days. For the TZ-test, the number of positively stained seeds
was noted. Electrical conductivity (uS/g) was determined using the CM100 Model Single
Cell Analyser over a 24 hour period.

Highly significant differences (P<0.001) were observed among varieties in terms of
germination, germination velocity index (GVI) and mean germination time (MGT). Both
PANS53 and Landrace 2 obtained 100% germination, with SC701 having slightly lower
germination (95%). Landrace 1 had the lowest germination (67.5%). GVI and MGT showed
significant results (P<0.001 and P=0.001, respectively), and followed a similar pattern to that
of standard germination whereby Landrace 1 performed poorly compared to other varieties.
However, despite poor germination, Landrace lhad the highest root: shoot ratio (2.91)
indicating stronger vigour. Electrical conductivity showed significant differences (P<0.001)
between varieties, with high EC observed for SC701 (396 pS/g) and Landrace 1 (352 puS/g).
Both PANS53 and Landrace 2 had relatively low EC values (95 pS/g and 89 uS/g,
respectively) compared to Landrace 1 and SC701. Despite high EC in some of the varieties,
all varieties tested positive for the TZ-test implying good seed viability.

Maize hybrids generally performed better than landraces in terms of viability and vigour.
Landrace 2 had similar viability and vigour as the hybrids. Therefore, certain landraces may
also perform equally the same as hybrids in terms of seed quality. Further research needs to
be conducted under field conditions to identify landraces that may be used as a future
germplasm resource.



DETERMINANTS OF POVERTY OF HOUSEHOLD IN RWANDA
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The use of the asset index I poverty targeting is a modern technique that ascertains poverty
determinants. This study used principal components analysis (PCA) technique in order to
reveal the determinants of poverty levels of household in Rwanda. The asset index was
created which in turn helped to create the socio-economic index (SES) of household in
Rwanda. We used generalized linear model for binary response. The reliability of index was
tested and the deviance was used to test the goodness of fit of logistic regression.



THE ANALYSIS OF PERSISTENT ORGANIC POLLUTANTS (POPs) IN
MSUNDUZI RIVERS KWAZULU-NATAL, SOUTH AFRICA.
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Persistent organic pollutants (POPs) are bioaccumulating as well as non-biodegradable in the
environment. In the South African context, there is limited information on the concentrations
and distributions of toxicity of POPs. This, together with the global problem of water supply,
has prompted our investigation into the analysis of POPs such as organochlorinated pesticides
(OCPs) and polychlorinated biphenyls (PCBs) in the Msunduzi River of KwaZulu-Natal,
South Africa. The Msunduzi River in KwaZulu-Natal was chosen because of the various
anthropogenic, agricultural and industrial activities that may contribute to the presence of
POPs. Water, sediment and soil samples were collected from ten sites along the river.. The
samples were kept at 4°C prior to analysis and the soil and sediment samples were dried and
sieved. The soil and sediment samples were extracted using an ultrasonic bath with
dichloromethane and the water samples were subjected to liquid-liquid extraction using
dichloromethane [1]. All samples were cleaned up using basic/acidic multi-layer silica gel
[2]. The samples were analysed for OCPs and PCBs using an Agilent gas chromatography-
mass spectrometer (GC-MS) GC-6890-MS-5973 series. The analyses were carried out in
triplicate and the mean results presented. All solvents used were HPLC grade while OCPs
and PCB congener standards were used in the sample quantification. All quality assurance
steps recommended by USEPA 2008 [3] were observed. The GC-MS qualitative results
showed the presence of organochlorinated pesticides (OCPs), polychlorinated biphenyls
(PCBs) and polyaromatic hydrocarbons (PAHs). The structures of some of the PCBs
identified in the samples are presented in figure 2. The concentration ranges of these PCBs in
sediment samples were PCB 28, 34-376 ng/g; PCB 77, 20-270 ng/g; PCB 101, 18-262 ng/g
and PCB 52, 9-267 ng/g. In soil samples the ranges were PCB 28, 22-198 ng/g; PCB 77, 28-
209 ng/g; PCB 101, 30-199 ng/g and PCB 52, 10-128 ng/g while water samples had
concentration ranges of 2-11 ng/mL; 2-14 ng/mL; 0.2-11 ng/mL and 0.6-9 ng/mL for PCB
28; PCB 77; PCB 101 and PCB 52 respectively. Generally, the sediments exhibited the
highest concentration of the PCBs followed by the soil then water. The sediments serve as a
sink for the contaminants and measure contamination/impact over a number of years. Further
studies on the concentrations of other PCBs, OCPs and PAHs are currently being undertaken.
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SYNTHESIS AND CHARACTERIZATION OF NEW PYRAZOLYLPYRIDINE
LATE TRANSITION METAL COMPLEXES
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The potentially bidentate 2-(chloromethyl)-6-((3,5-dimethyl-1H-pyrazol-1-
yD)methyl)pyridine (L1) and the new 2-(chloromethyl)-6-((3,5-diphenyl-1H-pyrazol-1-
yl)methyl)pyridine (L.2) have been synthesized and characterized. The reaction of L1 and L2
with NiCl,, NiBr,, CoCl, and FeCl, led to the formation of their respective metal complexes
[NiCL(LD)] (1), [NiBry(LD)] (2), [CoCl(L1)] (3), [FeCL(LD)] (4), [NiCL(L2)] (5),
[NiBry(L2)] (6), [CoCIlx(L2)] (7) and [FeCly(L2)] (8) in moderate to high yields. These
complexes have been characterized by elemental analysis, mass spectrometry , and, for 6 and
7, single-crystal X-ray diffraction. The X-ray structure analyses of the two complexes 6 and
7 exhibited distorted tetrahedral coordination geometries at the metal centers. The complexes
have been investigated as ethylene oligomerization catalysts.




COMPARATIVE ANALYSIS OF TEXTURE FEATURES ANALYSIS FOR URBAN
SETTLEMENTS HYPERSPECTRAL IMAGE CLASSIFICATION.
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The dimensionality of hyperspectral images makes it difficult for conventional image
processing techniques to be applied on it. However, these bands could be reduced using
feature extraction algorithms and or dimensionality reduction methods. Principal Component
Analysis (PCA) [1] appears to be the oldest and common feature extraction algorithm and it
has been widely applied to hyperspectral images either as preprocessing or as a feature
extraction method in itself. Often times when the spatial properties of hyperspectral images
are taken into consideration, PCA is first applied before constructing morphological profiles.
Mathematical morphology [2], has been widely used in extracting the spatial features of
hyperspectral images. This makes PCA a widely accepted preprocessing algorithm for
Hyperspectral images.

Amongst other spatial feature extraction techniques, gray level co-occurrence matrix
(GLCM) [3] is also been widely applied in image processing. We aim to compare different
spatial feature extraction techniques using their overall accuracies over the same parameter
condition as a benchmark.

Other feature extraction techniques that will be taken into consideration include Local binary
pattern [4] and local derivative pattern.
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COWPEA (VIGNA UNGUICULATA (L) WALP) SEED QUALITY
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Cowpea (Vigna unguiculata (L.) Walp) is an African grain legume commonly found in the
hot, drought-prone savannahs and very arid Sahelian agro-ecological zones. It is still
cultivated from landraces by traditional smallholder farmers who depend on the informal seed
system for their seed supply. In this system indigenous knowledge remains a key for seed
selection. Among the number of constraints faced by this category of farmers is the use of
poor quality seed. The objective of this study was to determine seed quality of cowpea
landraces on the basis of seed colour. Two varieties of cowpeas, Brown mixed and White
birch were used in the experiment. Seed quality tests, namely, Tetrazolium tests (TZ),
standard germination test (SG) and electrolyte conductivity (EC) were performed under
laboratory conditions. Germination Velocity Index (GVI) and Mean Germination Time
(MGT) were calculated to determine seed vigour. Grown parameters, shoot length, root
length, root: shoot ratio and dry mass were also measured to determine seedling quality.

Seeds of brown mixed variety were viable at 100 %, while white birch seeds were viable at
83.3%. The results correlated with seed germination result which showed a positive
relationship between Tetrazolium test and seed germination (100% Brown mixed and 95%
White birch). Standard germination test did not show significant differences (P>0.05)
between the two varieties. No significant differences (p>0.05) with respect to root length,
shoot length, root: shoot ratio and dry mass, were observed between the two varieties,
however White birch had the highest dry mass, root and shoot length. Mean time to
germination and velocity index of the two varieties were also not significantly different
(p>0.05), but White birch germinated faster than Brown mixed (>2%). Brown mixed variety
(53.2%) had more leakage than White birch variety (18%). The EC test result was related to
more performance (MGT, GVI, Shoot length, Root length, Root: Shoot ratio and dry mass)
observed in white birch variety, but it was not a good predictor of germination test. In
conclusion, although there were no significant differences between Brown mixed and White
birch, the former germinated better, and was more viable. This finding suggests that a Brown
seed coat of cowpea may be a good selection indicator for good seed quality. A follow-up
study to find the causes of lower viability in white birch variety is needed.



HIGH TEMPERATURE PRODUCTION AND DESULPHURISATION OF SYNGAS
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Syngas produced by the gasification of coal provides a cheap fuel alternative compared to the
conventional petrochemical fuels for the production of electricity, hydrogen and other
chemicals. However advanced utilization of syngas is limited due to the contaminants which
can seriously deactivate the catalysts used in the downstream reactions as well as downstream
equipment’s such as gas turbines. Among the contaminants, sulphur compounds produced in
the gasification process, which are mainly H,S with small amounts of COS, CS,, and
thiopenes depending on the process conditions must be removed. The method presented here
is downstream sulphur capture by a metal oxide at high temperatures. The HGD (hot gas
desulphurisation) process improves the thermal efficiency of the overall process because it
eliminates fuel gas cooling associated heat exchangers.

In this study, a ready built gasification and desulphurisation laboratory scale unit was used to
produce and clean syngas containing 0.5-1.0 mol% H,S from a liquid hydrocarbon fuel
consisting of 86% methanol and 14% propanethiol, and oxygen. The gasifier operates at
moderately high temperature (830°C) and low pressure (1-2 bars). Desulphurisation occurs in
a fixed bed reactor at 350°C where H,S is removed through reaction and adsorption on zinc
oxide pellets.

Experiments were performed to determine whether the use of the liquid hydrocarbons as fuels
in the laboratory could actually produce syngas, and effects of certain variables like
temperature and fuel flow had on the composition of syngas in gasification process, whereas
in the desulphurisation process the capability of two types of ZnO with different specific
surface areas to react and adsorb with the H,S was examined.

GC analysis specific to sulphur compound detection showed consistent production of H,S
during gasification. The ZnO with high surface area of >20m*/g exhibited high conversions
of about 30% while the low surface area ZnO (<10m2/g) exhibited conversions of about 10%.
The sorbent with high surface area, also showed the ability of adsorbing the other sulphur
compounds present in the syngas.



CARBON DOPING OF PRECURSOR BORON POWDER FOR CONTROL OF
NORMAL RESISTANCE OF MGB; BULKS FOR SPECIFIC USE IN FAULT
CURRENT LIMITER APPLICATIONS
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Magnesium Diboride (MgB;) bulk superconductor has been manufactured in order to study
the enhancement of the normal resistivity for application to superconducting fault current
limiters (SFCLs). SFCLs have proven to be a viable means for limiting surge currents by
dissipating fault energy as the superconductor quenches. As the current limiting behaviour is
determined by the normal resistivity (p,), research has been conducted to evaluate an
effective means to increase p, for bulk superconducting MgB,, which is intrinsically much
lower than for high temperature superconductors.

Intragranular carbon doping has been confirmed as a means to increase p,, and was
implemented by chemical vapour deposition (CVD) on the boron precursor powder by
ethylene gas at 600 °C for durations up to 6 hours in a tubular furnace apparatus. In situ
manufacturing of MgB; bulk was performed using the reactive liquid magnesium infiltration
technique. Overall, carbon doping provided a factor of 14.24 increase in p,, for a small
decrease in the critical temperature, Tt, of 2 K.



LEAF SHAPE CHARACTERISATION USING THE NEW CONVEXITY MEASURE
OF POLYGONS, THE SEVEN INVARIANTS MOMENTS AND OTHER
MORPHOLOGICAL FEATURES
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Taxinomy of plants is an old practice in botany. It uses morphology of plants to group them
into different categories. One of the most used physical characteristics is the leaf shape.
There have been several attempts of leaf based automatic classification of plants using
computer vision techniques[1,2,3,4]; those, however, have had limited success. Limitations
are often due to poor choice of features that characterize the leaf.

In this article a new model that combines the New Convexity Measure of Polygons and the
seven invariants moments are associated with other morphological features characterize
leaves shapes. The features extracted from the leaf have the following properties: rotation
invariant, scale invariant and translation invariant. From each leaf a feature vector is
extracted. To test the performance of the proposed model it is used to extract features vectors
of leaves eextracted from the Flavia leaves database[1], that is composed of 2500 leaves of
42 different species of plants. We randomly selected 400 leaves of 20 different species.

Naive Bayes, K-means, Multilayer Perceptron, and Support Vector Machines are then used to
classify the leaves. It is shown that Multi-layer Perceptron outperforms the 3 others
classifiers.
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BULKHETEROJUCTION ORGANIC SOLAR CELL
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Enhanced current density has been observed from P3HT/PCBM bulkheterojunction solar cell
after a well sonicated solution was diluted with fresh chloroform solvent. The preparation of
the devices were carried out in a simple laboratory environment without glove box and clean
room. As the result of such current surge in the devices the efficiency has risen more than
double compared to those devices without dilution the P3HT/PCBM solution. We have
recorded an average power conversion efficiency of 4.5(9)% under this condition. This is an
encouraging development toward achieving low cost organic photovoltaic devices.



AN INVESTIGATION OF THE RELATIONSHIP BETWEEN BENDING
AMPLITUDE AND VIBRATIONAL LOADS ON POLYMERIC INSULATORS
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This work is based principally on experimental approach and determines the mechanical
loads on polymeric insulators. These loads are caused by vibrations of the overhead line
conductors (supported by the insulators) when subjected to Aeolian vibrations. The tests were
performed at the Vibration Research and Testing Centre (VRTC) laboratory of the University
of KwaZulu-Natal, on a test rig that consists of two equal spans lengths of 42.3m with
termination ends with an anchoring tower (to support the insulator under test) in-between.
The determination of the dynamic forces acting on the insulators should help to determine
whether such loads have any negative effect on the mechanical integrity of such insulators
and in particular if they can cause fatigue of the insulators. The frequencies which correspond
to Aeolian vibration (5-120 Hz) have been generated by an electrodynamic shaker.
Transducers such as accelerometers and thermocouples are used to control and collect data.
The conductor is held by a suspension clamp that is fixed via a force transducer to the anchor
tower. The mechanical loads were measured with this force transducer and the bending
amplitude of the vibrating conductor was measured by a displacement transducer fixed at 89
mm to the last point of contact (LPC) of the conductor and the body of the suspension clamp.
One Tern (45 Al/7St.) ACSR (Aluminium Conductor Steel Reinforced) conductor was
investigated at three different ranges of tensile loads corresponding to 20, 25, and 30 % of the
conductor’s UTS (Ultimate Tensile Strength). First results indicate a similar trend of the
vibrational loads vs. the bending amplitude at all frequencies, i.e these two parameters seem
to be independent of the vibration frequency, the conductor tension, and the span length.



CHARACTERISATION OF TRINNI EVENTS

Kevin Garapo P31
209523532@stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Dr. Heather McCreadie and Prof. Jon Rash

“Tailward reconnection for interplanetary magnetic field (IMF) northward, non-substorm
intervals (TRINNIs)”, is a term which was introduced by Milan et al. [2005], to describe the
events when ionospheric flow bursts, with speeds usually greater than 1000 m/s, are observed
during extended non-substorm periods of quasi steady northward interplanetary magnetic
field. The first such event, though not identified as a TRINNI then, was reported by Walker et
al. [1998, 2002]. This event was characterized by quasi-periodic plasma flow bursts, with
speeds above 2000 m/s corresponding to electric fields in excess of 100 mV/m, in the
nightside ionosphere, during an extended extremely quiet solar wind period, from 8 March to
10 March 1997. Following the reports on this event, Grocott et al. [2003, 2004, 2005, 2007]
performed a series of analyses on similar events. However, the individual events analysed
differed significantly from each other, especially in terms of the magnitude of the IMF and its
components, as well as the direction of the By component. This led to varying suggestions
regarding how the various components of the IMF contribute to the formation of a TRINNI.
We attempt to clarify the properties that constitute a TRINNI event.
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THE EXTENT AND DISTRIBUTION OF LINKAGE DISEQUILIBRIUM IN
EXTENSIVELY RAISED CHICKEN POPULATIONS OF SOUTHERN AFRICA

Khulekani Khanyile P32
School of Life Sciences
Supervised by Edgar F. Dzomba and F. C. Muchadeyi

The amount of linkage disequilibrium (LD) is an important source of information about
historical events of recombination and allows inferences about genetic diversity and genomic
regions that have undergone selection. Linkage disequilibrium is equally important in
studying effective population size and rate of inbreeding particularly in extensively raised and
wild animal populations were pedigree records are scarce. The objective of this study was to
investigate LD and estimate effective population size using LD base data for village chicken
populations of Southern Africa. These chickens are raised under scavenging systems of
production characterized by uncontrolled breeding and frequent population bottlenecks due to
disease outbreaks and fluctuations in feed supplies. DNA samples from 312 extensively
raised chickens from South Africa (n =146), Malawi (n =30) and Zimbabwe (n =135) were
genotyped using the I[llumina iSelect chicken SNP60K BeadChip. A panel of 43,157 out of
the total 57,636 (74.8%) SNPs was used in the final analysis after screening for those that had
a minor allele frequency of less than 5%, were out of Hardy-Weinberg equilibrium (P<0.001)
and had a call rate of less that 95%. Results indicated that LD averaged between 0.45 and
0.58 for SNPs that had a pairwise distance of less than 20 kb. LD dropped to 0.34 for SNPs
between 20 and 100 kb after which it remained constant. LD was further analyzed for its
decay over marker distance and differences between populations from different geographic
locations, where there was a significant effect of marker interval on LD measure and no
significant effect caused by subpopulation on LD measure. Inferring the population
demographic history from LD data resulted in effective population size that is less than 20
individuals 40 generations ago for all chicken population. The current findings indicate to
rapid loss of genetic variation in village chickens and effective conservation strategies are
vital to sustain pool for valuable genetic resource held by these animal. The utility of the
iSelect chicken SNP60K beadchip in investigating free-range chicken population genetics is
demonstrated.



DESIGN OF NOVEL HYDROKINETIC TURBINE FOR OCEAN ENERGY POWER
GENERATION

Kumaresan Cunden P33
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Supervised by Dr. Freddie Inambao

In a world with a growing need for energy, but also a growing need to decrease the
dependence of fossil fuel energy production new methods of energy generation are required.
The energy which exist in flowing rivers, ocean currents and various other artificial water
channels are considered a viable option of renewable power. Water energy harnessing
systems are referred to as Hydrokinetic conversion systems. These types of systems are still
in the infant stages of development as the main focus of renewable energy in recent years was
solar and wind energy harvesting. Research into ocean currents focusing on the Agulhas
Current was conducted to be used as a basis for a Subsea Hydrokinetic system to be
implemented off the coast of South Africa. The results obtained from Eskom’s Acoustic
Doppler Current Profiler (ADCP) readings depict that the Agulhas current is a more than
adequate source of renewable energy. The readings indicate that the Agulhas current varies
from 0.3m/s to 1.2m/s throughout the year. A proposed Vertical-Axis Hydrokinetic turbine
was designed to harness power from the Agulhas current. Analytical and Computational
Fluid Dynamic (CFD) simulations have been conducted on the turbine in order to obtain the
performance of the turbine. The performance of the turbine indicates the amount of power
which the turbine would extract from the flow. Results obtained from the analytical model
show that the turbine with a toe-out blade pitch had a higher performance coefficient than the
turbine with no blade pitch. The results from the CFD simulations are in good agreement with
the analytical modelling. The results obtained for the performance of the turbine for toe-out
blade pitch from the analytical and CFD modelling were 34% and 40% respectively.



A UNIVERSAL SEGMENT APPROACH FOR THE PREDICTION OF THE
ACTIVITY COEFFICIENT OF COMPLEX PHARMACEUTICALS IN NON-
ELECTROLYTE SOLVENTS

Kuveneshan Moodley P34
206502546(@stu.ukzn.ac.za
School of Engineering
Supervised by Prof. Deresh Ramjugernath and Prof. Jiirgen Rarey

A novel method for the prediction of the activity coefficient in pharmaceutical-solvent
systems is introduced. The method infers that the concept of segment interactions applies not
only to components, but to the functional groups that comprise the component; more
specifically, the popular modified UNIFAC (Dortmund) [1] functional groups. In the present
work, four basic segment interactions are considered, that include hydrophobic (dispersive),
hydrophilic, as well as positive and negative polarity. The predictive model was applied to a
set of structurally diverse, complex pharmaceuticals, and compared to popular qualitative
solubility prediction methods such as NRTL-SAC (Chen and Song, 2004) [2] and the
UNIFAC based methods. Furthermore, the Akaike Information Criterion [3] and Focused
Information Criterion [4] were used to establish the relative quality of the predictions of the
various available predictive models for solubility, with the new model exhibiting favourable
results. The temperature dependence of the new model was also investigated.
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MOLECULAR SIMULATION STUDY OF PERMEATION THROUGH
FLUOROPOLYMERS
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The ability of a polymer to resist permeation by small penetrant molecules is of high value
for many applications particularly in packaging'”. One method of improving this resistance is
via surface fluorination, a process whereby hydrogen molecules are replaced by fluorine in
the surface layers of a polymer’.

Important understanding of both the macroscopic and microscopic properties, as well as
transport properties of polymers are obtained from experimental studies, but where these
studies give results with fairly low agreement it is possible for computer simulations to
compliment the experimental studies and yield useful insights at a molecular level'

The focus of this study is in using computer simulation methods to compare permeation by
volatile organic compounds through both fluorinated and un-fluorinated polymers. This will
provide insight into the order of magnitude of permeation resistance expected when utilising
surface fluorination, as well as how the degree of fluorination affects this resistance.

Polyethylene was chosen as the base polymer for this study. The permeability of polyethylene
as well as polytetrafluoroethylene, by gas molecules with varying carbon chain lengths,
ranging from CH4 through to C4H10 were determined by the combination of solubility and
diffusivity coefficients’. The solubility coefficient of both polymers for the volatile organics
was determined using Monte Carlo molecular simulation in the isobaric isochoric Gibbs
ensemble; the diffusivity coefficient was determined using molecular dynamics. In both cases
the TraPPE-UA force field was used. Temperatures in the range from 298.15 K to 303.15 K
and a pressure of 101.3 kPa were used to represent typical storage conditions.

The force field used was found to reproduce the density of the chosen polymers within
acceptable margins and was therefore considered suitable for further simulation.
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2012, 116, 95-10



EFFECTS OF SEX- HOST AND PREGNANCY ON T. ZIMBABWENSIS
INFECTION IN SPRAGUE- DAWLEY RATS AND BALB/ C MICE
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208515023@stu.ukzn.ac.za
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Supervised by Prof Samson Mukaratirwa

Trichinellosis is an important zoonotic parasitic disease caused by nematode parasites of the
genus Trichinella. The parasites infect a wide range of hosts including both domestic and
wild animals. The successful establishment and development of the parasite in a host has
been reported to be affected by various factors which broadly can be classified as
environmental, immunological, physical and hormonal. The objective of this study was to
determine the effect of host sex and pregnancy on the establishment and development of
Trichinella zimbabwensis.

To determine the effect of host sex on the establishment and development of T.
zimbabwensis, 50 Sprague-Dawley (25 males and 25 females) rats were orally infected with
the parasite at a standardized dose of 1000 larvae/animal. Five (5) animals from each group
were sacrificed at 5 day intervals and number of parasites recovered was recorded. To
determine the effect of host pregnancy, 60 Balb/C mice were orally infected with the parasite
at a standardized dose of 50 larvae/gram of animal live weight. Six (6) animals from each
group were bled and sacrificed weekly. Levels of hormones, progesterone and cortisol and
the number of parasites recovered were recorded.

Establishment and development of the parasite showed that the parasite established and
developed significantly more in males than in females. Pregnancy reduced the chances of
successful establishment and development of the parasite.

The obtained results are discussed in relation to the effect of sex and pregnancy associated
hormones on the successful establishment and development of T. zimbabwensis to show the
importance of host-parasite interactions in the biology of the parasite.



REDUCTION OF FRESHWATER USAGE AND WASTEWATER GENERATION AT
SAPPI STANGER MILL; WATER PINCH ANALYSIS

Luandrn Jansen van Vuuren P37
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SUPERVISOR: Mr lain Kerr
CO-SUPERVISOR: Prof. Chris Buckley

Over the last few decades more emphasis has been placed on the conservation of water. This
is due to the ever increasing demand of water and the decreasing availability of clean
freshwater. The pulp and paper industry consumes enormous amounts of water and despite
the fact that new mills can operate in conditions that consume fairly low amounts of water,
older mills struggle to operate within the set limitations.

In this investigation Sappi Stanger Mill was considered. The Mill produces coated and
uncoated paper as well as tissue paper, from bagasse provided by Gledhow Sugar Mill. To
reduce the freshwater usage and wastewater generated by the Mill a Water Pinch Analysis
will be carried out. This method works on a similar principle as Heat Network Analysis. For
the method to be carried out all the contaminants in every water line on the plant has to be
measured. The contaminant constraints for each individual process unit have then to be
determined. The limiting contaminant for each process unit has to be identified from these
constraints. These usually are the Chemical Oxygen Demand (COD) and the total suspended
solids (TSS). With these parameters determined it is possible to either use a graphical,
numerical or a combination of techniques. The method proposed by Ng et al. was chosen. A
model of the Mill was simulated in WinGems. By doing a water pinch analysis it can be
determined which streams would be ideal candidates for regeneration so that they can be
reused in the process. The method could also indicate which streams can directly be reused
in other parts of the process as well as which streams might be eligible for mixing before
reusing in another process unit. The software to be used for the Water Pinch Analysis is
General Algebraic Modelling Software (GAMS). When regeneration units are being
considered the capital cost is of major concern. Aspen Icarus will be used to determine the
relevant cost. The steps to follow will therefore be; simulation and optimisation of the plant
model in GAMS, cost analysis in Aspen Icarus and the verification of the proposed, updated
model in WinGems. The final effluent quality will then be modelled and an end of line
treatment unit will be proposed if necessary.



ESTIMATION VOLTAGE CHARGE OUTPUT FOR PIEZOELECTRIC ENERGY
HARVESTING BY VIBRATION

Lumbumba E. Nyamayoka P38
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Supervised by Dr. Freddie L. Inambao

With the demand for wireless sensing devices and low power electronics without external
power supply, the concept of energy harvesting in the ambient environment raises a great
interest. Energy harvesting is defined as a technology that permits the capture trace amounts
of energy to one or more ambient energy such as wind, energy of gas, temperature gradients,
vibration and liquid flows and converts it into usable electrical energy. Energy harvesting by
vibration with piezoelectric materials can be used to convert mechanical energy into electrical
energy. In this context, the goal of this poster is to present a comprehensive prototype
generator with the piezoelectric elements developed to predict the performances of harvesting
vibration energy estimating the power charge output. This prototype generator will be used
for various measures (voltage, power, frequency, etc....) and converting the mechanical
energy into electrical energy via surrounding vibration from the shaker. Different values of
power generated electrically are reported. The results of experiments set up are treated and
interpreted using the Puma Control System (VIP) in the laboratory under standard conditions.



OVERLAND FLOW AND SEDIMENT DYNAMICS FROM THE SUMMIT TO THE
THUKELA MOUTH, SOUTH AFRICA

Macdex Mutema P39
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Understanding spatio-temporal water and sediment dynamics from headwaters to basin
outlets is critical, not only in hydrology, but for environmental management as a whole.
However, there is a dearth of information to improve this understanding especially in the
developing world where soil erosion and water pollution are serious threats to human life. A
four-year study was designed to monitor spatio-temporal dynamics of overland flow,
sediments, organic carbon and nutrient losses from the headwater to outlet of Thukela Basin
in South Africa. Runoff plots of sizes 1 m* and 10 m? plots were set up within a 23 ha
microcatchment, which was in turn nested in a 100 ha sub-catchment. All these sat in a 1000
ha in the 2892000 ha basin. The main objective was to upscale knowledge gained from runoff
plots to bigger spatial scales. The study was conducted from 2009 to 2013. Annual
precipitation in the 2009/2010 and 2010/2011 seasons were higher than the long-term mean
(684 mm) but it was lower in 2011/2012 and 2012/2013. Annual unit-area runoff (R) was
largest on 1 m” plots, (150£51 L m™ yr™') and lowest on 2892000 ha scale (0.69+0.09 L m™
yr'') when averages for the four seasons were considered. R declined steadily from 1 m? to
100 ha in season 2009/2010, but the other seasons showed a significant rise in R at 23 ha.
Annual unit-area sediment loss (SL) was also highest on 1 m’ plots (mean 232+113 g m? yr
", except in 2011/2012 season, where 10 m? plots had highest SL (238 g m™). SL for 100,
1000 and 2892000 ha were negligible for the 4 seasons. Over the four seasons, 1 m” plots had
the highest cumulative R (598 L m™) and SL (893 g m™); however 10 m” had very high
cumulative SL (699 g m™) in relation to cumulative R (114 L m™). Rainfall for December
and January, the wettest months that come immediately after a long dry period, had biggest
impact on R and SL at 1 m?, 10 m” and 23 ha scales. Our results suggest greater R and SL at
smaller spatial scales, calling for a need to focus more on the local scale land use and land
management and come up with strategies that reduce such losses.



IMPLEMENTATION AND SECURITY ANALYSIS OF THE B92 PROTOCOL
USING CLAVIS? SYSTEM

Makhamisa Senekane P40
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Supervised by Prof. Francesco Petruccione

Quantum Key Distribution (QKD) is an encryption scheme which uses two concepts of
quantum mechanics, namely No-cloning Theorem and Uncertainty Principle, to allow a
secure exchange of a cryptographic key between two communicating parties; Alice (sender)
and Bob (receiver) in such a way that the presence of an eavesdropper (Eve) could be
detected. In this work, We present an experimental demonstration of the B92 QKD protocol
by using the id300 Clavis® system from idQuantique. The system shows a secure key
generation rate of 6.42 kilobits per second and a quantum bit error rate of 1.75% at a mean
photon number (i) = 0.03 over an optical line length of 0.815km. Our results scale similarly
to BB84 protocol results thus showing the feasibility of an implementation of a two-state
protocol over a fiber network in a system which was traditionally used for running the four-
state BB84 and SARG04 QKD protocols.



TELECOMMONICATION STYSTEM FOR MOON MISSION IMPLEMENTING
QUANTUM KEY DISTRIBUTION

Marco Mariola P41
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Supervised by Prof. Francesco Petruccione

To share a secret message between a transmitter (ALICE) and receiver (BOB), it is necessary
that the message is encrypted by a public or private key. Quantum Key Distribution (QKD) is
used to send an encrypted message using a private key. The private key is composed by the
values of the quantum state of the single photons, called quantum bit (qubit). By the
Heisenberg uncertainty principle, if an eavesdropper measures the quantum state of the single
photon, the quantum state changes and the receiver does not receive what the sender sent. By
appropriate protocols [1] the transmitter and the receiver know if an eavesdropper is between
them and ALICE does not send the secret message. In free space the polarization of the single
photon is used as the quantum state. A mission orientated to study the elements on the surface
of the moon in a specific area can be compromised by a hostile country or company as
occurred in 2011 when an American drone was hacked in Iran [2]. If the mission data are
stored in a Lander, this data can be send to a Rover using Quantum Key Distribution (QKD).
The Rover follows the mission as specified by the Lander. The Lander aims the maximum
gain of the antenna array in the direction of the Rover that will transmit image and data to the
Lander. The Lander sends to the Earth a video in mp4 format where the audio trace contains
the data of the analysis. A parabolic antenna is designed to survive the thermal load during
the moon night and day and the load produced during the launch. The pattern of the dishes
must be also designed to have the maximum gain during the apparent rotation of the moon
with respect to the Earth.
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ASSESSING THE DISTRIBUTION AND HISTORICAL ACCUMULATION OF
HEAVY METALS IN THE SEDIMENTS OF THE MSUNDUZI RIVER,
PIETERMARITZBURG
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South Africa is a semi-arid country and the availability of our natural freshwater water
systems is decreasing at an alarming rate M As globalisation increases, so does population
and industries within those populations. These industries, along with urban areas, lead to
increases in pollution of the natural ™. Good water quality in our freshwater ecosystems is
needed internationally and South Africa is no exception as this decreases the cost of treating
the water prior to domestic use . One of the most persistent chemical pollutants in
freshwater systems, are heavy metals. Heavy metals are elements with a specific gravity at
least five time that of water, and/or a high molecular weight. In small quantities, some are
essential to sustain life, but some have no known health benefit, at any concentration, such as
mercury and arsenic “). In this research, the distribution of heavy metals in the sediment of
the Msunduzi River, will be assessed.

The Msunduzi River is well known for the rowing and canoeing activities at Camps Drift.
Also, for the Dusi Canoe Marathon that happens each year. It is because of this that numerous
biological and microbiological tests are performed on the river every year. However, there is
hardly any data available on its chemical pollution, particularly heavy metals. This research
aims is to analyse the heavy metals in the sediments of the Msunduzi River, along with two
of its tributaries, the Dorpspruit and the Baynespruit. At varying concentrations, some heavy
metals can have adverse effects on human health. Microwave digestion, BCR extraction and
ICP-OES analysis will be used to quantify the surface and core sediment and water samples.
Surface sediments will be used to assess the spatial distribution of heavy metals in the
catchment, whilst the core samples will assess the temporal distribution. Physical and
chemical parameters, such as pH; temperature; salinity, total dissolved solids and electrical
conductivity, will also be tested on the Msunduzi and its tributaries.
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POSTHARVEST DETERIORATION OF SUGARCANE IN A SIMULATED
HARVEST-TO-CRUSH DELAY

Milindi Sibomana P43
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Supervised by Prof. Carel Bezuidenhout

Sugarcane deterioration remains one of the important supply chain efficiency leverage points
in the South African sugar industries. Deteriorated cane affects milling efficiency and sugar
quality, hence affecting profits for both millers and growers. This study simulated a
burn/harvest-to-crush delay involving two sugarcane varieties (N12 and N31), which were
exposed to similar environmental conditions for a period of 9 days after harvest. Two trials
were performed including unburnt cane and burnt cane. On each sampling date, five
replicates of each variety were tested for different quality parameters such as respiration rate,
total aerobic bacteria and lactic acid. These parameters were measured at bottom, middle and
top sections of the stalks to evaluate the effect of positions on the change of these parameters
after harvest. The stalk positions significantly (P< 0.05) affected the respiration rate, with the
top and bottom sections showing greater respiration rates than the middle section in the
unburnt cane trial and the middle section respiring more in the burnt cane trial. The bottom
and top sections had significantly (P< 0.05) greater numbers of bacteria than the middle
section in both trials. An increase in lactic acid in the top and bottom sections was observed.
Over time, the respiration rate in the top and bottom sections significantly (P< 0.05) declined
in unburnt cane while increasing slightly in burnt cane, whereas the respiration in the middle
increased gradually over the storage period for both unburnt and burnt cane. The data shows
that the rate of deterioration differs significantly in the different stalk sections. Environmental
conditions were found to be the major factor influencing the quality during the sample cane
storage period. The top stalk section (least mature) was most active after harvest and might be
most susceptible to deterioration. By studying the changes of cane quality parameters in this
stalk position-specific manner, a method to quantify sugarcane deterioration, through
monitoring time-sensitive indices, is under development.



STRUCTURAL AND KINETICS STUDIES OF POLYMERIZATION REACTIONS
OF E-CAPROLACTONE CATALYSED BY BIS(PYRAZOLYLMETHYL)PYRIDINE
CU(II) AND ZN(IT) COMPLEXES

Mngqobi Zikode P44
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Supervised by Dr. Stephen O. Ojwach

The kinetic studies of polymerization reactions of eé-CL have been studied using 2,6-bis(3,5-
Me,pz-1-yIMe)py (L1) Cu(Ill) and Zn(Il) complexes as catalysts. The corresponding
complexes [Zn(benzoate), (L1)] (C1), [Zn(2-bromobenzoate), (L1) (C2)], [Cu(benzoate),
(L1) (C3)], and [Cu(2-bromobenzoate), (L1) (C4)] were prepared by the reactions of 2,6-
bis(3,5-Meypz-1-yIMe)py (L1) with Zn(Ac),-:2H,O or Cu(Ac),'2H,O and benzoic acid
derivatives in a one pot synthesis. Single crystal X-Ray crystallographic study of C2 reveal a
six coordinate structure in which the zinc atom is bidentately bound by L1 and two
bromobenzoate ligands (Fig.1). Complexes C2 and C4 were employed as catalysts for the
ROP of &-CL and formed active initiators. Generally, Zn(II) complexes showed higher
catalytic activities compared to the corresponding Cu(II) complexes. The polymerization
reactions follow pseudo-first kinetics with respect to monomer.
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Fig. 1: Polymerization of e-CL and solid state structure of complex C2.



ANTI-DIABETIC ACTIVITY OF ACETONE FRACTION OF Cassia singueana
STEM BARK IN A TYPE 2 DIABETES MODEL OF RATS
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The present study was conducted to examine the anti-diabetic activity of acetone fraction of
Cassia singueana stem bark (CSAF) in a type 2 diabetes (T2D) model of rats and isolation of
3B-O-acetyl betulinic acid as a possible bioactive compound. Six-week-old male Sprague-
Dawley rats were randomly divided into six groups: Normal Control (NC), Diabetic Control
(DBC), diabetic rats treated with 150 mg/kg bw (DCL) and 300 mg/kg bw (DCH) of CSAF,
diabetic rats treated with 300 mg/kg bw of metformin (DMF) and normal rats treated with
300 mg/kg bw of CSAF (NCT). T2D was induced by feeding a 10% fructose solution for 2
weeks ad libitum followed by an intraperitoneal injection of streptozotocin (40 mg/kg bw).
After 4 weeks of intervention, nonfasting blood glucose concentrations were significantly
decreased and oral glucose tolerance ability was significantly improved in the DCL and DCH
groups compared to the DBC group. Serum insulin concentrations, pancreatic -cell function
(HOMA-B) and liver glycogen were significantly (P<0.05) increased while serum alanine
transaminase, alkaline phosphatase and urea were significantly decreased in the CSAF treated
diabetic rats compared to the DBC group. Furthermore, the CSAF treatments insignificantly
(P>0.05) ameliorated other T2D-induced abnormalities which include polyphagia, polydipsia,
body weight changes, serum lipids alterations, serum fructosamine level and peripheral
insulin resistance (HOMA-IR). Analysis of 3p-O-acetyl betulinic acid, isolated from CSAF
through bioassay guided isolation, revealed that the compound is a potent non-competitive
inhibitor of a-glucosidase and a-amylase activities. It was concluded that orally administered
CSAF possesses anti-T2D activity and could ameliorate most of T2D-induced abnormalities.
Furthermore, 3B-O-acetyl betulinic acid is a possible anti-diabetic agent in the fraction that
could be exploited as novel therapeutic agent for the management of T2D.



PHYTOCHEMICAL AND NUTRITIONAL INVESTIGATIONS OF THE FRUITS OF
CRYPTOCARYA LATIFOLIA

Mohammed Hamza P46
213528029@stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Dr Roshila Moodley

Cryptocarya latifolia (Lauraceae) is an indigenous South African plant used in
ethnomedicinal practices. In the present study, quercetin 3-O-rhamnoside was successfully
isolated from the edible fruits of the plant. Antioxidant activity of the isolated compound was
carried out using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging assay and the
result indicated that the compound possesses a good antioxidant activity as compared to
ascorbic acid. Analytical study conducted on the fruits indicates that they are a good source
of important dietary elements such as Ca, Mg, Fe and Zn. Data from this study validates the
nutritional and medicinal benefits of consuming the indigenous edible fruits and could be
useful to rural populace and other vulnerable communities.



CHEMICAL COMPOSITION OF WATER AND SEDIMENTS FROM UMGENI
RIVER

Mothusi Dikole P47
212558602@stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Dr L. Pillay, Dr P. Ndungu

The water quality of the South African rivers has reduced due to increased pollution caused
by industrialization, urbanization, afforestation, mining and agriculture [1]. Studies have
shown that rivers are highly polluted and need monitoring and proper management [2]. The
Umgeni River, KwaZulu- Natal, is one such river and could be used to portray the effects of
industrialization and increasing urban population on this region. Due to the high volume of
industries along the Umgeni River, research to investigate the impact of these industries on
the ecosystem is imperative. Thus, the research objectives were:

1. To measure the total and bioavailable concentrations of Cd, Cr, Cu, Pb and Zn in water and
sediments.

2. To assess the river quality by comparing the data to the accepted values from South
African guidelines and international guidelines for river water.

Sampling (sediment and water) was done seasonally from before the Inanda Dam until the
mouth of the Umgeni River. Samples were microwave digested or extracted and the total and
bioavailable metal concentrations (Pb, Zn, Cr, Cd and Cu) measured using spectroscopy. To
ensure the validity of the data, certified reference materials were used; NIST 2702 for total
metals and BCR 701 for the bioavailability study. ANOVA was used for statistically
evaluation.

The results show that the river is typically in poor health as defined by the SABS and World
Health Organisation (WHO). All of the metals except Cd were above the stipulated limited in
both the sediment and water. The ANOVA data generally shows that there is a significant
difference between the dry season (autumn/winter) and the wet season (spring/summer). The
BCR sequential extracts showed that of the extractable phases, predominantly Zn is bound to
carbonates, Cr and Cu to Fe/Mn oxides, Pb to organic matter. This bioavailability data
showed that living organisms are subject to influence from these potentially toxic metals and
remediation processes should be investigated for the Umgeni River.

[1] D. Metropolitan (2011), Fresh water state, Durban, South Africa.
[2] J.W.N. Tempelhoff (2009) J. Physics and chemistry of the earth, Civil society and
sanitation hydropolitics: A case study of South Africa’s Vaal River Barrage. 34:2008



FORMAL TEMPORAL CONCEPTUAL DATA MODELS

Nasubo Ongoma P48
212562258@ukzn.ac.za
School of Mathematics, Statistics and Computer Science
Supervised by Dr. Maria Keet

Conceptual data models (CDM) represent some aspect of the real world called the mini-world
and is used in designing databases and knowledge representation systems. When CDM is
properly performed, it enables the system to be less error-prone and meet the functional needs
of user. Currently, CDM are represented independent of time. Most applications, whether
business, engineering, medical, or scientific need to store time-varying data. Time plays a
major role in today's databases in modelling histories, planning for future and tracking
entities across time as they migrate between roles. Data goes through evolution - evolution is
change of data over a period represented as snapshots of current, past, and possibly predicted
future change. This, therefore, creates the need for a Temporal Conceptual Data Model
(TCDM).

Extending the CDM to TCDM is challenging as few tools that support temporal conceptual
data modelling exist presently. Many times, users ignore adding temporal constructs on
conceptual data models because of complexity in design and maintenance. However, failure
to capture temporal concepts in conceptual data models leads to a build up in data over time
and data integration problems as database designers have to discover, design, and implement
the temporal concepts they need.

This research aims to develop a temporal extension to enable a modeller to capture how
instances and relations are allowed to behave in the software/database system. The extension
is based on model theoretic semantics to give a definition to the temporal concepts of the
CDM. These concepts are expressed in a subset of the first order temporal logic DLRys. The
use of description logics is important in modelling temporal data, because it provides a
formal language for representing and reasoning over knowledge. Having a formal
representation of temporal conceptual models brings strictness on information representation,
hence curbs inconsistencies in databases and enables better database representation.



KINETIC STUDIES OF ROP OF e-CAPROLACTONE WITH ZINC(1I) AND
COPPER(II) COMPLEXES OF IMIDAZOLE DERIVATIVES.

Nelson W Attandoh P49
212561511 @stu.ukzn.ac.za
School of Chemistry & Physics
Stephen Ojwach

The use of aliphatic polyesters in the medical and pharmaceutical industries for varied
applications makes the choice of initiators for the ring opening polymerization of the
monomers critical [1]. The use of non-toxic metal complexes is therefore essential for the
polymerization. In view of this, synthesized derivatives of benzimidazole, N-(1H-
benzimidazol-2-ylmethyl) aniline (L1), N-(1H-benzimidazol-2-ylmethyl)-2-bromoaniline
(L2), N-(1H-benzimidazol-2-ylmethyl)-2-methoxyaniline (L3), N-(1H-benzimidazol-2-
ylmethyl)-2-aminothiophenol (L4), were reacted with zinc and copper salts to generate
monometallic complexes [Zn(L1)2(OBn);] (1), [Zn(L2)2(OBn);] (2), [Zn(L3)2(OBn),] (3),
[Zn(LL4),(OBn),] (4) and dimeric copper complexes [Cuy(L1),(OBn);] (5), [Cuy(L2),(OBn),]
(6), [Cuy(L3)2(OBn),] (7) and [Cuy(L4),(OBn);] (8) in good yields . The molecular structures
of complexes 2 and 6 were established by single-crystal X-Ray crystallography (Fig 1). The
ligands were monodentate, binding via the N-atom in the benzimidazole. The complexes
form active initiators in the ring opening polymerization of e-caprolactone (Fig 2) to afford
moderate molecular weight polycaprolatone (Fig 3). The polymerization reaction proceeds
via a pseudo-first order with respect to the monomer and first order with respect to the
catalyst.
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SEED QUALITY OF SELECTED BOTTE GOURD LANDRACES IN SOUTH
AFRICA AS COMPARED TO POPULAR MEMBERS OF CUCURBITS

Nkanyiso Sithole P50
204504840@ukzn.ac.za
School of Agricultural, Earth and Environmental Sciences
Supervised by Prof Albert Modi

Bottle gourd (Lagenaria siveraria L.) is a traditional underutilized crop which is still
cultivated by rural people in South Africa. It exhibits wide morphological diversity and there
is limited information describing seed quality of these diverse landraces. This makes it
difficult to predict its performance under field conditions. This study evaluated seed quality
of two different bottle gourd landraces compared with three commercial cucurbit cultivars.
Two mature fruit of bottle gourd landraces were collected from farmers’ fields in Richards
Bay, KwaZulu-Natal, South Africa (M02); and Mashonaland East Province, Zimbabwe
(MO1). Hybrid seeds of two pumpkin (Cucurbita maxima L.) cultivars, Golden (GOH) and
Green (GRH), and cucumber cultivar (CA) (Cucurbita pepo L.) were used for comparison in
the study. Seed germination was undertaken at 20/30°C (6/18 hours) over 22 days according
to the international rules for seed testing using a completely randomized experimental design.
Upon termination, mean germination time (MGT), germination velocity index (GVI) and
root: shoot ratios were determined. The TZ-test was done using a 1% solution of 2, 3, 5
triphenyl tetrazolium chloride. Electrical conductivity (EC) was measured using three
replicates of 16 seeds per variety. Results showed that there were highly significant
(P<0.001) differences between varieties with respect to initial and final germination
percentage. Cucumber and MOl showed the highest germination at 83% and 78%,
respectively. Across the varieties, highly significant differences (P<0.001) were also
observed for GVI, MGT, EC and root: shoot ratio. Landrace MO1 had the highest GVI,
followed by CA and GRH, while GOH and MO02 had the lowest GVI. Gold pumpkin and
MO2 had low GVI, and between them there were no significant differences. For EC, there
were highly significant (P<0.001) differences. M02 showed EC 79% greater than all other
varieties. Landrace MO1, CA and GRH had high root: shoot ratios, which averaged 1.7 and
significantly greater than that of M02 with an average of 1.04 and GOH with an average of
0.098. All varieties tested positive for the TZ test, thus indicating viability. The results of this
study indicated that bottle gourd landraces and cultivars cannot be separated in terms of seed
performance. Landraces can perfume better than cultivars and vice versa. It is recommended
that future studies should investigate the effect crop performance and compare seeds of the
same age and storage treatment.



QUANTUM DYNAMICS IN A THERMAL BATH WITH VERY FEW DEGREES OF
FREEDOM

Nkosinathi Dlamini P51
205520758@stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Dr Alessandro Sergi

The computational study of quantum systems interacting with an environment is in general a
very difficult task. Since computational power limitations make it impractical to attempt a
full quantum simulation of the dynamics of even simple models. However, in most cases one
is only interested in the exact dynamics of a small part of the total system. If the role of the
environment is simply to keep the temperature of the total system constant, then the
environment may be modelled by a classical-like bath, while the subsystem of interest is
given a quantum treatment, this is known as the quantum-classical approximation. One way
to implement this approximation is through the application of non-Hamiltonian dynamics. In
so doing one is able to devise numerical algorithms to simulate the system of interest. In this
talk the details of one such numerical algorithm will be given and a new integration scheme
presented.



AN INVESTIGATION OF THE EFFECT OF ISOMERIC CARBON SOURCES ON
THE SYNTHESIS OF SHAPED CARBON NANOMATERIALS

Ntokozo Chamane P52
207513266@stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Dr Vincent O. Nyamori

The synthesis of carbon nanomaterials is an expanding field of research since the distinctive
properties of these materials make them suitable for numerous applications. This project
seeks to investigate the effect of the carbon source on the synthesis of shaped carbon
nanomaterials (SCNMs). These typically include carbon nanotubes (CNTs), carbon
nanofibres, carbon nanospheres, and graphene. Chemical vapour deposition (CVD) was used
for the synthesis of these materials. In this synthesis method the carbon source was typically
a hydrocarbon such as toluene or hexane. When this carbon source vapourises and then
pyrolyses at high temperature different radical species are formed from which the SCNMs
form. In this work the isomers biphenyl and naphthalene, and pyrene and chrysene, was used
instead. The radicals that form in the pyrolysis of these isomers were known and hence their
effect on the formation of the SCNM was monitored. The catalysts used were ferrocene and
phenylferrocene.  The synthesis parameters varied were temperature and catalyst
concentration. The materials that were formed were analysed by 'H and “C NMR
spectroscopy, FTIR spectroscopy, TGA, Raman spectroscopy, SEA, SEM and TEM.



RAIN ATTENUATION MODEL FOR DIGITAL SATELLITE TELEVISION OVER
SUB-SAHARAN AFRICA

Obiseye Obiyemi P53
514001000@ukzn.ac.za
School of Engineering
Supervised by Professor Thomas Afullo

Rain is the prominent hydrometeor for describing variations in climatic pattern. Its impact on
communication systems over the years presents it as a serious threat to the propagation of
radio waves, especially at frequencies beyond 10GHz. Hence, knowledge of the losses
induced by rain remains an important parameter for reliable link budgeting and efficient
system planning. Although its effect on terrestrial and satellite communications have been
discussed on several national, regional and global fora, models developed for its prediction
offer varying suitability from the temperate to sub-tropical and tropical climates.

Obviously, digital satellite television has provided digitised audio-visual contents over the
transoceanic network coverage via satellites. However, it also experiences persistent outages
due to rain, thus jeopardizing enhanced television viewing experience.

In this work, we aim to develop a domestic rain attenuation model for tropical sites. The
susceptibility of the digital satellite television system is being investigated, which effect is
quantified through an experimental measurement campaign at a tropical site in Sub-Saharan
Africa-Akure (7.17°N, 5.18°E), Nigeria. The experimental setup was calibrated to
concurrently monitor precipitates and the strength of the digital satellite television signal. The
precipitate measurement setup comprises of the Davis Vantage Vue weather station, while
the down-converted Ku-band signal from EUTELSAT 36B satellite - geostationary at 36°
East was received with a digital satellite meter (SATLINK WS-6936) and a spectrum
analyser (Trilithic 8853Q) via a 90cm horizontally polarized offset parabolic antenna.

The required Rg; of 100 mm/h was obtained from the cumulative distribution of rainfall rate
over a 6-month observation period. Results reveal that the required Rg; was underestimated
by ITU-R and agrees with earlier estimates for the same location. Also apparent in the results
is the abrupt loss of the digital television content around 64 mm/h rain rate, thus confirming
the degrading impact of rain on the system.

The parametric relationship between the measured rain attenuation and the rain rate statistics
is being carefully deduced with similar duplicate measurements for South Africa ongoing at
the School of Electrical, Electronics and Computer Engineering, Howard College Campus,
University of KwaZulu-Natal, Durban.



CALIBRATION AND VALIDATION OF SELECTED YIELD MODELS FOR
SELECTED BIOFUEL FEEDSTOCK (SUGAR BEET AND SUGARCANE)

Ofentse Mokonoto P54
208510256(@ukzn.ac.za
School of Agricultural, Earth and Environmental Sciences
Supervised by Mr Richard Kunz

Globally the interest and use of biofuels has grown over the years and their importance in
helping to reduce greenhouse emissions has been widely recognised [1]. There are varieties
of feedstock that are used as sources for biofuel production, sugar crops are usually used for
bioethanol whilst oil from vegetable crops is used for biodiesel. In this research, the focus is
on feedstock such as sugarcane and sugar beet. The sugarcane industry is widely established
in South Africa whilst the sugar beet industry is not because it is still a fairly new crop and
hence there is little literature available on its water use and potential yields under South
African conditions.

Sugar beet crops have been planted at the University of KwaZulu-Natal research farm
(Ukulinga) in Pietermaritzburg in late May and will be harvested late October. Different field
equipment has been used to collect data on a weekly and biweekly basis such as leaf area
index, physical leaf area measurements, photosynthetically active radiation, soil moisture
status, length of roots, evapotranspiration and climate data. These data will be used as inputs
into the selected crop yield models to estimate the crops potential yield in relation to their
water use. The required sugarcane data will be provided by the South African Sugarcane
Research Institute (SASRI).

The newly developed FAO AquaCrop model, the SWB model and a sugarcane-ACRU hybrid
model are the selected models that will be used in this research. The performance of the
models will be tested using statistical methods such as root mean square error (RMSE),
coefficient of determination (R?) and the index of agreement (IoA). Results from this research
will benefit both society and science. Knowing the water use of these feedstock’s will help
increase the hydrological understanding of what would happen when portions of land are
allocated to grow these feedstock on a large scale. This is especially important in a semi-arid
country such as South Africa which already has water stressed catchments.

[1]. Department of Minerals and Energy (DME). 2007. Biofuels Industrial Strategy of the
Republic of South Africa. DME, Pretoria, South Africa.



IN-VITRO STUDY OF PHOTOSTABILIZING POTENTIAL OF PLANT EXTRACTS
ON SUNSCREEN ABSORBERS IN SKIN-LIGHTENING PRODUCTS

Moses Ollengo PS5
211559917@stu.ukzn.ac.za
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Supervised by Prof. Bice Martincigh

Skin-lightening preparations intended to lighten the skin and remove heavily pigmented areas
weaken the skin’s natural defence to ultraviolet (UV) radiation. The remedy has been the use
of sunscreen agents either applied separately or incorporated in the skin- lightening products.
Some of these agents are known to degrade in sunlight and hence offer minimal protection to
the unsuspecting users. Other agents form photoproducts that can attack viable cells or
sensitize neighbouring biomolecules and thereby induce free radical formation. Thus the
percentage composition of these agents needs to be kept at set maximum values which vary
from region to region depending on the local regulating authorities. In this work we sought
to quantify and study the stability of the sunscreening agents in randomly selected skin-
lightening preparations available in the South African market. A physical blocker, titanium
dioxide, was quantified by means of inductively coupled plasma-optical emission
spectrometry. Three chemical absorbers were quantified by means of reversed-phase high
performance liquid chromatography with photodiode array detection: benzophenone-3,
avobenzone and octyl methoxycinnamate. The photostability of the skin-lightening products
was investigated by monitoring the UV transmission characteristics of samples smeared on
quartz plates at hourly intervals. All the samples were exposed to natural sunlight on a clear
sunny day. The samples showed a loss in absorption capacity with increasing exposure
times. Those skin-lightening preparations that contained plant extracts or other botanicals,
however, showed a recovery of absorptive power after initial degradation. This study
therefore shows that the inclusion of botanical extracts is likely to improve the photostability
of skin-lightening preparations.



SCALE SELECTION IN GRAPH CUT OPTIMIZATION FOR SUPERVISED LUNG
SEGMENTATION

Oluwakorede Oluyide P57
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Supervised by Dr. Serestina Viriri

Segmentation of the lungs is a very important step in Computer-Aided Diagnosis (CAD) of
Lung diseases. This is because the accuracy of the segmentation determines the overall
accuracy of the CAD system; the omission of a diseased region drastically affects the
system’s ability to diagnose properly. Also, segmentation of the lungs brings down
computational costs by reducing the search area where the diseases are most likely to be
located. In this research, we will focus on segmentation of the lungs from Computed
Tomography (CT) scans.

One of the problems that exist with segmenting the lungs from a CT image is that the
intensity values of the structures surrounding the lung are close in range with the intensity
values of lung pathologies which makes it difficult to obtain accurate results. When viewing a
normal image of the lungs, the dark air-filled lungs are sharply contrasted with the brighter
surrounding structures; this provides a good criterion for performing segmentation. However,
where pathology exists, additional information is necessary to segment the lung out of the
image as the pathology can attach themselves to structures inside the lung parenchyma like
the bronchioles, or to the pleural wall of the lungs.

Graph Cut is an energy minimization tool that uses combinatorial optimization techniques to
give exact solutions to the segmentation problem. The advantage of using Graph Cuts is that
it incorporates boundary and region information of the object to be segmented, along with
other constraints which guide the energy to produce optimal solutions. The drawback lies in
initializing the algorithm; selecting the seeds which will guide the segmentation result.

Scale selection originates from the theory of Scale-Space. Scale-space theory provides a
framework for handling features which are discernable at different scales of observation.
Scale selection involves the process of choosing the scale that best represents the features
which describe the image. The advantage of using scale-selection is it provides a way to
describe the image where no prior information exists. The drawback is that the scales selected
might not be suitable for the problem at hand — unsupervised scales.

The method in which this research hopes to achieve accurate segmentation of the lung is by
first tackling the drawback of scale-selection, and then using the improved scale-selection to
tackle the drawback of Graph Cut optimization. Supervised scale-selection will be used to
choose the scale suitable for segmenting the lungs in a CT scan image. Information derived
from this selected scale will then be used to derive an appropriate method for initializing the
Graph Cut algorithm to perform the final segmentation of the lung.



MESOSPHERE-LOWER THERMOSPHERE PLANETARY AND TIDAL WAVES
STRUCTURE OVER SOUTHERN HEMISPHERE USING SUPER DARN HF
RADAR

Perfect P. Chifoto P58
perfectpeechifoto@gmail.com
School of Chemistry and Physics
Supervised by Prof. Sivakumar Venkataraman

Mesosphere-Lower Thermosphere planetary and tidal wave interaction using meteor radar
observations over (72°S, 3°W) are discussed. Hourly continuous zonal and meridional wind
measurements in the MLT region for the year 2007 are used for the present analysis
where by diurnal and semidiurnal tidal amplitudes are estimated from mean winds and are
subjected to wavelet analysis.

Wavelet analysis revealed tidal variability at planetary scale waves , with periods
ranging from 7 to 30 days. This makes it possible to investigate the day-to-day of
tidal waves with planetary waves, seasonal and variation of these waves at major
dynamical events.

References

[1]Andrews, D. G., Halton, J. R, and Leovy, C..

[2]Detrick, D. L., and Rosenberg, T. J.: cosmic [3]Greenwald, R. A., Baker, K. B., Dudeney,
J.



HADEDAS IN THE HOOD: HADEDA IBIS (BOSTRYCHIA HAGEDASH) ACTIVITY
IN SUBURBAN NEIGHBOURHOODS OF PIETERMARITZBURG, KZN

Preshnee Singh P59
preshnee.singh@gmail.com
School of Life Sciences
Supervised by Prof Colleen Downs

Urban environments are a combination of green and grey spaces and although many species
are unable to live in these artificial areas there are some that can use urban features to benefit
their survival. The Hadeda Ibis (Bostrychia hagedash) is one such species and this study
investigated the urban ecology of these birds. Five suburbs of Pietermaritzburg in KwaZulu-
Natal, South Africa were surveyed for Hadeda Ibis engaged in flying, foraging, perching and
calling behaviours. Each suburb differed in the proportion of green to grey space and we
hypothesised that Hadeda Ibis morning activity would differ accordingly. A difference in
Hadeda Ibis calling, foraging and flying activity between summer and winter was also
expected because of seasonal rainfall patterns. More Hadeda Ibis were observed calling in
summer than in winter probably because of changes in distribution during the breeding
season with more family groups of two or three individuals. There was no significant
difference in Hadeda Ibis seasonal foraging despite greater summer rainfall. Also there was
no significant difference in flying activity for both season and suburb although it was
expected that Hadeda Ibis would need to travel further during winter and from suburbs with
more grey space to access ideal foraging areas. Hadeda Ibis need moist soil to forage
effectively and in an urban environment short grassed, well watered lawns provide an ideal
foraging habitat regardless of season. Hadeda Ibis use urban structures like house roofs,
poles, pylons, and fences for perching but continue to roost in trees so while they are able to
use urban features, they still rely on a certain degree of green space for survival.



THE SYSTEMATICS OF THE BEE GENUS SCRAPTER (HYMENOPTERA:
COLLETIDAE)

Qiniso Mthethwa P60
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Supervised by Dr Sandi Willows-Munro

The 43 described species belonging to the southern African endemic bee genus Scrapter are
morphologically diverse, yet phylogenetically poorly understood. Members of the genus are
distributed in the winter rainfall Succulent Karoo Biome of the Western and Northern Cape
of South Africa, and the Eastern Cape Province. Investigating the evolution of this group is
essential in understanding the role of pollinators in the unique landscape of southern Africa.
Most taxonomic revisions of the group have rested on the analysis of morphological
characteristics. This study will aim to test these morphological hypotheses using a molecular
approach. By coupling the phylogenetic reconstruction with a molecular clock the estimated
time of divergence for the major speciation events within the genus, we also aim to contribute
towards the understanding of the evolution of this genus.



THE EFFECT OF NUTRIENTS ON THE BIOCORROSION OF MILD STEEL
COUPONS

Rishaad Ballim P61
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Microbially Influenced Corrosion, or biocorrosion is the facilitation or acceleration of the
corrosion process due the activities of microorganisms. MIC is a serious worldwide problem,
being one of the main causes of failures of metallic structures and objects. The most studied
bacteria involved in biocorrosion are the Sulphate Reducing Bacteria, but aerobic bacteria
such acid producers, manganese and iron oxidisers as well as acid and EPS producers may
also be involved. The factors affecting biocorrosion include type and metabolic status of the
bacteria, the metal involved as well as the composition of the bulk solution, such as nutrient
availability. However, the effect of nutrients on biocorrosion is still not well understood and
may as reveal novel methods to prevent its effects.

Nineteen bacterial isolates previously isolated from corroded mild steel were used in this
study to determine the effect of different carbon (glucose, fructose and citrate), nitrogen
(ammonium nitrate and sodium nitrate) and sulphate sources (magnesium sulphate) on the
biocorrosion rate of mild steel in freshwater and saltwater environments. Mild steel coupons
were suspended in flasks containing nutrient and water and incubated for a period of seven
days and ten days for the freshwater and saltwater experiment respectively. A series of
biochemical tests were performed on the various isolates and were used to determine if there
is a link between biochemical characteristics and amount of corrosion.

An increase in corrosion rate was observed in the presence of bacteria in both freshwater and
saltwater. However, generally an increase occurred in corrosion rate upon the addition of all
nutrients in the saltwater setup whereas in the freshwater setup a general decrease occurred
with the addition of all nutrients amongst all bar two isolates. No correlation was found
between biochemical characteristics of the isolates and amount of corrosion.

It was concluded that the presence of bacteria in solution as well as the composition of the
medium are factors affecting corrosion rate.



THE SOCIO-ECONOMIC IMPACTS OF ECOTOURISM IN RURAL AREAS:
USING THE NOMPONDO COMMUNITY AND THE HLUHLUWE IMFOLOZI
PARK (HIP) AS A CASE STUDY.

Sakhile Nsukwini P62
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Supervised by Professor Urmilla Bob

The relationship between protected areas and the adjacent communities is important in
enhancing the success of both parties. The aim of this study was to examine the socio-
economic impacts of ecotourism in rural areas adjacent to the Hluhluwe-Imfolozi Park with
specific reference to Nompondo community. Triangulation (a multi method approach) was
used to assess the attitudes and perceptions of the communities towards tourists, resources
within the park as well as the role of communities in the development and promotion of
tourism in the park. The study of the Nompondo Community adjacent to the Hluhluwe-
Imfolozi Park (HIP) shows that this community benefits in various ways.

Accessibility to natural resources such as thatching grass and water was cited as one of the
benefits. Participation in the operation and management of the park was yet another benefit
that was identified. In addition, the results show that a range of opportunities for positive
interactions with park's management/staff include job opportunities, good working relations
and joint problem solving. Ecotourism development as a benefit was revealed through two
specified areas namely interaction with the tourists as well as the desire to have tourists
visiting the community and the establishment of tourist facilities in the community. The
respondents also cited opportunities for ecotourism and related incomes, which involve the
sale of handicraft products, job opportunities and cultural activities. Furthermore,
education/training programmes particularly children wildlife camps; capacity building and
the training of tour community guides were also cited. In addition, natural resource
management including the establishment of the Vukuzame Craft Market and participation in
decision-making were also identified as specific benefits.

The socio-economic impacts in all identified specified areas except with participation in the
management of the park where local communities are not fully involved were positive. This
suggests that there is a need to involve local communities in the operation and management
of the park as well as other community-based ecotourism endeavors in order to uplift their
standards of living.



GOLD(11I) PSEUDOMACROCYCLIC BIS(PYRROLIDE-IMINE) SCHIFF BASE
COMPLEXES: POTENTIAL CHEMOTHERAPEUTIC AGENTS

Sandipa Bhikraj P63
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Supervised by Dr. M.P. Akerman and Prof. O.Q. Munro

Research trends have shown that gold complexes have proven to be promising new
chemotherapeutic agents. Gold complexes such as gold(Ill) tetraarylporphyrins exhibit
cytotoxicity greater than that of cisplatin which is the industry standard against various
human cancer cell lines [1]. Previous work within our research group has shown that
bis(pyrrolide-imine) gold(IIl) compounds are highly effective anti-tumour agents which exert
their cytotoxicity via topoisomerase I and topoisomerase II (TOP I and TOP2) inhibition [2].
The TOP1 and TOP2 enzymes play a critical role during DNA replication, thus inhibition of
their activity via DNA intercalation will lead to apoptosis which is an exciting prospect in the
field of anti-tumour agents.

The following pseudomacrocyclic chelates have been developed as potential anti-cancer
agents. These complexes have been designed to include key structural features required for
effective DNA intercalators.
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The apparent calf thymus DNA binding constants for compounds 4 and 5 have been
determined via a competitive binding study using ethidium bromide [3]. These binding
constants are 2.85 x 10° M and 6.61 x 10° M for complexes 4 and 5, respectively. This is
an encouraging result as it shows the drugs have a high affinity for calf thymus DNA.
Compounds 4 and 5 were screened at the National Cancer Institute against their panel of 60
human cancer cell lines and were found to be particularly effective against leukaemia, colon
and renal cancer cell lines. Both complexes proceeded through to five-dose screening and
their mean 1Csy values for all 60 cell lines were found to be 15.0 uM for 4 and 5.60 uM for 5.
These preliminary results are very encouraging as they show that this new library of
compounds has the potential to be more cytotoxic than cisplatin which has a mean ICsy of 27
uM [3].

[1] C. M. Che, R. W. Sun, W. Y. Tu, C. B. Ko, N. Zhu and H. Sun, Chem. Commun.,2003,
1718 .

[2] O. Q. Munro, K. J. Akerman and M. P. Akerman, Gold Complexes, 2011,
WO02011/158176 A2.

[3] Kate Akerman and O. Q. Munro, Unpublished Results, 2013, UKZN.



CHARACTERISATION OF BIOFILM-FORMING ABILITIES AND ADHESION
CHARACTERISTICS OF Flavobacterium aquatile AND F. johnsoniae HIMAR-1
MUTANTS

Sarisha Singh P64
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Supervised by Dr. Hafizah Y. Chenia

Flavobacterium spp. is a human and fish pathogen of significant importance due to their
ability to colonise the surface of the host, causing a biofilm which allows infection and
disease to set in. Adhesion characteristics facilitate biofilm formation of gliding flavobacteria
resulting in pathogenesis within hosts or their saprophytic existence outside the host. This
pathogenesis often results in severe economic losses in the fish farming industry.

Erythromycin-sensitive F. aquatile and F. johnsoniae were mated with E. coli containing
pHimarEm1, resulting in two Himar mutant libraries. The presence of pHimarEm1 within the
genome of 20 randomly selected mutants from each library was confirmed using PCR. The
biofilm-forming capacity of 80 F. aquatile and 113 F. johnsoniae Himar mutants was
assessed using microtitre plate assays. Thereafter, motility (PY2 agar), proteolysis (1% skim
milk agar), hydrophobicity (bacterial adherence to hydrocarbon) and autoaggregation of each
mutant were assessed and results were compared to the relative parent strains.

An increase in biofilm formation was displayed by 4.42% of F. johnsoniae mutants, whilst
biofilm reduction >70% was demonstrated by 54.87% of F. johnsoniae and 35% of F.
aquatile mutants. Majority of F. aquatile mutants and F. johnsoniae mutants were motile,
with non-spreading colonies, whilst, two F. aquatile mutants and a single F. johnsoniae
mutant were completely non-motile and non-proteolytic. Relative casein activity (RCA) >2
was demonstrated by 11.25% of F. aquatile and 32.74% of F. johnsoniae mutants,
respectively. RCA < 0.59 was displayed by 5% of F. aquatile mutants, whilst 8.84% of F.
johnsoniae mutants displayed RCA <0.29. Both parent strains and majority of the respective
mutant libraries displayed weak hydrophobicity indices with only a single F. johnsoniae
mutant displaying a moderate hydrophobicity index. Both parent strains were weak
autoaggregators however, ~40% of both mutant libraries displayed moderate autoaggregation
indices.

Varying phenotypes were observed for mutants belonging to both strain libraries with
majority demonstrating biofilm reduction. Alterations in proteolytic abilities, hydrophobicity
and autoaggregation indices were also observed. These mutants are potential candidates for
identifying genes involved in Flavobacterium biofilm formation.



AN EXPLORATION OF THE POTENTIAL ROLE OF SMALL-SCALE FARMING
IN FACILITATING DEVELOPMENT AND MITIGATING AGAINST CLIMATE
CHANGE: A CASE STUDY OF ETHEKWINI MUNICIPALITY POLICIES AND

PRACTICES
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Supervised by Dr Harald Witt

Small-scale farming as a developmental strategy has the potential to support job creation
opportunities. When small-scale farming is localised and practiced according to agro-
ecological principles with minimal use of fossil-fuel related chemicals and energy, it can
contribute significantly towards the reduction of greenhouse gas emissions while
simultaneously mitigating against climate change.

The primary objective of this study is to examine the link between the policies of the
eThekwini Municipality with regards to the promotion of small-scale agriculture as a
developmental strategy and its commitment towards carbon neutrality and mitigation of
climate change within its municipal boundaries. The area chosen to focus the study on is
Umbumbulu and the manner in which the Metro assists small-scale farmers is through an
established Agri-Hub.

This paper uses relevant documents and secondary material; identifies key respondents;
conducts interviews and focus group discussions. The nature of the study requires the
interpretation of respondent’s thoughts and opinions therefore research will be undertaken in
their natural setting. A purposive sample was chosen to select respondents with
approximately ten small-scale farmers of Umbumbulu and three municipal officials as well as
the developer of the Agri-Hub. Data gathered will be used to establish themes that include
social; economic and environmental issues. This will create a better understanding of how
small-scale farming is conceptualised as a developmental strategy.



QUANTUM KEY DISTRIBUTION IN THE TURBULENT ATMOSPHERE
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Quantum Key Distribution (QKD) serves as a secure method to transfer a secret
cryptographic key between two authenticated parties. QKD has utilised the laws of quantum
physics and developed them into a commercially available technology in recent years. There
are, however, many challenges that must be overcome in order to optimise this technology.
One of the main bottlenecks in quantum communication is the short transmission distances
that single photons are confined to, specifically in a fibre network. A free-space channel can
provide a longer transmission distance for the quantum signal.

There are many implementational challenges associated with free-space transmission of
single photons in the atmosphere. The apparatus must first be precisely aligned in order to
optimise the key generation rate and reduce stray noise in the signal. Turbulence in the
atmosphere causes beam wandering, a fluctuation in the beam spot radius and a wave front
distortion. These adverse effects must be overcome in order to preserve an acceptable key
generation rate.

Turbulence can be exploited by using a classical beam to probe the channel. By modelling the
effects of turbulence on the intensity of the classical beam, the transmission can be set for a
fraction of time with significantly lower losses. When the intensity of the classical beam is
below a certain threshold, the data is discarded. Overcoming the challenges of free-space
QKD will allow for key sharing over line of sight channels. Linking a local fibre network to a
free-space channel can enable secure communication between distant locations, potentially
creating a global QKD network.



A CRITICAL ANALYSIS OF A STIMULATORY PARTICIPATORY MODEL AS A
TOOL FOR THE DEVELOPMENT AND TESTING OF A MESO-SCALE
INTEGRATED NATURAL RESOURCE MANAGEMENT STRATEGY

Sian Waldron P67
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Supervised by Mr Timothy Foggin

The European Union (EU) funded project “Afromaison” (Africa at meso-scale: adaptive and
integrated tools and strategies for natural resources management) aims to address current
challenges facing South Africa’s environmental policies in a holistic manner though the
concept of integrated natural resource management (INRM). The approach of INRM is
receiving growing acceptance internationally although its implementation lacks traction due
to its incoherent integration vertically and horizontally. The Afromaison project aims to
address this issue though a meso-scale management approach, which is an international ideal
that encompasses various governance levels (horizontally and vertically) while being large
enough to include natural systems and dynamics in a single management plan. Within South
Africa (and more specifically KwaZulu-Natal), ‘meso-scale’ is defined as a size of a district
municipality, such as a case study example of uThukela District Municipality.

Participatory stimulatory models have been highlighted as possible tools for assisting in
development of INRM strategies, due their ability to effectively encompass the perceptions
and visions of stakeholders as well as to create a simulation of reality for the development
and testing of integrated management plans. The Afromaison project makes use of a Role-
Playing-Game (RPG) as such a tool to integrate the various facets of the project. RPGs have
been developed in the last 25 years as a participatory tool for INRM [[1]], by creating a
representative model of the region, inclusive of the dynamics and processes that occur in
reality. The aim of a RPG is to allow participants to self-analyse their situation and develop
management plans based on the outcome of their game [[2]].

For the South African case study of the Afromaison project, RPG was designed to assist in
the development and testing of the INRM strategy for the uThukela District Municipality.
The tool was used to interact with stakeholders from various levels and sectors as a means of
creating a combined strategy for the region. Once a coherent strategy was developed, the
model was utilized to test the strategy future effectiveness and coherency. A critical analysis
of this process allows the suitability of the tool to be demonstrated, indicating both its success
and limitations. An analysis was conducted to assess the suitability of the tool, as well as its
overall success in terms of meeting its objectives, its acceptance by stakeholders and its
effectiveness as a participatory simulation tool for meso-scale INRM within South Africa.

[1] Ferrand, N., Farolfi, S., Abrami, G., and du Toit, D. (2008). WAT-A-GAME; Sharing
Water and Policies in Your Own Basin, Association for Water and Rural Development
(AWARD), No. 98/03011

[2] D’Aquino, P., Le Page, C., Bousquet, F., and Bah, A. (30 June 2003). Using Self-
Designed Role Playing Games and a Multi-Agent System to Empower a Local Decision
Making Process for Land Use Management: The Self Cormas Experiment in Senegal,
Journal of Artificial Societies and Social Simulation, Vol. 6: No.



APPLICATION OF ISA S88 BATCH PROCESS CONTROL STANDARDS IN A
MICROBREWERY
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In microbreweries, consistency and quality repeatability across batches is a profound
problem. In this study, ISA S88 batch controlling standards were implemented so as to
monitor beer quality and repeatability. ISA S88 (International standard of automation) is a
standard addressing batch process controlling and it is a design philosophy for describing
equipment and procedures. An ordered set of process stages defined and governed by a
procedural control model with recipe procedures was adopted so as to brew and handle beer
in a standard repeatable manner. Brewing recipes and parameters were defined and
implemented according to this standard also in agreement with the Reinheitsgebot (beer
purity law). Chemically defined wort of specific gravity 1.048 + 0.002 was used for pale ale
bench-marking, and all physical conditions were kept constant. A brewing recipe was then
defined and optimized with respect to temperature, time and ingredient ratios (malt, hops,
adjuncts and water) and the beer produced was inspected using physicochemical properties
such as beer colour, pH, total dissolved salts, salinity, alcohol volume, foam stability and
retention and flavour formation. Samples for analytical work were collected during mashing,
lautering, and boiling.

The microbrewery had pneumatic instruments and temperature regulators installed in order to
become semi-automated according to the ISA S88 automation standards. The optimized
recipe was then carried out repetitively so as to generate a sample size for analysis of beer
quality and process repeatability and improvement. A standard profile of 18°C for 10 £+ 2
days primary fermentation, and 4 °C for 12 + 2 days beer racking was performed for each
brewed batch. Pitching rate was set at 10° cells per ml and each batch had a number of
experimental fermenting profiles carried out simultaneously with the standard profile, i.e.,
primary fermentation temperatures of 14°C, 16°C and 20°C. For all fermentations performed,
primary fermentation samples were collected daily until the end of the first fermentation and
stored at -30°C for the determination of physico-chemical properties and analysis by GC-
MS/HPLC.

Wort fermentation at 18°C required 8—10 days to produce an average final gravity of 1.016,
resulting in approximately 4.5% alcohol v/v. On the other hand wort fermentation at 14°C
required 19-21 days to produce an average final gravity of 1.020, resulting in approximately
4.3% alcohol v/v. Beer color was found to be 7.5 SMR color and all batches of beer were
bottle conditioned. Samples collected from the brewing phase, fermentation phases as well as
bottled beer were frozen for GC-MS and HPLC analysis of sugars, dissolved amino acids,
esters, aldehydes, sulphur and alcohols.

Based on the current results at hand, it may be concluded that batch controlling with the ISA
S88 standard gives consistent quality of beer, i.e., beer alcohol attenuation between batches
and fermentation time is constant and repeatable. Therefore, process repeatability becomes
possible, with an acceptable tolerance range with respect to each parameter measured.



IN VITRO ANTIOXIDANT ACTIVITIES OF LEAF AND ROOT EXTRACTS OF
ALBIZIA ANTUNESIANA HARMS
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Oxidative stress have been implicated in a number of metabolic disorders namely
atherosclerosis, ischaemia/reperfusion injury, chronic inflammatory diseases, renal failure
and diabetes mellitus. This have compelled the scientific community to search for
antioxidative compounds which can inhibit the oxidation of oxidizable molecules in a chain
reaction that could consequently be vital in the therapy and prevention of these disorders .
Unfortunately, although synthetic antioxidative agents, such as butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), propylgallate (PG) exhibit potent free radical
scavenging effects, they have been reported to have side effects therefore need for a safer
alternative from natural origin. Given the widespread use of plants and their influence in the
discovery of clinical active drugs and compounds this study was conducted to evaluate the in
vitro antioxidative activity of A/bizia antunesiana a medicinal plant commonly used to treat
and manage diabetes in Mrewa district in Zimbabwe. The anti-oxidative activities of the
ethanol and aqueous extracts of the leaf and root samples of Albizia antunesiana were
determined across a series of four in vitro models. The results showed that all the extracts
have strong radical scavenging abilities. The ethanol root extract was more potent in all the
experimental models and to possess a higher total phenol content of 216.6 + 6.7 mg/g. The
GC-MS analysis of the aqueous and ethanol extracts of the roots and leaves indicated that
several aromatic phenolic compounds, when coumarin and some common triterpenoids were
present in these extracts. Data from this study suggest that the leaves and roots of Albizia
antunesiana possessed anti-oxidative activities that varied across the solvents. Furthermore,
the results displayed by the ethanol root extract are interesting enough to be used in in vivo
models and, findings from this study also support the use of the root by traditional healers in
as a medicine.



CHARACTERIZATION OF RETINAL IMAGES FOR DETECTION AND
CLASSIFICATION OF DIABETIC RETINOPARTHY
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Diabetic retinopathy has been described as a leading cause of blindness and visual disability
worldwide. Regular retinal examinations for diabetic patients guarantee an early detection of
diabetic retinopathy reducing significantly the incidence of blindness cases. The great
prevalence of diabetes has led to mass screening which is time consuming. There is a need
for research to address the strategies for the detection and management of diabetic
retinopathy in Africa due to its resource-poor setting and health systems where the specific
skills and resources needed to manage diabetic retinopathy are scarce.

The interpretation of medical images can be supported by automatic image analysis tools
called Computer-Aided Diagnosis (CAD). CAD is aimed at improving the reliability of
physician judgment by reducing potential human errors as well as achieving timely and
accurate diagnosis of diseases, thus assisting physicians to efficiently manage a huge number
of patients within a reasonable time. CAD, being a support and not a replacement of medical
specialists, offers potential for the automated evaluation of retina fundus images to assess the
state of diabetic patients. Since medical image characterization techniques constitute the core
of CAD systems, the need for more efficient intelligent approach of retina image
characterization for the diagnosis of diabetic retinopathy cannot be over-emphasized.

In related development, genetic algorithms (GA) is a form of inductive learning strategy and
general adaptive optimization search methodology based on a direct analogy to Darwinian
natural selection that has been proved to be a promising alternative to conventional heuristic
methods.

This research hopes to investigate the extent to which genetic algorithm can serve as a very
strong predictor for the detection and classification of diabetic retinopathy through the
characterization of retina images using the optimal combination of features.

Finally, this research hopes to contribute by showing, through a study based on medical
ground truth, that a robust characterization of retina images for efficient detection and
classification of diabetic retinopathy is possible while preserving the same diagnostic power
of the current clinical protocol.



MAPPING OF ELETRIC FIELDS ALONG GEOMAGNETIC FIELD LINES
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Electrostatic fields in a plasma are directly related to the plasma drift velocity perpendicular
to the magnetic field. Faraday's law allows the mapping of electric fields along magnetic field
lines in a plasma. SuperDARN radar observations of electric fields in the ionosphere can
therefore, in principle, be used to deduce the convection velocity deep in the magnetosphere.
One technique is to exploit the fact that magnetic field lines are electric equipotentials. This
requires numerical differentiation to deduce the electric field, an inherently inaccurate
process. The project will exploit a method to directly integrate the E-field along the magnetic
field lines. This is an inherently more accurate method than those previously used which, it is
hoped, will be widely useful in the space weather community. Coordinate Transformation
have been done. Comparison of Electric field from the Polar satellite with the ground based
radar and satellite tracks will be shown.



KINETICS OF THE POLYMERIZATIONS OF LACTIDES AND
CAPROLACTONES BY BENZOAZOLE Cu(Il) AND Zn(II) INITIATORS
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Reactions of compounds 2-(3-pyridyl)-1H-benzimidazole (L1), 2-(2-pyridyl)-1-benzothiazole
(L2) and 2-(2-pyridyl)-1H-benzimidazole (L3) with zinc(II) and copper(Il) acetate produced
the corresponding complexes; [Zn(L1)(Ac),)] (C1), [Cu(L1)(Ac):] (C2), [Zn(L2)(Ac),)]
(C3), [Cu(L2)(Ac)y)] (C4), [Zn(L3)(Ac))] (C5)] and [Cu(L3)(Ac),)] (C6) in quantitative
yields. Solid state structure of complex C2 has been confirmed by single crystal X-ray
crystallography to be bimetallic in which L1 adopts a monodentate binding mode through the
pyridyl nitrogen atom (Fig. 1). All the complexes effectively polymerized both D,L-Lactide
and e-caprolactone to produce low molecular weight polyesters (Fig. 2). Both the ligand
structure and metal centre influenced the catalytic activity of the complexes. Generally
zinc(I) complexes were more active than the corresponding copper(Il) complexes, while the
complexes of the benzoimidazole ligands showed higher activities than the corresponding
benzothiazole complexes. All the polymerization reactions followed pseudo-first order
kinetics with respect to monomer.
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SPATIAL ASSESSMENT OF OPTIMUM GROWING AREAS FOR SELECTED
BIOFUEL FEEDSTOCKS IN SOUTH AFRICA
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Energy production using fossil-based fuels (coal, oil and natural gas) has environmental and
health effects that have the potential to increasingly endanger human welfare. Escalating oil
prices and the contribution of carbon dioxide from fossil fuel combustion to global climate
change have focused attention on potential substitutes for current energy sources. Renewable
energy can improve access to clean energy, limit the use of fossil fuels and thus reduce
pollution. Biofuel is liquid transport fuel produced from biomass and this study focuses on
first generation biofuel feedstock.

The aim of the study is to delimit areas suitable for the cultivation of soybean, grain sorghum
and sugarcane in South Africa. Currently, these feedstocks exhibit the most potential for
biofuel production in this country. In previous studies, only rainfall and temperature were
considered as the main mapping criteria. In this study, other mapping criteria such relative
humidity, soil depth, slope and current land cover were considered.

The land suitability assessment was thus based on crop growth requirements related to
climatic, edaphic, biotic, and topographic factors, which were gleaned from the literature.
These factors were then ranked and weighted according to expert input. A suitability score
ranging from zero (unsuitable for plant growth) to unity (most suitable) was derived and used
to map areas optimally and sub-optimally suited to feedstock production. The land suitability
evaluation was based on the methods described by the Food and Agricultural Organization
(FAO, 1976) and multi-criteria decision analysis.

The results showed that the KwaZulu-Natal, Mpumalanga, Limpopo and Free State Provinces
are most suitable for soybean cultivation, whilst the Eastern Cape and North-West provinces
are least suitable. Similarly, KwaZulu-Natal is most suitable for sugarcane cultivation,
whereas Mpumalanga, the Eastern Cape and Limpopo are least suitable. However, there were
some limitations in this approach, due to data quality and data availability.



THE RELATIONSHIP BETWEEN PIPE AGE AND PIPE ROUGHNESS FOR
LARGE DIAMETER CEMENT-MORTAR LINED PIPELINES CONVEYING
POTABLE WATER
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Frictional loss in pipelines accounts for around 40 % of energy losses in pipelines [1]. The
frictional loss of the pipeline changes with a age, due to a number of factors, namely change
in roughness of the internal pipe walls, the pipe material, the water quality and disinfectant
used, and the presence of biofilms.

Biofilms are the microbiological slime that occur on the pipe walls and occurs due to
physical, microbiological and chemical processes that occur [2]. Biofilms consist of
microorganisms held together by an extra cellular polymer substance. The presence of
biofilm leads to increased frictional loss which means greater pumping costs are involved to
overcome this energy loss due to friction. The development of biofilms is dependent on many
factors, such as environmental factors, water quality, pipe material and flow conditions.

Using the conservation of energy, the frictional loss is equal to the difference in pressure
between 2 points in the pipeline. In-situ testing using pressure probes and flow meters will be
carried out between given lengths of (cement-mortar lined steel) pipes with varying age to
measure the pressure heads at 2 points and the corresponding flows, and the difference in
pressure will then be found between the 2 points. The head loss is equal to the pressure
difference between 2 points in a pipeline. The Darcy Weissbach formula can then relate the
friction factor to the head loss between 2 points. The Colebrook-White equation will then be
used to find the equivalent roughness for the friction factor observed.

The change in the roughness parameters and pipe friction factor of varying ages will be
analyzed to quantify the change in roughness with time. This will allow for the determination
of the rate of change in the pipe friction factor. It is known that the pipe friction will increase
with pipe age, but this relationship has not been quantified as yet.

References
[1] Hernandez, E., Pardo, M., Cabrera, E. &Cobacho, R., 2010.Energy assessment of water
networks, a case study, Valencia: **ITA, Universidad Politécnica de Valencia.

[2] van Vuuren, S. J., & Dijk, M. v. (2012). Determination of the change in Hydraulic
Capacity in Pipelines. University of Pretoria, Department of Civil Engineering. Water
Research Commission.



THE APPLICABILITY OF C&D WASTE MATERIAL
IN SOUTH AFRICA ROAD CONSTRUCTION
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In South Africa, in contrast to developed countries, the recycling of rubble produced by the
civil engineering demolition work for road purposes is now picking up. Due to environmental
considerations this is changing but somewhat unique nature of the South African road
construction techniques requires a careful classification of these alternative materials and a
rigorous study.

In this study the possibility of reclaiming the Construction and Demolition (C&D) waste
produced in the Durban Metropolitan Area was investigated. A lack of policies for the reuse
of waste produced by the civil industry caused the storage of large quantities of C&D waste
in the metropolitan landfill sites. In order to decrease this volume the rubble can be reused as
construction material for road. Without alteration in collection process, the C&D waste
should be kept sorted according to its nature in landfill site to keep its characteristics as
homogeneous as possible. Moreover, specific tests performed in this thesis confirmed the
good properties of this material such as not plasticity and bearing capacity even for South
African standard.

The suitability of the C&D materials in civil works is further demonstrated by the analysis of
the rubble generated by the deconstruction of the Natal Command, an ex-military area, in
Durban. The demolition of the study area has followed a rigorous procedure of
deconstruction. This approach allowed keeping separated the principal components of the
waste (Concrete and Masonry). Laboratory tests accurately assessed the geotechnical
properties of concrete, masonry and of a blend of them which was previously identified as
suitable aggregates for unbound road base or sub-base layers. These materials are considered
as Ala in AASHTO classification and as G4 in COLTO classification. In addition to the
standard test of characterisation, the risk of polluting the environment was assessed.

An instrumented embankment was built in accordance with South African road compaction
standards using blend material. This enabled to verify the behaviour of C&D material in real
working condition. The instrumentation recorded the stresses, strains and moisture at three
depths of the embankment during the passage of trucks at different predetermined speeds.
The results of the monitoring were analysed and correlated to the results coming from the full
performance material characterization carried out in laboratory.

This study will thus enhance knowledge of the behaviour of C&D material and also provide a
useful tool to the designer in the planning stages as well as information for contractors
involved in C&D road construction application.



INVESTIGATING THE PRESENCE OF ENTERIC PATHOGENIC VIRUSES IN
THE UMHLANGANE RIVER, DURBAN, SOUTH AFRICA
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Pathogens present in human and animal faeces are not only confined to bacterial origin,
instead a variety of protozoa and viruses co-exist. Although faecal pollution is monitored by
bacterial indicators, it has been shown that bacterial contaminations are not necessarily
associated with diarrheal incidences. The Centre for Disease Control estimates that more than
50% of all gastrointestinal infections might be caused by viruses. Viruses have a low
infectious dose and are more persistent and stable than bacterial indicators in water
environments. Since rivers are primarily used for recreational and domestic purposes in South
Africa, it is imperative to scrutinize the presence and diversity of viruses circulating in the
surrounding communities. Twenty five litres of water was collected every 2 months, at five
different points along the Umhlangane River. Bacterial indicators were enumerated using the
membrane filtration technique. Viruses were concentrated using tangential flow filtration
method. Coliphages were enumerated using plaque assays while epifluorescence microscopy
coupled with SYBR Gold staining was used to determine the virus-like particle (VLP) counts.
Viral morphology and diversity was evaluated using transmission electron microscopy.

High counts of E. coli, total and faecal coliform and Shigella were recorded at the industrial
sites in Phoenix and Riverhorse Valley. Direct VLP counts were 50% greater than the
plaques produced by the somatic and F-RNA coliphages. Apart from visualisation of
bacteriophages belonging to the Siphoviridae and Myoviridae families, presumptive
enterovirus, adenovirus and various enveloped VLPs were also revealed.

Bacterial counts did fluctuate amongst the sampling points which could be due to change in
anthropogenic activities during the period of analysis. The high total and faecal coliforms, E.
coli and Shigella counts are indicative of faecal pollution in the Umhlangane River thus
implying that a large amount of organic pollution is entering the river with possible strains of
pathogenic and non-pathogenic E. coli, which could be attributed to pasture and agricultural
runoffs. The occurrence of faecal streptococci, Salmonella and Vibrio species in the
Umhlangane showed spatial variations indicating that its survival was dependent on the
presence of human or animal faecal matter such as runoff wastes from informal settlements,
farm and urban areas or wastewater discharges. Total heterotrophic bacterial populations
indicate the general quality of water thus higher values are indicative of poor water quality.
Higher viral counts observed during direct enumeration might be due to the plaque count
anomaly. Phages in the samples may not be viable to culture or are exceptionally diverse. The
diversity of phages further indicates diversity in their bacterial counterparts. Bacteriophage
diversity was further reiterated by the various families revealed under the electron
microscope. The presence of enteroviruses, adenoviruses and enveloped viruses are indicative
of human faecal pollution with a large diversity in the viral populations.



WIND DRIVEN WAVE GENERATION AND DISTRIBUTION IN SHALLOW
LAKES AND THE EFFECT ON PRIMARY PRODUCTION PROCESSES
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Lake St. Lucia, located on the east coast of KwaZulu-Natal, South Africa, is a critical
ecological component of the iSimangaliso Wetland Park, a UNESCO world heritage site. It is
the largest estuarine system in Africa and an important nursery for prawns, crabs and fishes.
Like many other shallow lakes, Lake St. Lucia is particularly susceptible to wind disturbance.
Strong prevailing winds in the region exert stress on the lake surface driving wave formation
and basin scale circulation patterns. These waves and currents have the ability to re-suspend
and carry sediment throughout the lake generating turbidity and limiting the light available
for the lake ecosystem. This research investigates wind-driven wave generation, circulation
and sediment re-suspension in Lake St. Lucia.

During two field expeditions, a series of pressure sensors and two YSI probes were deployed
in the Southern basin of Lake St. Lucia to measure hydrodynamic pressure and turbidity
respectively. Additionally, a model of the lake created in MIKE 21, a 2D hydrodynamic
solver, was used to simulate water levels and wave patterns in the lake. This model was
calibrated with historical data and validated using data from the field studies. The model
allowed us to compare the impact of factors including wind direction and magnitude, water
depth, and sediment composition (and the variation of these factors on horizontal and vertical
scales) on the sediment dynamics and hydrodynamics of Lake St. Lucia.

Residence times between the basins and wind-driven circulation patterns in the lake were
obtained from the hydrodynamic model. Waves were depth limited in the shallow edges of
the lake while they were fetch limited in the deep centre. These waves drive sediment re-
suspension in the lake. We hypothesize that turbidity varies within the lake both spatially and
temporally, depending on benthic sediment composition, wave climate and water depth. The
hydrodynamic model will be linked with an ecosystem model. For example, the effects of
turbidity on primary production, the basis of the lake’s ecosystem, will be investigated.

Altogether this research provides an analysis of the hydrodynamics of Lake St. Lucia. The
completed MIKE21 model provides St. Lucia management and academic researchers with a
dynamic tool for forecasting possible system changes, investigating conservation issues and
providing insight into the processes that govern the health of Lake St. Lucia’s environment.



MONITORING BRACKEN (PTERIDIUM AQUILINUM) FERN USING HIGH
RESOLUTION IMAGE ANALYSES
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The KwaZulu-Natal Sandstone Sourveld (KZNSS) is one of the most important ecosystems
that provide both social and ecological services to the eThekwini Metropolitan Municipality.
The vegetation covers 10% of the municipal area with 68% declared as transformed [1]. This
endangered vegetation has been transformed to cultivated land, commercial plantations,
alternative vegetation types and urban development and only 0.2 % is statutorily protected
[1]. Consequently, long-term sustainability of the vegetation is in doubt.

In the recent past, the bracken fern (Pteridium aquilinum), an aggressive invasive species, has
been identified as the biggest threat to the remnant patches of the KZNSS [2-4]. Within the
KZNSS landscapes, the bracken fern has also been known to oppress resident species paving
way for emergence of woody plants and forest pioneers [4]. The emerging threats to the
KZNSS and its value within the EMA make it necessary to inventory the distribution and the
encroachment of the bracken fern to facilitate informed intervention measures and remote
sensing is a viable tool for task.

An integrated approach using the random forest, maximum likelihood and vegetation indices
was developed and applied to test the capability of WorldView-2 multispectral eight band
image in characterising the bracken fern (Pteridium aquilinum). An understanding of the
distribution of the bracken fern is critical for providing an appropriate management strategy.
For comparison purposes, a SPOT-5 multispectral (MS) image data was also used in the
study. The WorldView-2 (WV-2) image was spectrally resized to four traditional bands (blue,
450-510nm; green, 510-580 nm; red, 630-690 nm and NIR1, 770-895 nm) and four additional
bands (coastal blue, 400-450 nm; yellow, 585-625 nm; red-edge, 705-745 nm and NIR2, 860-
1040 nm) to evaluate the practicality of the spectral resolution in mapping the bracken fern.
The second part of the study sought to improve the classification accuracy by applying a
robust machine learning algorithm, the random forest. Additionally, the backward variable
elimination technique was used to identify the optimal wavelengths in WV-2 for the
identification of the bracken fern since the random forest does not automatically choose the
optimal bands.

1. Mucina, L. and M.C. Rutherford, The Vegetation Map of South Africa, Lesotho and
Swaziland. 2006, Pretoria: SANBI.
2. Roos, K., et al., Growth of tropical bracken (Pteridium arachnoideum): response to

weather variations and burning. Invasive Plant Science and Management, 2010. 3: p. 402-
411.

3. Schneider, L. and D. Fernando, An untidy cover: invasion of bracken fern in the
shifting cultivation systems of southern Yucatdan, Mexico. Biotropica, 2010. 42: p. 41-48.
4. Msibi, M., Local Action for  Biodiversity:  Bush encroachment,

EThekwiniMunicipality, Editor. 2011.



THE ANTIMICROBIAL AND ANTI-BIOFILM PROPERTIES OF
COMMERCIALLY AVAILABLE BUCHU, OLIVE LEAF, PEPPERBARK AND
SUTHERLANDIA EXTRACTS
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Members of the family Flavobacteriaceae demonstrate intrinsic multi-drug resistance and
have a high affinity to form biofilms. This results in antimicrobial resistance and increased
persistence making eradication of these organisms difficult. Plants produce phytochemicals
which are bioactive, non-nutrient compounds that inhibit microbial growth as defence/stress
mechanisms as well as displaying anti-adhesion effects. The present study investigated the
bactericidal effect of commercially available Buchu (4gathosma betulina), Olive leaf (Olea
europaea), Pepperbark (Warburgia salutaris) and Sutherlandia (Sutherlandia frutescens)
extracts on members of the family Flavobacteriaceae using agar well diffusion assays. Each
extract (120 pl, 150 pl, and 200 pl) was tested against 36 Chryseobacterium spp isolates, 10
Chryseobacterium type strains, 29 Flavobacterium johnsoniae-like isolates, nine
Flavobacterium spp. type strains, seven Myroides spp. isolates and seven Flavobacteriaceae
type strains. The ability of these extracts to inhibit initial adherence of selected isolates was
determined using microtitre plate assays. Majority of the isolates displayed resistance to all
the phytochemicals. Flavobacteriaceae type strains and Myroides spp. isolates were most
susceptible to 200 ul of Olive leaf extract with 57.14% of isolates displaying resistance whilst
for Pepperbark 85.29% and 71.43% of isolates were resistant, respectively. Increased
susceptibility of isolates to Pepperbark and Olive leaf extracts was observed with exposure to
increased extract volumes. With the exception of F. johnsoniae-like isolates, all volumes of
the Sutherlandia extract displayed no antimicrobial activity against isolates belonging to the
family Flavobacteriaceae. All extracts reduced adherence of selected isolates. The anti-
adhesion activity of Pepperbark extract decreased with increased volume. Olive leaf extract
displayed high anti-adhesion activity although a reduction in efficacy was observed with
higher volumes. Buchu and Sutherlandia extracts displayed the best reducing activity.
Sutherlandia extract was the most effective as an anti-adhesion compound. Sutherlandia
extract displayed high reducing activity at all volumes whilst Buchu extract displayed high
reducing activity in a dose-dependent manner. Sutherlandia extract (50 pl) reduced biofilms
by = 90% for 90.91% of isolates. Although they have limited antimicrobial activity, these
extracts display potential as sustainable, alternative anti-pathogenic agents, especially in
biofilm prevention.



A MULTIPLE INSTRUMENT INVESTIGATION OF THE NATUE OF
GEOMAGNETIC PULSATIONS
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Pc5 pulsations are global magnetohydrodynamic (MHD) events in the magnetosphere. We
employed an Automated Pulsation Finder program to identify suitable Pc5 pulsations events
for study in SuperDARN radar data. Events, for which a resonance of similar frequency band
was in more than one HF radar were selected. The event presented here is one in which a
similar resonance was observed in the Goose Bay, Saskatoon and Pykkvibaer HF radars
located in the northern polar region. Those events which also have a good data from
magnetometer chains within the field of view of HF radars are chosen for analysis. These
two instruments complement each other. One is strong in sensitivity and temporal resolution,
the other in spatial resolution. We combined these two instruments to investigate the exact
nature of the pulsations to determine whether their polarization is toroidal or poloidal. We
present complex demodulation to determine amplitude and phase relationship between field
components observed by the radar and magnetometer chains. We determine the time
development and decay of the resonance after excitation and match magnetometer response
to ionospheric currents observed by radar. Further, by determining their polarization and
investigating amplitude and phase information, other characteristics like wave number can be
determined. We present results in a graphical form and discuss them in the context of MHD
theory of magnetic pulsations.



THE OXIDATIVE ACTIVATION OF n-OCTANE OVER Co/TiO; CATALYSTS
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This research effort explored routes to valorise alkanes via heterogeneous catalysis.
Dehydrogenation and oxidative dehydrogenation were the two routes that were probed in this
research effort to activate n-octane by means of titania supported cobalt catalysts. No
literature existed on the oxidative activation of higher linear alkanes over titania supported
cobalt catalysts, despite the catalyst not being novel [1,2], that prompted probing this system
in this application. Five titania supported cobalt catalysts with cobalt loadings between 5-25
wt% were synthesised via the wet impregnation technique [3]. These catalysts were
characterised to assess their structural morphology as well as their chemical and physical
properties.  Several techniques were used in the characterisation studies, including
microscopic, spectroscopic, diffraction and surface techniques including XRD, XPS, BET,
SEM-EDX, TEM, ICP, TGA, Raman and TPR analysis. The results from these studies
provided insight into the structure-reactivity correlation. The catalysts were found to
compromise of spherical shaped, high surface area mesoporous material that was thermally
stable at high temperatures with minimal decomposition and mass loss. The support was
confirmed to be the anatase phase of titania. The surface was found to be enriched in Co;04
species that were well dispersed on the surface, but with some aggregation when higher
cobalt loadings were used. The catalysts were more reducible at lower temperatures for
higher cobalt loadings, with the onset of reduction occurring at 350 °C. Catalytic testing was
carried out in a fixed bed reactor with air as the oxidant and nitrogen as the diluent, spanning
the temperature range 350-550 °C. GHSV’s of 4000 and 6000 h™' were used, while the n-
octane to oxygen ratios were varied between 1 and 2. The catalyst bed volume was held at 1
cm’, with pellet sizes of between 500-1000 pm being used. The role of the support, as well
as the effect of cobalt content and varying n-octane to oxygen ratios were investigated, to
establish the impact on n-octane conversion and the product profile. The product distribution
was qualitatively and quantitatively monitored by GC and GC-MS analysis. The dominant
products were found to be the octenes, aromatics and carbon oxides, obtained in varying
amounts with a variation in temperature. Comparative studies based on the different metal
loadings and varied n-octane to oxygen ratios indicated that higher cobalt content enhanced
the selectivities to octenes while oxidatively richer environments enhanced conversions as
well as aromatics formation. The ideal reaction conditions were oxidatively richer
environments (8C:40) and higher cobalt contents in the catalysts, in order to obtain high
yields of octenes and aromatics, which were the value added products in this study. COx
formation was found to decrease significantly with an increase in temperature. This research
effort showed that higher linear alkanes can and do dehydrogenate, maintaining the chain
length without cracking, to undergo dehydrocyclisation to form aromatics. This titania
supported cobalt catalyst system, together with the reaction parameters employed,
successfully activates n-octane oxidatively to yield valorised octenes and C8 aromatics
products.
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QUANTUM NEURAL NETWORKS - OUR BRAIN AS A QUANTUM COMPUTER
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Neuroscience and quantum physics have a central feature in common. Both disciplines study
objects that largely remain a mystery to scientists. While a century after the discovery of
quantum theory, physicists still struggle to interpret their quantum objects' counterintuitive
behaviour, biologists are not even close to understanding the mechanisms underlying the
remarkable performance of our brain.

The research field of Quantum Neural Networks (QNNs) combines both ‘mysteries' by
investigating how established models of neural networks can be formulated in the language
of quantum theory. Far away from the rather esoteric discourses of a "quantum brain', QNN
models first and foremost aim at developing efficient algorithms to run on future realisations
of quantum computers. QNNs thereby promise to provide a substantial speed-up or increased
memory capacity relative to classical neural networks.

However, beyond questions of powerful computing technology, a success in the yet relatively
small field of QNN research could give a first hint that our brain makes use of quantum
mechanics to master its incredible tasks. In that sense, QNN research can be seen as a
subdiscipline of the "dawn' of quantum biology which evaluates the question of how nature
employs quantum effects in macroscopic (i.e. hot and dense) environments to optimise its
processes.

This presentation intends to give an introduction into Quantum Neural Networks research and
to access the question of the potential of our brain to use quantum computing algorithms.



THE EFFECT OF PILOT SYMBOL DERIVED IMPERFECT CHANNEL STATE INFORMATION ON
THE QUALITY OF SERVICE OF AN ADAPTIVE QUADRATURE AMPLITUDE MODULATION
TRANSMISSION SYSTEM
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Adaptive quadrature amplitude modulation (AQAM) is a widely applied design approach that
enables a greater degree of spectral efficiency to be achieved in comparison to that attainable
when utilising fixed mode quadrature amplitude modulation transmission schemes. This is
achieved through the selection of one of a set of constituent M-ary QAM transmission modes.
The selection of higher order and more data intensive constituent modes is constrained by the
requirement to meet predetermined Quality of Service (QoS) levels, as determined by the
target bit error rate (BER). This effectively limits the deployment of each mode to a
minimum average signal-to-noise ratio (SNR) value at which the QoS requirements, as
specified by the BER target levels, are not exceeded. In practice, system measurements of
any channel state information (CSI) parameter can be expected to be imperfect. This degree
of error possible in measurement suggests that in certain operating scenarios, overestimation
of the perceived SNR parameter may deviate from the true SNR value to the extent that the
premature implementation of the chosen QAM format results in the target BER level being
exceeded. Similarly, an underestimation of the same parameter may lead to degradation in
spectral efficiency as the constituent mode is implemented at an SNR value above the
specified value._The reliability of a large body of previous theoretical research investigating
AQAM systems in Nakagami-m fading channels has been limited by the lack of simulated
models with which proposed BER expressions might be evaluated. The application of
accurate simulation techniques has allowed for the inaccuracy of widely applied AQAM
theoretical expressions to be demonstrated, and subsequent research has resulted in a newly
proposed method of theoretical analysis that successfully addresses these errors. However,
the novel theoretical model does not take into consideration the full effect of imperfect CSI
estimation on the operation of the AQAM system, and current literature concerning channel
estimation contains few applicable results derived specifically for single-input single-output
(SISO) AQAM systems operating in Nakagami-m fading channels. Furthermore, a large body
of current research into the effect of imperfect CSI on multiple-input multiple-output
(MIMO) systems operating in Nakagami-m fading channels is based on a system model
which has been shown to yield inaccurate results. It can be thus seen that there exists a
requirement for analysis that takes into consideration the effect of imperfect CSI on the recent
work, in order to yield theoretical expressions with a greater degree of applicability to real-
world design scenarios. This presentation will demonstrate the effect of imperfect channel
state information (CSI) on the BER levels of physical layer (PHY) adaptive quadrature
amplitude modulation (AQAM) transmission systems, as the BER levels are a metric closely
linked to perceived QoS. Consideration is then given to the derived error-aware AQAM
model, and an aspect of essential analysis lacking from literature to date is suggested.
Analysis of simulated results will prove the validity of the theoretical recommendations, and
suggest a design methodology based on existing models suitable for further optimizing the
system spectral efficiency.



CLONING AND PURIFICATION OF CATECHOL - 1, 2 - DIOXYGENASE FROM
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Catechol 1,2-dioxygenase is one of the rate determining steps of phenol biodegradation.
Characteristics such as high stereo-, regio-selectivity and broad substrate specificity of these
dioxygenases have made them potential candidate for biotechnological applications.
Compounds that are difficult to synthesise (e.g cis-cis-muconic acids, an essential precursor
in bioplastic synthesis) by conventional chemical synthesis can be obtained using these
enzyme as biocatalyst. This is achieved by selective incorporation of oxygen in numerous
organic substrates by these enzymes. This study intends to clone catechol 1,2-dioxygenase of
phenol-degrading Acinetobacter sp. Y64 for possible industrial applications.

Acinetobacter sp. Y64 was grown in minimal medium supplemented with 1000 mg/L of
phenol as a sole carbon source at 30°C, 160 rpm and pH 7.0. The enzyme activity and cell
growth were monitored. The mRNA was purified at the sampling time when the maximal
1,2-dioxygenase activity was reached as per the manufacturers instruction. The mRNA was
further converted to cDNA. The gene of interest was amplified using PCR, cloned into
pET22b vector and expressed in Escherichia coli BL21DE3 after transformation. The
enzyme from both the Acinetobacter sp. Y64 strain and transformants was characterized and
compared.

The study of phenol biodegradation and cell growth showed that Acinetobacter sp. Y64 was
capable of degrading 1000 mg/L. of phenol within 16+2 hours. The optimum activity of
catechol 1,2-dioxygenase was shown to be at 9 hours after inoculation under the experimental
conditions. The presence of Fe’” was found to have an inhibitory effect. SDS-PAGE analysis
reveals the enzyme molecular weight to be 40 kDa. The biochemical properties of purified
and cloned enzymes show no significant differences.

The catechol 1,2-dioxygenase of Acinetobacter sp. Y64 strain has been cloned. Further
characterization of the enzyme and its industrial applications will be explored.



NONEQUILIBRIUM QUANTUM DYNAMICS IN CONDENSED MATTER
MODELS

Sashwin Sewran P85S
208509668 @stu.ukzn.ac.za
School of Chemistry and Physics
Supervised by Dr. Alessandro Sergi

Recently, the effect on quantum features of coupled harmonic oscillators at nonequilibrium
has been studied theoretically using a master equation approach. I studied similar effects by
means of a computer simulation of quantum dynamics in the Wigner representation. The
influence of a thermal bath on the nonequilibrium dynamics of the model was represented in
terms of non-Hamiltonian thermostats in phase space. The numerical simulation of the non-
equilibrium statistical mechanics of both harmonic and non-harmonic models will allows us
to investigate conditions beyond those of the theoretical approach. This will be important to
verify the possibility of existence of time-dependent thermal effects, in more realistic
situations.




