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1. ABOUT MHSC
The MHSC is a national public entity established in terms of the Mine Health and Safety Act, No.
29 of 1996, as amended. The entity comprises a tripartite board represented by State, Employer,
and Organised Labour members under chairmanship of the Chief Inspector of Mines. The MHSC
is mandated to advise the Minister of Mineral Resources and Energy on Occupational Health and
Safety (OHS) issues in the mining industry relating to the development and implementation of the
MHSC annual OHS research programme, reviewing and development of mining OHS legislation
and dissemination (knowledge and technology transfer) of MHSC research outcomes to improve
OHS conditions in the South African mining industry (SAMI). In order to accelerate the attainment
of Zero Harm in the sector, through the implementation of risk-specific activities, the 2014 OHS
Summit Milestones were collectively developed by the tripartite stakeholders and agreed upon by
the SAMI principals in November 2014.
1.1.

CENTRE OF EXCELLENCE

The Centre of Excellence (CoE) was initially conceptualized in 2008 at the Tripartite Occupational
Health and Safety Leadership Summit, this was one of tripartite stakeholder’s initiatives identified
under the theme of “Promoting a Learning Industry and Building Capacity”. The CoE was launched
in 2014 during the Summit with clear direction from Stakeholder Principals and milestones that
were to be achieved so that the CoE was operational.
The role of the CoE was envisaged as to conduct OHS research, providing inputs into training and
education in the South African mines to create opportunities for development of mineworkers and
facilitate the implementation and dissemination of research outcomes. Its establishment occurs
in the year when we are celebrating the MHSC 20th anniversary of continuing with the journey
to “ZERO HARM” of ensuring that “Every Mine Worker Return from Work Unharmed Every Day”.
The key objectives of establishing the Centre of Excellence were:
1. To conduct research and facilitate implementation of research outcomes.
2. Manage and conduct laboratory testing e.g. rope testing, various statutory tests required for
compliance.
3. Provide facilitation of monitoring oversight role in occupational hygiene measurements,
availability of analytical laboratories required for monitoring of occupational exposures.
4. Provide health and safety related education and training at all identified levels of development,
mainly inputs into training and development of mine workers.
5. Maintain an electronic library system of mine health and safety information. This relates to
management of information or knowledge management on occupational health and safety
within mandated Council activities.
6. Facilitate research capacity building nationally, by identifying and partnering with existing
research centres, such as the CSIR, NIOH, UP and Wits. This included the provision of seed
funding, for the purposes of upgrading the above Entities’ facilities, so that they could be in a
research ready state for the conduction of the MHSC research, through the CoE.
The Centre of Excellence aligned with National Development Plan (NDP). The most relevant
chapter of the National Development Plan (NDP) to MHSC CoE is Chapter 9, which is: improving
Education, Training and Innovation. The key items of the Chapter include: addressing levels of
education, skills, research and innovation capacity. The CoE was fully capacitated and operational
in 2018.
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2. OVERVIEW
The MHSC has conducted over 400 research projects, categorised into nine (9) Research Thrust
Areas, namely; Human Factors and Behavioural Safety, Falls of Ground (FOG), Rock Bursts
(Seismicity), Transport and Machinery, Airborne Pollutants, Physical Hazards, Occupational
Diseases and Special Projects. This classification is meant to assist in addressing specific OHS
challenges in the SAMI, and the description of these Thrust Areas is highlighted within the booklet.
This booklet includes summaries of research work that has been completed by the MHSC within
the past few years to address some of the challenges faced by the mining industry. The research
summaries included herewith, do not however cover all 9 Thrust Areas. A lot of research work
has been completed over the years, and Compendiums of these research projects in their related
Thrust Areas are available on the MHSC website (www.mhsc.org.za) as well as the full research
reports.
The MHSC continues to conduct research in order to develop Knowledge and Technology that will
assist the South African Mining Industry to eliminate incidents and accidents, with the ultimate
goal of ensuring that every mine worker returns from work unharmed every day.
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3. DESCRIPTIONS OF RESEARCH THRUST
AREAS
Thrust Area 1: Human Factors and Behavioural Safety
Human factors, behaviour and culture play a role in the occurrence of incidents and accidents
in the workplace. This Thrust Area focuses on the elements of the OHS culture in the mining
industry, and establishment of the relationships between risk taking behaviour and lifestyles in the
workplace and outside the industry.
Thrust Area 2: Rock Falls
Rock Falls or Falls of Ground (FOG) are the major contributor to mine fatalities and injuries in the
SAMI. MHSC conducts research under this Thrust Area to develop knowledge and technology with
emphasis on eliminating, controlling or minimizing the risk of rock fall around working faces and in
tunnels. This research area aims to ensure optimization of stable excavations and the development
and implementation of more effective support systems.
Thrust Area 3: Rock Bursts
With increased depth of mining, the increase in seismicity and associated rock bursts have proved
to require a more comprehensive understanding of rock mass behaviour and ways to monitor
dynamic rock failure. The MHSC conducts research in this Thrust Area to assist the SAMI to better
understand rock bursts and fall of grounds resulting from seismic events and improve on seismic
risk management.
Thrust Area 4: Explosions and Fires
The consequences associated with flammable gas explosions, coal dust explosions and fires are
significant and devastating to the mining industry. Research projects with the intent to minimize,
control and ultimately eliminate the risk of explosions and fires in mines are conducted under this
Thrust Area, including emergency preparedness and response as well as controls and monitoring
of high risk areas (hazardous locations).
Thrust Area 5: Machinery and Transport
Incidents and accidents due to machinery and transport systems are the cause of a large number
of injuries and fatalities in the SAMI. Research projects in this Thrust Area focus on the controlling,
minimizing and ultimately eliminating risks associated with the use of machinery and transport
systems. Machinery includes conveyor belts, scrapper winches, fixed machines, rotating machinery,
lifting equipment, tools, etc. Transport systems include trackless mobile machinery, rail bound
equipment, winding system and chairlifts.
Thrust Area 6: Airborne Pollutants
Exposure to airborne pollutants poses a risk of occupational lung diseases to persons. These
airborne pollutants include dust, gases, fumes and vapours. This Thrust Area focuses on the
controlling, minimizing and ultimately eliminating the risks caused by airborne hazards as well as
conducting research aimed at the identification of implementable controls that will lead to the
prevention of occupational lung diseases associated with exposure to these hazards.
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Thrust Area 7: Physical Hazards
Physical hazards include noise, vibration, temperature, ergonomics, illumination and radiation.
Exposure to these physical hazards pose a significant risk of injury or diseases to exposed mine
workers. This Thrust Area focuses on research projects aimed identification of implementable
controls that will lead to the prevention of over exposure of mine workers to these hazards.
Thrust Area 8: Occupational Diseases
Health challenges and related occupational diseases caused by exposure to workplace health
hazards are a serious concern in the industry. This Thrust Area focuses on research projects aimed
at identification of implementable controls that will lead to the prevention of over exposure of
mine workers to related health hazards. These health hazards include:
Chemical Hazards: Asbestos dust, Welding fumes, mists and gases
Physical Hazards: Illumination, Noise, Vibration, Temperature and Radiation
Biological Hazards: Viruses, Bacteria and Fungi
Ergonomics: Heavy lifting, improper handling, un-natural posture and repetitive motion
THRUST ARE 9: Special Projects
A number of additional topics have been identified that require investigation or surveys to qualify
the prevalence of risks in the mining industry and to determine whether or not these OHS related
risks could be meaningfully addressed through further research. This Thrust Area covers elements
of the Culture Transformation Framework, Women in Mining and OHS topics not classified in the
other 8 Thrust Areas.
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4. SUMMARIES
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		PROJECTS
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4.1: FALLS OF
			GROUND (FOG)
			THRUST AREA 2
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Project Title: 		
Designing a feasible methodology for selecting 		
				
permanent areal support for varying environments in
				underground mines
Project number: 		

SIM 150202

Author/s: 			
P. Mulenga; W.C. Joughin; S.K. Murphy; J. Walls;
				C. Zermatten (SRK Consulting)
Report Date: 		

November 2016

Type of Research:

Applied Research

Background of the study

Conclusion

The study stemmed from a knowledge gap,
namely; the absence of a structured engineering
approach in selecting permanent areal support
in underground mines.

A Support Assessment Tool and guideline
booklet were developed for a structured
approach in selecting areal support for
underground mines. It is envisioned that the
transfer of knowledge from the research
outcomes to industry at large, will enable mining
operations to implement appropriate strategies
for reducing rockfalls and associated fatalities
in South African underground mines.

Objectives of the study
The objectives of this study were to develop
a methodology to guide the selection
of permanent areal support (for varying
environments) in underground mines.
Methodology
The approach used to undertake the study
was multi-faceted. Support assessments on a
number of mines were undertaken, combined
with participation and inputs from a number
of organisations and complimented with a
literature review of material in national and
international publications.

Recommendation
It is recommended that training of mine
personnel be carried out in order to transfer
the knowledge gained from the study. Training
will comprise practical instruction on how to
navigate the Support Assessment Tool.

Results of the study
In assessing different mining environments i.e.
high stress (dynamic) and low stress, jointed
(static) environments, various support systems
were evaluated for their load bearing capacity
(i.e. support performance), practicality and
installed cost. A Support Assessment Tool and
guideline booklet were developed to guide the
selection of permeant areal support for varying
environments. The Tool is not prescriptive;
rather, it relates elements for specific mining
conditions to be taken into account.
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Figure 1. Net retaining broken hanging without rock
bolts (in-stope steel rope netting without tendons,
Deep level mining in high stress)
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Project Title: 		
Developing testing specifications for netting and the
				
dynamic testing of tendons; and assess the feasibility
				
of establishing an independent accredited support 		
				testing facility
Project number: 		

COE 150202

Author/s: 			
T. Botha, H. Hamersma, C. Kat, C.M. Becker, T. R. Botha
				(Business Enterprises at the University of Pretoria 		
				Research Institution)
Report Date: 		

August 2017

Type of Research:

Applied Research

Background of the study

Methodology

Most of the South African mining industry’s
support testing in relation to the installation of
netting and bolting is done by suppliers using
their own testing facilities and protocol, based
on the mine (clients) requirements. The old
support testing facilities such as the “Terra-tek”
(which could test elongate support units under
dynamic loading conditions) as well as the CSIR
press, are not in commission, or are in and out
of service.

Phase 1:

At present any support developed with the
purpose of energy absorption for dynamic
conditions is not tested. Many mining companies
have taken the stance that if they cannot test
new products in a laboratory environment
then such products cannot be considered for
underground testing.

Tendons: The requirement is a testing machine
capable of the rapid loading (e.g. the 3m.s1 loading rate assumed in the current energy
absorption design criteria) of a tendon, in
tension.

With the establishment of a testing protocol
and independent testing facility, unbiased
reports could be generated for new support
units developed on which the industry can base
their Engineering designs
Objectives of the study
As this project had a phased approach, the
project aims are presented in a two-phased
format:

Equipment: Work required testing protocol
for dynamic loading of grouted and/or endanchored tendon support and netting.
Research: Professional time to research
optimum equipment, testing methods, test
criteria and procedures looking at international
and local historical and new testing methods /
equipment, including MHSA, ISRM, SABS and
possibly also international requirements.

The Civil Department at the University of
Pretoria has a testing machine available that
is capable of performing tensile (pull) tests on
steel bars, with a capacity of 300 kN.
Nets: Equipment is required to test the resistance
provided by a netted area (e.g. 1.0 m2) to an
applied force which also has the capability of
slow and fast (dynamic) loading.
The Civil Department at the University of
Pretoria has a testing machine available that
could be capable of performing these tests
after some modification.
Phase 2:

Phase 1:

A protocol for dynamic loading and testing
specifications for netting and tendon support in
the South African Mining context.
Phase 2: Determine the feasibility for the
establishment of a customer-friendly and
accredited testing facility to conduct the testing
of tendon and netting support elements.

Feasibility study of erecting or refurbishing old
facilities for testing and commencing of testing
procedures according to the set protocol
under Phase 1. Erecting the facilities based
on the outcome from phase 1 to incorporate
the testing protocol for dynamic loading of
tendon and netting support units. Units have
a different support mechanism and a dynamic
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test protocol needs to be developed to enable a
standard for testing of grouted and friction type
units. For this there might be a need to develop
a modification to the tension test machine
utilised in Phase 1.
Results of the study
Phase 1:

The results are presented below in the two
protocols derived for dynamic testing of
tendons and netting support units. With the
establishment of the protocol, it is of great
importance to note the following statements
with regards to the nature of the dynamic
load. Dynamic testing for tendons means the
simulation of dynamic loading conditions
(seismic energy) of the rock mass on the
installed unit, hence a velocity of 3 m/s will be
simulated.
Dynamic testing for netting means the arresting
of a falling object over a predetermined
distance (potential energy). It is considered that
the netting design should not be the primary
support unit design for the seismically active
areas in which the energy absorption criteria
governs the design. In the case of netting, the
other permanent support units, e.g. pack or
elongate support, should cater for the seismic
loading of the system.
The weight that impacts on the netting sample,
during the dynamic test, will be chosen as
constants as per industry historical data. As
such it is foreseen that a drop test (free fall)
method would best simulate the fall of ground
scenarios experienced on netting support.
Since netting needs to cater for loose rock falls,
after tendon support had to cater for dynamic
impact, netting support will not be subjected
to the same dynamic testing requirements.
Therefore, the governing characteristics will be
deformation and the resulting survival height,
instead of 3 m/s velocity impact. In the event
that a drop test is not used, the chosen weight
impacts from the given heights will be simulated
via other means.
Phase 2

For the feasibility analysis of establishing an
independent testing facility that will be able
to test according to the prescribed dynamic
protocols for both netting and tendon support,
three options were evaluated. The first option
was the design and development of new
machinery and a new facility to host these
machines.
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The second option was to refurbish existing
dynamic testing facilities. This included only
the SRK and Terratek machines, however both
were concluded to be infeasible and impractical
for refurbishment as they would not be able to
test according to the prescribed protocols and
if modification were to be attempted the costs
involved would be similar to that of establishing
a new facility.
A third option came to light during the most
recent industry workshop. This was the
possibility of accrediting the existing dynamic
testing facilities of the rock support suppliers
in South Africa after they have been modified
to test according to the protocols. Feasibility
options for this alternative were not investigated
since no capital expense would be required, and
if so it would fall onto the suppliers.
Limitations of the study
The testing protocols vary significantly between
the tests for netting and tendons. If one
considers a drop test for both support units, the
type of weights used will need to be changed
depending on the test, as the two tests rely on
different input parameters i.e. input energy for
tendons, and masses with specific dimensions
for netting. This will result in excessive set-up
times. Similarly, for a hydraulic impact method,
the machine design to impact on a tendon
vs. to impact on an area for a net would vary
significantly and may result in limitations for
some of the testing parameters. Furthermore,
the outcomes of the tests differ; the tendons
need to be tested to destruction in order
to determine energy absorption capability,
whereas netting is dependent on the safety
height measurements.
Conclusions and Recommendation
The key conclusions are listed below.
1.

Testing machine requirement: With the
exclusion of simulated blasting, the two
methods for conducting dynamic testing
are drop weight or hydraulic loading. Both
of these have their related pros and cons,
both methods were costed and evaluated
during the feasibility phase.

2. Dynamic testing of tendons: Dynamic testing
of tendons need to be done in a manner that
would deliver the loading in a single event,
with the capability of repeating multiple
loadings if required. This would need to
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be done on a full-scale unit, installed in a
thick-walled steel tube that best simulates
the applicable rock environment. The test
machine should be capable to “eject” the
force at 3 m/s over a maximum displacement
of 500 mm.

2. Dynamic loading on netting: Dynamic
loading on netting is a result of the potential
energy that translates to kinetic energy
when a mass is allowed to free-fall over a
predetermined distance before contact
with the net is made. It is proposed that
this distance should be a maximum 300
mm. Typical dimensions of falls of ground
have been recorded by both the gold and
platinum sectors and vary in weight as well
as dimension. With the weight moving over
a distance, energy can be calculated which
needs to be absorbed by the installation.
These block dimensions are also typical
in size of areas between other permanent
support fixtures, hence, it is concluded that
the net installation would not primarily be
installed for seismic energy absorption,

which will be the task of the permanent
support installed. It is also noted that these
parameters presented in the document may
vary when a machine is built to conduct the
tests. Values quoted from industries where
refined over numerous tests and is highly
machine specific.
3. Facilities feasibility: Three options were
explored for establishing the testing facility.
For the first option, the estimated cost of
building a new and independent testing
facility was provided. For the second
option, it was stated that existing facilities
would not be amenable to the prescribed
testing protocols. For the third option,
various factors that require consideration
were discussed. Information on the existing
facilities, along with an assessment on
their potential to be modified to become
suitable for support testing according to the
prescribed protocols, was also provided.
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4.2: MACHINERY AND 			
			TRANSPORT
			SYSTEMS
			THRUST AREA 5
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Project Title: 		
				

Assess the Feasibility of Developing Collision 			
Management Systems for South African Mines

Project number: 		

CoE 150501

Author/s: 			
Business Enterprises at the University of Pretoria 		
				Research Institution
Report Date: 		

June 2017

Type of Research:

Applied Research

Background of the study
Collision Management Systems is an effective
way towards reaching “Zero Harm” to ensure
safe operating conditions for trackless mobile
machinery on mines. As such, it is also a
regulatory standard of the Department of
Mineral Resources. Mobile machinery pose an
inherent risk to pedestrians and other vehicles
and proximity awareness technology, proximity
detection technology and collision avoidance
technology are critical to mitigate or reduce the
effect of a collision and thereby maintain the
well-being and safety of all users.
Objectives of the study
The aim of the study was to develop a
framework to facilitate the evaluation of collision
management systems using structured and
repeatable methods. This was achieved through
the development of standardised verification
methods for collision management systems, the
establishment of a vehicle dynamics simulation
capability and the establishment of a national
physical test capability that enabled field testing
of mining equipment collision management
systems. These objectives were supported
by the development of a computer software
tool to determine the minimum specifications
for the detection zones of the systems, the
execution of a gap assessment between current
technologies and the set specifications and
the establishment of initial feasibility of a test
facility and manufacturing base for collision
management systems for mining in South Africa.
Methodology
The work for this project involved a variety of
methods and included a literature review, the
development of simulation tools and collision
management models to perform predictive
collision outcomes using computer simulations,

and conducting physical vehicle tests to verify
the simulation results. Analysis of requirements
and alternatives was used for the initial feasibility
assessments.
Results of the study
The collision management system’s minimum
technical specifications depended on interaction
scenarios (such as vehicle to vehicle straight line
interactions or vehicle to person interactions).
This implied that the vehicle’s detection zone,
velocity and deceleration characteristics,
road topography and road surface friction
coefficients were considered in order to predict
collisions. The minimum specification relied
on the specific interaction scenario and could
not therefore be generalised for all scenarios
and all the objects that must be detected. The
specification also excluded a decision-making
algorithm. The decision-making algorithm
allows for false positives to be identified and
false negatives to be successfully eliminated.
Five interaction scenarios were analysed as
part of the project and verified through, firstly,
simulation and secondly, physical testing using
vehicles. The simulation results indicated
that collisions could be avoided for all the
interaction scenarios. The vehicle testing results
indicated that the collision management system
did lead to collisions for some cases within
the interaction scenarios. This was attributed
to variability of the position sensor accuracy,
the baseline algorithm that was employed,
the exclusion of a buffer zone around the
vehicle (safety factor) and the vehicle’s actual
deceleration performance. The gaps between
the specifications and the current technologies
indicated that accuracy, sampling frequency
and range of the available proximity sensors did
not meet the requirements of the specifications.
The discussion and outcomes of the feasibility
assessments were also documented.
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Limitations of the study
The study was focussed on the technical
aspects of collision management and the
system requirements but acknowledges that
human physical and cognitive aspects and the
human responses to collision management
systems were important elements to address.
The physical testing capability was also directed
at above ground applications, although most of
the project work were universally applicable to
underground mining too.
Conclusion
Accurate specification of interaction scenarios is
an important element of collision management
system characterisation. Careful consideration
is also required for the specification of detection
zones as very strict specification may increase
the occurrence of false positives requiring more
complex sensing technology that will most likely
involve sensor fusion while more advanced
algorithms will be required to eliminate false
negatives. Computer simulation and physical
testing was used successfully to verify collision
management system fidelity. The current

16

technology gaps were found to be sensor fusion
and collision management system algorithms.
Local expertises were available to develop these
areas for the successful manufacture of collision
management systems in South Africa. The
Gerotek Vehicle Test Facility outside Pretoria
was identified as a feasible option as a collision
management system initial field-testing facility.
Recommendations
The tool that was developed for the
establishment of minimum specifications for
interaction scenarios must be applied and
expanded to address more of the significant risk
scenarios. Further research must be conducted
on sensor fusion and collision management
system algorithms to increase fidelity, reduce
false positives and eliminate false negatives.
A series of recommendations were made on
specific collision management system test
procedures and specifications. Lastly, the study
recommended that stakeholders be involved
in the review of the proposed South African
independent collision management test facility.
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			POLLUTANTS
			THRUST AREA 6
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Project Title: 		
				
				
				
				

Assess the Feasibility of Reducing Diesel Particulate 		
Matter (DPM) Exposure Through Replacement and/or
Conversion of All Tier 0 with Tier 2 or Tier Engines to
be able to use Low Sulphur Diesel Fuel and 			
the Effective Maintenance of Diesel Machines

Project No: 			

CoE 150602

Author/s: 			
J. Jacobs; E. Preis and J. du Plessis (Enterprises at the
				University of Pretoria)
Report Date: 		

02 April 2019

Type of Research:

Applied Research

Background of the study
Diesel-powered equipment is used on a large
scale in all industries, including in numerous
underground mining operations in South
Africa. Diesel exhaust (DE) contains specific
components (e.g. diesel particulate matter
(DPM), polycyclic aromatic hydrocarbons
(PAHs), heavy metals and nitrogen oxide
(NOx)) that pose serious health risks to humans.
Diesel fumes have been classified as a Category
1 Human Carcinogen by the World Health
Organization (WHO, 2012).
Addressing DPM should be taken seriously as
DPM-based claims have the potential to reach the
severity of other health-related claims, such as
those the industry has experienced with silicosis
(Von Wielligh, 2018). The implementation of
emission reduction- and/or control methods
can reduce the risk of contracting lung cancer
by preventing or minimising exposure to DPM
particle inhalation from underground mining
environments.
Objectives of the study
The objectives of this project was to consider
the replacement or conversion of Tier 0 diesel
engines to a Tier 2 or Tier 3 emission standard
and develop a guideline, supported with
practical suggestions, on how a DPM Emission
Control Program can be implemented.
Methodology
The researchers set out to develop a guideline for
implementing a Diesel Particulate Matter (DPM)
emission reduction program for diesel-powered
equipment used in the SAMI. To support the
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guideline, substantiating information is given
to assist in performing site-specific feasibility
assessments so as to improve the probability of
implementing such a program effectively and in
a sustainable manner.
Sources of DPM are discussed and an overview
provided of the status of the diesel fleet in
the mining industry in South Africa. The fleet
assessment, coupled with the identified trend
of a natural and gradual transition to newer
technology engines, is discussed. This provides
the necessary background to the reasoning
behind the progressive, stepwise approach that
is taken to develop the proposed guideline. A
local capacity analysis relating to DPM emission
control applicable to the scope of this report is
also discussed.A number of stakeholders within
the DPM ‘ecosystem’ were consulted in order
to obtain quality inputs for each of the main
project deliverables.
Results of the study
DE emissions vary significantly in chemical
composition and particle sizes between
different engine types (e.g. heavy-duty and
light-duty), engine operating conditions (idle,
accelerate, decelerate), and fuel formulations
(high/low Sulphur fuel). A diesel engine may
be classified by an engine Tier in terms of its
certified standards for emission level limitations.
Poor quality of fuel used in operations limits
the use of diesel engines with better fuel
combustion that have reduced emissions. Older
engines have a higher DPM emission than newer
engines.
Mines have to cater for a variety of engines
ranges, from Tier 0 to Tier 3. These vehicles
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are operating under very severe conditions
underground and are usually maintained in
underground workshops with limited workshop
space and facilities. The majority of diesel
engines currently in operation in the SAMI are
not Tier 0, but Tier 1 or higher and therefore a
more flexible DPM Emission Control Program
alternative needs to be developed. There are
challenges associated with engine replacement,
i.e. spatial (size and/or geometrical limitations/
incompatibility) and/or technology (electronics,
engine control modules, hydraulics, etc.)
limitations or incompatibility, that limit the
range of practical replacement options.
The Guideline for a DPM Emission Control
Program was developed taking into account the
following seven control variables, namely: Diesel
Fuel Quality, Diesel Fuel Supply Chain, Engine
Technology, Engine Replacement, Engine
Emission Level Conversion through Retrofitting,
Engineering, Management and Administrative
Controls, Existing Electronic Systems for Diesel
Equipment Maintenance, and Factors Affecting
the Feasibility of a Transition to Reduced DPM
Levels.
Limitations of the study
No information is available, to a sufficient
degree of accuracy, that would provide a
holistic indication of the status of the current
diesel fleet operating in South Africa’s mining
industry. The focus of the study was limited to
underground mining operations only.
Conclusion
The report does not provide a “one-size fits all”
solution or plan to develop a solution. It highlights
the different control measures that may be
taken and aims to guide the users to assess and
identify the optimal combination of measures
that would best suit their operation. Toward this
end, various suggestions have been provided
that would assist with effective implementation
of the proposed steps as well as an overview
of the potential challenges and opportunities
that are associated with each of the proposed
control measures. Since the primary focus for
the scope of this study was engine replacement
and retrofitting of exhaust after-treatment
technologies, it should be noted that both of
these options have limitations in terms of spatial
and/or technological compatibility with existing
diesel machines.
The information contained within the report
should be used as baseline to develop the

necessary frameworks for a feasibility analysis,
risk assessment, and trade-off analysis prior
to attempting the implementation of any DPM
emission control initiative.
Recommendations
Recommendations for this report have been
broken up into four focus areas as follows:
a. DPM Emission Control - Use results from
this report as an overview of the factors
affecting the feasibility of a transition
toward reduced DPM exposure, associated
with Tier 2/3 emission limits. This transition
refers primarily to the replacement of older
diesel engines with newer technology
engines or alternative Tier level conversion
through retrofit technologies. The proposed
guideline for DPM emission control should
be used at the discretion of each operation,
following
the
necessary
site-specific
risk assessments. Conduct a study into
the development of a feasibility analysis
framework for decision-making on electric/
battery-electric equipment.
b. Effective Maintenance - Ensure maintenance
on diesel engines is done according to
the practices and procedures prescribed
by OEMs, including using skilled and
experienced technicians, in order to maintain
engines according to standard. Conduct
tailpipe emission testing to evaluate engine
status.
c. Local Capacity Analysis - Conduct a detailed
market analyses into the feasibility of local
capacity building or local manufacturing
with regards to the overall replacement for
all diesel equipment in the SAMI.
d. Skills Gap and Development - Investigate
and define the roles of the OEM and the
mining companies in the undertaking of
maintenance, replacement and retrofitting
of diesel engines to address skills gaps/
requirements. This should be conducted
in parallel to a skills audit of maintenance
personnel within the SAMI, thus allowing
for the development of a suitable training
plan. Implement a change management
programme to ensure that all employees
working with or involved in the maintenance
of diesel-powered engines understand
the importance and impact of effective
maintenance processes on DPM exposure
reduction.
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Project Title: 		
Minimum standards for confined working spaces at 		
				mines
Project No: 		

SIM 160601

Author/s: 			
M. Coetzee and C. De Roubai (Gijima Occupational 		
				Hygiene and Environmental Services)
Report Date: 		

November 2017

Type of Research:

Applied Research

Background of the study
The South African mining industry (SAMI)
previously did not have any formal legislative
standard or guidelines in respect to the
management of confined space work. In light of
the fact that there was a constant occurrence
of confined space related incidents reported
in the SA Mining Industry over the past few
years, some of which have led to serious injuries
and even fatalities, there was a need for some
interventions to facilitate the safe entry and
work in confined spaces.
Project SIM 160601 was therefore commissioned
to develop minimum standards for the
management and monitoring of confined
working spaced at South African mines.
Objectives of the study
The objectives of this study were to:
•

•

•

Conduct literature review of practices for the
management and monitoring of confined
spaces at surface and underground mines in
South Africa and Internationally;
Develop an assessment tool and use it to
evaluate practices for management and
monitoring of confined working spaces at
mines and;
Develop
minimum
standards
for
management and monitoring of confined
working spaces in both surface and
underground mines.

enable the understanding and development
of effective prevention strategies of confined
space incidents as important health and safety
challenges faced by the South African mining
industry.
Secondary to this, various mines across the
spectrum of the South African mining sector,
(various commodities) both for surface and
underground operations were visited to gather
relevant information in terms of confined spaces
typically encountered in the sector, current
procedures/ tools used to regulate entry and
the effectiveness thereof and/or possible
shortcomings. The data gathered during the
literature research was consequently analysed
to define what exactly constitutes a ‘confined
space’.
From the crucial information gathered in
literature review; an assessment tool was then
developed and used to evaluate ‘procedural
compliance’ amongst the SA mines sector
across five study sites of different commodities
(namely, Gold, Platinum and Coal mines)
in terms of confined space management.
The assessment was limited to procedural
compliance only and no physical compliance
was ever measured.
Results of the study
•

The literature review revealed that confined
space management or the lack thereof
poses a global health and safety challenge,
however there are proven strategies for the
management and prevention of confined
space incidents.

•

Results from the evaluation of the
assessment tool revealed that there were
commendable efforts from the SA Mining
industry in terms of self-regulating in

Methodology
A literature study was performed on the
management of confined space entry. Both
international and national literature were
reviewed. The main approach of the project was
to review outputs from past research that would
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•

respect of the management and monitoring
of confined working spaces, in the absence
of formal standards and other legislative
measures.

Conclusion
This study showed that:
•

The current (during the time of the study)
procedural compliance for the management
of confined space work varies from good
to very poor, based on the assessment
performed at the 5 participating mines.

•

Confined space related incidents is a
recurrent problem for and a threat to the
health and safety of workers in the South
African mining industry.

•

With the implementation of formal legislation
and guidelines in terms of the management
of confined spaces, South African mines
can minimise and even eliminate confined
spaces related incidents.

Recommendations
Effective prevention and management of
confined space incidents in the mines, warrants
the adoption, implementation and monitoring
of formal and robust preventive measures
amongst SA Mines.
These prevention strategies should include
a combination of workplace policies and
procedures based on a sound legislative,
regulatory and enforcement framework.

Lastly, in order to further promote confined
space health and safety, the following
recommendations are proposed with regards to
policy, practice and further research:
Policy - With regards to policy, it is recommended
that the mining sector should develop, enforce,
and evaluate the code of practice for confined
space management. For that purpose, it is
recommended that guidelines developed as the
primary output of the current study be used by
the regulator to formulate the code of practice
for the mining sector and be made available to
all key stakeholders in the sector. The adoption
and implementation of confined space mining
policy and practices will promote a safer and
healthier workplace.
Practice - With regards to practice, it is
recommended that current mine-owned policies
and procedures on confined space management
be reviewed, updated and aligned with data from
the current study. It is further recommended that
SA mines adopt the guidelines on the minimum
standards for confined space management that
were developed as the primary output of the
current study, for use as a framework to develop
their own good practice guides.
Research - Future studies should examine the
quality, relevance and effectiveness of training
available in South Africa for the different levels
of role-players as required in the confined space
management system. It is envisaged that the
latter would also significantly contribute to the
competitiveness and productivity of the mining
sector.
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The Reproducibility of Digital X-Ray and Analog X-Ray
				
Readings for Medical Surveillance in the South African
				
Mining Industry to Determine the Reproducibility of 		
				
Digital and Analog Chest Radiography for 			
				
Detection of Silicosis and Silicosis Plus Pulmonary 		
				Tuberculosis
Project No: 			

SIM 170603

Author/s: 			

Dr J. teWaterNaude, Prof R. Ehrlich, Prof A. Franzblau

Report Date: 		

June 2018

Type of Research:

Applied Research

Background of the study

•

The study was conducted to address the
emergence of digital radiography in the South
African Mining Industry (SAMI) in the early
2000 that was replacing the historic analog
mass chest radiography disease surveillance
and screening. The rationale of screening is
that early clinical action such as treatment,
or occupational management such as risk
counselling, job change or compensation will
limit the impact of the disease on the individual.

•

Methodology

The aim of the research was therefore to
determine whether mining surveillance chest
radiography using the new digital technology
gave similar results in the identification of
silicosis and pulmonary tuberculosis as analogue
chest radiography.

The data collected for the MHSC study SIM
130603 were extensively analysed and written
up in two peer-reviewed papers. A use-ready
set of expert consensus-read chest radiographs
for the mining industry to distribute and use
in training and teaching was produced. The
method for selecting the images was mainly by
removing the non-consensus images.

Objectives of the study

Results of the study

The study was undertaken in three (3) phases.
Wherein, phase 1 concluded that the research
topic was feasible and in Phase 2, material was
collected to answer the research question.

Main peer-reviewed paper - Paper 1, the main
peer-reviewed paper, was published in the
prestigious American Journal of Industrial
Medicine. The full citation is: Franzblau A,
teWaterNaude JM, Sen A, D’Arcy H, Smilg J,
Mashao K, et al. Comparison of digital and
film chest radiography for detection and
medical surveillance of silicosis and pulmonary
tuberculosis. Am J Ind Med. 2018; 61(3):229-238.

The objectives (Phase 3) were to produce the
following:

•
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•

A journal-ready praxis article giving the
headline findings of the research plus
Recommendations for legislation and
practice changes in the South African
setting.
Expert-read chest radiograph images for
use in training, teaching and as potential
standards in line with ILO analog standards

A research journal-ready academic article
on digital and conventional analog film
radiographs comparing the interrater
reliability (i.e., agreement) and the
overall prevalence of findings related to
detection and description of silicosis and
silicotuberculosis in South African gold
mineworkers. This is essential because of
the frequent co-occurrence of silicosis and
tuberculosis in South Africa.

Praxis paper - Paper 2, the praxis paper, was
published in Occupational Health Southern
Africa. It outlines the main aspects of how
the considerable academic work in this study
could be implemented towards improving daily
medical practice. The full citation is: Ehrlich
R, Franzblau A, Meyer C, teWaterNaude JM.
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Digital radiological surveillance of silicosis and
related tuberculosis in the South African mining
industry: practical and technical considerations.
Occupational Health Southern Afr. 2018; 24.2.
38-42.

soft-copy digital images which are read on
suitably appointed computer monitors, has
been shown to be read with equivalence,
despite in the presence of tuberculosis on many
of the images.

The paper reiterated that Radiological
surveillance for silicosis and tuberculosis in the
South African mining industry has an important
role to play in the prevention and management
of both diseases, to the benefit of miners and
their families and mine management and
owners.

The study concludes that:

•
•
•
•

Consensus read chest radiograph images - A
set of 48 consensus read images, ranging from
normal to extensive silicosis, including images
of tuberculosis were produced. The set can be
used for training and teaching purposes
Conclusion
The research achieved its aim of establishing
whether and with what certainty digital could
replace analogue chest images in the South
African mining industry. The findings are
reassuring, in that the dominant technology
which has replaced analogue imaging, namely

•

The trend towards soft-copy readings can
be supported.
Digital soft-copy is equivalent to analogue
film for reading silicosis.
Digital hard-copy is not as well-matched,
and its use is not supported.
A set of locally-applicable consensus-read
images is available for teaching and training
purposes.

Recommendations
The study recommends that the praxis paper be
distributed throughout the sector, as it contains
the main practical recommendations emanating
from the research. This was published in
Occupational Health Southern Africa.
It is also recommended that training
programmes be run as originally envisaged,
using the consensus-read 48-image set.

DIGITAL AND ANALOG CHEST X-RAY READINGS
for medical surveillance in the South African Mining Industry to detect
silicosis and silico-tuberculosis
PROJECT SIM 170603

MHSC RESEARCH PROJECTS SUMMARIES

23

4.4: PHYSICAL 					
			HAZARDS
			THRUST AREA 7
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Project Title: 		
				

Develop Feasible Methodologies to Aid Escape in Poor
Visibility in Underground Mining Environments

Project No: 			

SIM 140701

Author/s: 			
Prof J.J.L. du Plessis, P.M. Bredell, E.P. Preis 			
				(Enterprises at the University of Pretoria)
Type of Research:

Applied Research

Background of the study
This research project aimed to redefine and
review the “user” requirements in providing
underground mine workers with a safe escape
in poor visibility conditions. With those
requirements at the forefront, the project will
evaluate the shortcomings of current solutions
in the industry and recommend incremental
improvements and conceptual solutions for
development.
Objectives of the study
The following questions were addressed in order
to determine the root causes of the problem:
•

•
•
•
•

•

•
•
•
•

What are the existing systems and methods
available to mines to assist workers with
escape in poor visibility underground
environments?
What are the shortcomings of the existing
systems?
How can these shortcomings be addressed?
How can alternative solutions be prioritised?
How well does the highest priority proposed
solution address the problem? In order to
address the questions above, the following
objectives were achieved:
Identification of all available systems that
assist miners with escape in poor visibility
underground environments;
Determination of the shortcomings of the
existing systems;
Development of alternative solutions;
Selection of better alternatives; and
Evaluation of alternative solutions.

Methodology
1.

Gaining a proper understanding of the
current technologies in use together with
an understanding of their shortcomings.
These shortcomings were analysed and
understood from the perspective of the
mining
companies,
government
and
employees.

2. Understanding what technologies are
currently being developed, if any, that
could possibly address the shortcomings
identified.
3. Reviewing and redefining the detailed user
requirements for an ideal solution.
4. Doing a gap analysis between the ideal
solution and existing systems.
5. Providing solutions that would address the
gaps identified.
6. dentifying appropriate manufacturers to
work with in manufacturing the proposed
solution.
7. Developing solutions in co-operation with
identified manufacturer/s.
8. Testing solutions.
9. Reporting.
10. Conducting workshops.
Results of the study
The project team found that although the
integrated innovative solutions (IPPE and
umbilical lifeline) could work, too many risks
exist in terms of pursuing these solutions at this
stage. The water spray assisted lifeline concept
was also developed. The hypothesis was that,
in a zero visibility and audibility environment, a
water spray, when coming into contact with a
person, would be able to guide the person to the
origin of the spray. The hypothesis was tested
and verified, and a conceptual methodology
and system was proposed.
Conclusion
It is envisioned that the water spray assisted
lifeline concept, if developed further, would be
able to meet all the requirements of an effective
escape system when used in conjunction with
a proper early warning system, a traditional
lifeline and self-breathing apparatus. A critical
success factor lies with diligence in terms of
detail design, installation and maintaining the
system, as well as training workers on how the
system works.
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Recommendations
•

Further investigation of the self-breathing
technologies - It is recommended that the
broad umbilical lifeline value proposition be
further investigated. The primary drive of
the investigation should be to investigate
the feasibility of alternative self-breathing
technologies, as opposed to the chemical
SCSR.

•

Further investigation of the water-assisted
escape concept - It is recommended that the
water-assisted escape concept be further
investigated. It is further recommended
that this investigation should be in the form
of a research and development project,
where the main aim is to develop, test and
implement a water-assisted escape system.

Figure 1: Water-Assisted Escape System: Conceptual
Coal Bord & Pillar Layout
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•

Consideration of IPPE concept in other
MHSC research projects - It is recommended
that the IPPE concept should be taken into
consideration in other digital technologybased projects. The IPPE system could
potentially be the solution in the “mine of
the future”, and should thus be considered
in projects that are shaping the mine of the
future.

•

Testing of traditional lifeline at hard-rock
mines - Generally, no clear reason exists as
to why the traditional lifeline is not used
in hard-rock mines in South Africa. It is
recommended that in-field, trial testing
should be conducted on the effectiveness
and practicability of lifelines in hard-rock
mines. Ideally, the lifeline should be tested
for the full spectrum of U/G mining layouts
found in the SAMI (not currently using
lifelines). Realistically, the test sample size
should test as many layouts as practically
possible.

•

Issuance of air-tight goggles as part of
PPE - It is recommended that air-tight
goggles should form part of standard PPE
requirements, in environments where low
visibility conditions could be experienced.

•

Use of lighting-based systems - Where
practical and affordable, mines could
consider implementing a lighting-based
system. The lighting system should be able
to deliver three-fold value: Act as an early
warning system; act as static lighting under
normal operating conditions; and provide
visual guidance to refuge bays.
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Proposed illumination guidelines for equipment 		
operating in the South African mining industry (SAMI)

Project No: 			
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E. Preis; Prof W. Leuschner and J.Jacobs (Enterprises
at the University of Pretoria)

Report Date: 		

April 2019

Type of Research:

Applied Research

Background of the study
Providing adequate illumination for a safe visual
working environment is a massive challenge
faced by the mining industry. According to
the Illuminating Engineering Society of North
America (IESNA), an underground mine is the
most difficult environment to illuminate. The
underground mining environment includes dust,
confined spaces and surfaces that reflect light
poorly and provide poor visual contrasts. This
challenge also extends to surface operations,
especially during night time or during periods
of rainy or foggy weather, where effective
illumination is required to achieve production
and safe operation at various work areas.
Surface mines cover large areas and continually
change their shape as mining proceeds, making
it even more important for operators to be able
to see their working environment effectively.
Although ‘lack of illumination/visibility’ is rarely
reported as the direct cause of an accident, it
can often be a significant contributing factor.
Outcomes from this research are expected to
pave the road to zero harm, particularly since
accidents involving mobile equipment are still
quite prevalent in the SAMI.
Objectives of the study
Key objectives of the study were the following:
•

•

•

Define safe illumination levels for open
pit and underground operations in gold,
platinum, diamond and coal commodities.
Develop an assessment tool for evaluating
the
effectiveness
of
illumination
requirements and illumination practices for
open pit and underground gold, platinum,
diamond and coal operations and conduct
mine visits to evaluate the effectiveness of
the assessment tool.
Develop minimum illumination standards

•

for mobile and fixed equipment operating in
gold, platinum, diamond and coal mines in
both open pit and underground mines.
Highlight the most prominent aspects of
illumination applicable to gold, platinum,
diamond and coal mines in both open pit
and underground mining operations.

The outcomes of this research provides not only
minimum illumination standards for mobile and
fixed equipment in the gold, platinum, diamond
and coal mining industry of South Africa; but will
also lead to a greater research capacity building
and skills transfer within the mining industry.
Methodology
An extensive literature review was conducted
on South African and International illumination
practices for mobile and fixed equipment
used both in underground and surface mines.
Information relating to illumination in general
was also reviewed to give a better context of
the subject.
The following step was to define safe illumination
levels for open pit and underground mining
operations. The approach taken was to develop
an all-encompassing equipment illumination
framework, where safe illumination levels
were also defined and proposed for mobile
equipment for both surface and underground
equipment.
An assessment tool was then developed to
evaluate the effectiveness of illumination
requirements and illumination practices for
open pit and underground mining mobile and
fixed equipment across various commodities.
A total of 6 mines were visited (underground
conventional
gold
mine,
underground
merchanised PGM mine, underground block
caving diamond mine, surface open-cut coal
mine and a surface open pit hard-rock mine.).
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Cumulatively across all the mines; a total of 36
classes of mobile and fixed equipment were
observed and measured. From the assessment,
shortcomings from the mining illumination
systems from mines visited were identified and
recommendations were then made.
From information gathered from literature
review and mine visits; minimum illumination
standards, practices and principles for
equipment operating in the South African Mining
Industry were developed and workshopped
in Mpumalanga, Limpopo, Rustenburg and
Gauteng to gather inputs from mining industry
stakeholders in various commodities.

Recommendations
It is recommended that the illumination levels
and various illumination practices and principles
detailed in the attached guideline document be
put forth to the SAMI as a guideline. The main
intent of the guideline document is to improve
the visual environment on mines in its totality.
It is advised that the proposed guideline for an
improved visual environment should be used at
the discretion of each operation, following the
necessary site-specific risk assessments.
Suggestions for further research:

•

Specialised LED lighting could potentially
yield benefits in terms of employee wellbeing and fatigue management. Studies
have shown that specialised “blue” LED
lighting can improve general mood, wellbeing and productivity of those exposed
to it. There may be scope to investigate the
potential benefits of using these types of
specialised LED lights in refuge chambers,
waiting places and general areas in mines.

•

Zero-glare LED equipment lights are a recent
product offering that has been released
by one of the biggest equipment lighting
manufacturers in the world. The potential
application of these lights in the mining
industry could yield significant safety gains,
as glare could be addressed at the source
and effectively eliminated as a hazard. It is
thus suggested that a potential study be
conducted to test the zero-glare offerings,
and to determine the financial viability of
recommending these lights to the SAMI.

•

The lack of area lighting in the vast majority
of areas of underground mines is a pressing
issue. Solving this issue would lead to safety
gains. The working areas (proverbial known
as “the coal-face”) are arguably the most
dangerous areas in a mine, and currently
these areas are illuminated through cap
lamps and overly bright equipment lights.
On this basis it is suggested that further
research be conducted into cost-effective
and mobile working area lighting for
underground mines.

Finally, proposed illumination levels guideline
was then developed as a primary output of the
study.
Results of the study
In the mining illumination context, a sound
visual environment benefits far more from
implementing good illumination practices and
principles, than it does from proposing minimum
illumination levels. As a primary outcome of this
research project, a guideline document was
compiled. The minimum standards proposed in
the guideline document are based on current
global best practices on mines.
Conclusion
The proposed illumination levels proposed
in the guideline are a representation of the
existing leading practices for mines, locally and
internationally.
The practices and principles proposed are
intended to be used as a guideline for mines
when designing their illumination system (or
components thereof). For equipment, the
relevance of the generic design practices and
principles needs to be determined by individual
mines themselves, taking due consideration of
the applicable aspects/exceptions provided.
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Project Title: 		
				

Adverse Health Impacts Associated with Dust 			
Emissions from wGold Mine Tailings

Project No: 			

SIM 140801

Author/s: 			
Prof M. Gulumian, C. Andraos,Prof H. Annegarn,
				Prof K. Voyi (National Institute for Occupational 		
				Health - NIOH)
Report Date: 		

September 2017

Type of Research:

Applied Research

Background of the study
It is believed that pollution related to gold mine
tailings storage facilities (TSFs; mine dumps)
may pose risk to surrounding communities.
For this project, it was hypothesised that the
higher the exposure of communities to ambient
particulate matter (PM) emitted from TSFs, the
higher the prevalence of respiratory diseases
associated with exposure to toxic dust. The
achievements for year 3 of this project involved:
1. Investigation of the association between
exposure to PM emitted from tailings sites
2. and prevalence of adverse health effects;
3. Investigation of environmental PM levels;
Investigation of whether a cause-effect
relationship exists between exposure to
dust and disease and
4. Compilation of practical guidelines and best
practices to reduce exposure to tailings PM.
The TSFs studied included Durban Roodepoort
Deep (DRD; West Rand), Crown Gold Recoveries
(CGR; Central Rand), ERPM (East Rand), ERGO
(Far East Rand) and Anglo Gold Ashanti (AGA;
Stilfontein, Vaal River Area; Figure 1).

Figure 1: Gold mine tailings storage facilities in
Gauteng and Northwest provinces

Objectives of the study
The objectives of this study were to identify
TSFs, test proposed hypothesis, report on
adverse health effects found to be prevalent in
communities close to identified TSFs and then
make recommendations.
Methodology
Hazard identification - The hazardous nature of
tailings PM (bulk and ambient) was determined
by assessing their physicochemical properties
and within vitro toxicity assessment.
Exposure assessment - The extent of exposure
to tailings PM in surrounding communities was
assessed by firstly calculating the ambient
concentration of tailings PM in surrounding
communities (i.e. environmental PM dispersion
monitoring) and secondly calculating the
actual concentration inhaled through personal
sampling
methodologies
(i.e.
personal
sampling). Cross-sectional epidemiological
studies of the affected population aided in
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exposure assessment by determining the
prevalence of adverse health effects in the
population exposed to tailings PM.
Dose-response assessment - Panel studies,
which directly associate the concentration of
air pollution with pulmonary function indices,
was used to determine whether varying
concentrations of pollution may influence the
exacerbation of adverse pulmonary function.
Risk characterization - Finally, results were
correlated to determine to establish if there is a
risk to surrounding communities.
Results of the study
Exceedance of PM limits was observed and
all five TSFs studied are not sufficiently
remediated. Presence of toxic metals and high
levels of respirable crystalline silica (RCS) were
detected.
The elderly close to TSFs showed higher
prevalence of asthma chronic bronchitis and
cough, emphysema, pneumonia and wheeze;
Adolescents close to TSFs showed higher
prevalence of wheeze and rhinoconjunctivitis.

Conclusion
Stricter
implementation
of
remediation
strategies is required. For example, vegetation
cover, which may be effective for horizontal
surfaces and low- to intermediate-angled slopes
but not on steeper slopes. A non-vegetative
alternative includes the application of a 300
mm layer of fine rock.
Although presently there are air quality limits
for PM10 established by the Department of
Environmental Affairs (DEA), the presence
of RCS in our PM10 and PM4 fractions may
necessitate the establishment of environmental
exposure limits for RCS in these fractions
for South Africa. Once quality limits are set,
compliance and monitoring by DEA will be
crucial to
ensure protection of surrounding communities.
Buffer zone of at least 5 km from these TSFs
be established to ensure protection from dust
generated from these TSFs.

Stakeholders are unaware of the possible
dangers (i.e. hazard potential and exposure
potential) of living next to TSFs).

Results obtained, especially those related
to size and presence of RCS in the respirable
fraction in the environmental samples, are
the first to be determined for South Africa
and therefore should be disseminated to the
scientific community, relevant governmental
departments and surrounding communities.

Limitations of the study

Recommendation

Due
to
the
inherent
limitations
of
epidemiological studies it is not possible to
conclude that the higher disease prevalence in
exposed communities compared to unexposed
communities are due to tailings dust emitted
from the TSFs, nor that they are exacerbated by
tailings dust pollutions.

It is recommended that, within the risk
assessment paradigm, exposure of tailings dust
from routes other than inhalation in surrounding
communities be conducted.
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Project Title: 		
What is the Impact of Anti-Retro Viral (ARV) Drugs 		
				
and Human Immunodeficiency Virus (HIV) on the 		
				Auditory System?
Project No: 			

SIM 140802

Author/s: 			
Author/s: M.S. Mothemela, N.S. Ntuli, V. Hlayisi, and
				K. Sono (Limpopo Department of Health)
Report Date: 		

September 2018

Type of Research:

Applied Research

Background of the study

Methodology

The study stemmed from a knowledge gap,
namely the lack of understanding of the
relationship between the combined risk factors
and hearing loss in the South African Mining
Industry. There are over 5,7 million people living
with HIV in SA. Evidence points to the fact that
between 21-49% of HIV positive individuals
present with hearing loss. Other literature
shows that taking ARVs is related to hearing
loss. However, this problem has not been
investigated in the SAMI to determine if there
is any relationship between being HIV positive
and taking ARVs and hearing loss.

The methodology used in the study was a
prospective observational cohort study.
The study population was sourced from
attendees at occupational health clinics at three
mines, platinum, gold, and coal, in South Africa.
A total of 199 participants (158 HIV positive, 36
HIV negative and 5 unknown) were enrolled at
baseline.

Objectives of the study

•

Results of the study
•

The main aim of the study was to determine the
impact of HIV infection and ARV therapy on the
auditory system of South African mineworkers.
The other objectives were:
•
•

•

•
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Description of the prevalence, severity and
type of hearing loss in miner workers;
Determination of the association between
hearing loss and HIV status combined with
ARV treatment;
Determination of the risk factors that
predispose miners to hearing loss i.e. age,
noise exposure, ARV drug combination
type, HIV stage, opportunistic infections and
occupational environment characteristics,
and
Determination of the risk of acquiring
hearing loss as affected by HIV status and
ARV treatment.

This study did not indicate any association
between hearing loss and HIV infection or
ARV therapy.
However, what was striking was that while
the prevalence of hearing loss amongst the
HIV-positive group (47,5%) corroborated
the figures reported in the literature, the
prevalence amongst the HIV negative group
(51,4%) was much higher than expected.

Limitations of the study
•

•

•

Due to budget constraints, the cohort could
only be followed-up for eighteen months
which was not considered sufficient.
Convenience sampling was used at on-site
clinics at Modikwa Platinum and Sibanye
Gold may have introduced a selection bias.
Lastly, the population sample-size was too
small to allow for conclusive results.
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Conclusion
It can be concluded from the study findings
that:
•

•

noise in the SAMI may distort the impact of
HIV/ARVs in mineworkers and this needs to
be examined further.
an HIV-negative mineworker may still be
worse off than an HIV-positive individual in
the general population in terms of risk for
hearing loss.

•

•

noise is still the overwhelming contributor
towards hearing loss and, therefore,
efforts to minimize exposure should be
strengthened.
the prevalence of auditory adverse effects
are higher in HIV-positive groups than in
HIV-negative groups.

RECOMMENDATIONS…

Recommendations

1. The SAMI need to continue to prioritise

strategies towards HIV / PTB awareness and
prevention

3. Guidelines should be adjusted to incorporate
high frequency audiometry at least three-monthly
for the first year in those miners who are on ARV
therapy.

4. HIV-positive patients should be educated on symptoms of

2. Prompt initiation of treatment in
those who are diagnosed with HIVpositive infection should be encouraged.

adverse auditory effects so that they report these as soon as
possible.
Mine managements could enforce six-monthly highfrequency audiometry as part of medical surveillance for all
HIV-positive mineworkers.
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Background of the study

Results of the study

The aim of this study was to examine the impact
that the socioeconomic and living conditions of
mine workers in South Africa had on levels of
health and safety in the SAMI. Risk factors were
identified, along with their consequences. This
allowed for recommendations to be made for
prioritised intervention strategies that can be
implemented to improve the health and safety
of mine workers.

Mine data - The eight mines that were sampled
had workforce contingents that ranged from
968 to 38 421 and accounted for over 10% of
the total mining workforce in South Africa. The
percentage of contract workers at these mines
ranged from 4% to 56% percentage of the
workforce that was from the same provinces
as the mines where they worked ranged from
approximately 15% to 82%.

Objectives of the study

Living-out allowances (LOAs) were the most
common housing arrangement provided to
the workers by the mines. Hostels, single flats,
family units, bond repayment subsidies and
housing capital subsidies were also provided
by the mines, while housing arrangements were
not provided to some of the workforce at these
mines. The mines had various Social and Labour
Plan (SLP) and corporate social investment
(CSI) projects that they were involved with. The
average salary for the lowest category workers
at the participating mines was reportedly R9,810
per month.

To identify threats to health and safety caused
by socioeconomic and living conditions, from
literature and previous related research;
•

•

•
•

To identify aspects of concern identified
by key stakeholders, relating to the project
topic;
To assess data of mine employees
to
determine
associations
between
socioeconomic data and health and safety
data;
To make recommendations for priority areas
to reduce health and safety risks; and
To disseminate knowledge.

Methodology
The study used a mixed methods study design,
in which both qualitative and quantitative data
were gathered. Methodological triangulation
was used, where the data obtained from the
various sources were compared to verify the
results. It was a cross-sectional study, as data
were collected at specific points in time, rather
than conducting repeated measures of the
same variables over long periods of time.

Qualitative data - Interviews with individuals
in management and labour representatives
and focus groups with mine workers were held
at eight mines across South Africa to gain an
understanding of common challenges that are
faced regarding socioeconomic conditions,
living conditions, and the health and safety of
mine workers in South Africa. The participants’
responses are summarised in the report with
some of the detail below.
Generally, the workers were not satisfied
with their salaries and their opportunities for
promotion. Salaries were a particular problem
for the lowest paid workers and for contract
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workers and high levels of indebtedness were
evident. Literacy levels were sometimes barriers
to employee development.
Transport was a common problem for mine
workers, and in some cases the roads to the
mines were not in good condition. In terms of
health care, there were generally clinics at the
mines, but these were not always accessible to
contract workers or the families of the workers.
Access to health care in the communities where
workers lived was variable. In terms of recreation,
there were limited sports facilities available to
the workers and their families, and a lack of
recreation facilities was linked to involvement
in harmful activities, such as alcohol and drug
abuse, and crime. In general, the services and
facilities were seen to be adequate in some
areas, but not in others.
Quantitative data - Mine workers (N=875) were
asked to complete a questionnaire regarding
their demographics, work factors, living
conditions, income, lifestyle, health, safety and
wellness. The participants were sampled from
eight mines of various commodities, in six
different provinces across South Africa. The
sample was predominantly male, but over 10%
of the sample were females. The median age
of the participants was between 30 and 40.
More than half of the sample had completed
secondary education, while around 11% had less
than a completed primary school education.
The sample predominantly contained Black/
Africans.
Most of the sample was South African, although
around 13% came from neighbouring countries.
Most of the sample was South African, although
around 13% came from neighbouring countries.
A range of home languages was spoken and
Southern Sotho was the most commonly
spoken language. Around 82% of the sample
consisted of permanent employees, while 18%
were contractors. The median length of time
spent working in the industry was between one
and ten years.
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Conclusion
It was found that mine workers were not
satisfied with their salaries, and that high levels
of indebtedness were an issue. Low literacy
levels and opportunities for development were
also challenges. It was also seen that challenges
related to the migrant labour system still exist
in the SAMI. In terms of housing. Transport for
workers was sometimes noted as a problem.
Lack of access to services, such as water,
electricity and sanitation.
The most commonly reported health problems
included HIV/AIDS, TB, respiratory disease,
and chronic diseases. Safety problems were
commonly attributed to behaviour, noncompliance with rules and taking of shortcuts.
Socioeconomic and living conditions were
associated with safety, particularly as a result of
stress and fatigue and because of high levels of
risk tolerated in the daily lives of mine workers
Recommendations
Recommendations
for
improvements
of
the socioeconomic and living conditions
of mine workers in the SAMI are made.
These improvements would, in turn, lead to
improvements to health and safety. Some of
these suggestions are already being addressed
through various initiatives in the industry. The
recommendations are categorised into the
following priority areas:
•
•
•
•
•
•

•

Communication and employee engagement;
Remuneration and production bonuses;
Management of contractors;
Employee indebtedness and financial
education programmes;
Education
and
skills
development
programmes;
Housing and progress monitoring of the
Mining Charter and Framework Agreement
for a Sustainable Mining Industry; and
Awareness
of
employee
wellness
programmes.
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Background of the study
In South Africa there has been an increase in
the number woman being employed at all levels
in the mining industry. The challenge has been
for the complete inclusion of females into an
employment sector that was traditionally male
dominated and was therefore focussed to
accommodate males. SCSRs are portable bodyworn devices employed during emergency
conditions that protect the user from harmful
gases or oxygen depletion by providing safe
breathable air for a sufficient period of time
to allow escape. The devices are therefore
constantly worn in the workplace but rarely, if
ever, used. Both eventualities are applicable for
assessment.
Objectives of the study
The aim of the study was to assess the design
of SCSR devices for use by woman in order
to propose improvements that would make
the devices more comfortable, acceptable
and not to impede successful escape. The
objectives included the assessment of female
mineworker
anthropometry
to
address
dimensional limitations of SCSR devices, to
identify shortcomings of current devices for use
by women and to recommend improvements to
designs and to assimilate inputs on the study
findings from manufacturers, subject matter
specialists and stakeholders.
Methodology
A literature review covered a range of relevant
matters, including the physiological, anatomical
and anthropometric differences that influence
woman
in
mining,
personal
protective
equipment requirements applicable to SCSR
devices and the physiological and ergonomics

effects of SCSR use on performance and
comfort. The anthropometric characterising of
woman involved the dimensional measurement
of 98 women from coal, gold and platinum mines
located in three different provinces. A total of 27
body measurements and 2 derived indices were
recorded. Practical performance assessment of
four SCSR devices was conducted through the
sampling of objective and subjective data when
11 woman performed series of locomotion types
in a simulated underground mining environment
during control conditions and while wearing,
donning and actively using the SCSR devices.
Stakeholder and specialist responses were
utilised for the formulation of and prioritising of
feasible SCSR device design improvements.
Results of the study
The literature indicated that woman had
generally lower physical work capacities,
physical strength and heat tolerance than men,
and had different body composition, body form
and anthropometry. It was therefore warranted
that the design of SCSRs should take the unique
characteristics of female into consideration. Very
little reliable anthropometric data on woman in
South African mines was available and required
that body dimensions be sampled. This data
indicated significant differences with reference
populations and confirmed the increased
prevalence of obesity which tended to have
negative effects for SCSR use. The practical
performance assessment results indicated that
SCSRs use increased body strain when wearing
it and even more when donning and actively
using it. SCSR device design shortcomings
included inadequate adjustment strap and
breathing tube lengths, large device size and
mass, and inadequate contouring to fit the
body. Some participants experienced difficulty
in opening the enclosure of the SCSR and in
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general, donning took long. These results were
workshopped with specialist and stakeholders
to draft feasible recommendations on SCSR
design improvements.
Limitations of the study
This study focussed on female mineworkers
while similar studies were not conducted on
males. Sample size of the participants and the
experimental exposure detail and period were
study limitation but did not detract from the
applicability of the findings.
Conclusion
The biological differences between male and
female SCSR users may compromise women’s
comfort, safety and performance at work.
Evidence indicative of a SCSR design focus
favouring males was also found. The new
anthropometric data for South African female
mineworkers was valuable in quantifying
anthropometric differences with reference
populations and provided data bound to
influence future SCSR designs. Different body
parts were influenced by wearing and actively
using the SCSR. Wearing the SCSR devices on
the belt caused lower body discomfort and using
it caused upper body discomfort. Perceptual
measurements indicated a preference for
smaller, body contoured devices of lower mass.

Obese females experienced higher levels of
discomfort. Although the focus of the study was
to improve the ergonomics of SCSR devices for
females, it was concluded that the proposed
improvements would equally benefit male
mineworkers.
Recommendations
The study enabled informed recommendations
to be made:
• To improve comfort and performance of
current devices the use of proprietary belts
to wear the SCSRs effectively were proposed
and experiential training must be provided
to all users to develop their skill levels for
SCSR donning and active use and allow for
an expectation reference to be developed.
• SCSR design recommendations included the
reduction of mass and size with improved
contouring, alternative casing materials,
adequate provisions for adjustability and
anthropometric range, avoidance of headworn devices, and features to allow multiple
wearing arrangements.
• A
comparative
male
study
was
recommended, as well as follow up work
on the implementation of the design and
performance recommendations and the
reassessment of escape strategies on
mines to consider female mineworker
characteristics and requirements.

DONNING AND USE OF SELF
CONTAINED SELF RESCUER
DEVICES WITH PARTICULAR
REFERENCE TO WOMEN IN MINING
PROJECT SIM 160902
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Background of the study
The amendment of the Mining Charter
introduced an element on “sustainable
development and growth” which addresses
the stakeholder’s commitment to utilize South
African based facilities for analysis, and research
and development, throughout the mining
value chain, together with the improvement
of the industry’s environmental management
as well as progress in implementation of the
mine health and safety summit commitments.
Furthermore, it introduced the concept of
meaningful economic participation. For South
Africa to realize sustainable development and
growth, the mining industry requires continuous
gap assessment and development to ensure that
there is enough supply of requisite skills. To this
end, the HRD element was introduced not only
to expedite transformation of the workplace by
skilling workers but also to place the country on
a more competitive trajectory by strengthening
the skills pillar. (DMR, 2015)
Objectives of the study
The research project aims to:
1. develop a MHSC change management and
future action plan that will take cognisance
of the impact of technological change on
people.
2. identify beneficiation opportunities for the
peripheral mining communities through
effective research capacity in those
previously disadvantaged individuals and
institutions.
3. develop a solution for the on-going and
effective transfer of skills to those previously
The importance of skills-transfer to previous
disadvantaged
individuals
(including
women) and institutions.

Methodology
1:
Conduct
a
literature
review,
internationally and nationally, on the impact
of technology, mechanization, modernization
and current mining skills related to mechanized
automated mining (green and brown fields)
with a view to promote global competitiveness
Phase

Phase 2: Sample Skills Audit relevant to present

and future skill gaps, redundant skills, and
work opportunities for women in the national
mechanised mining industry.
3:
Development of an effective
change management methodology for the
implementation and maintenance of skills
management in a fully mechanized national
mining industry.
Phase

Phase 4: Development of MHSC Beneficiation

Framework.
Results of the study
This study indicates eight major findings as
listed below, other findings are discussed in the
various sections.
1.

Scale of Modernisation - In many of the
brown field operations that were visited it
was established that the modernisation can
only be implemented to a degree. During
the visits and discussions, the feeling is that
the scaling in of modernisation technology
on brownfields will only be implemented
by 2030. In the meantime, there is the
need to incorporate technology to drive
competitiveness and profitability. These
technologies will have a major impact on
the skills requirements, which is a concern,
seeing as though industry is finding it
problematic to address the scarce and
critical skills requirement that have haunted
them for the past 10 years.
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2. Stakeholders - There are a large number of
stakeholders in the industry, each of whom
has their own goals and objectives and are
all involved in their own way in the mining
sector training and development space,
but with no links to one another and no
alignment or co-ordination. This is creating
a functional silo approach which may very
well have a direct bearing on skills shortages.
Alignment between industry and providers
are also not an ideal model, with quality
from providers not fitting the requirements
from industry. An integrated model and,
aligned policies and regulations, would be
required for addressing these issues.

as it stands now, current skills shortages
have also created or, in part, contributed
to increased staff turnovers amongst the
scarce and critical skills. This can clearly be
seen in the recruitment drives which mostly
focus on filling these scarce skills as well as
mining houses’ talent retention strategies
which target these scarce skills sets. Despite
this, employees with these qualifications
will change employment at an instant with
the main attraction being the financial
compensation offered by a new prospective
employer. Consequently, poaching of
employees increases to address the scarce
skills within an operation, but difficulty in
staff retention also increases in that mine.

3. Quality of basic education - A major
challenge that is being faced in South Africa
is the low level of basic education affecting
quality output of future employees. In turn
this low level of education creates a large
gap within the tertiary field, especially in
Engineering and artisans. This may also be a
direct outcome of the uncoordinated efforts
by the various stakeholders in the training
landscape in the mining industry. This
emphasizes the need for integration and
alignment of education models, national /
industry legislation and regulations, and the
sector requirements.

7. Demographics - The average age of
employees has also increased, with a negative
impact onto the labour sustainability of
the sector Also, industry attractiveness
has had a direct influence on the numbers
of younger people in the industry that can
benefit from skills transfer programmes.
Younger generations are looking for higher
salaries with less physical intensive work.
The high average age of mining employees,
especially employees working at rockface,
poses another challenge in terms of the
development and attainment of new skillsets that is required.

4. Market related remuneration for lecturers
- Colleges are faced with the challenge
of appointing and retaining lecturers
with sufficient industry knowledge and
experience. These lecturers are quite
often frustrated by the working conditions
within the colleges and they are normally
remunerated
more
through
private
institutions.

8. Skills shortage interventions - Skills
shortages are currently not being effectively
addressed on a wider scale. Industry and
government has attempted to address the
skills shortages through various initiatives
yet the shortages continue. There will most
likely be a skills shortage due to the speed
of technology innovation which will create
new jobs at a faster pace than what the
educational sector can generate.

5. Redundant skills vs Scale of skills - During the
study, there have not been any redundant
skills identified, at least not in the current
structures of brown - field operations. There
is however, a reduction in the number of
job per skills set e.g. blasting (blasting
certification for miners) which in the coal
mining industry are now limited to rock
blasting for development purposes only
and not production of coal blasting which
ceased with continuous mining.
6. Static skills vs employee turnover - Skills
needs have remained similar over the
past 10 years which points to a current
lack of preparing or gearing up to change
training that will address future needs. Yet
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Conclusion
The final report lays out the key findings and
recommendations of the project in detail.
The effective change management effective
change management methodology for the
implementation and maintenance of skills
management in a fully mechanized national
mining industry is discussed in the document.
The phase 4 of the project is a separate document
title as “GUIDELINES FOR THE DEVELOPMENT
OF A BENEFICIATION FRAMEWORK FOR THE
SOUTH AFRICAN MINING INDUSTRY”
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Background of the study

Results of the study

This is the first kind of research to assess the
workload of occupational Health Practitioners
(refer to Section 13(3)(a)(i)) and Occupational
Hygienists (refer to as Section 12(1)) appointees,
in the world

Due to the difference in sizes and diversity
of the mines surveyed, it may be difficult to
accurately gather relevant data on the utilisation
of the OMP’s. This is especially so, taking into
consideration that the initial sample of electronic
questionnaires was not representative enough
to be used as a randomised sample of the 1938
mines and the value of the findings should
therefore rather be regarded as an approximate
indicator of the current situation in the SAMI.

Objectives of the study
The primary aim of the study was to report
on the recommended acceptable ratios of the
engagement or appointees in terms of Section
12(1) and Section 13(3)(a)(i), considering
number of employees, number of mines and
distances between mines being serviced.
Methodology

Limitations of the study
The research study had the following limitations:
•

The method consisted of the following steps:
•

•

•
•

•
•

First, the responsibilities and functions of
the Occupational Hygiene Professionals
(OHPs, Section 12(1)) and Occupational
Medical Professionals (OMPs, Section 13(3)
(a)(i)) were determined.
Subsequently questions related to the
responsibilities and functions of the different
appointees were compiled.
Thereafter the framework (structure) of the
questionnaire was determined.
All the questions were incorporated
into electronic questionnaires for online
distribution.
Finally, the questionnaires were circulated
for approval by SIMRAC.
The Ethical Committee of the Faculty of
Health Sciences, University of Pretoria
approved the project (Ethical clearance
number: 17/2018).

•

•

•

Percentage
full-time
and
part-time
appointments (Section 12(1) and Section
13(3)(a)(i)) for the SAMI could not be
reported because a complete list of
appointees could not be obtained from
any of the professional registration bodies.
Percentages expressed is therefore in terms
of total number of questionnaires returned
and not for the SAMI.
The outcome of questionnaire was on
surface and underground operations only.
Section 12(1) and Section 13(3)(a)(i). of
smelters and refineries did not complete
questionnaires.
Non-legislated activities were not included
in the questionnaires and are also not
reported.
Such
responsibilities
may
overstretch appointees further as already
indicated by the current investigation.
Appointees involved at more than one
operation completed one questionnaire and
indicated the mine code of only one mine.
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•

•

•

•

•

This may cause information bias because it
is not clear if information provided reflects
responsibilities of the specific mine or
an average of the mines serviced by the
appointee.
The spread of number of mines serviced by a
single consultancy could not be established
because Section 12(1) and Section 13(3)(a)
(i). appointees did not indicate all the mine
codes they are responsible for.
During the telephonic verification, one OMP
admitted incorrect interpretation of some of
the electronic questions.
During the telephonic verification process
an OMP expressed concern that if the real
status quo was reported, it could adversely
affect the mine, which confirms possible
information bias.
All concerns and challenges might not
be reflected by the outcome of the online
questionnaire. Round table discussions with
appointees up to saturation could have
generate more insight and understanding in
terms of concerns and challenges.
The outcome of this investigation only
provides broad guidance in terms of mandays/hours of specific appointees.

Recommendations
Section 12(1) appointees:

•

•

•

Conclusion
The total number of Section 12(1) in SAMI could
not be established due to the fact that a data
base does not exist of full-time and part-time
Section 12(1) appointees in spite of the fact
that reporting of a Section 12(1) appointments
is a legal requirement. According to the 78
Section 12(1) appointees who completed the
questionnaire, 49 was appointed on a full-time
and 29 on a part-time basis.

Section 13(3)(a)(i):

The number of employees to be serviced by an
appointed Sec 13(3)(a)(i) should be discussed
in an appropriate forum and a practical decision
taken which could work for the South African
environment.
•

The total number of Section 13(3)(a)(i) in SAMI
could not be established due to the fact that a
data base does not exist of full-time and parttime Section 13(3)(a)(i) appointees in spite of
the fact that reporting of a Section 13(3)(a)(i)
appointments is a legal requirement. According
to the 50 Section 13(3)(a)(i) appointees that
completed the questionnaire, 13 was appointed
on a full-time and 37 on a part-time basis.
•

•
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The looming manpower shortage of
Ventilation Officers/ Occupational Hygiene
Technologists and specifically Observers/
Occupational Hygiene Assistants, nationally
is urgently addressed.
The ratio of 1:5:25 for Ventilation Officers/
Occupational Hygiene Technologists to
Observers/Occupational Hygiene Assistants
is proposed for OHPs. It is recommended
that one full-time Sec 12(1) be appointment
for a mine of a size of 250 employees and
more and that this number is increased
with one additional professional full-time
appointment i.e., Ventilation Officers/
Occupational
Hygiene
Technologists
considering:
•
the volume, size and physical location of
the mine
•
the health and safety record of the mine;
•
the number of designated working
places and
•
distances between mines to be serviced.
The MHSC develops prescribed maximum
criteria for the number of mines Section
12(1) appointees may provide services to.

For every 100 employees at least one parttime OMP should be contracted for 1 full shift
and one OHN for 3 full-day shifts per month.
It is further recommended that the number
is increased with one additional part-time
Sec 13(3)(a)(i) appointment considering the
volume, size and physical location of the
mine; the health and safety record of the
mine; the number of designated working
places and distances between mines to be
serviced.
The number of employees to be serviced
by an appointed Sec 13(3)(a)(i) should be
discussed in an appropriate forum and a
practical decision taken which could work
for the South African environment.
The DMR have to perform compliance
monitoring to ensure compliance to
recommended guidelines.
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