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The Mine Health and Safety Council (MHSC) is a public entity that is mandated, in terms of the 
Mine Health and Safety Act (MHSA), to advise the Minister of Mineral Resources on research 
programmes, regulations, standards, policies, procedures focused on minimising the occupational 
health and safety (OHS) risk at mines. The Council is also tasked with promoting a culture of health 
and safety in the mining industry.

The Council office executes the operational deliverables of the Council, including the provision of 
secretarial support to the Council and all its committees, managing research programmes, finances, 
communications and promotions, and liaising with other statutory bodies on matters relating to 
occupational health and safety at mines. Council provides a platform for stakeholder engagements 
on OHS matters.

FOREWORD
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“Zero Harm to 
employees and 
communities as 
a result of mining 
activities”

The Republic of South Africa’s Presidential 
Mine Health and Safety audit report of 2008 
recommended that the Mine Health and Safety 
Council to urgently develop and implement a 
programme that will promote a culture of health 
and safety at mines. In 2009, the Mine Health and 
Safety Council (MHSC) commissioned a project 
“Changing Minds, Changing Mines.” The project 
set out a Culture Transformation Framework (CTF) 
which is designed to assist the SAMI to deal with 
human and organizational factors (soft issues) 
which are the leading causes of incidents at work 
places. The CTF was approved for implementation 
in 2011 and it also forms part of the 2014 OHS 
summit milestones. The implementation of the 
CTF will go a long way in supporting the mining 
industry’s efforts to create a safe and healthy 
environment which ensures that every mine 
worker returns from work unharmed every day.

As part of the response to the CTF, the MHSC 
developed the Handbook on Personal Protective 
Equipment (PPE) for women in the South African 
Mining Industry (SAMI). The handbookis available 
in English, Zulu, Sotho, Tsonga and Afrikaans and 
provides comprehensive awareness on PPE for 

WIM in the SAMI. This was a knowledge transfer 
project which aimed to facilitate the implementation 
of the recommendations of the research findings 
from the PPE for Women in Mining (WIM) study. 

In conclusion, a number of other 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 significant 
OHS related risks could be meaningfully addressed 
through further research. The Special Projects 
thrust area also covers multiple exposures, effects 
and topics not classified in other thrust areas. This 
compendium provides synopses of work already 
completed in this area.

Thabo Dube
Chief Executive Officer
Mine Health and Safety Council

December 2017
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1. ESTABLISH THE PRIMARY CAUSES 
OF ACCIDENTS ON MINES OTHER 
THAN GOLD, COAL AND PLATINUM
By Peake V.A. and Ritchie A.J., CSIR: Min-
ing Technology, REF: OTH 003, 1994

SUMMARY:

This project comprised an analysis of five years’ 
accident data as recorded on SAMRASS (South 
African Mining Reportable Accident Statistics 
System) and a study of reportable accident 
investigation reports.

The are more than 2800 reportable accidents 
which occurred on mines other than gold, 
platinum and coal during the period January 
1988 to December 1992 provided the database 
for statistical analysis.  The data stored on 
SAMRASS is derived from the MD16A and 
MD16C forms (now Forms 10 and 11), and 
represents a summary of the circumstances and 
other conditions relevant to the accident.  The 
most important data available are the type of 
accident, the type of working place, the activity 
of the injured mineworker, the day of the week 

and time of day, the assessed cause, the type 
of injury sustained and the allocated severity 
expressed as days lost.  In addition, more than 
180 accident investigation reports encompassing 
a representative range of accident types were 
reviewed to obtain more qualitative information.
The distribution of risk, as measured by allocated 
lost days, attributable to different accident types 
is presented in the pie chart, Table 1.  It is 
evident that a wide variety of accident types is 
responsible for the occupational safety risk, with 
accidents of an operational nature (eg falling, 
slipping, free steered vehicles, explosives) 
predominating as opposed to technical failures 
(e.g. fall of ground, explosion, etc.).

With the wide variety of commodity types 
in the other mining sector and associated 
different mining methods, different distributions 
of accident types are identified for the various 
types of underground and surface mining.  The 
differences in the distributions tend to reflect the 
degree of mechanization, the type of ore, men 
and materials transport systems used and the 
nature of mining machinery.

The report emphasizes the importance of 
effective training in preventing accidents.  
According to both the statistical analysis and 
the review of accident investigation reports, 
the most frequently cited cause of accidents 
is a failure to comply with recognized good 
practice or work standards.  It is inferred that 
the reasons underlying this immediate cause 
are mineworkers not receiving proper training, 
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mineworkers not carrying out tasks as they have 
been taught and mineworkers being allowed 
to perform work in an unsafe manner.  The full 
distribution of allocated lost days attributable 
to the various assigned causes is presented in 
Table 2.

Table 1: Major accident types

Table 2: Dominant assigned accident causes

Inspection of Table 2 reveals a strong preference 
for assigning immediate acts of omission or 
commission rather than the root causes which 
are possible selections.  This to some extent 
restricts the usefulness of the information in terms 
of establishing research needs since, to have a 
real impact, research projects must address the 
root causes of accidents. Nevertheless, based 
on the information, the authors conclude that 
seven areas would represent areas for research 
where significant impact could be made on 
mine safety.  These are human behaviour, 

employee education and training, guarding of 
machinery, handling and use of explosives, 
systems and methods for handling heavy or 
awkward equipment or materials, operation and 
maintenance of machinery and warning systems 
on mobile equipment and vehicles.

CONCLUSION:

If we are to reduce accidents further, there is 
a fundamental need to understand more about 
human behaviour ard at the same time consider 
alternative methods or systems for improving 
education and training to create “safety 
awareness” before considering new equipment, 
methods or procedures.

2. NIGHT AND SHIFT WORK ON A 
CONTINUOUS BASIS: HEALTH 
AND SAFETY IMPLICATIONS FOR 
THE SOUTH AFRICAN MINING 
INDUSTRY
By Kielblock A.J., CSIR: Mining Technology, 
Ref: GEN 107, 1995

SUMMARY:

This project is a literature review dealing with shift 
work. The basic approach taken has been to use 
a conceptual model which takes into account the 
major cause-effect relationships associated with 
night and/or shift work.

The review also considers international standards, 
local legislative frameworks, the present status 
of shift work in the South African mining industry, 
and some perspectives presented by employee 
representative and other organizations.

The conceptual model used was proposed by 
Folkard and provides links between, on the one 
hand, the features of shift systems, as well as 
the consequences and coping strategies, and, 
on the other hand, health and safety.

The consequences of shift work are vast and 
impact on the individual’s health and general 
well-being, and on his/her family and social life. 
There is general consensus that adaptation 
to night and/or shift work is, at best, never 
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complete; at worst certain employees cannot 
tolerate shift work at all. It is therefore not 
surprising that international standards exist 
and in this respect the International Labour 
Organization’s (ILO) recommendations are 
particularly relevant.The ILO’s recommendations 
are backed-up by extensive research covering 
many aspects fundamental to good shift design, 
for example shift starting times, duration, rotation 
and leisure time. Individual differences and 
medical contraindications must obviously also 
be incorporated into the overall design of the 
system.
 
Night and shift work schedules have important 
implications for safety. The underlying cause 
is a shift work-induced fatigue which has been 
causally linked to major events such as the 
Three-Mile Island nuclear plant disaster, Union 
Carbide’s chemical accident in Bhopal India, 
the Exxon Valdez oil spillage in Alaska, the 
Chernobyl nuclear disaster and the space 
shuttle Challenger accident. These events have 
a significant bearing on the South African mining 
industry should continuous work become the 
general norm.

An analysis of shift systems in use on South 
African mines fell outside the scope of this review 
although originally a proposal to this effect was 
submitted. As assessment was nevertheless 
carried out by an independent organization and 
these findings indicate the existence of schedules 
which, in many respects, ignore established 
norms and precedent.

At a recent local conference the National Union 
of Mineworkers voiced its concerns with regard 
to what was termed an “ad hoc” approach. 
Although the ILO’s recommendations provide 
a useful, if not essential, point of departure in 
contemplating the introduction of continuous 
work on South African mines, it is clear that 
negotiated agreements, most likely at a central 
or even national level, are crucial.

Of equal importance is a review of the relevance 
of the Minerals Act in providing a legislative 
framework appropriate to the introduction of 
continuous work. Indications are that the Basic 
Conditions of Employment Act will be subjected 
to review and it is suggested that the Minerals 

Act cannot escape the implications of such a 
review. A legislative impasse is not unlikely if 
vastly conflicting sets of regulations should apply, 
respectively, to mining and general industry.

CONCLUSION:

A review of the literature provides ample 
justification for continuous work, i.e. night and/
or shift work. The underlying driving forces vary 
but in the specific context of the South African 
mining industry, a key factor is economic survival 
and stability into the next century.

The consequences of shift work are vast and 
impacts on the individual’s health and general 
well-being, and on his/her family and social life.
There is general consensus that adaptation to 
night and/or shift work is, at best, never complete; 
at worst certain employees cannot tolerate shift 
work at all.

Night and shift work schedules have important 
implications for safety and shift work-induced 
fatigue has been linked to major accidents. 
There is no single optimum shift system which 
can be used universally.

If continuous mining is regarded as essential in 
the mining industry, a uniform (as opposed to ad 
hoc) system, based on international standards 
and precedents, should be developed.

3. PRACTICES AND PROCEDURES TO 
OVERCOME THE PROBLEMS AS-
SOCIATED WITH DISORIENTATION 
AND LOW VISIBILITY IN THE AF-
TERMATH OF MINE EXPLOSIONS 
OR FIRES
By van Rensburg J.P., Kriel H. and Kiel-
block A.J., CSIR: Mining Technology, Ref: 
GEN 101, 1995

SUMMARY:

Although considerable research has been 
directed at establishing maximum safe distances 
for most conceivable underground escape routes, 
the impact of poor visibility and disorientation 
was not considered during earlier studies.
The purpose of the SIMGEN 101 project was 
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to find workable solutions to the problems 
associated with escapes under conditions of 
poor visibility, with specific reference to South 
African coal, gold and platinum mines.To quantify 
the effects of poor visibility and disorientation, 
underground escape simulations were performed 
by blindfolded volunteers.  High seam and low 
seam collieries, as well as gold mines, were 
used for this purpose.  Some of the escapes 
were videographed with the ultimate objective of 
producing an awareness package appropriate to 
the needs of mines.  An example of an escape 
route used during this study is depicted in Figure 
1.

Figure 1: General Characteristics of the Escape 
Route at Hlobane Colliery - Section 600

The escape simulations performed on coal and 
gold mines under conditions of zero visibility 
revealed that the speed at which escape routes 
can be negotiated is reduced significantly.  
Depending on the escape route the speed of 
locomotion during zero visibility ranges between 
25 and 40 per cent of the speed which could be 
recorded during normal visibility.

The slower speed at which escapees are forced 
to negotiate escape routes under low visibility 
has a direct bearing on the distances that can be 
covered within a specified period of time.  The 
implication is that distances between working 
places and back-up facilities should be adjusted 
accordingly.

A number of guidance systems such as the 
MOSES system, the Majuba device and the 
Parkerscape were also evaluated as part of of 
the project.

The MOSES System was designed to guide 
personnel from the work place to a place of safety, 
such as a refuge bay.  This is accomplished by 
a series of small, roof-mounted units spaced 
at intervals varying between 30 - 50 m, which 
emit both an audible and visual signal in a cyclic 
routine.  The cycle commences at the working 
face and terminates at the refuge chamber.

Results of trials to determine the effectiveness of 
the MOSES guidance system in aiding workers 
to escape to a safe place suggested that the 
speed of locomotion was significantly reduced 
where only the audible signal was used (Table 
1).

Table 1: Evaluation of the MOSES System

From the data contained in Table 1 it is evident 
that the speed of locomotion during a simulated 
escape under normal conditions was on the 
average 1,83 m.sec with an average duration of 
8,5 minutes.  

When the escapees were blindfolded, and 
therefore had to rely entirely on the audible signal 
to direct them, the average speed of locomotion 
was only 0,67 m.sec. and it took the escapees 
25,3 minutes on average to reach the safe place.

CONCLUSION:

Both locally and internationally there is 
consensus that disorientation and low visibility, 
in the aftermath of fires and explosions, are 
major considerations in underground escape 
and rescue strategies.  However, practical and 
proven solutions, with the requisite degree of 
flexibility to permit general application, are not 
readily available.

On the basis of case reports available evidence 
suggest that visibility deteriorates so rapidly in 
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many instances that zero visibility should be the 
only scenario used when considering possible 
solutions, particularly in coal mines.

Due to the rapid and continuous change of 
working faces, holings and machine positions in 
the working areas, spatial orientation in collieries, 
in particular, appears to be a problem.

Some form of support to assist the escapee to 
maintain his equilibrium, especially in the case 
of obstacle-ridden escape routes, and to avoid 
injury, appears to be crucial; the incorporation 
of a directional guidance system represents a 
further element of importance.

Belt roads, although generally regarded as 
suitable, should not be regarded as a dedicated 
primary escape route.

Personnel should be trained to use designated 
escape routes, i.e. workers should familiarize 
themselves fully with the escape route by walking 
the route.

4. ANALYSIS OF INCIDENTS 
INVOLVING SCSR ACTIVATION
By Kriel H.,  van Rensburg J.P., and Kiel-
block A.J., CSIR: Mining Technology, Ref: 
GEN 102, 1995

SUMMARY:

The introduction of body-worn self-contained self-
rescuers (SCSRs) in the South African mining 
industry represented a concept which could be 
regarded as entirely novel.  While a considerable 
amount of research has been concluded on the 
implementation of these devices, their lifesaving 
potential during actual emergencies has not 
yet been quantified.The main objective of the 
study was to provide a systematic, industrywide 
analysis of the life-saving potential of SCSRs on 
the basis of incidents leading to the operational 
activation of such devices.  In conjunction with 
the primary objective, a secondary objective was 
to identify current shortcomings and potential 
areas of improvement within overall escape and 
rescue strategies.

Data bases from mining houses, individual mines, 
Rescue Training Services and the Department of 

Minerals and Energy  were examined to establish 
the widest possible variety of incidents involving 
SCSR activation.

A total of 39 incidents, over a period of seven 
years (April 1987 to April 1994) including SCSR 
activations, were identified.  

For a variety of reasons complete data could only 
be recorded for 17 of these cases.  Issues under 
investigation included the time of the incident, 
probable cause, reasons for SCSR activation 
and estimation of the lives saved by SCSRs.

A total of 609 SCSRs were activated during the 
period in question. Forty-eight fatalities occurred 
in spite of SCSR activation by the victims, while 
30 SCSRs (5 per cent) could be identified as not 
having been used for escape or rescue.

The frequency of incidents relative to time of day 
is presented graphically in Figure 1.

From this figure it is evident that 66 per cent of the 
incidents occurred between 18h00 and 06h00, 
i.e. two thirds of the incidents in half the time.  
This implies that incidents are twice as likely to 
occur during the night than during the day.
 

Figure 1: Incident Frequency Relative to Time of 
Day

Methane ignitions/explosions were shown to 
be the single largest causal factor (32 per cent) 
followed by electrical malfunctions (28 per cent) 
and mechanical factors such as friction (21 per 
cent). Two thirds of all incidents occurred in 
working places and haulages.
It is clear from Figure 2 that visible smoke, fumes 
and flames provide the largest proportion of the 
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5. SELF-RESCUER MONITORING
By van Rensburg J.P.,  Celliers C.P., and 
Kielblock A.J., CSIR: Mining Technology, 
Ref: GEN 006, 1996

SUMMARY:

A preliminary self-contained self-rescuer (SCSR) 
monitoring programme was established in 1989 
and funded by the National Energy Council. 
This programme has been superseded by a 
more comprehensive industry wide monitoring 
programme funded by SIMRAC for a three year 
period, 1993 to 1995. 

The primary objective of the SCSR monitoring 
programme (Project SIMGEN 006) was to 
detect adverse performance trends or structural 
damage/deterioration which could ultimately 
jeopardize an escape in the event of any sudden 
or anticipated development of an irrespirable 
atmosphere.  For this purpose all makes of 
SCSRs approved and deployed on South 
African mines were withdrawn and subjected to 
objective reproducible laboratory assessments.

reasons why people activate SCSRs.  In only 
10 per cent of cases the activation of SCSRs 
could be attributed to supervisory instructions or 
warnings, or by means of devices such as co-
monitors/alarms.

CONCLUSION:

SCSRs have conclusively been shown to 
save lives.  A minimum of 200 lives have been 
saved as a direct result of the introduction of 
SCSRS in the South African mining industry. It 
is likely that a further 250 survivors owe their 
lives to SCSRS, although conclusive evidence 
is lacking. Some 66 per cent of the incidence 
involving SCSR activation occurs in the period 
of 19h00 to 08h00. Two thirds of all incidents 
occurred in working places and haulages. The 
implementation of SCSRS in the mining industry 
has been characterized by an approach that 
could at best be described as fragmented. 
While SCSRS can certainly provide a means of 
worker protection, their deployment needs to be 
supported by an overall strategy.
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The annual report covering the period January 
1993 to March 1994 concluded that the functional 
performance of the MSA/AUER SSR 30/100 and 
Draëger Oxyboks K SCSRS on mines remained 
essentially unimpaired.  The carbon dioxide 
scrubbing ability of the Fenzy Spiral I SCSRs 
has been affected adversely over the period in 
question (Figure 1).

 Figure 1: Inhalation carbon dioxide concentration
 
On average the inhalation carbon dioxide 
concentration exceeded the limit set for 
approval purposes (TLV-C = 2,5 per cent) after 
approximately 16 minutes in 1990 field samples.  
Following these results Fenzy SCSRs were 
upgraded and although they still exceeded the 
approval limits, this  was of a transient nature 
and inhalation carbon dioxide levels invariably 
decrease to below 2,5 per cent.The Ocenco 
M-20 SCSRs exhibited a significant degree of 
pulverization of the carbon dioxide scrubbing 
absorbent.  This required the majority of the units 
to  be modified to prevent a similar problem in 
future.

The Siza Moya SCSR performed satisfactorily 
in terms of oxygen generation, inhalation air 
temperature and breathing resistance. However, 
the ability to scrub carbon dioxide deteriorated 
markedly and, as a result, the life-saving potential 
was compromised.  It was recommended 
that mines on which Siza Moya SCSRs are 
deployed modify existing escape strategies to 
accommodate the reduced lifesaving capacity of 
these units. Other key aspects covered in this 
project included  infrastructural requirements, 
sampling and reporting procedures, and 
investigations into non-destructive alternatives 
for breathing simulator testing.

The feasibility of using a leak test as a method 
of functional assessment was investigated 
primarily for economic reasons.  The rationale 
for this was that if leak-testing proved to be 
viable, either as an alternative or as an adjunct 
to current breathing simulator tests, a significant 
cost saving could be achieved with regard to the 
ongoing monitoring of SCSRs on mines.

Results of these investigations reveal that the 
exposure of chemical SCSRs to underground 
conditions degrades the chemical bed.  The 
logical deduction is that any incident/event which 
compromises the integrity of the protective 
casing leads to impaired functional performance 
and that, by conducting leak tests, such units can 
be identified with relative ease and discarded.  
However the converse does not hold true, namely 
that in the absence of leakage uncompromised 
functional performance can be guaranteed.  This 
has been clearly demonstrated through tests 
performed as part of the ongoing monitoring 
programme for SCSRs.

CONCLUSION:

Leak testing cannot be employed as an 
alternative to breathing simulator methods 
of SCSR evaluation in terms of functional 
performance.  Leak testing could provide a 
useful adjunct to formal (destructive) breathing 
simulator evaluations of SCSR performance, 
particularly with regard to the screening and 
rejection of SCSR units with an increased 
potential for functional insufficiency. In view of 
the deterioration in the functional performance of 
certain makes of SCSRS, the close monitoring 
of all units, as a general practice, is indicated 
as a fundamental principle. Batch testing is an 
essential adjunct to routine monitoring and should 
not be confused with approval assessments.
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6. GENERAL DESIGN 
SPECIFICATIONS FOR IMPROVED 
PROTECTIVE FOOTWEAR
By Kielblock A.J. and Mackay J.G., CSIR: 
Mining Technology, Ref: GEN 103, 1996

SUMMARY:

Project SIMGEN 105 represents an initiative 
to address lower leg injuries through improved 
general design specifications for protective 
footwear and the extent to which popular 
commercially available footwear could be 
improved.

The emphasis falls on the Wayne >Egoli= 
gumboot and the basis of the evaluation is a 
survey of a selected number of gold mines 
served by a common mine hospital.  The survey 
took the form of an analysis of records of lower 
leg and foot injuries sustained over the period 
1992 - 1995 on the above mines.

The present survey reveals a marked decrease 
in the incidence of lower leg injuries relative to 
other injuries.  On an earlier survey (1983 - 1987) 
lower leg injuries accounted for 21,3 per cent of 
all injuries sustained in underground gold mines.  
This is more than double the incidence recorded 
for the 1992 - 1995 survey and highlights fractures 
on the leg below the knee, the ankle/heel and 
metatarsals, and surface wounds inflicted in the 
metatarsal region and the leg below the knee.  
The major causes of lower leg injuries were fall 
of rock (32 per cent), rolling/loose rock/stones 
(29 per cent), hopper/tippers (15 per cent) and 
metal objects (15 per cent).

The above findings suggest that metatarsal 
protection probably represents the most 
important avenue to pursue in order to reduce 
injuries with respect to the lower limb.  The 
general impression is that although certain 
improvements in the design of present protective 
footwear are feasible, at least in principle, 
significant improvements in the  lower leg injury 
rate are only likely to stem from preventative 
strategies and practices.

Compensation for injuries introduces a further 
parameter in addressing the means to improve 
personal protection.  

A comparative ranking of these findings for the 
two surveys in question is given in Table 1.
 
From the information contained in Table 1 
it is evident that the vulnerable occupations 
common to both surveys are machine operators/
assistants, labourers/lashers, winding/winch/
compressor driver, and loco drivers.

Table 1: Comparative ranking of compensatable 
lower leg injuries by occupation

In relation to an earlier survey the improved 
safety features of the >Egoli= was manifested in 
the present study by a significant reduction in the 
incidence of toe injuries, as well as toe injuries 
leading to permanent disability, and a decrease 
in the incidence of STF-related injuries (i.e. 
slipping/tripping/falling).  The features most likely 
to have been instrumental in this regard are steel 
toe caps, and improved ankle support and sole 
design.

CONCLUSION:

In terms of the major causal factors, as well 
as the most vulnerable anatomical areas and 
the nature of the injuries sustained, metatarsal 
and penetration protection appears to be most 
needed. The over-reliance on a single strategy, 
i.e. protective footwear, would be insufficient 
and even inappropriate to address lower leg and 
foot injuries in the mining industry. Pre-medical 
examinations should be extended to ensure 
employee compatibility with protective footwear.
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Comprehensive education and awareness 
programmes on causal factors, consequences 
and “best practice” precautions against lower leg 
and foot injuries should be introduced. Improved 
housekeeping practices, especially in “high 
risk” areas of work, should be stipulated; in this 
regard increased illumination levels appear to be 
of fundamental importance.

7. A COMPREHENSIVE ERGONOMICS 
STRATEGY FOR THE SOUTH AFRI-
CAN MINING INDUSTRY
By de Koker T.H., Schutte P.C., Ergotech 
Ergonomics consultants, Ref: GEN 603, 
1996

 
SUMMARY:

This research report discusses the development 
of a comprehensive ergonomics strategy for 
the South African mining industry. The objective 
of the strategy is to introduce and implement 
ergonomics in the mining industry to improve 
occupational health and safety in compliance 
with the Mine Health and Safety Act (No. 29 of 
1996), worker morale and well-being as well 
as productivity, efficiency and effectiveness on 
South African mines. 
 
As a first phase in the development of the 
strategy, an extensive literature survey was 
conducted to gather relevant information on 
ergonomics strategies and other ergonomics 
implementation approaches, especially in 
mining industries. From the literature survey 
and personal communication with ergonomists 
in various overseas countries it became evident 
that a holistic ergonomics strategy, specifically 
for a mining industry, has not yet been developed 
or implemented in any country. 
 
In view of the absence of a generic strategy, 
a formal strategy development process 
was followed to develop a draft ergonomics 
strategy for the South African mining industry. A 
representative sample of role players in the local 
mining industry was then consulted to determine 
the feasibility of the proposed strategy. Feedback 
from these role players was used to refine the 
proposed strategy whereafter proposals were 
formulated for the practical implementation of 

the strategy. Role players were again consulted 
to assess the feasibility of the implementation 
proposals. 

The strategy to implement ergonomics in the 
mining industry will involve four groups of 
role players, namely the State, Employers, 
Employees and Manufactures/Suppliers of 
mining equipment, on the basis of participatory 
ergonomics. The specific involvement proposed 
for role players entail reviewing of existing 
legislation addressing ergonomics and the 
drafting of an ergonomics implementation plan 
in the case of the State, the establishment 
of formal ergonomics programmes on mines 
by Employers, the active participation and 
involvement in the ergonomics programmes by 
Employees, and the use of ergonomics design 
guidelines and specifications equipment 
 
Successful implementation of the strategy 
will depend on the effective introduction of the 
science of ergonomics and it is therefore of 
cardinal importance to raise the general level 
of awareness among all role players. This 
can be achieved through general information 
and promotional programmes to introduce 
ergonomics. Education and training in 
ergonomics will also be required to facilitate 
the active participation of all employees in the 
ergonomics programmes on mines. 
 
Costs to implement the ergonomics strategy 
should be regarded as an investment with long 
term benefits. There will also be benefits that 
could not be expressed in monetary terms such 
as improved health, safety, comfort and human 
well-being, which are actually the main aims of 
implementing ergonomics in the local mining 
industry. 

CONCLUSION:
 
This report contains recommendations regarding 
the specific aspects that will facilitate the 
successful implementation of the ergonomics 
strategy. Supplementary future research 
necessary to further enhance the implementation 
of ergonomics in the South African mining 
industry is also proposed.
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8. DEVELOPMENT OF CRITERIA AND 
EVALUATION TOOLS APPLICA-
BLE TO DIFFERENT MODELS FOR 
PROVISION OF COMPREHENSIVE 
EMERGENCY MEDICAL SERVICE IN 
THE MINING INDUSTRY
By Myburgh D., Viljoen T., Crawford-Nutt J., 
Lawrence D., Peggs G., Gray T., Tilbrook 
M., Lourens A., Toubkin M. and Professor 
Boffard K., Netcare 911 (Pty) Ltd, Ref: SIM 
03 09 01, 1996

SUMMARY:

This research focusses on statistics and trends 
within South  Africa. The available research related 
to statistics and trends within the South African 
mining environment is presented. This section 
provides the reader with an understanding of 
how South African statistics compare to Canada, 
the United States of America and Australia. 
 
The project aims at Emergency Medical Services 
within the Mining Industry which is a specialized 
environment due to the nature of the activities, 
complicated by access to the injured, treatment 
of injured under hazardous conditions and 
extrication of the injured from the scene of the 
incident and transportation to the medical facility.
 
Success in getting the injured to the medical 
facility is largely dependent upon a series of 
integrated activities being executed timously, by 
adequately qualified medical and support staff. 
Previous research projects and resultant reports 
show that this process is flawed.
 
This project also focuses on testing the 
effectiveness of the emergency medical service 
within the mining operation. It provides mines 
with a tested model which follow the guidelines of 
Generally Accepted Auditing (GAAP) standards 
which is utilized daily by accounting firms and is 
based upon the United Nations Environmental 
Programme (UNEP) Awareness and 
Preparedness for Emergencies at Local Level 
(APELL) for Mining - Guidance for the Mining 
Industry process. It is expected that the review 
teams are conversant with these publications.

Ihe report includes current legislation in South 
Africa as well as details of the current legislation 
regarding mining within South Africa. This 
research provides the reader with a baseline 
which can be measured for effectiveness against 
the legislation of Canada, USA and Australia.
 
The International Policies and Regulations 
in the report, provides details of the current 
legislation regarding mining within Canada, USA 
and Australia. The research provides the reader 
with a baseline of what other countries take into 
consideration when proposing legislation for 
their mining operations.

Following the above two research components, 
we are able to deduce the difference between 
South Africa and International legislation and 
use these as the guidelines to define the “Gold 
Matrix Standard”.

Mining Emergency Medical Services Review 
defines the baseline model which we have used 
to develop the matrixes which are defined later in 
the research report.
 
Process of Mining Emergency Medical Review 
Matrix Development has been designed and 
developed using the agreed project phases, 
following the acceptance of the project philosophy 
by SIMRAC

The Mining Emergency Medical Review matrix 
is not a mechanical device which removes 
judgment,the approach explicitly requires many 
judgments as no two mining operations, even 
within the same industry and areas are the 
same. The review of the mining operations using 
the matrixes for the Mining Emergency Medical 
Review is constructed around the following 
approach:

The Matrix Definition checklists for the various 
components are tabulated in this section and 
utilisation through appropriate examples are 
discussed.

A sample matrix for a Surface Dressing Room / 
First Aid Station is provided as an example. 
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Limitations of the Mining Emergency Medical 
Review Matrix:
The Mining Emergency Medical Review Matrix 
concerns itself with medical matters. This review 
has two limitations that may be required to be 
addressed by SIMRAC and MHSC:
i)The APELL for Mining has a broader scope of 

application which includes the management 
hazardous materials, air, water, fire fighting, 
emergency response plans, transportation 
management, etc. These components have 
been explicitly excluded from the Review 
Matrix. To ensure that the matrixes become 
comprehensive, the full spectrum of APELL 
would need be incorporated into this research.

j)The research has defined that there are 
variations on hazards namely: Low, Medium 
and High, the research has not defined how a 
mine should determine which hazard approach 
should govern their review processes. 

k)The project excluded the technology transfer 
component for the execution of the reviews. 
This technology transfer is required to ensure 
that the MHSC, SIMRAC and various mining 
operations are able to perform reviews 
independently from Netcare 911.

l)The review details current Emergency Medical 
Services protocols, the research does not 
detail how the Matrixes should be kept current.

These areas are therefore not reviewed as a 
component of the Mining Emergency Medical 
Review. 

CONCLUSION:

The authors are confident that the process used 
will result in a living document which will develop 
over time and as the review process is undertaken 
at new sites. Person’s using the matrix approach 
are encouraged to add the matrix’s and thereby 
grow the body of knowledge.
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9. GUIDELINES FOR THE INTEGRAT-
ED PLANNING AND DESIGN OF UN-
DERGROUND COAL MINES
By Prof. Fourie G.A. and Mr. van Niekerk 
D.J., G.A. Fourie & Associates Mining Con-
sultants, Ref: COL 814, 2002

SUMMARY:

Underground coal mine planning and design 
involves the compilation and integration of 
all relevant geological, geotechnical, mining, 
engineering and economic data into a single 
document to define and describe the exploitation 
strategy for a particular coal deposit within 
acknowledged and identified legal, financial, 
technical and regulatory requirements and 
constraints. 

Guidelines for the effective integration of 
all disciplines and activities involved in the 
overall mine planning and design process in 
a structured and systematic manner to meet 
predetermined targets with regard to health, 
safety and environmental criteria for the following 
five unique and identifiable phases during the life 
cycle of any coal mine project are described:
• Phase1: Initial project data collection and 
investigations Phase 2: evaluation, planning 
and design.

• Phase 3: construction and mine establishment
• Phase 4: mine operation
• Phase 5: mine decommissioning and closure

Although the overall objectives of the mine 
planning and design function associated with 
the various phases may differ, the following 
structured and systematic approach to each 
element of the mining process is required: 
• identify the overall objective of the planning 
and design study

• identify     all     design     assumptions     and 
premises

• identify planning and design risks that could 
impact on the integrity and validity of the study

• identify design restrictions and constraints that 
must be considered

• identify all planning and design criteria to be 
used

• collect all relevant data that will be required for 
the mine planning and design process

• identify and prepare alternative mining 
layouts, equipment options, etc. based on the 
information available and criteria listed above.

• for each alternative or option considered, 
identify the most significant health, safety, 
environmental, technical and financial risks

• identify and investigate methods that can be 
introduced to eliminate or reduce these risks

• test the sensitivity of the various options against 
predetermined criteria

• select one option that will meet the overall 
objective of the planning and design study

• prepare detail design specification, training 
material and codes of practice to ensure that 
the final product will ensure a safe and healthy 
working environment for all personnel involved 
in the mining process.

CONCLUSION:

Based on the methodology described above, the 
Guideline document describes the planning and 
design procedures for the following underground 
coal mining process elements:
• mining method selection
• mine access/exit systems
• underground layouts and scheduling
• underground equipment
• underground support services
• surface services and infrastructure
 
10. INVESTIGATE A POSSIBLE SYSTEM 

FOR “MAKING SAFE”  
By Ottermann R.W., von Wielligh AJ, Burger 
N.D.L., Handley M.F. and Fourie G.A., RE 
@UP, University of Pretoria, Ref: COL 801, 
2002

 
The primary output of this phase1 of the project 
was to develop a list of alternative designs 
for “making safe” that may be considered by 
SIMRAC.  Workers responsible for “making safe” 
in mines will use the device or system, which has 
to be safe and reliable and reduce the exposure 
to fall of unsupported ground hazards, and 
therefore saving life and limb.  This project looks 
at the actual “making safe” and not the detection 
of loose rock, which is addressed in projects 
GAP 820 and GAP 822.  During phase 2 of the 
project a working prototype or prototypes will be 
developed for underground evaluation.
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A significant proportion of rockfall accidents 
occur during re-entry into a workplace, when the 
initial inspection and “making safe” procedures 
are carried out to stabilise the rock before work 
in the area begins.The reason is that “making 
safe” is one of the most stressful and dangerous 
activities an underground miner can undertake.  
The operator often is unable to work at a safe 
distance and is sometimes forced to work directly 
underneath unstable rock when attempting to 
“make safe”.  The equipment currently used is 
archaic and there is a need to devise a simple 
system to enable operators to stabilise the rock 
effectively and efficiently from a safe distance 
before work begins in the area. Furthermore, 
current methods are physically demanding on the 
operator, which can lead to poor concentration, 
improper completion of tasks, and accidents.

A literature and international survey on existing 
systems was conducted.  During a problem 
survey different mines (gold, platinum and coal) 
with different stoping widths were visited to 
investigate and identify the problem.  A functional 
analysis was done from which a specification 
was drawn up.  Different concepts for “making 
safe” were generated and evaluated against the 
system specifications.  These concepts were 
presented to SIMRAC.

The ideas developed during this project are to be 
used by workers responsible for “making safe” 
in mines.  The equipment is designed to reduce 
exposure to falls of ground, and to assist in 
reducing stress and fatigue of the operator.   The 
concepts chosen as the preferred concepts are:

• A “lightweight pinch-bar” where the bar is 
manufactured of composite materials.

• “Mechanical jaws”: A hand held and operated 
mechanical system, which makes use of hydraulic 
pressure activated jaws to pry rocks loose.

Figure 1: “Mechanical jaws” in operation

Figure 2: Layout of “mechanical jaws”

CONCLUSION:

It is recommended that both preferred concepts, 
a “lightweight pinch-bar” and “mechanical jaws” 
be further developed into prototypes, which can 
be tested and evaluated.

11. NUTRITION AND HOUSING AND 
OCCUPATIONAL HEALTH AND 
SAFETY IN THE SOUTH AFRICAN 
MINING INDUSTRY
By Dias B., Lewis P., Wolmarans P., Laub-
scher J.A. and Schutte P.C., CSIR Mining 
Technology, Ref: SIM 020901, 2003

SUMMARY:

Historically, miners have been housed and fed 
in hostels but provisions of both accommodation 
and nutrition are changing and vary across 
the industry.  The objective of the study was to 
investigate the current housing situation and 
nutritional status of mineworkers and to establish 
whether there is any association between 
housing and nutrition and health and safety at 
work. 

Aspects covered in the project reports (part 1 
is the nutrition report and part 2 is the housing 
report) include the findings of a literature review 
of latest information on the effects of nutrition 
and housing on health and safety of workers; a 
review of the history of the statutory regulations 
of housing and nutrition of employees who 
live on the mines; a survey of the mining 
industry to establish the place and numbers of 
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employees who live on the mines; and finally, 
recommendations to MOHAC for potential 
regulations and SIMRAC for research. 
The study included: 
• a situational analysis of housing, housing 
arrangements and hostel canteens provided 
for underground miners;  

• on-site survey of knowledge, attitudes and 
practice (i.e. KAP study) on housing, nutrition 
and accidents and health; and  

• a housing inspection of the range of housing 
used by miners.  

Ten mines were used as project mines: 2 gold 
mines, 2 coal mines, 2 quarries, 1 platinum mine, 
1 diamond mine, 2 base mineral mines.

The housing study did not show any clear 
differences between hostel dwellers and 
living-out-allowance recipients with regard to 
occupational health and safety outcome variables 
investigated: namely, the frequency with which 
respondents reported active tuberculosis  (TB) in 
the household, and injury frequency and severity. 
The checklist survey of 40 dwellings gives a 
picture of the range of housing standards for 
miners. The data shows that off-mine dwellers 
sacrifice basic essential (health-related) bulk 
services, and confirm the KAP study.  This 
suggests that off-mine dwellers are likely to be 
at a greater health risk with regard to specific 
problems that arise from deficiency in these basic 
bulk services. This applies particularly to those 
with living-outallowances, which are the majority 
of off-mine dwellers, and also the lower graded 
employees with lower incomes and educational 
levels. Amongst these employees, shack 
dwellers are even more seriously disadvantaged 
by the level of basic essential service available 
to them. 
 
On the other hand, off-mine dwellers appear to 
gain over on-mine dwellers in terms of privacy, 
ability to rest and sleep, personal security, 
physical space and crowdedness, and quality 
and access to “non-essential” services and 
amenities, such as schools, and private cooking 
facilities. 
 
The cross-sectional, convenience sample 
nutrition study also did not demonstrate a direct 
association between dietary intake, occupational 

disease and injury on South African mines. 
There were, however, indications that the dietary 
intakes of mineworkers living outside the hostels 
were more favourable than those of workers 
living in the hostels.  Analyses of the 24hour 
dietary recall data showed that mineworkers who 
lived outside the hostels had significantly higher 
energy, total fat, dietary cholesterol and total 
carbohydrate intakes.  

Vitamin A and vitamin C intakes were also 
higher for those living outside, although in both 
groups mean intakes were low. The low intakes 
of vitamins A and C are probably the result of 
inadequate intakes of vegetables and fruit by 
both hostel dwellers and non-hostel dwellers.  
Hostel dwellers reported having had (TB) 2.2 
times more than non-hostel dwellers (p<0.021).   
Hostel dwellers appeared to be slightly more 
likely to have received compensation for an injury 
than non-hostel dwellers, although this was not 
statistically significant (p=0.23). 

CONCLUSION:

The accident statistics received from the 
mines for the year 2002, showed that a large 
percentage of the accidents at the mines 
occurred early in the week (around Tuesday) 
and then again just before the weekend. Most of 
the accidents occurred during the first part of the 
day shift between 8h00 and 13h00. There are 
several factors that could be responsible for the 
occurrence of accidents during a specific day or 
time of day, for example, there may be a greater 
number of workers on the day shift than on the 
night shift; also most maintenance occurs during 
the day. However, the fact that such a large 
percentage of workers did not eat breakfast is 
of concern. 
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12. DEVELOPMENT OF INTER-
NET-BASED MINING INDUSTRY DA-
TABASE FOR AUDIOGRAMS 
By Dr.  Begley A., Rand Mutual Assurance 
Co. Ltd. , Ref: SIM 030902 , 2006 

   
SUMMARY:

Project SIMRAC -03-09-02 was commissioned 
in 2001 to develop an Internetbased mining-
industry database for audiograms. The project 
was divided into 2 phases.  
 
Phase 1 of the project concerned development or 
modification of an existing software programme 
providing for the record of baseline audiograms 
from facilitates both in the mining industry and 
elsewhere.  

This would assist Rand Mutual Assurance 
(RMA) in complying with the requirements of 
the Department of Labour in terms of Instruction 
171(1) (published in Government Gazette No. 
2284 of 16 November 2001).   

The Primary Output can be described as 
consisting of 4 phases: 
 
Phase 1  
• Development of Screening Audiometric 
database of Baseline Audiograms. 

 
 Phase 2 
• Development of Screening Audiometry 
software management facility which would 
allow an employer to carry out screening 
audiograms as part of a medical surveillance 
programme 

• Provision of Reports both standard and ad hoc 
reports. 

• Over time generation of statistics on hearing 
loss deterioration. 

 
Product Delivered (Phase 1 & 2)
The Audiometric Test Result Repository System 
(inclusive of Database, Applications with Internet 
On-line Module) and 2 interfaces to import test 
results from participating mines directly into the 
Database) 
 
Sevice functionality of the internet-based mining 

industry database for baseline audiogram 
repository (Phase 1)
• An electronic software system which can 
capture, safely store and retrieve Audiometric 
Test Results from the Repository. This software 
may be used by smaller mines to conduct and 
record screening audiograms of employees 
provided a suitable audiometer and computer 
was available. 

• If required by participating mines, a Notification 
Service to inform employers and/or employees 
of possible compensable claims due to 10% 
Percentage Hearing Loss (PHL) deterioration 
(potentially compensable) has been provided. 

• Documentation Templates or forms in 
respect of potentially compensable hearing 
loss are available for download if required: 
These templates consist of various standard 
forms: notification to employer of potential 
compensable hearing loss, notification to 
employee of potential compensable hearing 
loss 

• A service which can be used to store records of 
Authentication of Audiometric Technician and 
Equipment producing the Test Result.

Standard reports from internet-based mining 
industry database for audiogram repository 
(Phase 2)
Standard Reports available as defined by 
participating mines for example: 
• Report of employees with 10% PHL 
deterioration and information of diagnostic test 
requirements for claim submission purposes. 

• Report of employee with 5% PHL deterioration 
to assess Hearing Conservation Programme. 

• Report of Audiometric Technician level of 
testing activities which is currently not utilized 
by participating members as this functionality 
exists elsewhere in their occupational health 
medical surveillance systems,  

• Record of Audiometric equipment certification 
and validity periods which is currently not utilized 
by participating members as this functionality 
exists elsewhere in their occupational health 
medical surveillance systems. 

• Report of Registered Employers and their 
various sites (e.g. mines shafts). 

Other Reports:  Ad-hoc Reports for incidence 
and prevalence analysis 
• Availability of data for research purposes. 
• There are currently available are data in 
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respect of 378,738 baseline audiograms and 
331,768 subsequent Audiograms.  

• The population of subsequent audiograms 
into the Repository (though not a requirement 
of SIM-03-09-02) is provided to demonstrate 
the value which can accrue from the initial 
development of an Internet based Database 
for Audiograms.   

CONCLUSION:

The internet-based mining industry database for 
baseline audiogram repository has an electronic 
store of 378,738 audiograms and subsequent 
audiograms are being collected. From the 
information available from the repository hearing 
deterioration in various commodities can be 
accessed for individual members and for groups.  
Furthermore a management software system for 
screening audiograms for an employer has been 
made available.

13. EFFECTS OF HIV / AIDS ON OCCU-
PATIONAL HEALTH AND SAFETY 
By Dias B., Chunderdoojh B. and Hurk-
chund H., CSIR Miningtek, Ref: SIM 
030905, 2006

SUMMARY:

The estimated prevalence rate of HIV infection 
among adults in the southern region of Africa 
was 20 per cent at the end of the year 2000. 
The effect of HIV/AIDS on safety, health, and 
occupational diseases other than tuberculosis 
has been postulated. For this reason the need to 
obtain data on the association of HIV/AIDS with 
safety and health in the workplace to enable the 
industry to assess the impact of the pandemic 
and formulate best practice interventions.  

In this study, the impact of HIV/AIDS on 
occupational health and safety, excluding 
tuberculosis, was assessed by means of 
a literature review, interviews with mine 
medical doctors, organised labour (NUM) and 
government (Department of Mineral and Energy) 
and two retrospective studies. At a pre-project 
workshop with organised labour, government 
and industry it was agreed that the following 
should be focused on:  

• Cognition; 
• Hearing loss; 
• Heat tolerance; • Recovery from injuries; and  
• Functional work capacity. 

Cognitive impairment and changes in brain 
structure are common among HIV-positive 
patients. Cognitive impairment in HIV/AIDS 
has been described as the deterioration of 
concentration, verbal abstraction and learning 
capacity. It has also been characterised by 
psychomotor slowing, the impairment of memory 
and attention disturbances in processing speed, 
and behavioural changes. Screening for cognitive 
impairment using validated psychometric 
instruments can provide valuable information on 
the cognitive functional status of individuals. The 
Dover system is an ideal screening tool as it can 
be easily sustained over a long period of time. At 
present there are mines in South Africa making 
use of the Dover system for medical testing, 
recruitment, and selection.  

Twenty to fifty per cent of HIV-infected individuals 
may present with sensorineural hearing loss. 
The causes of hearing loss may be HIV itself, 
opportunistic infections, tumours, or medication, 
i.e. antiretroviral medication and some of the 
treatments used to treat opportunistic infections. 
When the effect of hearing was adjusted for age 
and length of service in the occupational medical 
retrospective study, HIV-positive mineworkers 
had significantly more hearing loss than the 
HIV-unknown group at the gold and platinum 
mine. However, in the mining industry there are 
important confounders which the retrospective 
record review study could not account for. These 
included noise, depth of mining, and/or poor 
living conditions.   

The importance of these factors can only be 
investigated in a prospective study. Since many 
mining activities are made up of hard physical 
work, HIV may affect mineworkers ability 
to perform their work safely. The increased 
energy requirements to perform their work may 
contribute to decreasing lean body mass and 
may hasten the progression of HIV. The effect 
of hard physical work on HIV progression has 
not been investigated, but suggestions from 
the literature motivate the need for further 
research into this. Another concern is how the 
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mining environment and nutritional status of 
the HIVpositive mineworker affects not only his 
functional capacity but also the progression of 
HIV. Labour feels that the working environment 
may be contributing to the progression of HIV.

Acute intermittent illness and heat stress can 
temporarily lower heat tolerance. There is some 
literature to suggest that heat-related illness 
may be a factor in the progression of HIV, and 
HIV-positive individuals with AIDS may be more 
prone to heatrelated illnesses. Important gaps 
that could not be addressed in the literature or 
the occupational medical retrospective study 
were the impact of HIV/AIDS on the performance 
of work in heat; the risk of HIV-infected workers 
developing occupational heat disorders; and the 
effects of antiretroviral therapy on heat tolerance. 
Survival rates following trauma and surgery 
have continued to rise as the overall health of 
HIV-infected individuals has improved through 
advances made in antimicrobial and antiretroviral 
therapies.

From the literature it appears that severity of the 
traumatic insult (reflected by the ISS) rather than 
the severity of the underlying HIV-associated 
immunodeficiency (measured by CD4+ count) 
was the major risk factor for the development 
of post-traumatic infections. There were more 
complications in the HIV-positive population 
than in the control group after a traumatic event. 
Pulmonary and infectious complications in the 
HIVpositive patients were associated with greater 
mortality. The retrospective study on recovery 
from injury was unable to provide any important 
information because the HIV status of only 10 
per cent of the mineworkers presenting with 
hand injuries was known. If a prospective study 
design were used, a bigger study population with 
known HIV status may have been obtained, and 
important information regarding the cause of 
injury, duration of the operation etc. could have 
been obtained for all types of injuries. 

HIV may affect the muscles at any clinical stage 
and some of the first manifestations, for example, 
polymyositis, presents with muscle weakness. 
With advanced stages of HIV, a decrease in 
lean body mass and muscle strength and a 
decreased ability to perform activities that are 
part of daily living have been shown. Antiretroviral 

treatment may also affect muscle strength and 
body composition. Fatigue has been reported 
as one of the most common complaints among 
HIVpositive people. 

A significant correlation shown between 
HIV stages and VO2 max/kg was shown. 
Pathophysiological mechanisms like anaemia, 
peripheral neuromuscular disease, and 
abnormalities in the diffusing capacity of the lung 
found in the course of HIV infection could play 
a role in functional impairment.  Interviews with 
South African mine medical officers highlighted 
that effects on physical functions were noted, 
especially in the late stages of disease in 
mineworkers working in hot environments and 
doing hard physical labour. These medical 
officers were also concerned that many of 
the effects of HIV on physical function and 
cognition went undetected at annual medical 
examinations, especially for certain occupations. 
The occupational medical review showed that 
HIV-positive mineworkers weighed significantly 
less, took more sick leave and had more medical 
incapacities than the HIV-unknown group. 

There was only anecdotal evidence among the 
South African mine medical doctors interviewed 
on how HIV/AIDS impacts on occupational health 
and safety. Effects of HIV in the late stages of 
disease on physical and functional work capacity 
were noted, especially in mineworkers working in 
hot environments and doing hard manual labour. 
Many of the effects of HIV on physical function 
and cognition went undetected at annual medical 
examinations, for reasons that may be attributed 
to the resources utilised in a medical certificate 
of fitness. Tuberculosis was the greatest concern 
among the doctors interviewed. Labour is very 
concerned with the perceived early medical 
incapacitation of mine employees diagnosed 
with HIV. 

Labour feels that if the working environment 
is contributing to the progression of HIV, then 
changes to environmental conditions should 
be made so that it is safe for HIV-positive 
mineworkers to work at most, if not all, job 
activities and in most workplaces. 

The government has a number of key principles 
in dealing with AIDS in the mining industry. 
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Among them the dismissal of any worker on the 
basis of HIV status is strictly prohibited in terms 
of the Labour Relation Act.

CONCLUSION:

In summary, it is well established that silicosis 
and HIV infection together confer a multiplicative 
risk for the development of TB, which contributes 
significantly to the burden of occupational 
disease in the mining industry. There is also a 
suggestion that the mining work environment 
(heavy physical work, heat, noise etc.) has the 
potential to hasten the progression of HIV/AIDS, 
especially if poor nutrition and living conditions 
are also present. HIV/AIDS and noiseinduced 
hearing loss (NIHL) both cause sensorineural 
hearing loss. This relationship has to be 
investigated further to determine the risk HIV/
AIDS has on NIHL assessments.   

From the literature it appears that severity of the 
traumatic insult (reflected by the Injury Severity 
Score) rather than the severity of the underlying 
HIV-associated immunodeficiency (measured 
by CD4+ count) was the major risk factor for 
the development of post-traumatic infections. 
Most studies on the surgical outcome of HIV-
positive patients have either focused exclusively 
on asymptomatic HIV infection or full-blown 
AIDS or have analysed these patients together 
as one group but have not compared the two 
groups with respect to outcome. Future research 
should consider the mechanism of injury, and 
the immune status must be known in order 
that the true impact HIV has on recovery from 
injuries can be determined. The constraints to 
this research   are the challenges and concerns 
raised by different stakeholders 

14. SURVEY OF MULTIPLE 
OCCUPATIONAL HEALTH 
HAZARDS IN THE SOUTH AFRICAN 
MINING INDUSTRY: PHASE 1 
By Fourie M.H., Potgieter N., Simpson 
D., Cornelissen R.J.R. and Schutte P.C., 
MHSC, Ref: SIM 040902, 2006

SUMMARY:

The potential complexity of chemical and 

biological interactions in scenarios of multiple 
exposures to chemical and physical hazards has 
become a subject of wide concern, especially in 
the case of female workers. 

SIMRAC requested INFOTOX to conduct a 
pilot survey of multiple physical and chemical 
exposures in the mining industry, linked to 
commodity types and the gender of exposed 
workers. 
 
Amongst others, the objectives of the survey 
were: 
1.Identification of chemical, physical and 

ergonomic occupational hazards in the mining 
industry; of the mining commodities where 
these occupational hazards occur; and of 
the occupations and number of workers, by 
gender, potentially exposed.   

2.Establishment of a database to estimate the 
number of mine workers potentially exposed 
to multiple occupational health hazards.   

3.Compilation of an inventory of data identifying 
all chemical substances and trade name 
products found on SA mines and the annual 
usage rate of each chemical substance. 

4.Recommendations for indicators to be used in 
risk rating and a conceptual risk assessment 
model for refinement in Phase 2.  

 
The chemical exposures observed in the stoping 
area were dust, explosives, oil, oil mist and 
spray paint.  A variety of physical hazards were 
recorded in the stoping area, of which noise and 
other exposures increasing the risk of chronic 
musculoskeletal conditions and injuries were the 
most prominent. 

Results of the survey 
A survey was conducted at each of an open 
cast quarry (crushed stone producer) and three 
mines, namely a platinum, gold and coal mine.  
In total, the hazards to which 25 691 employees 
were exposed are represented in the survey.  

The five chemical hazards to which the largest 
numbers of workers were exposed, irrespective 
of the mining commodity, were: oil, resin, cleaner 
(electrical), paint and cleaner (de-greaser).  
The five physical hazards to which the largest 
numbers of workers were exposed were all 
ergonomic hazards: period standing greater than 
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30 minutes; lifting of loads; carry/use objects 
heavier than 5 kg; lowering of loads and bending 
at waist to handle loads. 
 
The five occupations that experienced the 
greatest multiplicity of chemical exposures were 
electricians, fitters, diesel mechanics, shaft 
foremen or timbermen, and riggers.  Those 
exposed to the largest variation in physical 
hazards (including heat, noise and ergonomic 
hazards) were conveyer belt attendants, fitters, 
plant workers, welders, electricians and mining 
technical workers. 
 
The chemical exposures observed in the stoping 
area were dust, explosives, oil, oil mist and 
spray paint.  A variety of physical hazards were 
recorded in the stoping area, of which noise and 
other exposures increasing the risk of chronic 
musculoskeletal conditions and injuries were the 
most prominent. 
 
Females were mostly exposed to de-greasers, 
paints and welding fumes, while the most 
prominent physical exposure was the lifting of 
loads (ergonomic hazard). 
 
Regarding exposure to noise, the occupations 
representing the largest numbers of exposed 
workers in the gold mine were loco drivers 
and drillers handling hand percussion or 
jackhammers.  In the coalmine, it was conveyor 
belt attendants and beltsmen, and in the crushed 
SIM 040902 WEBPAGE stone opencast mine, 
it was the plant workers CIRCULAR: 067(A)-
OHTAC-03-05-2007 should be pursued at all 
mines.  

CONCLUSION:

Service workers are exposed to the widest variety 
of chemical and physical factors (including 
ergonomic hazards).  These workers include 
the various ranks of mechanics, electricians and 
boilermakers.  The wide variety of exposures 
can be linked to both the variety of products that 
they use and the variety of activity areas in which 
they are active. 

Recommendations:
• The chemical hazards to which the largest 

numbers of workers are exposed include 

generic compounds such as oil, resin and 
electrical cleaner.  A study of the chemical 
composition and associated toxicity of these 
generic compounds, that would be useful 
for detailed hazard ratings of the generic 
compounds should be conducted. 

•   
• The physical risk rating should consider the 

gender differences in physiological coping 
mechanisms related to e.g. heat tolerance and 
physical stamina. 

•  
• Chemical risk rating should pay attention to 

issues that are important to female workers, 
such as reproductive and foetal toxicity. 

The consistent standardisation of codes and 
terms according to the SAMOHP codebook 
greatly enhance the ease and accuracy with 
which data is captured and ultimately sourced 
from the database.

15. ERGONOMICS PROGRAMMES AND 
STANDARDS FOR FUNCTIONAL 
WORK CAPACITY 
By Schutte P.C., James J.P., Dias B., CSIR 
NRE, Ref: SIM 040901, 2007

SUMMARY:

The objective of the study was four-fold: first, 
to provide an anthropometric and functional-
biomechanical database specific to the South 
African mining population; second, to develop 
a matrix of work/functional capacity; third, to 
develop an ergonomics programme specifically 
for implementation in the local mining industry 
and to pilot the programme at a number of 
project mines; and, finally, to compile a handbook 
focusing on basic ergonomics applicable to the 
mining industry, complemented by a training CD 
and a training DVD. 
 
Anthropometric measurements were obtained 
from a total of 1 527 mineworkers (1 485 males 
and 42 females). This limited anthropometry study 
has addressed one of the current impediments 
to implementing ergonomics design in the 
local mining industry, namely the lack of recent 
information on the functional anthropometry of 
South African miners. 
 



26

A total of 100 female miners and 121 male 
miners participated in a pilot survey to determine 
functional body strength. Information obtained 
indicated that there are significant differences 
between the strength capabilities of male and 
female miners, a factor to be considered when 
female miners are allocated to occupations with 
a high physical work component.

The development of a matrix of work/functional 
capacity for the placement of workers was 
less successful.(The reason for this was the 
reluctance of mines to share information with 
the research team, primarily as a result of the 
intellectual property issues involved with the 
physical-work-capacity tests and/or functional-
work-capacity tests used at these mines):this 
has been said to require more validation, i.e. 
which mines and what  need to be done. Also 
with this statement can this project be said to 
provide standards and others also have alluded 
that the report does not have standards: your 
comments??. I agree! Maybe we should change 
the title of the report /project: on the other hand 
negative results are also possible in research.
 

Pilot ergonomics programmes were developed 
in consultation with key personnel at four mines: 
an opencast colliery; an underground base 
minerals mine; an underground colliery; and 
an underground gold mine. On the basis of the 
experience gained during the trial implementation 
of ergonomics at the four project mines, it seems 
that the management/employee approach 
(where both management and employees 
actively participate in the implementation 
process) will render the desired results when 
implementing an ergonomics programme. 
 
CONCLUSION:

A handbook, a training CD and a training DVD, 
all focusing on basic ergonomics applicable to 
the mining industry, are available to assist mines 
with awareness training which forms part of the 
process to implement ergonomics programmes 
from the Mine Health and Safety Council.

Recommendations:
In order to maximise the effectiveness of the 
process to implement ergonomics programmes, 
it is recommended that it be fully integrated into 
other processes that affect employees and their 
workplace such as established risk-management 
systems.
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16. A SURVEY TO DETERMINE THE 
NEED OF SMALL-SCALE MINES TO 
IMPROVE THEIR OCCUPATIONAL 
HEALTH AND SAFETY
By Dias B, Mudau JL, Phelane E and McGill 
JE, CSIR NRE, Ref: SIM 040901 , 2007 

In South Africa, small-scale mining ranges from 
very small operations that provide subsistence 
living (artisanal mining), to the “junior” companies 
with high turnover.  The White Paper on the 
Mineral and Mining Policy for South Africa (1998) 
states that it is in the interest of South Africa and 
its people that the requirements for licensing, 
safety, health and the environment are the same 
for all forms of mining, whether large, small or 
artisanal.  

The small-scale mines compliance on health and 
safety is defined under this The Mine Health and 
Safety Act. A HEG is defined as a homogeneous 
exposure group which is a group of employees 
who experience pollutant exposures similar 
enough that monitoring exposures of any 
representative sub group of employees in 
the group provides data useful for predicting 
exposures of the remaining employees (DME 
Guideline for the compilation of a mandatory 
code of practice for an occupational health 
programme on personal exposure to airborne 
pollutants,). 

This then means that exposure to occupational 
hazards can not be defined by the size of the 
work force. In all this, one cannot under-estimate 
the cost in operating the small-scale mine as well 
as issues pertaining to occupational health and 
safety of small-scale mineworkers. 

Project Health 809 (in progress) and SIMOTH 
605 concluded that there is a lack of reliable 
occupational health and safety (OHS) information 
on small-scale mines and a lack of awareness 
regarding legislated requirements for ensuring 
workers’ health and safety.MHSC commissioned 
SIM 04 09 11 to determine needs of small-scale 
mines beyond research needs that include 
needs on technical guidance, capacity-building, 
technology, monitoring, management training, 
etc. The primary output was to report on key 
findings of the OHS hazards and needs of 

small-scale mines and  make recommendations 
for future MHSC work required to improve the 
management of OHS for small-scale mine 
operators. 

CONCLUSION:

A combination of: lack of resources; lack of 
awareness of safety regulations or how to apply 
them; the informal and unregulated nature of 
small-scale mining; illiteracy; lack of training; 
inadequate and poorly maintained equipment; 
the nature of migratory-type work; and the 
remote location of many of these small-scale 
mines increases the likelihood of accidents in 
small-scale operations. However, small-scale 
mining is also characterised by low levels of 
mechanisation and low intensity of operations, 
which means that some of the risks may be lower 
than for the large, formal mines (ILO, 1999). 
Natural disasters like flooding and landslides 
caused by rain also contribute to the fatalities 
reported for small-scale mining (ILO, 1999).

17. AN INVESTIGATION OF THE RE-
QUIREMENTS FOR THE DEVEL-
OPMENT OF AN INFORMATION 
MANAGEMENT SYSTEM AND PRO-
ACTIVE MONITORING OF OCCU-
PATIONAL HEALTH ISSUES IN THE 
MINING INDUSTRY
By Edwards A.L., Formanowicz A., Gelden-
huys P., Khoza N.N., Milanzi L., and Zungu 
L., CSIR, REF: SIM 10-09-03, 2011

SUMMARY:

Efforts to quantify and ultimately prevent 
occupational diseases in the South African 
mining industry are faced with the challenge 
of limited access to quality data for analysis 
and interpretation of statistics that can drive 
a national preventative and proactive policy 
on occupational health. This project aimed to 
investigate the system requirements for providing 
the information that the sector needs in order to 
act proactively with regard to occupational health 
issues. The recommended system requirements 
of an information management system (IMS) 
as a result of this study are summarised in a 
separate Green Paper.  



28

In order to gather information to be able to define the 
system requirements, the research team conducted 
a literature review, an expert focus group discussion 
and a survey of the needs and current practices in 
the Mine Health and Safety Inspectorate (MHSI) and 
in a representative group of mining operations. 

The findings of the literature review were that an 
integrated, customised Occupational Health and 
Safety Management System (OHSMS) needs to be 
in place at the mines and that it must comply with 
the International Labour Organisation’s guidelines 
for generating information about the health and 
safety of the workforce, with a particular emphasis 
on customisation for smaller operations. In order for 
the information generated by such an OHSMS to be 
managed effectively and to provide data that can 
inform preventative policy, mandatory reporting to 
a specialised custodian organisation that analyses 
and reports on the status of the workforce’s health to 
stakeholders must be in place. 

In order to ensure that the recommendations made 
by the study were relevant for the South African 
context, the research team convened an expert 
focus group discussion to brainstorm and discuss 
members’ views on the requirements for an IMS for 
occupational health issues.  

The expert focus group concluded that an ideal IMS 
for occupational health issues in the South African 
mining context should comprise a two-level system. 
One level, which was termed the “transactional 
database,” should contain an electronic occupational 
health record for each worker, for the full duration 
of their career in the mining industry. The electronic 
record must link all the relevant worker information to 
relevant information about the worker’s exposure to 
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hazardous conditions, during their working life. It 
was envisaged that the ideal IMS would contain 
demographic data, personal exposure and 
medical data, and accident/incident data. The 
system should consist of these four interlinked 
units. The focus group further agreed that at 
a second level the co-existence of a master 
database that would inter-link with or flow out of 
the transactional system would be a prerequisite.

The purpose of a master database would be to 
analyse data in the transactional database and 
provide meaningful reports and information to 
enable improved strategic decision making, 
policy formulation and regulatory control at an 
industry level. This would be achieved through the 
creation of a central data repository which could 
be analysed to support research, epidemiological 
and public health needs. The master database 
should also have functional links to existing 
databases and its successful functioning 
would require high levels of management skills 
and capabilities for data capture, information 
technology infrastructure and support, report 
generation and statistics. 

Survey of current practices and systems in the 
mining industry and in the Mine Health and 
Safety Inspectorate Widespread surveys and 
semi-structured interviews with a representative 
sample of occupational health and safety 
managers or occupational medical practitioners 
or consultant medical surveillance providers and 
at regional offices of the MHSI were conducted. 

The findings indicated that large and medium 
mines mainly had well-functioning OHSMSs in 
place but they lacked integration between health 
and hygiene departments, while small mines 
generally outsourced their health and hygiene 
functions and also had very little integration in 
the systems.  

Challenges experienced by MHSI inspectors 
related to the lack of standardised criteria and 
useful audit tools; lack of access to laboratories 
to verify samples from mines for reliability and 
validity; lack of human resources and skills; lack 
of computer-updated infrastructure to access the 
trends and areas of focus in mines easily before 
inspections; and difficulty in obtaining data from 
some of the mines (especially the small mines).   

Recommendations:
1.The establishment of a dedicated, independent, 

expert custodian appointed by the tripartite 
stakeholders in the South African mining 
industry to establish an IMS. The role of the 
custodian would be to receive raw data from 
mining operations’ transactional databases 
and to analyse the data and capture the 
results on a master database that would 
provide stakeholders with performance data 
and analyses of occupational health issues 
at sector level;  The extensive presentation 
at stakeholder workshops of the Green Paper 
and the research findings of this study to 
provide an opportunity for consultation and 
further discussions; 

2.Development of health-related audit tools for 
use by the MHSI for compliance evaluation; 
and 

3.Further research on the necessary support 
for the various sectors of the industry towards 
improving the quality of the data provided to 
an IMS.  

18. NEW APPROACHES TO INDUCT EM-
PLOYEES IN THE MINING SECTOR 
ON DANGERS RELATED TO THER-
MAL STRESS AND PREVENTATIVE 
MEASURES
By Edwards A.L., Formanowicz A., Gelden-
huys P., Khoza N.N.,  Milanzi L., and  Zun-
gu L., CSIR, Ref: SIM 10-09-03, 2011

SUMMARY:

In 2008 382 cases of heat related illnesses were 
reported at a major Gold mining group in South 
Africa. Of the 382 cases, 380 were heat cramps 
and two were heat exhaustion. Introduction of 
women in the mining sector create additional 
challenges. At one of the Platinum mining 
groups, 30% of women tested for heat tolerance 
in 2007 failed the heat tolerance screening 
test. There was therefore a need to increase 
the knowledge and competency skills of 
employees in the mining sector to manage heat 
stress effectively. Other approaches beside the 
classical classroom approach need to be utilised 
to achieve this. Active participation of employees 
with the utilisation of a board game may provide 
an alternative avenue to increase the knowledge 
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and competency skills of employees. There is 
evidence that board games are effective to create 
awareness, trigger awareness, manage tensions 
and conflicts, transfer effective approaches 
used by experts to deal with different scenarios, 
expose learners to real life scenarios that may 
be overlooked during normal lectures and allow 
the learners to have fun while they learn.
     
The objectives of this research were to:
     
1.collate relevant training material on heat stress 

management,
2.evelop a board game to be utilised as an 

additional training tool,
3.test the effectiveness of the developed board 

and card game in a classroom environment,
4.test the effectiveness of the board game to 

retain knowledge and
5.develop a system to recognise employees 

who maintain or improve their competency 
levels during playing the game.   
  

The results indicated an overwhelmingly positive 
response from the workers and the facilitators 
during the focus group discussions held at each 
mine after they had played the game. There 
was a balance between learning new concepts 
and enjoying the game with their co-workers. 
They all felt it would be relevant and novel to 
include in the training centre environment, and 
offered suggestions for improvements to specific 
aspects of the game.
     
The underground mine workers scoring less than 
the 30th percentile (70%) in the pre-test showed 
a significant improvement (pre-test = 58.7% vs 
post-test = 74.4%, n = 47, p = 0.0001) during 
the post-test compared to those scoring more 
than the 30th percentile in the pre-test (pre-test = 
79.3% vs post-test = 80.3%, n = 129, p = 0.3657). 
The scores of underground mine workers 
with more than 2 years underground mining 
experience improved significantly if the pre- and 
pos-test results are compared (pre-test = 73.2% 
vs post-test = 79.2%, n = 115, p = 0.0001). The 
increase in scores of underground mine workers 
with less than 2 years underground experience 
did not increase significantly (pre-test = 77.2% 
vs post-test = 79.2%, n = 48, p = 0.3147).
The 30th percentile score of underground mine 

workers during the re-test, more than 2 months 
after playing the game, showed that there was 
retention of knowledge (post-test = 76.7% (n = 
176) vs pre-test = 76.7% (n = 27)). Utilizing of 
the board game as refresher medium increased 
the knowledge of underground mine workers 
significantly of the pre-test and post-test trainees. 
The knowledge of underground mine workers 
scoring less than the 30th percentile (76.7%) in 
the pre-test increased with 12.9% after playing 
the board game again (pre-test = 67.1% vs post-
test = 80.0%, n = 7, p = 0.0185). underground 
mine workers with a score more than the 30th 
percentile did not show an increase in knowledge 
after playing the board game again (pre-test = 
81.0% vs post-test = 82.0, n = 20, p = 0.3725).

CONCLUSION:

The board game was positively received by 
all underground mine workers and facilitatiors 
during the evaluation process at participating 
mining houses. There is clear evidence that 
playing the board game increases the knowledge 
of underground mine workers significantly. 
Pre-test scores of underground mine workers 
who played the game 2 months ago, provided 
evidence that knowledge aquired during playing 
the board game was retained. The board game 
proved also to be effective as refresher medium. 
The game can be used in a flexible manner by 
facilitators since they can introduce discussion 
about various topics related to health and safety.

It can therefore be concluded that the real life 
situations used as questions on the cards can 
be recalled by underground mine workers. 
Underground mine workers may therefore be 
able to recall depicted scenarios used in the 
board game when confronted with real life 
situations. The positive attitude of underground 
mine workers and facilitators involved with 
playing the board game is a clear indication that 
trainees will play the game frequently given the 
opportunity during induction and even thereafter. 
This will increase their retention of knowledge 
and competency skills to identify and manage 
environments that may lead to the development 
of heat related illnesses.
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19. PERSONAL PROTECTIVE EQUIP-
MENT FOR WOMEN IN THE SOUTH 
AFRICAN MINING INDUSTRY
Ref:SIM 10 09 04, 2012

SUMMARY:

The primary purpose of this project was to develop 
comprehensive and systematic requirements 
to assist the South African mining industry in 
the selection and provision of appropriate and 
suitable PPE for women in mining (WIM). Such 
PPE should be suitable for WIM’s body physique 
and enhance compliance by all end-users (WIM). 
 
CONCLUSION:

WIM have generally good knowledge and 
understanding of the uses of various types of PPE 
in relation to the nature of their jobs. However, 
poorly fitting PPE exposes them to health and 
safety hazards associated with mining and make 
them less able to perform their duties efficiently. 
Evidently the results indicate the need for greater 
focus on the health needs of WIM. Additionally, 
findings from this survey indicate a need to 
redesign PPE for WIM to accommodate their 
anatomical and physiological body structures 
to ensure proper fit, comfort and maximum 
protection from mining hazards. 
 
20. CHARACTERISING THE RISK OF 

HUMAN EXPOSURE AND HEALTH 
IMPACTS FROM ACID MINE DRAIN-
AGE IN SOUTH AFRICA
By Wright C., Garland R., CSIR, Ref:SIM 
110901, 2013

SUMMARY:

This two-year study was conducted in order 
to gain a better understanding of the current 
and potential human health impacts of AMD in 
South Africa by characterising the risk of human 
exposure to AMD and describing the potential 
resultant health impacts and risks. In order to 
characterise this risk, both a national assessment 
and community assessments were performed.  
 
The national assessment used a common 
methodology to assess risk for the entire nation 

in order to identify hot-spots where communities 
have the potential to be at risk of exposure to 
AMD pollutants. Figure 1 displays the indicator 
created from the national assessment, and 
highlights the areas where communities are 
both living close to mines that are potentially at 
risk of releasing AMD and use vulnerable water 
sources. In Figure 1, a higher number indicates 
a greater potential for human exposure to AMD 
and associated negative impacts on human 
health. From this national assessment, three at-
risk communities were selected for further study.

A health survey, environmental sampling and 
analysis, and a health risk assessment were 
performed in three at-risk communities and one 
reference community.  The reference community 
chosen is not impacted by AMD and is of a 
similar socio-economic status as the at-risk 
communities. 

Figure 1: Indicator assessing potential for human 
exposure to AMD

The communities that were studied were the 
following: Khutsong, Coronation and Klarinet 
were the at-risk communities, and Verena as the 
reference community. 

The community assessment indicated that 
the three atrisk areas had evidence of AMD in 
the local surface water, while in the reference 
community no AMD in the surface water was 
observed. In addition, elevated toxic metal 
concentrations were found in environmental 
samples, in particular the surface water and local 
vegetable samples, of the at-risk communities. 
From this study, it cannot be proven that the 
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metals in the samples were from AMD source or 
another source. The risk to human health from 
these elevated concentrations of toxic heavy 
metals was assessed in a human health risk 
assessment. The at-risk communities did have a 
higher calculated risk of negative health impacts 
(both cancer and non-cancer risks) from toxic 
heavy metals than the reference site.  This risk 
was driven mostly by the elevated concentrations 
of toxic heavy metals in local vegetables. 

 The health survey was a door-to-door survey of 
~1000 households in each study site. The survey 
asked questions on socio-economic status, 
demographics of the household, potential AMD 
exposure routes, general information on hygiene 
practices, and the occurrence of specific health 
symptoms that are associated with heavy metal 
exposure. From the survey results it was found 
that the at-risk communities were of poorer 
health than the reference community for the 
health symptoms probed.  
 
CONCLUSION:

These findings are concerning as it has been 
found that the at-risk communities do have AMD 
in their surface water, do report higher levels of 
symptoms and illnesses related to heavy metals 
exposure, do have elevated levels of toxic heavy 
metals in their environment, and are at a higher 
calculated risk of negative health impacts from 
these elevated levels. 

Recommendation:
Further research is needed to understand if 
the at-risk communities are actually exposed to 
the toxic heavy metals  would be done through 
biological monitoring (e.g., blood, urine), and 
would provide information on whether at-risk 
communities did actually have higher levels 
of heavy metals in their body compared to a 
reference site. 

21. THE RELATIONSHIP BETWEEN 
PHYSIOLOGICAL STRAIN AND 
PHYSICAL WORK REQUIREMENTS 
IN UNDERGROUND MINES
By Schutte P.C. and Grové T., CSIR CMI, 
Ref: SIM 110905, 2013

SUMMARY:

Very little information is available on the 
physiological strain (the combined strain reflected 
by the thermoregulatory and cardiovascular 
systems) experienced by mineworkers and, 
where information is available, it has been 
based on the physiological responses of male 
mineworkers only.  
 
This study was conducted to expand the current 
information base of the relationship between 
physiological strain experienced by male and 
female mineworkers during underground mining 
activities at a gold and at a platinum mine. It 
consisted of four phases: 
• A review of current information on the physical 
work requirements and the workloads and 
metabolic rates associated with underground 
occupations in order to identify ‘high risk’ 
occupations in terms of physical work intensity; 

• The obtaining of ethics clearance from a 
human research ethics committee for planned 
research activities;  

• Field-based research in situ to assess the 
physiological strain experienced by male 
and female mineworkers in these ‘high 
risk’ occupations during work in extreme 
underground environmental conditions at a 
gold and at a platinum mine; and 

• The formulation and theoretical evaluation of a 
holistic approach to manage excessive levels 
of physiological strain and make workloads 
compatible with the physical capacities of 
workers.  

 
As a result of unforeseen circumstance the field 
work to assess physiological strain was only 
conducted at an underground gold mine.  

A total of 65 healthy mineworkers (11 females 
and 54 males) who worked day shift participated 
in the study. They represented underground 
occupations associated with high physical 
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work intensities and performed their duties 
in development and stoping areas with 
environmental temperatures considered to be 
‘hot’ (wet-bulb temperatures between 27.5 and 
32.5°C). 
 
Results obtained indicate that the levels of 
physiological strain exhibited by male and female 
mineworkers while performing routine duties 
were not excessive. High levels of physiological 
strain were exceptions and for all practical 
purposes negligible. There was a statistically 
significant difference between the female and 
male mineworkers, with female mineworkers 
experiencing lower levels of physiological strain.  
 
On average the heart rates of female and male 
mineworkers was very similar and did not differ 
significantly in terms of statistics. The majority 
of the body core temperatures of the male 
and female mineworkers group were within 
the accepted limit of 38.5°C, with 3% of the 
male mineworkers exceeding this value. The 
corresponding figure for female mineworkers 
was 1%.  It appears that acclimatisation to the 
hot environment and self-pacing have resulted 
in the relatively low levels of physiological strain 
observed. In a selfpaced context, this ‘reduction 
in work rate’ seems to be self-imposed and is 
in line with the safe work practices associated 
with heat stress management, which call for self-
pacing. 
 
CONCLUSION:

The management of physiological strain caused 
by work-related factors should preferably be 
based on ergonomics principles. In this regard 
two control strategies are available: engineering 
controls and work practice controls. Engineering 
controls are measures that physically change 
(re-design) the workplace, tools, equipment and 
tasks to match or ‘fit’ the abilities of workers and 
therefore has the potential to reduce physiological 
strain. Work practice controls involve procedures 
and methods for adjusting work to avoid 
excessive physiological strain.  Good ergonomic 
design of workplaces and tasks is the primary 
strategy for preventing excessive physiological 
strain. However, when technical and physical 
constraints in the mining environment hinder 
the implementation of this strategy, the selection 

of workers on the basis of physical abilities 
could become part of a comprehensive plan 
for reducing excessive levels of physiological 
strain associated with mining tasks.Under these 
circumstances it is necessary to maximise the fit 
between the person and the work environment in 
the interest of health and safety. 

22. SAFETY AND SECURITY CHAL-
LENGES IMPACTING ON WOMEN IN 
THE SOUTH AFRICAN MINING IN-
DUSTRY
By Zungu L.I., UNISA, Ref:SIM 13 09 03, 
2014

SUMMARY:

Historically, the mining industry has attracted a 
workforce made up of mainly men (Badenhorst 
2009; Zungu 2012). However, in the recent past 
there has been a sturdy flow of women into the 
industry which came about as a consequence of 
a regulated process. In light of the fact that the 
mining industry was the domain of men at the 
exclusion of women there was a need for some 
interventions to facilitate access to the industry 
for women.  
 
The primary purpose of this project was to 
develop guidelines to assist the South African 
mining industry to adopt and implement robust 
and effective prevention strategies of violence 
and sexual harassment as important safety and 
security challenges faced by women in the South 
African mining industry.  
 
As a preliminary step within this project, a review 
of both local and international predecessor 
research outcomes was conducted. Secondary 
to this, a quantitative cross-sectional descriptive 
survey was conducted in the mines, using 
a structured questionnaire and participant 
observations across three study sites of 
different commodities, namely, Gold, Platinum 
and Coal mines. In-depth interviews and focus 
group discussions were conducted with men 
and women to deepen the understanding of 
the nature and circumstances of violence and 
harassment in the mines. 
 
A total of 262 participants from the Platinum 
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(98.0%), Gold (1.6%) and Coal (0.4%) sectors 
were involved in the quantitative survey. Findings 
showed that working shifts was associated with 
experiences of physical violence (p=0.037), 
verbal abuse (p=0.031) and bullying (p=0.012) 
indicating that those working in shifts were twice 
more likely to experience physical violence, 
verbal abuse and being bullied at work. Living 
at home and commuting to work was also 
associated with quid pro quo sexual harassment 
(p=0.008). Years of working experience in the 
mines were associated with unwanted verbal 
abuse (p=0.003). Lastly, the place (p=0.001) and 
time (p=0013) of the incident of violence was 
related to the perpetrator. Qualitative findings 
showed that the negative attitudes, harassment 
and discrimination experienced by women in 
mining are indeed barriers to women’s effective 
integration in the sector. 

CONCLUSION:

This study shows that Violence and sexual 
harassment is a recurrent problem for and 
a threat to the health, safety and security of 
female workers in the South African mining 
industry.  Policies and procedures for managing 
violence and sexual harassment were either 
non-existent or where they existed were 
obsolete and ineffective.  Physical violence 
and sexual harassment at work, particularly in 
the mines should be recognised as a serious 
prevalent problem requiring specific regulatory 
interventions. 

Recommendation:
• It is recommended that effective prevention 

and management of workplace violence and 
sexual harassment in the mines, warrants 
the adoption, implementation and monitoring 
of robust multi-faceted preventive measures 
at primary, secondary and tertiary levels of 
prevention. 

• Prevention strategies should include a 
combination of workplace policies and 
procedures based on a sound legislative, 
regulatory and enforcement framework: good 
practice requires organisations to emphasise 
primary prevention by adopting proactive 
interventions that include raising awareness 
and training programmes with the participation 
of men, possibly as champions. 

23. DEVELOPMENT OF A SOUTH 
AFRICAN MINIMUM STANDARD 
ON GROUND VIBRATION, NOISE, 
AIR-BLAST AND FLYROCK NEAR 
SURFACE STRUCTURES TO BE 
PROTECTED  
By Brovko F., Kgarume T., Milev A., Singh 
N., Durrheim R., Lumbwe T., Wekesa B., 
Pandelany T. and Mwila M., CSIR, Ref: SIM 
14-09-01, 2016

SUMMARY:

In recent years the impact of blasting activities 
at opencast mines on nearby communities 
has given rise to numerous complaints to 
mine owners and the Mine Health and Safety 
Inspectorate. This project was initiated by the 
necessity to understand the interaction between 
explosives and rock, the propagation of shock 
waves through the earth and the air, and the 
effect of these waves on people, animals and 
structures. International and local guidelines 
governing blasting practices already exist but are 
not always applicable to the local conditions. The 
aim of this study was to provide research based 
outputs to assist the Mining Regulations Advisory 
Committee (MRAC) in drafting Guidelines for 
opencast mining to minimise blast induced 
damage to communities surrounding the mines.  

A Gold mine in Gauteng province, a Platinum 
mine in Limpopo province and a Coal mine in 
Mpumalanga province, where surrounding 
communities have expressed concerns 
regarding the effect of blasting on their quality 
of life, were identified to participate in the study. 
Mining operators and technical specialists 
were interviewed to establish current blasting 
practices on their mines. Community members 
in close proximity to the mines were interviewed 
to establish the damage or nuisance caused 
by blasting. Physical measurements of Peak 
Particle Velocities, Airblasts flyrock and dust 
that communities are exposed to were taken. 
The results of the surveys and the physical 
measurements were analysed and interpreted 
against the norms specified by the South African 
National Standards (SANS) for ground vibrations, 
United States Bureau of Mines (USBM) and 
similar agencies worldwide.  
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Particle Velocities, Airblasts flyrock and dust 
that communities are exposed to were taken. 
The results of the surveys and the physical 
measurements were analysed and interpreted 
against the norms specified by the South 
African National Standards (SANS) for ground 
vibrations, United States Bureau of Mines 
(USBM) and similar agencies worldwide.  

It was found that the USBM is the generally 
accepted standard used on the mines studied 
as the SANS for ground vibrations is broad and 
not necessarily designed for open cast mining. 
Some surveyed houses showed some degree 
of damage and deterioration. It was found that 
most of the buildings close to the three mines 
investigated were constructed of hollow concrete 
blocks with timber and iron sheet roofs. 

CONCLUSION: 

The project highlighted the need for 
improved relations between the mines and 
their surrounding communities. Additionally 
the role of the DMR in areas where there is 
high conflict should be more visible to act 
as a mediator between the mines and the 
communities. There is a need for stronger 
regulation on building practices in and around 
mining areas. An appropriate standard 
especially designed for South African 
opencast mines based on internationally 
accepted criteria but modified for the local 
conditions should be developed. 

It is hoped that the outputs and leading 
practices identified in this project is used 
by MRAC to draft Guidelines for opencast 
mining to minimise blast induced damage to 
communities surrounding the mines.  
by blasting. Physical measurements of Peak 



36



37



38

NOTES: _____________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________



39

“Every Mine Worker 
returning from work 
unharmed everyday. 
Striving for Zero 
Harm.”
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