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CEO’S FOREWORD 

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 and Energy on research programmes, 
regulations, standards, policies and procedures focused on minimising 
the occupational health and safety (OHS) risk at mines. The MHSC is 
also tasked with promoting a culture of occupational health and safety 
in the mining industry.

As a result of regulated processes, such as the Mining Charter and 
the Minerals and Petroleum Resources Development Act (MPRDA), 
Act 28 of 2002, there has recently been an increase in the number of 
women entering the South African Mining Industry (SAMI). The MPRDA 
attempts to provide opportunities for historically disadvantaged 
individuals, including women, to participate in the mining sector. A major 
challenge for the mining industry has been to introduce and ensure full 
incorporation of women into the traditionally male-dominated sector 
and also to ensure the provision of appropriate personal protective 
equipment (PPE) for them.

Previous research has shown that females generally have lower 
physical work capacities, physical strength and heat tolerance than 
their male counterparts, and that they also differ in anthropometry 
and body composition. However, the design of PPE for mineworkers 
has generally been based on male anthropometric dimensions. This 
may compromise women’s comfort, safety and performance at work. 
The body-worn self-contained self-rescuer (SCSR) devices are part of 
the PPE required to assist the user to evacuate to a place of safety in 
underground workplace emergencies involving the release of smoke, 
harmful gas or excessive airborne pollutants posing immediate threat 
to health. 

To this end, the MHSC embarked on a research project to assess the 
ergonomic design of the SCSR devices for use by women in the SAMI, 
in order to identify improvements that would make the wearing of 
SCSR devices more acceptable, comfortable for the wearer and not 
impede escape. 

Although the study was primarily focused on assessing the ergonomic 
design of these breathing apparatuses, the literature review revealed 
the importance of experiential and expectation training to mineworkers 
for safe use of SCSRs in escape situations.
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A recommendation for such a training regime was made at a workshop 
hosted by the MHSC as one of the interventions that could bring about 
improvements in the shortest space of time and at relatively low costs 
if implemented. 

My wish through this booklet is to share some insight on implementation 
of recommendations for the redesign of current body-worn SCSRs, as 
well as to provide a guide on experiential and expectation training for 
the donning and use of SCSRs. Successful implementation of these 
recommendations will contribute to a healthy, safe and productive 
work environment.

Health and Safety first!

Thabo Dube
Chief Executive Officer
Mine Health and Safety Council 
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ABBREVIATIONS AND NOMENCLATURE

• Anthropometry: The measurement of human body dimensions.

• BMI: Body mass index, which is defined as a measure of body 
fat based on height and weight of persons and is calculated by 
dividing the weight of a person in kilograms by their height in 
meters squared

• DMRE: Department of Mineral Resources and Energy

• Emergency: A situation, event or set of circumstances that could 
threaten the health or safety of persons, and which requires 
immediate action such as the evacuation, rescue or recovery 
of persons, to prevent serious injury or harm, or further serious 
injury or harm, to persons                           

• Ergonomics: The scientific discipline concerned with the 
understanding of interactions among humans and other elements 
of a system, and the profession that applies theory, principles, 
data and methods to design, in order to optimise human well-
being and overall system performance

• OEM: Original Equipment Manufacturer

•  MHSC: Mine Health and Safety Council

•  PPE: Personal Protective Equipment

•  RPD: Respiratory Protective Device

•  RPE: Respiratory Protective Equipment, or Rating of Perceived 
Exertion

•  SANS: South African National Standard

•  SCSR: A self-contained self-rescuer (SCSR) is a closed-circuit 
respiratory protection device that produces oxygen and removes 
carbon dioxide for a limited time, independent of the surrounding 
atmosphere, and provides protection by isolating the user from 
harmful toxic gases
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1 INTRODUCTION

The mining industry is inherently hazardous, and mineworkers face 
various health and safety risks, including chemical, physical, biological 
and psychosocial hazards (Van Aardt et al., 2008). Some of the causes 
of ill-health in the minerals industry are noise, dust, vibration and manual 
tasks (Horberry et al., 2013). The functional work capacity of workers can 
be affected by factors such as age, gender, injuries, health, lifestyle and 
anthropometrics (Hofmann and Kielblock, 2007). Owing to the physical 
differences between males and females, it has become important to 
carry out further research to determine the impact of mining work on 
the occupational health and safety of women and to create a safe work 
environment for both males and females (Van Aardt et al., 2008; Zungu, 
2013). 

While acknowledging that the workload and stress imposed by mining 
are not unique to women, when researching women in the South African 
mining industry, Benya (2009, p94) observed: “In addition to the heat 
and humidity, workers have to carry heavy head-lamp batteries with 
them at all times, even while working. The head-lamp battery and rescue 
packs [SCSRs] are heavy and do not make it easy for women to move 
around and do their duties, especially when they are still new in the mine. 
Women often have to walk long distances carrying heavy materials and 
do physically demanding work with the battery and rescue packs tied 
around their waists.”

Respiratory Protective Devices (RPDs) are worn to protect against 
health and safety hazards, and can also result in unintended negative 
effects including discomfort, hindrance of the performance of necessary 
activities, restricted access to working areas as a result of bulkiness, the 
risk of snagging on projections or other features in the work environment, 
and physical load. 

Additionally, the design of mining equipment and PPE for mineworkers 
has generally been based on the male physique (AngloAmerican, 2012; 
Van Aardt et al., 2008; Zungu, 2013). This may contribute to heightened 
health and safety risks for women in mining (Van Aardt et al., 2008). 
Hofmann and Kielblock (2007) noted the importance of ensuring a fit 
between workers’ capacity and the physical demands of their work to 
ensure good health and safety. Ergonomics has much to offer in this 
domain (Horberry et al., 2013). 

With that being said, the MHSC conducted a research project: SIM 160902 
to “Assess the ergonomics design of self-contained self-rescuer (SCSR) 
devices for use by women in mining”. 

This guide booklet summarises important key findings and 
recommendations made from the study.
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2 PURPOSE OF THE BOOKLET

This booklet is gives the reader important key findings and 
recommendations from the study on “the Assessment of the ergonomics 
design of self-contained self-rescuer (SCSR) devices for use by women 
in mining (WiM)”. Recommendations are given with due consideration of 
Anatomical and Physiological differences of WiM.

The target audience for this booklet is Women in Mining, Mine 
Management, Supply Chain Officials, Finance Officials, Health and Safety 
Representatives, Training Officials, Service Providers, OEMs, Hygiene and 
Engineering Officials including Inspectors, and all other interested parties.

3  ANTHROPOMETRIC ASSESSMENTS OF USERS OF SCSRs

As part of the study, anthropometric assessments of women working 
at mines in South Africa were conducted. Data collection took place 
at three mines between 27 February and 24 March 2017. A total of 
29 dimensions for the sample of 100 were assessed (including BMI).  
Questionnaires relating to the use and comfort of SCSR devices were 
also completed by the participants.

Three volunteering mines were selected for this study, which included 
one coal, one platinum and one gold mine. These mines are located 
in the provinces of Mpumalanga, Limpopo and Gauteng, respectively. 
Each mine made use of a different make of SCSR. 

Table 1 and 2 below depicts the number of participants per commodity 
mined and location of the mine; and the distribution of the SCSRs by 
commodity (adapted from Schreiber and Sehlabana 2005):

Table 1: Number of participants per commodity mined and location 
of mine

Commodity Location Number of participants
Coal Mpumalanga 27

Platinum Limpopo 26

Gold Gauteng 47

Total 100
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Table 2: Distribution of SCSRs by commodity (adapted from Schreiber 
and Sehlabana, 2015)

Commodity Approximate 
number of SCSRs 

deployed

Number of mines or 
shafts

Gold 90 000 47

Coal 30 000 65

Others (i.e. Cu, 
Mn, Cr)

30 000 37

Diamond 3 000 4

Platinum 67 000 48

Total 220 000 201

During the assessment of the anthropometric data, the following 
findings were made: 

• A number of significant differences between the data collected 
and referenced and historical data were found. 

• The differences in data collected versus reference data indicates 
that the dimensions used in the design of the SCSRs in use may 
not be appropriate for the assessed population.

• Subjective discomfort was experienced by women in mining 
while wearing SCSRs on the belt at work. 

• The SCSRs were reported to cause pain in the hips, lower back 
and stomach.

• Almost 99% of the participants considered the SCSRs to be too 
heavy, while 92% indicated that the devices disturbed their work. 

• Participants hoped that the devices could be made smaller and 
more ergonomic for daily use. 

4 PRACTICAL PERFORMANCE ASSESSMENT

A practical performance assessment was done, in which the effect 
of SCSRs on women’s ability to walk erect, stoop or crawl was 
analysed through observation as well as the participants’ self-reported 
experiences and responses. This was done with the SCSR worn on 
the belt and while donned and in use. The functionality of the units 
when deployed was considered, as was the functionality during use of 
different makes of SCSRs. 
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Data collection took place over one week in April 2017, at Mines Rescue 
Services facilities which provided a simulated underground mining 
environment. The total sample size was 11, of which 6 were from the 
platinum sector and 5 from the coal sector. All of the participants 
were female. A mixed methodology of performance tests, ‘comfort 
questionnaires’ and observations (during the tests) were carried out.

The assessment was based on 4 models of SCSR commonly used in 
South Africa, shown in Figure 1 below. See also table 3 and 4 below.

The experiences of the participants navigating the test route, wearing 
the unit on the belt and donning the unit are summarised below:

Strain experienced while navigating test route: 
• The participants experienced the least strain while navigating 

the test route without wearing an SCSR, and the strain increased 
while wearing an SCSR on the belt, and increased further when 
the unit was donned and in use. 

• The participants mostly reported body discomfort in their lower 
backs and hips from navigating the test route while wearing the 
SCSRs on the belt. 

Wearing unit on belt: 
• Participants reported a preference for models 1 and 2. This is 

likely because these units were less bulky and felt lighter than 
models 3 and 4, and were contoured to fit the wearer’s body. 

Donning the unit: 
• Participants showed a preference for model 4 for donning and 

negotiating the test route while donned and in use. 
• The participants took the longest time to don model 3. 
• When navigating the test route while the units were donned, the 

participants experienced strain in body areas including the neck 
and shoulders, jaw, throat and chest. 

• The participants experienced a high level of body discomfort 
while navigating the test route when the unit with head straps 
(model 2) was donned, as the weight of the unit was carried by 
the head, rather than the body of the wearer. 

• The highest chest discomfort was reported for model 3, and the 
goggles supplied with model 3 tended to obscure the vision of 
the wearers. 
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Figure 1: Pictures of the protective casing of the 4 SCSR models

 

Model 1 Model 2

Model 3 Model 4
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Table 3: Comparison of the functional duration, weight and physical 
dimensions of the SCSR devices

Model 1 Model 2 Model 3 Model 4
Rated duration
(breathing rate 35 
L/min)

30 
minutes

25 
minutes

40 
minutes

30 
minutes

Approximate 
weight 
(unopened)

2.2 kg 2.1 kg 2.25 kg 2.5 kg

Height 195 mm 189 mm 203 mm 220 mm

Width 172 mm 205 mm 202 mm 160 mm

Depth 101 mm 89 mm 116 mm 110 mm

Table 4: Pictures of SCSR Model 1-4 while worn on belt and while 
donned

While worn on belt While donned

Figure 2: Picture of model 1 while 
worn on the belt

Figure 3: Picture of model 1 
being donned
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Figure 4: Picture of model 2 
while worn on the belt

Figure 5: Picture of model 2 
while donned

Figure 6: Picture of model 3 
while worn on the belt

Figure 7: Picture of model 3 
while donned

Figure 8: Picture of model 4 
worn on the belt 

Figure 9: Picture of model 4 
while donned

4.1 FINDINGS AND RELATED RECOMMENDATIONS FROM THE 
PRACTICAL PERFORMANCE ASSESSMENT

The practical ergonomic tests were made while the devices were 
worn on the belt and while donned and in use. The findings of this 
assessment helped to identify features of different SCSR devices in 
use in the mining industry, which may be ergonomically friendly for use 
by female mineworkers in South Africa. This could assist OEMs in their 
efforts to improve the design of SCSR models in the future to ensure 
optimal compatibility with the wearer.

The findings from the practical performance assessment are summarised 
in the Table 5 below, also highlighting recommendations (i.e. potential 
interventions to improve the ergonomic design of body-worn SCSR) 
made for consideration towards improvements. 
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The recommendations include suggestions for improvements that are 
likely to benefit wearers of SCSRs including, but not limited to, women 
in the South African mining industry. Results of this study can be used 
to help the relevant stakeholders to ensure that SCSRs are designed to 
cater for the entire range of wearers. It should also be noted that while 
findings from specific SCSR models were compared in this study, the 
aim was not to identify a particular unit that would be most suitable for 
women in the South African mining industry. It was rather to gain an 
understanding of aspects of each model that were most favourable to 
the study sample, to inform any future SCSR design.

Table 5: FINDINGS AND RELATED RECOMMENDATIONS FROM THE 
PRACTICAL PERFORMANCE ASSESSMENT

FINDINGS RECOMMENDATIONS

MASS, SHAPE AND SIZE OF SCSRs
• As far as anthropometric 

characteristics are concerned, it is 
unlikely that any single person would 
be average in every dimension 
measured; every population group 
will contain individuals with a range 
of dimensions.

• Participants with higher BMIs 
reported slightly higher levels 
of discomfort when wearing an 
SCSR than those with lower BMIs. 
For example, chest-worn models 
would have to accommodate the 
larger chest circumferences of 
women than men, which may affect 
movement, visibility and comfort.

• A number of OEMs are already in 
the process of developing smaller, 
lighter and more ergonomically 
designed units. New technologies 
are in the process of being 
developed, which would enable the 
contents of the SCSRs to be smaller 
and lighter, while still allowing the 
units to maintain the same (or 
better) functional duration. 

MASS, SHAPE AND SIZE OF SCSRs
• Interventions can rather focus on 

adjustments that would benefit and 
be suited to both genders and all 
potential user groups. SCSRs should 
be designed to accommodate a 
range of wearers.

• The shape of SCSRs should be 
more compatible with the body 
dimensions of the wearers. For 
example, shorter users may be more 
likely to experience disturbance 
from the SCSR by making contact 
with it with the elbow.

• The thickness of the units should 
be kept minimal to limit potential 
obstruction. 

• Reduction in the size, mass and 
weight of existing SCSRs (those 
that were tested during the study).

• Smaller, Lighter, more ergonomic 
units will benefit all potential 
wearers, regardless of gender; and 
would improve worker comfort, lead 
to enhanced work performance, 
help to alleviate restriction or 
prevention of movements, and 
assist in making it unnecessary 
for workers to consider removing 
these life-saving devices from their 
bodies while working.
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WEARING ARRANGEMENTS
• Other equipment carried on the 

belt, including the cap lamp battery 
and gas-monitoring devices, affect 
the balance of weight on the belt 
and the wearer’s awareness of the 
weight of the SCSR. 

• There are some SCSR devices in 
use that have shoulder straps or 
chest harnesses so that the wearer 
does not need to wear the SCSR 
on the belt. These alternatives 
may help to reduce asymmetrical 
strain on the hips, lower back and 
stomach, and may assist with 
better interaction with work tasks 
and the work equipment, such as 
when sitting to operate equipment, 
or when crawling through narrow 
passageways.

• Padding is available that can be 
fitted to the belts, which would 
help to ensure better comfort and 
fit of SCSRs to a range of wearers. 
These pads are adjustable to fit the 
different body shapes or physical 
dimensions of the workforce.

WEARING ARRANGEMENTS
• Mines to procure belts 

recommended by OEMs for SCSRs. 
The direct costs of the belts, which 
are considered to be low compared 
to the cost of SCSR devices, should 
not form the basis for the choice of 
belt procured.

• The belts should also be suited to 
the anthropometrics of women in 
the South African mining industry.

• The fit between the SCSR and the 
belt, including the ease with which 
the unit can be attached to the belt 
and the belt to the body also needs 
to be considered. 

• It should be ensured that the belt 
does not hinder the manoeuvring of 
the SCSR to the donning position.

• SCSR devices that have shoulder 
straps or chest harnesses so 
that the wearer does not need 
to wear the SCSR on the belt are 
recommended as these may help 
to reduce asymmetrical strain on 
the hips, lower back and stomach, 
and may assist with better 
interaction with work tasks and 
the work equipment, such as when 
sitting to operate equipment, or 
when crawling through narrow 
passageways.

• Kidney belts may also be considered, 
as wearers may find these belts the 
most comfortable belts to wear for 
any make of SCSR, as the unit does 
not make direct contact with the 
wearer’s body when using this type 
of belt. The devices could be worn 
in a pouch on the front or back of 
the body.

• Units of the SCSRs that are worn 
on the body rather than the head 
are recommended. The fit of units 
and appropriateness of the strap 
adjustments to accommodate 
different body shapes and sizes 
need to be considered. 

• Neck straps should allow more 
adjustability.



16

VISIBILITY DURING USE OF UNITS
• In emergency situations one of 

the main purposes of goggles is 
to prevent exposure of the eyes 
to toxic gases, rather than to 
improve visibility, as there may 
be environmental factors such 
as smoke that would in any case 
prevent escapees from being able 
to see.

• It was noted that goggles are 
important to prevent sore eyes or 
damage to the eyes.  

• Some of the participants’ goggles 
misted up, which made it difficult 
to see through them clearly. 

VISIBILITY DURING USE OF UNITS
• It is important that goggles 

developed and provided do not 
obscure the vision of the wearers.

• Visibility while the units are used 
should also be considered. This 
applies especially to units that 
include goggles, or units for which 
it is planned to provide goggles in 
the future, as is the case with some 
OEMs. 

SCSR DONNING 
• Participants reported discomfort with the 

nose clip, particularly for models 1 and 3. 
As all 4 units use the same nose clip, the 
ratings may have been the result of how 
the units were donned.

• The lowest comfort ratings for the 
mouthpieces and also for contact of the 
unit with the body were reported for 
models 2 and 3. This could be a result of 
the perceived weight of these units and 
jaw strain experienced when wearing the 
head-worn unit. Additionally, in the head-
worn unit the heat from the inner unit 
made direct contact with the skin. The 
poorest ratings for breathing resistance 
and temperature were reported for model 
3. Comfort ratings were highest for model 
4.

• Other reasons for the extended donning 
times of units were, for instance, difficulty 
removing the protective casing lids 
(e.g. model 2), untangling and correctly 
positioning the straps (e.g. model 4), 
locating the relevant parts (including 
goggles) and disconnecting the unit from 
the belt (as in the case of model 3), and 
making the necessary adjustments. The 
units which had the body straps attached 
with a clip for adjustment appeared to be 
more user friendly than those that had to 
be tied, as they were easier to adjust.

SCSR DONNING 
• Experiential and expectation 

training could assist with addressing 
the concerns raised with the nose 
clips when donning the units.

• It is suggested that donning 
procedures for model 2 should 
include blowing at least three 
times into the mouthpiece, as is 
standard for the majority of current 
SCSR models, to ensure that the 
breathing bags inflate sufficiently.

• It should be possible to open 
SCSRs without difficulty, while still 
ensuring that the units cannot be 
opened accidentally. 

• To address the risks posed by factors 
including long nails observed of 
women participants which makes 
opening the units more difficult 
as a result of the suboptimal fit 
of the fingers under the opening 
levers. It is recommended that this 
be considered in the design of the 
opening levers. 

• Mines need to find a suitable 
balance in dealing with the 
inappropriate discharge of SCSRs 
in the workplace. 
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• Some of the units fitted with self-starters 
did not appear to self-inflate (i.e. model 2); 
this caused difficulty breathing normally 
from the SCSR.

• In one of the units, the plastic cord 
connecting the mouthpiece plug snapped 
when one of the participants tried to 
remove the plug. This made it difficult to 
remove the plug, and could have led to 
serious consequences in an emergency 
situation.  

• Some participants found it particularly 
difficult to open the metal casing lids. 

• Some of the female participants also had 
longer nails than men would generally 
have, which could also have made opening 
the units more difficult as a result of the 
suboptimal fit of the fingers under the 
opening levers.

• Some workers may open SCSRs out of 
curiosity or by mistake, and be charged 
for the violation due to the cost of 
this occurring. On the other hand, if 
workers are charged for opening SCSRs 
inappropriately, it may prevent them 
from using the SCSR correctly in a life-
threatening situation, as they may be 
uncertain about whether the conditions 
warrant SCSR use.

TRAINING
• The study found a gap in training and 

demonstrations of donning procedures 
for SCSRs in the SAMI. Some of the major 
gaps included:
o training which usually involves 

observation of the procedures rather 
than the physical donning of SCSRs by 
the trainee,

o training only provided once a year 
during annual inductions and via posters 
displayed in lamp rooms or workspaces.  

• The participants expressed concern over 
the relatively long time taken to don some 
of the units, as this could be life-threatening 
factor in an emergency situation.

• It is possible that in the case of an emer-
gency, users may panic, and not fit the 
SCSRs as well as they would in a con-
trolled environment under the guidance 
and supervision of training personnel. It 
is likely that the wearers would be more 

TRAINING
• Experiential and expectation training will 

greatly help the users to better understand 
and gain practical experience on how to 
don the SCSR units and to experience the 
sensation of breathing into them. This type 
of training should take into account the 
specific training needs for WIM due to their 
Anthropometric data.

• Training to be In-depth and detailed and 
must be provided by:
o the OEM or representative of the OEM 

for the specific SCSR or 
o mine training official who have 

successfully completed and is in 
possession of a certificate from the OEM 
to provide the training.  

• All workers who are required to wear 
SCSRs should be able to receive hands-on 
experience on the correct donning and use 
of an SCSR.
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   methodical and less hasty during test pro-
cedures. The participants expressed con-
cern over the relatively long time taken 
to don some of the units, as this could be 
life-threatening factor in an emergency sit-
uation.

• Proper suitable training will greatly help the 
users to better understand and gain prac-
tical experience on how to don the SCSR 
units and to experience the sensation of 
breathing into them.

    This can be done at mine mock ups or sim-
ulated facilities. 

• This training should be conducted during 
annual inductions and refresher training 
and each individual needs to have the op-
portunity to don a training unit in this time.

• Training to be more frequent, i.e. at least 
every six months, to assist the users to re-
member the donning procedures better. 

• Training on SCSR donning should incor-
porate procedures for the different belts in 
use.

• In a case where live chemicals cannot be 
used during training, an alternative would 
be to use units that do not contain chemi-
cals, so that wearers could at least gain ex-
perience of donning the units. In this case 
only the mouthpieces would have to be 
disposed of and replaced after each use 
for reasons of hygiene. 

• The training should include donning of 
SCSRs in a dark room and within a limited 
time.

• Readers are encouraged to access the 
link below for more information on train-
ing as highlighted in the report by Charles 
Vaught, William J. Wiehagen, and Michael 
J. Brnich, Jr. on “Self-Contained Self-Res-
cuer Donning Proficiency at Eight Eastern 
Underground Coal Mines” in the USA in 
199:C (https://www.cdc.gov/niosh/mining/
UserFiles/works/pdfs/ri9383.pdf) 

5 DESIGN OF SCSR DEVICES

It is understood that it is probably not feasible, nor necessary, to design 
separate units for males and females. Interventions can rather focus 
on adjustments that would benefit and be suited to both genders 
and all potential user groups. As far as anthropometric characteristics 
are concerned, it is unlikely that any single person would be average 
in every dimension measured; every population group will contain 
individuals with a range of dimensions. 
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It was also noted during the study that a number of OEMs are already in 
the process of developing new smaller, lighter and more ergonomically 
friendly SCSRs or modifying and redesigning existing SCSRs. Over 
and above that, consideration is being made to ensure that the 
new developments allow the units to maintain the same (or better) 
functional duration These modifications should be assessed in terms 
of all possible user populations, including women in the South African 
mining industry. The importance of usability testing on the relevant 
population groups is also highlighted. Any changes in the units may 
result in changes to other aspects. This should not be overlooked, as 
the benefits gained in one area may influence other aspects negatively. 

It is also noted that different types of SCSRs with a range of durations 
are already in existence globally, some of which may be suitable for 
implementation in South Africa if the escape strategies of mines 
were redesigned. The cost implications of this should be assessed 
compared to the costs of not implementing new strategies, including 
indirect costs of poorer health, lower productivity and less safety. The 
necessary certification and approval of units must also be considered 
as it regards new technologies.

The recommendations that OEMs should take into account when 
designing these units are summarised below:

• Shape SCSRs to the contours of the body - Design the SCSRs  
casing to fit better against the body, making them flatter, shorter, 
changing the material of the protective casing or changing the 
wearing position without compromising on the required safe 
functional duration of the devices. Ensure that the range of body 
dimensions of wearers is taken into account in the design of 
SCSRs.

• Make SCSRs lighter and smaller, as far as practically possible - 
Design of new casing material of SCSRs is recommended in order 
to help, among others, to  reduce the weight of the units.

• Casing design be modified to better fit the wearer’s body - 
Padded covers over the protective casings of SCSRs might also 
help to improve SCSR wearability. These covers could help to 
distribute the mass of the SCSR over the body. However, the cover 
must be sufficiently durable to withstand harsh environments 
and work tasks, and to ensure that the inner contents of the unit 
remain in good working order

• Ensure ease of locating parts of the SCSR when donning – 
Other reasons for the extended donning times of units were, 
for instance, difficulty removing the protective casing lids (e.g. 
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model 2), untangling and correctly positioning the straps (e.g. 
model 4), locating the relevant parts (including goggles) and 
disconnecting the unit from the belt (as in the case of model 3), 
and making the necessary adjustments. 

• Consider avoiding head-mounted units in future developments 
- The lowest comfort ratings for the mouthpieces and also for 
contact of the unit with the body were reported for models 2 and 
3. Reasons included the jaw strain experienced when wearing the 
head-worn unit. Additionally, in the head-worn unit the heat from 
the inner unit made direct contact with the skin. These should 
be taken into consideration when any redesigning of SCSR is 
undertaken.

• Ensure adequate length of breathing tubes.
• Ensure adequate adjustability of neck and body straps - 

The units which had the body straps attached with a clip for 
adjustment appeared to be more user friendly than those that 
had to be tied, as they were easier to adjust. These factors should 
be considered in the design or redesign of SCSRs. This would 
assist in improving readiness in emergency situations, in which 
there may be further challenges such as reduced visibility, injury 
and emotional reactions caused by panic.

• Ensure optimal design of SCSR goggles - Goggles should have 
adequate anti-fogging properties. As females have smaller faces 
than males, this should also be considered so as not to reduce the 
range of vision. Considerations of workers that wear spectacles 
may also be taken into account in goggle design. 

• Consider changes to the wearing arrangement of SCSRs - 
Modifications to belts such as width, padding and adjustability 
may also be considered in order to improve the comfort of 
wearing SCSRs. Furthermore, there are some SCSR devices in use 
that have shoulder straps or chest harnesses so that the wearer 
does not need to wear the SCSR on the belt. These alternatives 
may help to reduce asymmetrical strain on the hips, lower back 
and stomach, and may assist with better interaction with work 
tasks. 
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6 OPPORTUNITIES FOR FURTHER STUDIES

The study further highlighted the following opportunities for further 
research:
• A comparative ergonomics study of males in the South African 

mining industry. 
• The assessment of proposed interventions and developments.
• Reassessment of the escape strategies of mines while taking 

female mineworkers into consideration.

7 COST-BENEFIT ANALYSIS

A number of the recommendations recorded in this study have cost 
implications, and as such it would be worthwhile for a thorough cost-
benefit analysis of all possible remedial actions to be undertaken. 
Recommendations requiring cost analysis include modifications 
to escape strategies, providing optimal belts, changes in training 
strategies, changes in the wearing arrangements of SCSRs, and 
SCSR redesign. Both direct and indirect costs, the financial risks of 
not implementing the potential actions and the financial benefits of 
implementation should be predicted. 

An example is given below with regards to SCSR belts:

FINANCIAL 
RISK OF NOT 

IMPLEMENTING

DIRECT AND INDIRECT 
COSTS OF NOT 
IMPLEMENTING

FINANCIAL BENEFITS 
OF IMPLEMENTING

Cheaper belts 
may be of poorer 
quality and made 
of materials that 
are more likely to 
wear out, which 
would impair 
the fit and have 
to be replaced 
more frequently.

• Revenue lost on frequent 
replacement of cheap 
belts that wear out.

• Medical costs of injured 
workers.

• Levies to be paid in case 
of Lost Time Injuries and 
Fatalities.

• Production lost from 
absence of the injured.

• Revenue lost from 
DMRE’s sec. 54 
stoppages.

Wearing SCSR on belt 
for whole shift, proper 
donning and use during 
an emergency can 
contribute to reduced 
injuries such as work-
related musculoskeletal 
disorders leading to 
reduced healthcare 
costs, increased 
productivity and 
decreased likelihood of 
loss of life.
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8 CONCLUSION

In summary, the study identified a number of recommendations which, 
if implemented appropriately, will help to improve the ergonomics of 
SCSRs for women in the South African mining industry. The view is that 
a number of the proposed interventions to improve the fit of SCSRs for 
women will also benefit the male workforce, if implemented. 
 
Solutions that were identified to be most readily implementable and 
that would address some of the challenges faced were to:

• Ensure the provision of specific belts recommended by the 
respective SCSR OEMs.

• Implement, as a matter of urgency, experiential and expectation 
training for the donning and use of SCSRs. 

• Develop material for experiential and expectation training for the 
donning and use of SCSRs.

• It is also to be noted that the “Guideline for compilation of a 
mandatory Code of Practice for the management of Self-
Contained Self-Rescuers in Mines” is in the process of being 
Gazetted and mines will be required to adhere to the requirements 
of the guideline.

• Implement, as a matter of urgency, experiential and expectation 
training for the donning and use of SCSRs. 

• The MHSC will utilise one of its strategic partners to develop 
material for experiential and expectation training for the donning 
and use of SCSRs.

• It is also to be noted that the “Guideline for compilation of a 
mandatory Code of Practice for the management of Self-
Contained Self-Rescuers” in Mines is in the process of being 
Gazetted and mines will be required to adhere to the requirements 
of the guideline.
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