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SUMMARY 
 
The wearing of disposable dust masks in Continuous miner sections has been 
identified as a major source of discomfort and dissatisfaction. This initiated 
further research on the current industry standards and practices with respect to 
the wearing and distribution of dust masks. 
 
Field tests, laboratory fit tests and questionnaires were carried out as part of 
the investigation. 
 
Dust masks from the LHD operator recorded the highest total mass loading on 
the filter, exceeding 200 mg in an average time of 1.7 hours, whilst the CM, SC 
and Roofbolt operators averaged 3.5 hours, 5 hours and 2 hours respectively. 
All dust masks failed the laboratory fit tests. Feedback from the questionnaires 
revealed that there is no fit testing, selection criteria in the mines determining 
which jobs require dust masks, record keeping and variety of dust mask sizes 
to cater for the different face shapes and sizes. 
  
The recommended 8 hours is too long to be set as the required service time 
limit due to the dust masks reaching a total loading greater that 200mg in 2 – 5 
hours. There are no set guidelines and procedures with respect to the use and 
distribution of dust masks in both mines. The failed laboratory seal test indicated 
that the currently used disposable dust masks do not offer adequate protection 
against leakage. 
 
Mines need to review their current training procedures and implement their own 
training procedures, in line with the national and international standards. They 
need to consider conducting fit tests, using different masks sizes, record 
keeping of issued dust masks and implementing awareness programs that will 
help educate the operators on the importance of wearing and proper use of the 
dust masks. 
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1  PROJECT BACKGROUND 
 
As part of the Coaltech dust project (Task 2.6.1), workshops were held with 
mine production personnel to help identify specific problem areas regarding 
dust in Continuous Miner sections. Feedback from the workshops identified the 
wearing of disposable masks as a major source of discomfort and 
dissatisfaction. This initiated further research on the current industry standards 
and practices with respect to distribution and wearing of the dust masks. 
 
1.1 Project scope 
 
Laboratory fit tests and underground tests (continuous miner sections only) 
were conducted, as well as a questionnaire sent out to the mines to gather data 
in order to identify possible research gaps on the subject, and this technical 
feedback was combined with the literature review findings. 
 
Due to the disposable masks being the most generally used dust masks in the 
continuous miner sections, this research was limited to disposable dust masks. 
Therefore, half face and full-face masks were not considered for the laboratory 
fit tests and underground tests. 
 
This research was an initial investigation, and the objective was to get a wide-
ranging general idea on the effectiveness of the disposable dust masks in the 
continuous sections. No shadowing of the operators was required for this 
project. 
 
2 LITERATURE REVIEWS 
 
The initial literature review on the more effective use of dust masks (Onifade, 
2019) and the South African National Standards (SANS 10220:2010 and SANS 
50149:2003) are attached as Appendices of this report. Additional sources of 
literature are referenced directly and listed in the references section of the 
report. 
 
2.1 Initial literature review - (Onifade, 2019) 
 
The individual references for this review are in the full literature review in 
Appendix B and are not repeated here. This section gives a brief review of the 
main points. 
 

 Fit and seal testing 
 
To examine the seal between the user’s face and the dust masks, a fit test is 
carried out. A fit test is used to evaluate the adequate match between the user’s 
face and the dust mask. If the wearer passes the fit test, he/she is required to 
use the exact dust mask i.e. make, model, size when performing their daily 
duties on the job. If the wearer’s facial characteristics change due to weight 
changes, loss of teeth etc., the standard requires a new fit test be carried before 
the dust mask is used. 
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A user-seal check is a quick check carried out by the user each time the dust 
mask is put on. A seal check determines whether the dust masks is fitted 
properly, or it needs to be readjusted in order to get a proper fit. 

 
 Fit test methods 

 
Quantitative or qualitative methods are used to determine the fit of a facepiece. 
The qualitative method depends on the wearer’s subjective reaction to a 
sprayed test agent (usually a sweet or bitter tasting substance), where else the 
quantitative method provides an objective measure of the fit by generating a 
measuring number referred to as a fit factor. A fit factor is defined as the ratio 
of the concentration of a substance outside the facepiece to the concentration 
inside the facepiece.  
The quantitative method applies a particle counting device (PortaCount TM) 
while an alternative method uses controlled negative pressure (FitTester 
3000TM). Due to the various techniques applied with this method, it gives rise to 
different fit factors. Oetenstad and Graffeo (1993) compared these methods 
and concluded that these test methods have strengths and weaknesses. A 
typical example of one the disadvantages of this method is its inability to 
differentiate between particles that leaked around the face seal of the facepiece 
and those that have been created by the wearer. Fairchild et al. (1987), da Roza 
et al. (1991) and Clayton (2001) indicated that wearers produce particles during 
the fit test exercises which reduces the measured fit factors, particularly during 
the talking exercises. However, this can be minimized by ensuring that the 
ambient particle count is sufficiently high. 
 

 International standards, regulations, and guidance 
 
The American Standards ANSI Z88.2 (ANSI,1992) introduced fit testing in the 
USA in 1969, while the OSHA standard 1910.134 set out accepted fit test 
protocols. The American National Standard Institution (ANSI) Z88.10-2001 also 
provided guidance on how to carry out fit testing and what suitable methods to 
be used (ANS,2001).  
 
Fit testing in the UK was first introduced into the Control of Asbestos at Work 
(CAW) Approved Code of Practice in 1999, and then extended throughout all 
the industries in 2002 including the mining industry.  
 
There are some fundamental differences for the fit test protocols and 
requirements between the different countries e.g. the USA, Canadian and 
Australian standards require fit testing to be carried out annually or biannually 
whilst the UK considers a repeat test only when changing to a different 
facepiece model or if there has been a significant change to the facial 
characteristics of the wearer e.g. as a result of weight gain/loss. 
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 Types of ppe 
 
Disposable dust masks are a specific type of personal protective equipment 
(PPE) designed to protect the wearer from breathing hazardous contaminants 
in oxygen-deficient atmospheres. They are available in various sizes to allow 
for the facial differences of workers. Gender, ethnicity and several other factors 
mean that one size of facepiece will not fit everyone.  
 

 RPE at work should: 
 

•  be used by properly trained people who are supervised. 
•  be suitable for the proposed use. 
•  be properly stored, cleaned and checked regularly to ensure it remains 

effective. 
•  be CE-marked or of an approved type/standard approved by SABS; and  
•  sufficiently control inhalation exposure to provide the wearer with 

effective protection 

 
 Guidelines for the use of respirator/nose mask and fit testing in the 

mines. 
 

Guidelines that should be adhered to during the use of disposable nose mask 
and fit testing in the mining industry are listed in Appendix B of this report. 

 
2.2 SA standards  
 
The full SA standards are in the Appendix C and D of this report, this section 
gives a brief review of the main points. 
 

 South African national standards (sans 10220:2010) 
 
The South African National Standards (SANS 10220:2010), derived and copied 
from EN149:2001, covers the factors affecting the selection of respiratory 
protective equipment for the protection of the body against harmful substances. 
The standard also provides recommendations for the use and maintenance of 
such equipment.  
 
2.2.1.1 Classification of respiratory equipment 

 
There are various types of dust masks to suit a variety of work situations and 
the different types of contaminants. Respirators and breathing apparatus are 
the two major types of Respiratory protective equipment (RPE). 

• Respirators use filters to eliminate impurities from the air being breathed 
in. They can be either non-powered respirators (depending on the 
wearer’s breathing to draw air via the filter) or powered respirators (which 
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uses a motor to channel air through the filter to provide a supply of clean 
air); and 

• Breathing apparatus requires a supply of breathing-quality air from an 
independent source such as an air cylinder or air compressor. 

 
 
2.2.1.2 Classification of inhalation hazards 

 
The Respiratory protection equipment (RPE) is designed to give protection 
against one or more of the following hazards: 

- Oxygen deficient environments 
- Particulates  
- Vapours and gaseous contaminants. 
 

2.2.1.3  Description of respirators` 

 
All respiratory protection equipment (RPE) designed for protection against 
particulates, gases or a combination of both contaminants have a quarter mask, 
half mask, full-face mask or a filtering mask. All of which contain air purifying 
features designed to remove the contaminant from the surrounding air before it 
is inhaled by the wearer. 
 
There is respiratory equipment to designed to give protection against specific 
contaminants only e.g. particulates only. These types of equipment do not 
provide universal protection and should only be used in situation where the 
concentration and the type of contamination is known. 
 
2.2.1.4 Respirators for particulate matter only 

 
Respirators designed for the use against particulate matter only are ineffective 
in gas containing environments. The service time of the respirator decreases in 
environments where the concentration of the contaminant is excessively high 
and breathing resistance is experienced when used for an increased amount of 
time. 
 
To reduce the level of contamination, the contaminated air is drawn by the 
breathing action of the wearer through a filter system before the air is inhaled. 
The exhaled air is discharged into the atmosphere through the second valve of 
the respirator. 
 
2.2.1.5 Respirators for gases 

 
These types of respirators are designed for protection against specific gases 
only. The mask is directly connected to cartridge and canister filters where the 
inhaled air passes through, via a system of non-return valves. The exhaled air 
passes directly into the atmosphere. 
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Provision for protection against particulates can be incorporated through the 
cartridges or canister types, however no protection is provided for any 
particulate contaminants not specified on the cartridges or canisters. 
 
2.2.1.6 Limitations of respiratory protective equipment 

 
The sealing capability of the respiratory between the wearer’s face and fitting 
surface of the mask is greatly affected by the wearer’s facial features such as 
beard growth and moustaches. Due to the large variation of the amount in the 
noses of individuals, difficulty is also obtained in the sealing through the nasal 
passages when using a respirator with a nose clip. 
 
2.2.1.7 Facial features 

 
Some facial features reduce the sealing efficiency of RPE’s. 
 
2.2.1.7.1 Beards 
 
Adequate respiratory protection cannot be achieved with bearded persons due 
to the hair trapped between the pneumatic cushion and the mask. 
 
2.2.1.7.2 Moustaches 
 
Moustaches interfere with the peripheral seal of a dust mask and affect the fit 
of the dust mask. 
 
2.2.1.7.3 Sideburns 
 
When sideburns extend below the line drawn through the top of a tragion i.e. 
the notch in the cartilage of the ear just above and immediately in front of the 
earhole, it affects the seal of the respirator. 
 
2.2.1.7.4 Stubble growth and long hair 
 
When the wearer has long hair, particular care should be taken to ensure that 
none of the hair trapped beneath the face seal. 
 
2.2.1.7.5 Wearing of spectacles 
 
A perfect fit may not be obtained with a full-face mask when spectacles are 
worn. However, special spectacles can be made or adapted to obtain a 
satisfactory fit. 
 
2.2.1.7.6 Communication 

 
Excessive speech causes component or mask leakage and should be limited 
when wearing a half mask. However, the exhalation valves allow for speech 
transmission over short distances.  
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2.2.1.8 Selection of respiratory equipment 

 
Before any protection equipment can be selected, the hazards, limitations, 
operational and maintenance requirements that exist in that given operation 
need to be evaluated. More factors that need to be considered before selecting 
the suitable respirator for a given operation can be found in the full SANS 
10220:220 reports in the appendices of this report. 
 

  South african national standards (sans 50149:2003) 
 
This standard covers the minimum required specifications for filtering half 
masks used as protective devices against particles.  
 
A respiratory protective device can only be approved when the individual 
components of the device satisfy the requirements of the test specifications 
which may be the complete standard or part of the standard. 
 
Laboratory and practical performance tests are included for the assessment of 
compliance with the requirements. 
 
2.3 Additional literature (www.cdc.gov/niosh) 
 
The National Institute for Occupational Safety and Health (NIOSH) uses high 
filter loading (200mg) in certification tests, to address the potential for filter 
efficiency degradation by solid-based aerosols in the workplace. In most 
workplace settings, there is no recommended service time limit for the use for 
the respirators. However, NIOSH recommends that in dirty workplaces i.e. high 
aerosol concentrations, the service time limit should only be extended beyond 
8 hours of use when an evaluation of the workplace settings demonstrates that: 

a) The filter efficiency will not be degraded below the certified efficiency 
level, or 

b) The total mass loading of the filter does not exceed the recommended 
200mg 
 

2.4 Disposable dust mask types (www.dustmaskdirect.co.za) 
 
There are 3 main types of RPE’s that are generally referred to as disposable 
dust masks These are governed by the European standards 
EN149:2001+A1:2009 used to protect against particles in the continuous miner 
sections, namely, the filtering facepiece for particulates (FFP1, FFP2 and 
FFP3). 
 
FFP1 Dust Masks 
 
The FFP1 dust masks provides the lowest level of protection against 
particulates. This is relatively acceptable depending on the airborne hazard 
they have been commissioned to protect against. The minimum protection is 
due to the less amount of filter material they are composed of. They provide the 
least breathing resisting and they usually do not have an exhalation valve. 
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FFP2 Dust Masks 
 
The FFP2 dust mask offers a moderate level of protection against hazardous 
particulates. There is greater breathing resistance associated with these mask 
types due to the presence of the exhalation valves. 
 
 
FFP3 Dust Masks 
 
The FFP3 dust masks provides the highest level of protection against 
hazardous particulates that a disposable dust mask can offer. It contains thick 
filter material and an exhalation valve is almost always fitted, 
Table 1 lists the difference between the different dust masks in terms of their 
filter efficiency, micron sizes, costs and the hazard types. 
 
Table 1 - The difference between the different types of dust masks 
(dustmasksdirect.co.uk) 
 

 
 

2.5 Effectiveness of the dust masks. (Charlton, 2006) 
 

The effectiveness of the current performance standards of the dust masks can 
be determined by assessing their presumed protection factors against exposure 
to harmful substances and the realistic expectations. The mostly widely known 
international protection factors is the Nominal protection factor and the 
Assigned protection factor. 
 

  Nominal protection factor (NPF) 
 
The Nominal protection factor can be defined as the ratio of the concentration 
of the hazardous contaminant outside the dust mask to that inside the dust 
masks. It was developed by manufacturers from laboratory testing.  
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The test consisted of a mask that is securely strapped onto the face of a rubber 
head. To determine the leakage or contamination ingress, a hole is drilled 
through the back of the rubber head into the face mask and the air is extracted 
from within the mask. 
 
These initial laboratory tests provided satisfactory seal around the edges and 
the filter satisfied the design specifications. Therefore, an NPF of 1000 was 
awarded to an EN136 full-face mask. However, these tests did not strike a 
balance between a fit test method that is laboratory accepted and a fit test 
method that is very practical and applicable to the working conditions of the 
wearer. Therefore, a new fit and use test method needed to be developed. 
 

  Assigned protection factor (APF) 
 
The new fit and use test method took into consideration the different shapes 
and sizes of the human faces that vary between the sex, race and genetic 
make-up. The wearer was required to take the test with a clean-shaven face, 
trained in inspection, fit and application. The test also required the wearer to 
undertake various tasks which included talking, turning the head and raising 
arms etc. From this test, an Assigned Protection Factor (APF) is now the 
recognized true value of mask performance. Table 2 shows the full-face mask 
nominal protection factor of 1000 was reduced to an assigned/actual protection 
factor of 40. 
 
An APF of 10 means that the dust mask (if used properly) can be safely used 
in an atmosphere that has a hazardous concentration of up to 10 times the 
permissible exposure limit PEL) or other exposure limit for that hazard. 
 
Table 2 - A comparison of the Nominal protection Factor (NPF) to the Assigned 
protection Factor (APF) (Charlton, 2006). 
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One of the disadvantages of this fit test method (ambient particle counting 
method) is that it cannot differentiate between particles that have leaked around 
the face seal of the facepiece and those that have been created by the wearer. 
Fairchild et al. (1987), da Roza et al. (1991) and Clayton (2001) indicated that 
wearers produce particles during the fit test exercises which reduces the 
measured fit factors, particularly during the talking exercises. However, this can 
be minimised by ensuring that the ambient particle count is sufficiently high. 
 
 
3 TECHNICAL REVIEW 
 

For the technical review, questionnaires were sent out to the different coal 
mines and interviews were conducted with the mine personnel. 
 

3.1 Questionnaires 
 
The questionnaires covered topics such as: 

- The issuing of dust masks 
- The selection criteria on determining which areas require dust masks 
- Record keeping of the issued dust masks 
- The different types (sizes, make, class) of dust masks used in the 

continuous miner sections 
- Standard procedures for the dust masks 
- Formal training for the use and wearing of the dust masks 
- Fit testing  

An example of the questionnaire (with responses) sent out to the mine is in the 
appendix A of this report. 
 

3.2 Feedback from questionnaires 
 
These were the most common responses to the questionnaires that were sent 
out to the mines. In most cases the responses were similar: 

- to the issuing of disposable dust masks in the production sections/areas 
- that there are no specific selection criteria determining the jobs require 

dust masks, all jobs at the mine are issued with dust masks 
- that there is no record keeping of the issued dust masks 
- that a new pack of dust masks is issued daily with every shift 
- that the most used disposable dust mask type is the FFP2 from 3M 
- to applying PPE procedures as their standard procedures for the 

disposable dust masks 
- they do have formal training for the use and wearing of disposable dust 

masks. 
- they do not do fit testing for disposable dust masks. 
- that they do not have more than one fit size of the disposable dust masks 

and apply a one size fits all approach with respect to fit sizes. 
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4 LABORATORY FIT TEST 
 
To test whether the dust masks used in the mines i.e. FFP1, FFP2 and FFP3 
provided a satisfactory seal around the edges, Latona Consulting (Pty) Ltd 
conducted its own laboratory fit test at the UNISA Florida Campus with 
Envirocon.  
 
4.1 Fit test procedure 
 
To accommodate the different human face shapes and sizes, Latona 
Consulting (Pty) Ltd selected 5 volunteers of different sex, race, gender and 
face shapes. The volunteers were requested to perform various tasks such as 
talking, turning the head and raising of arms with the aim of simulating the 
normal behavior of an operator in a real-life situation in the continuous miner 
section. 
The fit test involved the following: 

- FFP1 disposable masks, CE specifications (EN 149:2001 = SANS 
50149:2003) 

- Non-adjustable straps 

Images of the laboratory fit test are depicted in figure 1. 
 

 
Figure 1 - Latona Consulting laboratory fit test  
 
 
4.2 Fit test results  
 
All five dust masks from the individuals failed the fit test. This is an indication 
that the dust masks do not offer adequate protection against leakage around 
the edges. 
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5 UNDERGROUND TRIALS 
 
Field tests were carried out at two mines, Goedehoop and Kriel. Primary focus 
was on high-risk dust occupations i.e. Continuous Miner, Shuttle Car, Roofbolt 
and Load Haul Dump operators.  
 
The objectives of the trials were to determine the loading time i.e. how long it 
takes the dust masks to reach a total loading (including sweat and moisture) of 
200mg and dust loading concentration on the dust masks which is the amount 
of dust on the dust mask itself. Figure 2 is a flowchart that illustrates the 
procedure that was followed to obtain these main objectives. 
 
 

 
Figure 2 - Flowchart of the procedure followed to determine the loading time and the 
dust concentration 
 
5.1 Underground methods 
 
Before each test, a new set of masks was weighed, numbered and logged at 
the laboratory. At each mine some masks remained sealed and unused as 
controls, whilst the remaining masks were distributed for use and then sealed 
individually for return to the laboratory for analysis. After use the masks were 
reweighed and then dried and weighed again.  
 
5.2 Underground trial results 
 
The underground trial results are presented in Figures 3 – 6, showing the dry 
dust loading on each mask. This is less than the total mass loading, which 
includes moisture and is the indicator for the serviceable life of the mask.  
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  Continuous miner (CM) 
 
An average dust loading of 52 mg/hr was recorded from the dust mask filters of 
the CM operators, which would take 4 hours to reach a dust loading of 200mg.  
 
However, for the total mass loading, dust masks of the CM operators recorded 
60 mg/hr and that would take only 3.5 hours to reach a total mass loading of 
200mg. Figure 4 shows the dust loading results from the dust mask filters of the 
CM operators.  
 

 
Figure 3 - Dust loading on CM operator 
 
 

  Shuttlecar (SC) 
 
An average dust loading of 35 mg/hr was recorded from the dust mask filters of 
the SC operators, which would take 6 hours to reach a dust loading of 200mg.  
 
However, for the total mass loading, dust masks of the SC operators recorded 
39 mg/hr and that would take only 5 hours to reach a total mass loading of 
200mg. Figure 5 shows the dust loading results from the dust mask filters of the 
SC operators. 
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Figure 4 - Dust loading on Shuttlecar operator 
 

  Roofbolt (RB) 
 
An average dust loading of 46 mg/hr was recorded from the dust mask filters of 
the RB operators, which would take 4 hours to reach a dust loading of 200mg.  
 
However, for the total mass loading, dust masks of the RB operators recorded 
89 mg/hr and that would take only 2 hours to reach a total mass loading of 
200mg. Figure 6 shows the dust loading results from the dust mask filters of the 
RB operators. 
 

 
Figure 5 - Dust loading on Roofbolt operator 
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 Load haul dump (LHD) 
 
An average dust loading of 51 mg/hr was recorded from the dust mask filters of 
the LHD operators, which would take 4 hours to reach a dust loading of 200mg.  
 
However, for the total mass loading, dust masks of the LHD operators recorded 
116 mg/hr and that would take only 1.7 hours to reach a total mass loading of 
200mg. Figure 7 shows the dust loading results from the dust mask filters of the 
LHD operators. 
 
 

 
Figure 6 - Dust loading on LHD operators 
 

5.3 Comments on underground tests 
 

- Because these are average values, it is evident that some of the dust 
masks will reach a 200mg dust loading and total mass loading in a much 
shorter time than the averaged time e.g. FFP2_216 in Figure 7 from the 
LHD operator will reach 200mg much faster than the averaged 4 hours  
for the dust loading and 1.7 hours for the total mass loading. 

- There is no correlation between the recorded highest dust readings from 
the different occupations i.e. dust readings from FFP2_216(LHD), 
FFP2_270 (SC), FFP2_224 (CM) and FFP2_244 (RB) and the trial 
sections. The high dust results were distributed across both the sections. 

 
5.4 Points of concern 
 

- The failed laboratory seal tests indicated that the currently used dust 
masks i.e. FFP2, do not offer adequate protection against leakage 

- There are no set guidelines and procedures with respect to the use and 
distribution of dust masks in the mines 
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- The results obtained from the 18 samples from the 2 mines indicate that 
8 hours is too long to be set as a required service time limit since the 
dust masks reach a total loading in 2 – 5 hours. See Table 3 

 
 
Table 3 - Average time to 200mg Total mass loading 
 

 
 

- Inefficiencies of the filter and the inadequate sealing of the dust masks 
around the edges lead to breathing resistance and fogging of the 
goggles. 
 

6 RECOMMENDATIONS 
 

It is recommended that 
-  more underground trials with shadowing be considered 
- The mines implement programmes that will educate the operators on the 

importance of proper use 
- The mines conduct fit tests and extend the use of adjustable straps 
- The mines consider using dust masks of different sizes to accommodate 

the different face shapes and sizes 
- The mines review their current training procedures and implement their 

own training procedure (in line with the international standards) 
- They consider implementing record keeping on the distributions of the 

dust mask. 
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