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MHSC milestones



MHSC milestone on occupationallug diseases OLDs

In 2014, the Mine Health and Safety Council 
(MHSC), as per the mandate of the Mine 
Health and Safety Act 29 of 1996, had set a 
target to eliminate2) occupational (lung) 
diseases that by December 2024, 95%3) of 
all exposure1) measurements for respirable 
dust should be below the milestone level2)

0.05 mg/m3 respirable crystalline silica 

1.5 mg/m3 respirable coal/ platinum dust



Central themes

• PART 1
• What is ‘exposure’

• PART 2
• The milestone levels

• ‘Exposure’ metric
• The actual milestone level
• Other characteristics
• Elimination (= zero cases)

• PART 3
• the 95% (of all measurements) threshold

– Variability of stressor’s intensity
– Statistical analysis

• Conclusion and recommendations



Exposure as an ‘event’

Interaction between stressor and receptor

NAS 2012; Lioy & 
Smith, 2013



From Source to Receptor

Exposure pathway
Exposure 

route

EXPOSURE is 
determined by both
Characteristics of the 
various micro-
environments (e.g. 
concentration in 
Breathing Zone)
Activity & Duration in the 
respective micro-
environments



The ‘EXPOSURE’ PATHWAY
from source release to exposure
Release

Emission 
Trans-
mission

Immission

Dilution
Deposition
Degradation
Transformation
Loss / sink

Level of 
containment

Separation
Segregation
PPE

Environment
-al intensity

DETERMINANTS of environmental intensity

Environment
Activity type
Substance 
properties

Wetting
Reduced 

fragmentation 
energy , etc.

Knock-
down 

sprays
Local 

controls

Potential controls to reduce stressor’s intensity
Filtration
Exhaust & 

dilution 
Ventilation



X X =

BZ- concentration Duration Inhalation 
rate

Lung deposited dose

Example: Inhalation exposure (intake dose)

Exposure
Stressor

Exposure
Receptor

Exposure
Event



Environmental/ workplace aerosols 
(solid/liquid particles suspended in air) 

Figure: Currently used international 
sampling conventions (mimicking the 
penetration of particles in the RT)
EN481:1995 & ISO7708:1995

All particles in an aerosol 
are NOT of identical size 

Figure: Example of a normal 
and cumulative particle size 
distribution 

Only fractions of the total 
distribution are sampled/ 
measured



Breathing  
pattern

Lung deposited dose Aerosol properties Work (task/ 

environment)

•size

•density

•surface properties

•shape

 Breathing pattern Work (task)/ 

Individual

•inhaled tidal volume

•breathing frequency

•duty cycle – pause 

between inhalation and 

exhalation

•residual expiratory 

volume

•distribution between 

nasal and oral inhalation

 Anatomy Individual

•dimensions – trachea, 

bronchi, bronchioles & 

alveoli

•lung volume

Factors influencing Particle Deposition in the 
Respiratory Tract (site, extent and efficacy)



Lung deposition simulations
Light exertion (19l/min): nasal 
breathing (frequency 19 1/min)

Modest exertion (40 L/min): 
oronasal normal augmenter breathing 
(frequency 28 1/min)



Sub-conclusions (1)

The same stressor’s characteristics, e.g. 
intensity (concentration) may result in 
different exposures (=intake/dose)

To reduce ‘exposure’ in principle this can 
be achieved 
 by reducing the intensity of the stressor 

or/end 

by reducing duration of ‘exposure’ or/and 

reducing the level of exertion 



Part 2

• Is the milestone (value) effective to 
eliminate LOD

• (example silicosis with milestone value 
of 50 mg/m3)



‘exposure’-OLD outcome relationship

Health outcome = ∫(cumulative exposure). Predictors (e.g. 
age of first exposure)
Log-linear relative risk models 

Cumulative exposure = 45 years exposure *  mass 
concentration (mg/m3 – years) 



Source: Occupational exposure to respirable crystalline silica-
Lit review and preliminary risk assessment, OSHA 2010-0034:



OSHA PEL Silica; comparison cost effectiveness

The 0.05 mg/m3 threshold is not purely based on 
health, but also on socio-economic considerations.

NB the health-based  ACGIH TLV for respirable crystalline silica dust 
= 0.025 mg/m3 (NB still reasonable probability of ‘cases’)



Debate on appropriate ‘exposure’/ dose  metric

• MOA drives biologically most effective 
dose metric

– Smooth surface spheres: Surface area

– Long, stiff fiber –like + ‘overload’  
condition: Number/ volume 

– Historical/ regulatory relevance: Mass

– Overall conclusion for exposure 
assessment:

• Multi-metric, but surface area 
should be included
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Emphases 
relevance 
of particle 

surface  



Relationship aerosol properties
Source: Kwon, HS., et al. (2020)Exp Mol 
Med 52, 318–328). 

𝐶𝑀 =𝑓𝑐 𝐶𝑁𝑖
𝜌 𝜋

6
𝑑𝑖
3

Typical ambient particle size 
distribution of the number, 
surface area, and mass 
concentration. 



Particle size and efficacy of knock-down  sprays

Source: NIOSH 2012 Dust Control Handbook Source: Gaudel et al, 2022, J 
Aerosol Sci

The droplet size should be as close as possible to 
the (dust) particle size



Sub-conclusion (2)
• Elimination of silicosis (=zero cases) unlikely to be 

achieved at 8hTWA concentrations > 0.025 mg/m3

however, it can be reduced to a limited (societal 
acceptable) number of cases at concentrations 
<0.025 mg/m3

• Presently ‘mass’ dose metric is still the ruling 
convention, but further characterization (of the 
particles) is needed (size distribution, particle 
number, morphology, etc.,)

• Knowledge on particle size distribution is important
– Contribution of particles to mass
– Key for conversion to other ‘exposure’ metrics
– Distribution of deposition of particles over the 

respiratory tract
– Optimizing the droplet size distribution of dust spray 

suppression



Part 3

• Variability of stressor’s intensity 

• Statistical analysis of 8h TWA 
concentration data



Lognormal distribution (NIOSH-OESSM 1977)

The convention is 
that breathing zone 
concentrations 
follow a lognormal 
distribution Mean 
of LN transformed 
data= Geometric 
mean
SD of LN 
transformed data

= Geometric 
standard deviation

NB GSD has no 
units and is > 1
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Two avenues : 

Empirically

Using the lognormal model, though estimation of 
GM and GSD

• e.g. number of samples above OEL
• Low accuracy, potential bias for small sample size
• No quantification of uncertainty

• Complex equations, need tools (e.g. EXPOSTATS)
• Best accuracy
• Possible to quantify uncertainty

Slide courtesy Jerome Lavoue

Temporal variability
Low-cost sensors and  monitors will enable individual exposure 
monitoring (measuring every worker -every day!) in near future;
However,  for the time being we rely on taking only a limited 
number of measurements 



Some basic statistical concepts



Bayesian statistical analysis of data

SAMPLE DATA SET
1) X  mg/m3

2) Y  mg/m3

3) Z  mg/m3

4) P  mg/m3

5) ……sample

Bayesian statistics and 
MC simulations

Recon-
struction

Estimated distribution population

EXPOSTATS 
Tool 1

Distribution of ‘population’ of 
TWA-8h PBZ-concentrations

Bayesian Prior information:
Distribution: LOG-

NORMAL
Weakly priors for GM and 

GSD



Advocating more sophisticated statistics



Example: n=21 measurement results RCS

OEL=milestone level RCS 
(0.05 mg/m3)



Estimate of the ‘population’ distribution while 
addressing variability and uncertainty

The sequential plot presents the 
estimated exposure distribution 
assuming 250 (8h-TWA) ‘exposure’ 
measurements have been collected

Parameter estimates - 95th percentile
The point estimate is: 0.054
The credible interval (90%) is: [ 0.0467 
- 0.0653 ]

Uncertainty: The probability of 
exceedance of 0.05 mg/m3 is 81.7%



In real life practice the variability is high

Average GSD 3.46 
(N=27), range 1.4-7.3)



Appraisal and recommendations (1)
The MHSC milestone(s) that 
mark(s) the road towards the 
elimination of OLDs can be useful 
and realistic if it will be 
operationalized by

– Replacing ‘elimination’ by ‘reduced to 
a societal accepted risk level’

– Adjusting to an appropriate 
statistical sound approach, e.g. the 
95th percentile of the TWA(8h) BZ-
concentrations distributions all 
SAMI measurement campaigns 
should be below the milestone level1)

1) As long as not every worker is equipped 
with a real-time monitor every day



Recommendations (2)

• Clearly, control measures should be 
further implemented and priority should 
be given to measures that reduce release 
or emission of particles

• In addition to the mass concentration, 
more detailed characterization of 
stressor’s intensity is needed, e.g. particle 
size distribution, morphology, to enable 
complementary risk assessment, .e.g. 
conversion to other ‘exposure’ metrics and 
optimizing dust control measures



Thank you for listening 

derk.brouwer@wits.ac.za


