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Disclaimer

• This presentation will refer to various instruments available on the 
market and those that were used during research studies. This is not 
intended as a endorsement of the instruments.

• Please speak to the instrument suppliers for information regarding 
specific instruments.
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Scope and aim
Scope
• The presentation will focus on using particulate matter 

(PM) sensors to manage exposure in the mining industry.
• Using sensors for gases and vapours are more widely 

used and accepted.

Aim
• To highlight the opportunities and challenges associated 

with real-time dust/particulate monitoring systems.



Background: Legislative background
• Employer to assess and respond to risk.
• Employer to conduct occupational hygiene measurements.

2034 Milestones



Background: Published resources



Background: Measurement principles
• Light scattering

• Optical particle counters.
• Condensation particle counters.
• Photometers (nephelometers).

• Electrical mobility
• Scanning mobility particle sizers.

• Considerations
• Detection limits: 

• What size ranges can it detect?: PM10; PM4; PM 2.5; PM1; Total Suspended Particulate (TSP)
• Can it detect changes in concentrations that are useful to you?:

• From 50 µg/m3 to 200 µg/m3 or 150 µg/m3 to 160 µg/m3.
• What information is needed to interpret results: E.g., dust characteristics.
• What can influence the measurement: Humidity, fog, etc.
Note: They do not distinguish between material composition, 
shape, or chemical nature. They estimate mass 
or number concentration based on how particles scatter 
light and how they are calibrated.

Source: https://www.researchgate.net/figure/Operating-principle-of-an-optical-particle-counter-21_fig38_341152720



Instruments: Personal / portable

PM10/PM2.5

PM4, PM2.5, PM1 
and 0.8 μm DPM PM1, PM2.5, 

Respirable, 
PM10 and TPM 0.3—10 μm

0.3 – 10 μm

PM1, PM2.5, PM7, 
PM10, and TSP

0.3—10 μm 0.3—10 μm

Silica 
PM1, PM2.5, PM4.25, 
PM10, and TSP

PM1, PM2.5, 
PM4.25, PM10

PM2.5, PM4.25, PM10

PM1, PM2.5, 
PM4.25, PM10 PM1, PM2.5, PM10

PM1, PM2.5, 
PM4, PM10

PM4
PM1, PM2.5, 
PM4, PM10



Instruments: Fixed
NO2, SO2, CO, O3, PM10 and PM2.5, 
Temperature/Humidity, Barometric 
Pressure, Wind speed /Direction

TSP, PM10, 
PM2.5, PM1

PM10
PM2.5

PM10, PM2.5 
or TSP

PM10, PM4, 
PM2.5, and PM1

PM10, PM2.5, 
and PM1

TSP, PM10, 
PM 2.5, PM1

PM1, PM2.5, 
PM10, or TSP

PM2.5 and PM10PM10

PM2.5 PM2.5

DPM specific 0—800
 nm particle range

PM2.5, PM10, 
or TSP



Application

Personal exposure monitoring
• Results from 3 studies from 3 different 

commodities.
• TSI Sidepak AM520 & Nanozen DustCount 9001.
• Side-by-side with conventional sampling train.

Fixed area monitoring
• Results from a presentation to the AIHA Mining WG.

• Elk Valley Resources (EVR) coal mines in British 
Columbia, Canada.

• Dan Sarkany (EVR) & Emanuele Cauda (NIOSH).
• In-pit Dust Area Monitoring Proof of Concept.
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Total SD 
CGC = 1.894 
DRC real-time = 0.294 

Total Mean 
CGC = 1.081 
DRC real-time = 0.264 

 

Application: Personal monitoring → 3 studies

1. 

2. 

3. 

First look: Direct reading instruments under-
sampled compared to conventional method.

3. Nabiwa, Lubinda, et al. "Quantification of Respirable Dust Concentration at an Underground Copper 
Mine Using a Personal Optical Particle Counter." ACS Chemical Health & Safety 32.3 (2025): 326-335.



Application: Personal monitoring → Bias
Bias: −0.11mg/m3 Second look: Direct reading instruments under-sampled in 

a uniform way enabling the calculation of a correction 
factor. → lead to estimation of exposure based on results.

Bias: 0.27 mg/m3 

1. 

2. 

3. 



Application: Personal monitoring → Time series data
• Time-series data linked to activities and 

environmental conditions; e.g. plant shutdown, 
wind, etc.

• Particle size data: Substantial amount < 1μm.  

1. 

2. 
3. 



Application: Personal monitoring: Take away
Opportunities:
• Quicker results
• Time-series data can be linked to 

activities, tasks, processes, location 
or environmental factors.

• Excellent for investigations of 
individual over-exposure.

• Can be used in remote areas far 
away from analytical laboratories.

• More data:
• Peak exposure data.
• Particle size data.

Challenges:
• Initial work to setup operating procedure is a big 

job.
• Needs calibration based on side-by-side 

conventional monitoring.
• Expensive instruments.
• Not yet accepted by legislation (TWA).
• Instrument interference from non-particulate 

aerosols, like water mist and vapor is common.
• Instruments may not be suitable for harsh 

environments.
• Instrument failure may be a problem.
• Repairs:

• Europe.
• USA.



Application: Fixed sensors

With permission from Dan Sarkany (EVR) & Emanuele Cauda (NIOSH)



Application: Fixed sensors
Perimeter and in-pit sensors.

Use modelling to apply dust concentration to 
estimate silica exposure risk.

24h monitoring of PM10 concentrations.

Pit divided into zones.

Periodic notifications to teams in pit to 
communicate current conditions (email 

but they are moving toward light system).   

Respirators to be used. 



Application: Fixed sensors: Findings 
• PM10 sensors under-sampled compared to 

conventional method.
• Concentration correction factor applied 

to data.
• Humidity correction applied to data.

• Spacing of sensors ≈450m apart.
• One higher accuracy monitor was also 

incorporated as reference.
• Main use was risk category communication:

• Repeatability more important than 
precision.

• Power supply (solar and battery) was 
challenging → sample; charge; transmit 
data.



Application: Fixed sensors: Learnings
• Support from management & a lot of 

stakeholder engagement.
• Good relationship with service provider   
→ Initial and continuous development 
work is essential.

• Link environmental monitoring with in-pit 
area monitoring is advantageous.

• Team effort: Occupational Health and 
Hygiene (lead); data scientist; IT; 
management; production; workers, etc.

• Need to be linked with other higher-level 
controls; this remains an admin control.

• Main barrier: Transfer of knowledge to end 
user.

Life-cycle decision-making framework and process for the effective selection and use of 
sensor methods and data.
Source: https://blogs.cdc.gov/niosh-science-blog/2019/05/16/right-sensors-used-right/



Infrastructure and costs

• Higher initial investment but unlimited amount of samples.
• Long term exposure analysis.

• Software:
• Can it be integrated into the organization’s system? Bandwidth?
• WIFI vs cellular network?

• Initial setup and optimalisation can take time and effort.
• Data volumes & big data sets.
• Training of users.
• Intrinsically safe / durable instruments. 
• Calibration / maintenance considerations.

Sensor Data Upload Platform Data analysis Action



International perspectives and benchmarking
• 23 Countries (3 African).
• To provide the international 

occupational hygiene 
community a common place 
for everything associated with 
sensor technologies for PM or 
aerosols in general from a 
technical perspective.

• RSA is one of the first to include 
RTM in legislative instructions.

Source: https://publications.aiha.org/202503-particulate-matter-sensor-technologies



Conclusion
• Real-time dust monitoring systems allow for evidence-based action.

• More data→ better decisions.
• Real-time data → quicker decisions.
• Can the data mean something and lead to action to reduce risk?

• No one size fits all solution → Each site has their own needs and 
solution.

• Correct implementation requires:
• Understanding of the work environment (e.g., dust composition, the 

layout of the workplace, the nature and sequence of tasks, the 
duration and intensity of specific activities, and even behavioural 
patterns of workers).

• Knowledge about the sensor and overall system.
• Integration with company procedures.

• Challenges remain:
• Time and cost involved with calibration, maintenance and repairs.
• Infrastructure.
• More data → Data intelligence required (ability to extract, analyse 

and interpret ‘big data’)
• Continuous development.



Thank you
stefan.linde@nwu.ac.za
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Useful resources
https://publications.aiha.org/202401-improving-monitoring-practices?

https://blogs.cdc.gov/niosh-science-blog/2019/05/16/right-sensors-used-right/

https://www.tno.nl/en/healthy/work-health/occupational-exposome/using-sensors-create-healthy-environment/

https://blogs.cdc.gov/niosh-science-blog/2021/10/28/sensors-data/

https://www.cdc.gov/niosh/research-programs/portfolio/mining.html
https://www.aiha.org/get-involved/volunteer-groups/technical-committees/mining-working-group
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