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Silica as a primary culprit
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MSHA data shows relatively high quartz in Appalachia…

respirable dust % samples exceeding quartz PEL quartz %

Doney et al. (2019) Respirable coal mine dust in underground mines, United States, 1982-2017, Am J Ind Med. 62(6): 478-485. 



… also indicates quartz concentration has been declining

quartz concentration

Agioutanti et al. (2019) A thermogravimetric analysis application to determine coal, carbonate, and non-carbonate minerals mass fractions in respirable mine dust, J. Occup. 
Enviro. Hygiene, DOI: 10.1080/15459624.2019.1695057.



•Monitoring is too infrequent?
•Data is otherwise not representative?

•Maybe there are other important metrics? 

How do we explain contradiction between dust and health data?

Some evidence to suggest that silica toxicity 
is related to particle characteristics –
including size and surface condition



• For equivalent masses, smaller 
particles might result in more 
severe lung response due to 
• increased surface area
• increased retention/clearance time
• increased penetration depth

Silica size and surface condition

•All else equal, silica particles 
with free (un-occluded) surfaces 
might be to be more toxic than 
particle with occluded surfaces, 
likely due to
• increased chemical reactivity 



Research

Respirable silica characteristics in US coal mines



Mine dust samples

Location Description
Intake In the fresh airways, upstream of any 

bolting or mining activities

Roof bolter Just downwind of an active roof bolter

Feeder Adjacent to the feeder breaker, or along the 
main conveyor belt or transfer points

Production Just downwind of an active continuous 
miner, or on the longwall face

Return In the exhaust airway, including downwind 
of ventilation tubing exhaust where present

zefon.com
TOTAL INVENTORY: 
166 samples from 24 mines (107 unique sampling locations)
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Dust source materials Rock dust products

Run of mine (ROM) materials

Material from roof bolter dust 
collection systems

Photo: Colinet & Thimons (2007) Dust Control Practices for Underground 
Coal Mining, In Proceedings of the 32nd International Conference of Safety 

in Mines Research Institutes, 28-29 September 2007, Beijing, China.

coal
rock

TOTAL INVENTORY: 
40 materials from 15 mines



1. Characterize respirable silica in real coal mine dust samples, in terms 
of its particle size distribution and presence / absence of particle 
surface occlusion

2. Evaluate major silica source contributions by comparison of these 
characteristics between mine dust and source-dust samples

3. Compare particle-based measures of respirable silica to conventional 
and emerging mass-based measures (i.e., MSHA P7 and portable FT-IR) 

Research objectives



Silica content and size distribution



•Our group has already 
established methodologies 
for particle sizing and 
mineral classification by 
SEM-EDX

Dust particle analysis by SEM-EDX
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Silica particle identification, counting and sizing

Mineralogy Class Sources
Carbonaceous C coal strata and diesel particulates

Alumino-silicates AS roof/floor rock strata

Silica S roof/floor rock strata

Carbonates CB rock dusting products

Heavy minerals HM metal sulfides/oxides in coal or rock strata, metallic particles from equipment, diesel particulates?

Other O ?

Mineralogy Class Sources

Carbonaceous C coal strata and diesel particulates

Mixed carbonaceous MC coal, roof/floor rock strata 

Alumino-silicates AS roof/floor rock strata

Silica S roof/floor rock strata

Carbonates CB rock dusting products

Heavy minerals HM metal sulfides/oxides in coal or rock strata, metallic particles from equipment, diesel particulates?

Other O other minerals, biological particles, etc.



Relative silica content by mine region and sampling location
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Silica particle size distribution
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Silica occlusion



Analysis of silica particle occlusion

occluded silica

free silica 20 kV 5 kV
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Silica particle occlusion – results from Harrison et al. (1997)

reference materials

Harrison, J. et al. (1997). Surface composition of respirable silica particles in U.S. anthracite and bituminous coal mine dusts, J. Aerosol Sci., 28(4): 689-696. 
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Silica particle occlusion – results by sampling location

49 samples from 20 mines
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Silica particle occlusion – results by particle size 

Reference particles

49 samples from 20 mines



•Silica is one mineral component of respirable coal mine dust

•Analysis of modern mine dust samples indicates 
• silica particles are somewhat finer than other mineral particles and 

• size distributions can vary between and within mines

•Work is ongoing to understand the degree of variability in silica 
particle surface occlusion – but results to date suggest silica 
particles in mine dust may be quite different from pure particles

•Future work will also compare silica particles from dust source 
materials to those in mine dust samples

Concluding remarks



Questions or comments?
esarver@vt.edu


