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Fig.1 Open-pit coal production in China
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dust pollution characteristics and its prevention and

Progress and prospect of research on the mechanism of
dust dispersion in open-pit mines
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Abstract: To effectively prevent and control the spread of dust generated by open-pit mining, as well as to mitigate the threats it poses
to worker health and the surrounding ecological environment, this research elucidates the mechanisms governing dust dispersion during
critical operations in open-pit mining, including drilling, blasting, loading and unloading, and truck transportation. The findings
demonstrate that each operational activity exhibits distinct dispersion characteristics due to its specific dust generation profile. It has
been established that the processes of drilling and loading/unloading act as point sources of dust. The dispersion patterns are influenced
by localized air flow dynamics near the operation sites, which are further affected by flow diversion and vortex phenomena resulting from
the geometries and configurations of mechanical equipment. Blasting operations produce dust clouds with pronounced three-dimensional
structures, progressing through three sequential stages: initial impact lift-off, mushroom cloud formation, and subsequent diffusion. The
primary driver of these phenomena is blast-induced airflow. Dust emissions from truck transportation primarily arise from the compaction
and disturbance of road materials. The dispersion of dust is influenced by various factors, including the airflow induced by vehicle
movement, turbulence in the vehicle’s wake, and the combined effects of ambient wind shear. Meteorological analyses indicate that
recirculating airflow patterns and temperature inversion layers within deep concave pits significantly alter dust transport trajectories;
however, the role of atmospheric humidity in affecting dust mass concentrations remains unclear. Current research faces challenges such
as the susceptibility of field data to external disturbances, oversimplifications in simulation models, and insufficient investigation into the
coupled effects of multiple factors on fine particulate matter. Future research should shift from localized, process-specific analyses to an
integrated systemic framework that encompasses multi-scale dynamic interactions, linking microscale particle behaviors with macroscale
dust dispersion phenomena in mining contexts. Such advancements are crucial for establishing a robust theoretical foundation for
predictive control strategies and the development of intelligent early warning systems aimed at mitigating dust pollution in open-pit
mining operations.

Key words: safety and hygiene engineering technology; open-pit mine; dust dispersion; multiple operation processes; meteorological

conditions

2241



