Airborne wood dust exposure scenario characterization
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Abstract

Current regulatory occupational exposure limits for wood dust focus exclusively on mass
concentration leaving the emissions of ultrafine particles (UFPs) poorly characterized. This
study investigates task-specific UFP release in a woodworking facility, comparing process
emissions against spatial background levels. Parallel real-time monitoring was conducted
during routing, milling, sanding, gluing, and post-break resumption. A multi-metric monitoring
instrumentation suite consisting of a DiSCmini, a NanoScan, an Optical Particle Sizer (OPS),
and a Condensation Particle Counter (CPC) was deployed to quantify key metrics, including
Particle Number Concentration (PNC), mean particle size, and Lung Deposited Surface Area
(LDSA). Morphological and elemental characterization of airborne samples were performed via
SEM-EDS. Task-specific emission significance was quantified using the OECD 3-Sigma ratio:
Mact/(Mbgr + 3abgr). Values >1 for PNC and LDSA indicate significant release, while size
ratios <1 denote a hazardous shift toward smaller nanoscale fractions. Critical exposure
profiles emerged across all tasks. While all processes increased particle numbers, milling and
sanding exhibited the highest exposure ratios coupled with a significant shift toward finer sub-
micron sizes. This behavior demonstrates a massive release of ultrafine fractions, driving LDSA
concentrations well above the baseline. The high concentration of hanoscale organic dust
capable of deep alveolar penetration was confirmed by SEM-EDS analysis. Wood processing
operations generate highly penetrative sub-micron and ultrafine particles. Relying solely on
traditional mass-based standards significantly underestimates exposure to organic dust
hazards. These findings highlight the critical need to integrate multi-metric nanoparticle
monitoring into occupational health frameworks and implement targeted mitigation strategies
for incidental ultrafine particle emissions in industrial environments.



