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Chemical-specific emission rates for volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), and polycyclic aromatic hydrocarbon compounds (PAHs) during hot mix asphalt (HMA) production and placement activities were evaluated using a headspace gas chromatography method. Temperature-dependent vapor phase concentrations of over 100 individual compounds, emitted from paving asphalt binder, were measured in the laboratory using headspace gas chromatographs equipped with a variety of detectors. The methodology has previously been calibrated and verified by a program of simultaneous laboratory and field tests, and is accurate in identifying field inhalation exposure potential to individual compounds in asphalt fumes.

The results indicated that chemical-specific emission rates are strongly linked to both the source of the asphalt binder and the temperature. Individual chemical compounds, quantified for 23 paving asphalt binder sources from throughout the United States, were categorized into 10 groups (aldehydes/ketones, amines, chlorinated, organic acid, PAHs, phthalates, aliphatic hydrocarbons, aromatics, heterocyclics, and reduced sulfur compounds). Chemical-specific emission rates from each binder were measured at a series of temperatures spanning the range, typically used for application of HMA, and at temperatures well in excess of those used for HMA applications in the United States. Emissions of all detected compounds increased with elevating temperature. The amount and speciation of PAHs was markedly influenced by changes in temperature. At binder temperatures at or below 190oC, only very small amounts of mostly 2- and 3-ringed PAHs were emitted. As binder temperature increased above the typical limit for HMA production and application, several PAHs with greater ring numbers (4-, 5-, and 6-ringed PAHs) and more potent toxicity equivalency factors (carcinogenic potential) were detected.

These laboratory generated temperature dependent emissions were compared to a variety of occupational exposure levels (OELs). None of the VOC and SVOC emissions exceeded any identified OEL at temperatures of 170oC or less.  Most United States hot mix asphalt paving application operations are below this temperature.  Concentrations of only 4 of the 100 compounds identified exceeded an OEL only at a binder temperature of 190oC, which is at the uppermost bound of HMA production and application temperatures used in the United States. 

Conclusions from this research indicate that at typical application temperatures, at or below 170oC, emissions of VOCs, SVOCs, and PAHs from 23 paving asphalt binders were well below relevant OELs. However, as temperature increases, above 170oC, the amount and in the case of biologically relevant PAHs, the quantity and speciation increases.  Additional PAH compounds of biological relevance were detected at temperatures above 200oC, including several 4-, 5-, and 6-ring PAHs; these higher molecular weight PAHs were not identified at lower binder temperatures.
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