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Mathematical modeling of air quality for biofiltration systems of waste treatment facilities
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Biofilters are air-based biological systems used to treat industrial air pollutants, including odorous substances like hydrogen sulfide (H₂S) and ammonia (NH₃), as well as volatile organic compounds (VOCs). In the last two decades, biofilter technology has been increasingly utilized for industrial air purification. This technology is based on the biooxidation process. Our continuous development and research activities focus on improving the effectiveness and applicability of this technology in different environmental and operational conditions.

The primary objective of this study is to significantly advance the procedures for sampling and quantifying the concentrations of H₂S, NH₃, VOCs, and odors, along with their emission rates from the area source of the biofilters used to treat the raw air emitted by waste treatment facilities. The ultimate goal is to estimate pollutant concentrations in various scenarios through mathematical modeling of pollutant dispersion in the surrounding air, utilizing the Aermod View software platform. This undertaking involves incorporating emission data from the sampled areas along with meteorological data from one year. To determine the emission rate specific to the area of a biofilter, a static hood with a surface area of 1 m² was used, covering six cells of the total biofilter surface area of 60 m². 
The concentration of H₂S was analyzed using molecular absorption spectrometry, where the gaseous effluent passed through an alkaline-absorbing solution of acetate. The subsequent reactions produced tetramethyl-diaminodiphenylthiazine chloride, which we measured at 670 nm. For NH₃, molecular absorption spectrometry was employed with a specific absorbing solution that generated a blue color, with maximum absorption at 655 nm. The concentration of VOCs, expressed as total organic carbon, was analyzed according to the SR EN 12619:2013 standard using a Thermo FID analyzer. Odor analysis was performed using a dynamic olfactometer, and a panel of four validated human assessors provided results in line with acceptability criteria, complying with the SR EN 13725:2022.
The mass concentration emitted by the biofilter for each pollutant was entered into the AERMOD dispersion program for mathematical modeling. In order to estimate the pollutant concentration in the surrounding air in adjacent areas, two mathematical models for each pollutant were developed. These models illustrate the correlation between the concentration of each pollutant at the site and in the vicinity of the source under the most unfavorable weather conditions ("1ST Highest Value") and ("98th Percentile") to represent the concentration in the surrounding air, excluding the 2% most unfavorable weather conditions.
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