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Biodegradation of VOC Mixtures using a Bioactive Foam Reactor I:
Reactor Performance

Abstract

The system performance of a bioactive foam reactor (BFR), that consists of a foam column using a surfactant and a bio-
degradation basin containing suspended bacteria, was investigated for the treatment of gaseous toluene or a mixture of four vol-
atile organic compounds (VOCs, benzene, toluene, p-xylene, and styrene). Overall, the BFR achieved stable VOC removal
efficiencies, indicating that it can be used as a potential alternative over conventional packed-bed biofilters. Furthermore, a
dynamic loading test showed that relatively constant removal was maintained at the elevated loading due to a high mass trans-
fer rate in the foam column. However, as the inlet concentration of VOCs increased, a portion of the VOCs mass-transferred to
the liquid phase was stripped out from the biodegradation basin, resulting in a decrease in the overall removal efficiency. In the
BFR, the removal efficiency of the individual VOC was mainly determined depending on the biodegradation rate (styrene >
toluene > benzene > p-xylene), rather than the mass transfer rate. Consequently, increases in the microbial activity and the vol-
ume of the basin could improve the overall performance of the BFR system. Further investigation on microbial activity and
community dynamics is required for the BFR when subjected to high loadings of VOC mixtures.

Keywords : bioactive foam reactor, surfactant, volatile organic compounds, mass transfer
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Fig. 1 Schematic of the Bioactive Foam Reactor
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Fig. 2 Responses of the bioactive foam reactor (BFR) treating
toluene as a single substrate, (a) changes of the gas
phase toluene concentrations, (b) removal efficiencies,
and (c) CO- evolutions
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Fig. 3 Responses of the bioactive foam reactor (BFR) treating a
mixture of VOCs, (a) changes of the gas phase
toluene concentrations, (b) removal efficiencies, and
(c) CO,, evolutions
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Table 1. Chemical properties of the VOCs used in this study,
Henry's law constant at 30°C, liquid density and
molecular weight

VOCs (MI/{at)m> iy @mo)
Benzene 0.18 0.879 78.1
Toluene 0.15 0.867 92.1
p-Xylene 0.16 0.861 106.1
Styrene 0.38 0.901 104.1

Ysource: Rolf (1999)
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Fig. 4 Changes of the gas phase concentrations of each VOC during the BFR operation, (a) benzene, (b) toluene, (c) p-xylene,

and (d) styrene
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Fig. 5 Changes of the gas phase concentrations of each VOC during the short-term, dynamic loading test, (a) benzene, (b)
toluene, (c) p-xylene, and (d) styrene
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