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Introduction

Many anthropogenic sources of volatile organic compounds
(VOCs) originated from industrial activities can be toxic as well
as deadly to humans and detrimental to the environment. Bio-
filtration represents a cost effective and democratic technology
that can be used for the control of biodegradable VOCs and of-
fensive odour from air streams. Additionally, air bio-filtration
can be used with soil vacuum extraction and air stripping of
groundwater to treat VOCs extracted from those matrices during
cleanup operation.

Bio-filtration Operation

The literature describes three biological types of systems for
treating contaminated air streams. These are biotrickling filters,
bioscrubbers and biofilters. The latter is the focus of this paper.
Fundamentally, two main principles govern the bio-catalytic op-
eration of a biofilter. Initial transfer of anthropogenic contami-
nants from the contaminated air feed to the support media, and
the subsequent bio-catalyst to carbon dioxide, water, biomass,
and other by-products. In a traditional biofilter system, microor-
ganisms reside on the surface of the biofilter inert media to form
a fixed-bio film bioreactor where the contaminant is bio-cata-
lysed!l. Small quantities of nutrient primarily nitrogen and oc-
casional irrigation of the system is required. The operation of a
typical biofilter is depicted in Figure 1.

Figure 1. Schematic of a typical biofilter system according to Delhomenic and
Heitz, 2005.

In biofiltration, the bio-catalytic degradation equation processes
can be represented conceptually in Equations 1 and 2, respec-
tively:

Contaminated air stream + Air Aerobic microbes CO, + salt +
—_—
(Eq.1)

H,O + heat + biomass + by-products

Contaminated air stream + CH, Anaerobic microbes CO, +
e

salt + H,O + biomass + by-products (Eq.2)
Performance Evaluation

Three main parameters are considered in evaluating the perfor-
mance of a biofiltration system, namely contaminant loading ca-
pacity (LC), elimination capacity (EC), and removal efficiency
(RE). These can be represented mathematically in Equations 3
to 5, respectively

(Eq.3)
(Eq.4)
)x 100} /C, . (Eq.5)

LC (gm?h')= (€, X Q/V

EC (@ m'h) = (C, 1~ C, ) XQ/V
RE (%) = {(Cg, inlet ~ Cg, effluent
Several factors will impact on the operation of a biofilter. They
include natural microorganisms acclimation time, feed flow
rate, nutrient requirement, pressure drop, oxygen or methane
requirements, pH, temperature, moisture, empty bed residency
time, concentration of the contaminant in feed stream, filter bed
and maintenance frequency. The interactions of these governing
factors will ultimately dictate the successful performance of the
biofilter.

Limitations of Biofiltration

Although the application of biofilters to treat VOCs and odor
control is relatively simple and green technology, it has some
limitations and challenges as compared to other elimination
techniques. The major demerits are (1) inability of the system
to adapt to sudden loading stresses (2) extended acclimation
requirement for the microbial population (3) acidification as a
result of acid products accumulation (4) large footprint require-
ment.
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