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Abstract A sensitivity analysis of a model which 

describes the biooxidation of volatile reduced sulfur 
compounds (VRSC) using a biotrickling filter is de-
veloped. Consistent results are obtained using three 
methodologies; Standard Regression Coefficients 
(SRC), Fourier amplitude sensitivity test (FAST) and 
the Morris method (MOAT). The model presents a 
highly linear behavior of the uncertain parameters. 
It is shown how the properties of the biofilm and the 
parameters related with the kinetics have the highest 
influence on the model behavior; while on the other 
hand the properties related with mass transfer have 
low influence. 
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I. INTRODUCTION 
The biotrickling filters (BTF) are an interesting alterna-
tive for removing contaminants from gaseous effluents, 
especially when operating at very low concentrations 
and large amounts of gas must be treated. In these sys-
tems, the contaminant diffuses from the gas phase to a 
biofilm, where microorganisms biooxidize the pollutant, 
usually using it as an energy source. One of the most 
common applications of this technology is the removal 
of odors caused by gaseous effluents which contain low 
levels of H2S and other volatile reduced sulfur com-
pounds (VRSC) concentration. These compounds are 
frequently found in processes where heating or anaero-
bic decomposition of organic matter is present (Wani et 
al., 1999). 

For the modeling and simulation of these systems, it 
is very important to determine unknown parameters 
such as microbial kinetic constants or physicochemical 
properties values. While in some cases these values can 
be estimated, in others they must be determined from 
experimental data using nonlinear fitting techniques 
(Alonso et al., 2000). Simulations show that the effect 
of these parameters on them is different, and many au-
thors estimate these values by fitting experimental re-
sults (Devinny and Ramesh, 2005). The sensitivity of 
these parameters is not entirely clear. Bath et al. (2006) 
indicate that the thickness of the biofilm has an im-
portant influence on the biooxidation; whereas Chmiel 
et al. (2005) show that the kinetics parameters have high 
influence in the model behavior. 

To solve these uncertainties, sensitivity analysis is 
an useful tool which allows to determine the behavior of 
a model due to changes on the input parameters (Viotti 
et al., 2002). Basically, this methodology allows deter-

mining the significance of one input over an uncertain 
output (Saltelli, 2000). 

Several techniques are available for sensitivity anal-
ysis. For example: the one-factor-at-a-time (OAT) 
(Saltelli, 1999), Fourier amplitude sensitivity test 
(FAST) (McRae et al., 1982), fractional factorial design 
method (Henderson-Sellers et al., 1996), Morris method 
(Morris, 1991), sampling-based methods (Helton et al., 
2006), Sobol's method (Sobol, 1993) and McKay's 
method based on a one-way ANOVA (McKay, 1997).  

The aim of this work is developing a sensitivity 
analysis of a biotrickling filter model which biooxidizes 
VRSC, in order to analyze the effect that each parameter 
has on the simulation. 

II. MATHEMATICAL MODEL 
The biooxidation is described by a model which consid-
ers the mass transfer from the gas phase to the liquid 
phase and subsequent biochemical degradation by the 
microorganism attached in the support. When air con-
taminated with VRSC flows throughout the column, 
VRSC are transferred from the gas phase to the liquid 
phase where they diffuse to the biofilm; there they are 
oxidized by the microbial activity. 

A. Assumptions 
The following assumptions for the model development 
were considered: 
 Steady-state operation; therefore the absorption of 

VRSC on the packing material is in equilibrium and 
should not be considered in the mass balance. Tem-
perature and pH are constant. 

 The biomass accumulation rate in the reactor is 
small compared to the VRSC’s biodegradation rate; 
therefore, mass balance for biomass will not be per-
formed.  

 Oxygen is present in excess in relation to the VRSC; 
therefore the microorganism growth is not limited 
by this element.  

 The biofilm coating is formed on the surface of the 
packing. Due to the very small thickness of the 
coating, mass transfer is assumed perpendicular to 
the gas flow.  

 The concentration of VRSCs in the interface is cal-
culated using Henry's law. It is assumed that the 
distribution coefficient is similar than water’s.  

 The effective diffusivity of the compounds in the 
biofilm is similar to the diffusivity of the com-
pounds in water, thus the effective diffusivity can 
be calculated by applying a correction factor in the 




