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information in the process of restriction of the search space, where the 
most sensible parameters were considered. The parameters’ sensitivity 
evaluation was possible in a graphical dialogue. In order to restrict the 
search space and hence to obtain fast convergence, the initial ranges of 
kinetic parameters were determined based on their real microbiological 
meaning. During the search of global optimum of the objective 
function, the ranges of kinetic parameters were systematically redefined 
and reduced, where the best evaluated values were preserved [6].

Method
On toxic substrate can be determined by taking the first derivative 

of the Andrews equation equal to zero. Thus, it can be demonstrated 
that the substrate concentration, i.e. the critical substrate concentration 
corresponding to the actual, can be calculated by Eq. In addition, the 
intensity of substrate inhibition can be measured by the Ki value and 
by the ratio between saturation and inhibition constants. The  Ks/
Ki ratio was determined by using values presented in. The authors have 
reported that the cell yield on xylene was significantly lower than on 
the other BTEX biodegradable compounds at similar concentration. 
In the previous studies reported in the literature, the kinetics and 
stoichiometric parameters were obtained considering the and further 
these parameter values were used to fit experimental data of the 
mixture of substrates by applying complex models. In SKIP model 
identification, the information obtained during the identification 
procedure of Monod and Andrews models was preserved as initial 
parameter guess [7]. In the study of biodegradation kinetics of BTEX 
mixture, the main difficulty was to find the global minimum of objective 
function during the experimental data fitting procedure. This fact can 
be explained by the big number of estimated parameters. Analyzing 
the obtained OF residue for each model – SKIP, competitive inhibition, 
uncompetitive inhibition and noncompetitively inhibition– it was 
possible to determine the model that best describes the experimental 
data from the BTEX biodegradation process. SKIP model represented 
the experimental data better, resulting in a minimum value of objective 
function. The evaluation of 24 parameter values of the model needed 
sufficiently higher computational efforts. Moreover [8], the difficulty 
in identification procedure arose because the kinetic parameters 
are nonlinearly correlated. Hence, the usage of the information 
from microbial physiology studies helps to restrict the search on 
each parameter range where only biological meaningful values are 
considered. For more precise models’ discrimination it is necessary to 
obtain sets of experimental data with repetitions.

Results 
The experimental results from the literature were used with kind 

permission of the authors. The data on individual biodegradation 
compounds were based on the following initial conditions. The data on 
mixture substrate biodegradation process were based on the following 
initial conditions. In cases where the initial biomass concentration 
valu was not available, it was estimated by PSO method, together with 
the model parameters. It can be noticed, that evaluation of X0 during 
the identification procedure must be done with caution because the 
system response is very sensitive to the changes of initial conditions. 
The system of ordinary differential equations of each kinetic model was 
numerically solved.

The estimated parameter values of Monod and Andrews models 
are presented in Table 1. The search for best parameter values was 
restricted, and the initial ranges of kinetic parameters were determined 
based on their real microbiological meaning taken from the literature. 
Such approach helped tremendously the PSO search method to find the 
“global optimum” after few iterations. It can be seen that kinetic and 

stoichiometric parameters estimated in this work are similar to those 
found by other authors that have investigated the biodegradation of BTEX 
(Table 2) which proves the reliability of mentioned above procedure [9].  
The value of previously determined in single substrates biodegradation 
process was used as an initial guess during the identification procedure 
when multiple substrates biodegradation kinetics was modelled. The 
low Ks value indicated that the culture had higher affinity to xylene 
than to the other compounds resulting in higher specific growth rate 
and yield coefficient. It was verified that Monod model predicts very 
well the biodegradation kinetics on single toxic substrate, mainly at 
low concentrations. The evaluated constant values of Monod model are 
very informative and can be used further as controls in all parameters’ 
identification procedures. If the value of Ki is very high, the Andrews 
model is simplified to Monod form. By applying the Andrews model, 
it was verified that the maximum specific growth rate is higher on 
toluene (the experimental data indicates it has been consumed faster), 
whereas the xylene has been utilized slower and resulted in lower value. 
In addition, the estimated Ks value on toluene suggests higher culture 
affinity to toluene. The simulation results obtained with And rows 
model together with the experimental data represent the degradation 
of individual toxic substrates. The OF residues obtained by applying 
PSO global search method are shown as well. Both models have reached 
similar OF values for benzene, ethylbenzene and xylene  compounds. 
The OF for toluene by applying Monod and Andrews models were 
equal to 0.010 and 0.0024, respectively. Initial substrate concentrations 
above 40 mg L−1 favor the adjustment obtained by Andrews’s model; 
therefore the model supplies more information about the system. The 
initial substrate concentration above the critical one.

Discussion
The advantage of SKIP model is that it makes possible the 

quantification of the interactions between BTEX substrates due to 
the presence of Iji parameters. In Table 1, the Ibe, Ite, Ixe interactive 
parameters’ values show that benzene, toluene or xylene compounds 
present little or no effect of inhibition on ethylbenzene biodegradation. 
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for parameters estimation through decomposition of the objective 
function. The basis of this methodology is a subdivision of a global 
search space where step-by-step local searches are performed. Thus, the 
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