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Cadmium concentration stabilization in a single input–single output continuous bioreactor via
sulfide concentration, as the controlled and measured output state variable, was assumed. For the
above process, a novel kinetic model of the sulfate-reducing process for cadmium removal was pro-
posed and experimentally confirmed. This model has been extended to continuous operation, which
is employed as a virtual plant to enable the implementation of the proposed controller. The con-
sidered nonlinear control law contains a sigmoid feedback of the given control error in order to
regulate the sulfide concentration at the maximum value indirectly leading to cadmium concen-
trations meeting the environmental regulations. A theoretical frame of the closed-loop stability of
the bioreactor is provided under the assumption that bounded trajectories occur in the bioreactor.
Finally, numerical experiments proved satisfactory performance of the proposed methodology in
comparison with the standard sliding-mode and linear PI controllers.
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Introduction

The indiscriminate use of natural resources has
caused serious pollution of aquatic ecosystems prin-
cipally due to chemical pollution of organic and in-
organic origin, especially by organochlorinated com-
pounds and heavy metals. Metal-related industries,
such as metal finishing and electroplating, gener-
ate large quantities of metal polluted wastewaters,
while acid mine drainage (AMD) is one of the most
widespread forms of pollution in the world (Dochain
& Vanrolleghem, 2001; Sampaio et al., 2009). Depend-
ing on the process, the waste-streams vary greatly in
composition and volume, discharges of heavy metals
can have devastating effects on aquatic and terrestrial
ecosystems, differing from acute toxic to chronic ef-
fects depending on the contaminants’ effect on the
microorganisms (Cabrera et al., 2006). Metals like Hg

and Cd exhibit toxicity at extremely low concentra-
tions while others, like Cu or Zn, are also micronutri-
ents which become toxic at concentrations of higher
orders of magnitude (Bassirani et al., 2011). Conven-
tional treatment methods for effluents contaminated
with heavy metals involve physicochemical processes
such as flocculation, precipitation, electrolysis, and
crystallization. However, these processes are very ex-
pensive and generate new products, merely resulting
in the transfer of the metal from one medium to an-
other, not providing a definitive solution of the prob-
lem (Fu & Wang, 2011). The search for cheaper and
definitive solutions led to the development of new tech-
nologies based on the utilization of biological systems
of organic substrates for the removal of heavy metals
by sorption processes (G�luszcz et al., 2008; Lesmana
et al., 2009; Dąbrowska, 2012).

As it is well known, the operation of bioreactors
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