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Abstract
This work was undertaken to investigate the effect of variations of the feed rate on a fed-batch set-up used to degrade
xenobiotics. The mixture of substrates was composed of PCP, 2,4,6 TCP and 2,3,5,6 TeCP (pentachlorophenol, 2,4,6 trichlorophenol and 2,3,5,6 tetrachlorophenol respectively). Two acclimated bacteria isolated from soil were used: Pseudomonas
aeruginosa and Achromobacter sp. nov. The different flow rates tested were: I: 0.5 mℓ∙min-1, II: 1.67 mℓ∙min-1 and III: 2.00
mℓ∙min-1. Our results show that during fed-batch operation the 2,4,6 TCP exhibits an earlier degradation than the other compounds, for all of the flow rates tested. This indicates that in this case the degradation of the most recalcitrant compounds
(PCP and 2,3,5,6 TeCP) is benefited by the increase in biomass of bacteria, due to the metabolisation of a less recalcitrant
compound (2,4,6 TCP). The defined parameter, specific degradation rate (SDR), was demonstrated to be very useful for
comparing the degradation abilities at different flow rates of a fed-batch system. The degradation efficiencies were shown
to be higher than 90% for all of the cases and to decrease as the feed rate increases. However, the SDR, a parameter that
involves the rate of degradation and the biomass, increases as the flow rate increases. At a feed flow rate of 2 mℓ∙min-1 SDR
reaches a maximum of 12.476 x 10 -10 mgCP∙h-1∙CFU-1. Finally, among the feed flows tested, taking into account both the
degradation efficiency and the SDR, 2 mℓ∙min-1 is the most convenient flow rate for chlorophenol degradation in fed-batch
systems. An even higher degradation efficiency (97%) can be achieved by using the feed rate of 2 mℓ∙min-1 followed by an
additional batch post-treatment of 2 h, with a SDR of 13.136 x 10 -10 mg CP∙h-1∙CFU-1.
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Introduction
Microbial biodegradation processes in aerobic or anaerobic
reactors are among the most widely used biological methods for
removing chlorinated phenolic compounds (CP) from contaminated waters. The exploration of new cultures capable of
degrading xenobiotics without the addition of ancillary carbon
sources is an approach that may result in significant cost reductions in the decontamination process. Field and Sierra-Alvarez
(2008) have summarised a wide spectrum of strains of bacteria
and fungi which are capable of using CP as the sole carbon and
energy source.
While most researchers have studied biological treatment in
batch reactors, several authors have proposed alternate configurations to improve the industrial application of CP degradation (Mun
et al., 2008), including fed-batch reactor systems (Bali and Sengül,
2002; De Los Cobos-Vasconcelos et al., 2006). The fed-batch
system allows for the treatment of larger quantities of wastewater
than the batch system, with the same amount of initial inoculum
(Blanch and Clark, 1996). In a typical fed-batch operation, wastewater is fed to the biological treatment unit either intermittently or
continuously, usually at a low flow rate. Contrary to the continuous
systems, the effluent is not withdrawn until the reactor is full. In
this way, high concentrations of organic and toxic compounds are
diluted in a large reaction volume, thus reducing inhibitory/toxic
effects. As a result, biological oxidation of these compounds usually takes place at a higher rate (Bali and Sengül, 2002).
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In addition to their toxicity, CPs are the direct precursors
of more dangerous compounds such as polychlorinated dibenzodioxins. CPs have been used extensively for the synthesis of
many kinds of compounds such as pesticides, herbicides and
dyes. Thus, CPs are found in various industrial and municipal wastes (Ozkaya, 2005; Majumder and Gupta, 2007; Tzou
et al., 2008) and several wastewaters contain PCP, present in
mixtures together with other CPs and aromatic compounds
(Majumder and Gupta, 2007; Durruty et al., 2011). The degradation rate of one or more compounds may be altered when
they occur within a mixture of toxic compounds: the rate may
be stimulated, inhibited or decreased (Abuhamed et al., 2004;
Baggi et al., 2004; Liu et al., 2006).
Since during simultaneous degradation the presence of
other compounds can enhance or decrease the PCP degradation
rate, it is important to know how the additional substrate may
affect the overall degradation. Most CPs can be co-metabolised
in the presence of an easily degradable carbon source (Kim and
Hao, 1999; Wang and Loh, 2001; Tobajas et al., 2010). A possible strategy worth exploring is the use of lower chlorinated
phenols in multi-substrate degradation to improve the overall
degradation rate, instead of using easily degradable substrates.
This is so because the use of readily-degradable ancillary
carbon sources, such as glucose or amino acids, may favour
the growth of tolerant but not CP-degrading microorganisms
present in the CP-wastewater and which could compete with
the degrading flora. The effect of a secondary chlorophenol on
the removal of another chlorophenol present in the mixture has
been investigated using batch (Yang et al., 2005; Tobajas et al.,
2010) and fed-batch systems (Quan et al., 2005; De Los CobosVasconcelos et al., 2006). In previous work (Durruty et al.,
2011), it has been demonstrated that the presence of 2,4,6-TCP
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