Hexavalent chromium removal using aerobic activated sludge
batch systems added with powdered activated carbon
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Abstract
The addition of powdered activated carbon (PAC) has been proposed as a suitable technique to protect activated sludge
against toxic wastewaters. However, the literature data describing the combined effect of PAC addition on Cr(VI) removal
using activated sludge are scarce. The objectives of this study were to investigate the effect of the initial Cr(VI) concentration,
PAC and an electron donor addition on Cr(VI) removal using aerobic activated sludge batch reactors.
The following Cr(VI) removal systems were tested: activated sludge alone; activated sludge with an external electron
donor (5 g/ℓ of lactose); activated sludge with PAC addition (4 g/ℓ); activated sludge with both PAC and lactose; and PAC
alone. The results reported here showed that activated sludges are capable of removing Cr(VI) via its reduction to Cr(III) only
if a suitable electron donor (such as lactose) is available. For initial Cr(VI) concentration lower than 10 mg/ℓ, biomass alone
can remove 100% of the Cr(VI). However, for higher initial Cr(VI) concentrations, removal efficiencies (R E) of the system
with PAC were higher than R E corresponding to the system without PAC. In addition, as the initial Cr(VI) concentration
increased, the rate of Cr(VI) removal and R E values decreased reflecting loss of metabolic activity of the activated sludge due
to the toxicity of Cr(VI); however, this inhibition was less in systems with PAC. Whereas the removal of Cr(VI) using powdered activated carbon (PAC) alone is negligible, the addition of PAC can improve the biological reduction of Cr(VI) due to
the stimulating or protective effect against the Cr(VI) toxicity. This protective effect was also observed in respiratory activity
of the biomass.
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Introduction
Heavy metal residues in contaminated habitats may accumulate in micro-organisms, aquatic flora and fauna, which in turn,
may enter the human food chain and result in health problems.
Among these metals, chromium and its compounds are placed
on the priority list of toxic chemicals of many countries including the USA, the UK and Canada (Hedgecott, 1994). Chromium
is usually found in the environment in oxidation states (III) and
(VI). Each of the above-mentioned oxidation states has different biological and chemical properties. Typical hexavalent chromium compounds are highly soluble chromates (CrO42-, HCrO4-)
and dichromates (Cr2O72-); these compounds are toxic and carcinogenic for a variety of organisms due to their strong oxidising capability (USEPA, 1998a). Trivalent chromium can form
both anionic (e.g. Cr(OH)4-, CrCl63-) or cationic (e.g. Cr(H2O)63+,
Cr(OH)2+, Cr(OH)2+) compounds. These compounds are considered to be non-labile, inert species in the environment and essential for mammals in trace amounts (USEPA, 1998b). Due to its
common presence in effluent discharge from steelworks, chromium electroplating, leather tanning and chemical manufacturing industries, chromium is often detected in sewage plants that
treat a combination of industrial and municipal wastewater.
Conventional methods for removing Cr(VI) include chemical reduction to Cr(III) followed by a precipitation step under
alkaline conditions (Beukes et al., 2000; Bojic et al., 2004) or
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adsorption using chitosan (Schmuhl et al., 2001) or activated
carbon (Demirbas et al., 2004). All these methods have their
own disadvantages; alkali precipitation produces large quantities of chemical sludge, whereas ion exchange and adsorption
are generally costly and less specific for Cr(VI) removal in the
presence of other ions. The search for new technologies has
focused attention on the biotransformation of metals by using
micro-organisms. A great number of bacterial genera were
described as capable of reducing Cr(VI) to Cr(III) including
Escherichia (Shen and Wang, 1994; Wang and Shen, 1997),
Pseudomonas (Bopp and Ehrlich, 1988; Ishibashi et al., 1990;
Wang and Xiao, 1995), Bacillus (Wang and Xiao, 1995; Garbisu
et al., 1998; Philip et al., 1998), Enterobacter (Wang et al., 1990;
Clark, 1994; Rege et al., 1997), Desulfovibrio (Lovley and Phillips, 1994), Shewanella (Myers et al., 2000), Serratia (Mondaca
et al., 2002), Rhodobacter (Nepple et al., 2002) and Arthrobacter
(Asatiani et al., 2004). The main disadvantage of using pure cultures to remove Cr(VI) compounds is related to the use of sterile
conditions to prevent the external microbial contamination. For
this reason the removal of Cr(VI) using activated sludge is a
promising technique.
In general, biological treatment is negatively affected by
the heavy metals due to their toxicity for micro-organisms.
However, the literature data with respect to the toxic effect of
Cr(VI) on the activated sludge process (e.g. substrate removal,
respiration activity, or bacterial growth) are controversial. For
example, Stasinakis et al. (2002) reported that Cr(VI) concentrations higher than 10 mg/ℓ inhibited the growth of non-acclimatised activated sludge. Chua (1998) found that the effect of 0.05
mg/ℓ of Cr(VI) on the performance of sequencing batch reactors was a function of the sludge age. Yetis et al. (1999) reported
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