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Abstract
Phenol is a pollutant found in many industrial wastewaters, which diminishes biogas formation in anaerobic digesters. In
this study, a two-stage (acidogenic and methanogenic) anaerobic digester (TSAD) was compared to a single stage digester
(SSD), in treating a synthetic wastewater contaminated with phenol. Both systems were operated in batch-dilution and
semi-continuously at 35°C, and were loaded with a synthetic wastewater containing a constant concentration of readily
biodegradable organic matter and an increasing concentration of phenol. The TSAD had greater biogas production, and its
acidogenic reactor fermented the readily biodegradable matter without inhibition by accumulation of phenol (up to 1 450
mg∙ℓ-1). The acidogenic reactor also prevented inhibition of biogas formation in the second phase (methanogenic), by holding
phenol and fast produced organic acids. Batch TSAD is a potential wastewater treatment option to decontaminate streams
containing readily biodegradable matter contaminated with phenol. This system enhances biogas production and allows
better control of the acidogenic and methanogenic phases.
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Introduction
Phenol is mainly derived from oil and coal and is used in the
production of fertilisers, fungicides, dyes, plastics, solvents and
fibre board (Veeresh et al., 2005). The global production of phenol surpassed 6.6 x 106 t in 2000; it is mainly manufactured in
Europe and the USA (Niwa et al., 2002; Panov, 2000). Phenol is
a priority pollutant and the latest figure shows that 3 480 t were
released into the USA environment in 2005 (USEPA, 2008).
A maximum concentration of 17 000 mg∙ℓ-1 in wastewater has
been reported (Veeresh et al., 2005).
The elimination of phenol in wastewater has been studied
by applying several physicochemical and biological technologies, with a variety of operational designs and combinations.
However, anaerobic digestion still remains the most attractive option (Veeresh et al., 2005). A major drawback is that
at certain concentrations phenol can disturb the trophic chain
established between microorganisms, by affecting the production of fatty acids, hydrogen and thus methane (Fedorak and
Hrudey, 1984; Wang et al., 1989; Hernandez and Edyvean,
2008). Phenol biomethanisation has been studied in a variety
of single-phase anaerobic digesters (Veeresh et al., 2005).
Nevertheless, the application of two-phase anaerobic digestion
(TSAD), consisting of acidogenic and subsequent methanogenic steps, is largely unexplored. In addition, the inhibitory
effects of phenol on the TSAD are not known.
The advantages of TSAD over a single-stage digester (SSD)
are well recognised. TSAD reduces toxicity to methanogenesis
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by hosting fast growing acidogens in a separate reactor, thus
preventing trophic-chain imbalances due to both the high rate
of production of volatile fatty acids (VFAs), and their low rate
conversion by methanogens (Tchobanoglous et al., 2003). In
addition, TSAD allows the dilution of the VFAs produced in
the acidogenic phase before being loaded into the methanogenic
reactor, avoiding the utilisation of sources of freshwater for dilution. Some findings show that the acidogenic phase enhanced the
biodegradability of aromatic ring molecules such as nitrobenzene and flavonoids (Herrmann and Janke, 2001; Ng et al., 1999).
In this study, the aim was to compare the treatment of a
synthetic wastewater containing a readily biodegradable matter
and phenol, when performed in a TSAD and SSD. Performance
of both TSAD and SSD was studied at dilution-batch and semicontinuous operation. The results of this study address the
question as to whether continuous or batch TSAD is the best
option for treating a wastewater contaminated with phenol.

Materials and methods
Materials
Anaerobic reactors were constructed with glass ‘quick fit’
vessels fitted with a multi-socket top (Fig. 1). The TPAD was
composed of an acidogenic (R1) and a methanogenic reactor
(R2). The SSD was a methanogenic reactor similar to R2. All
reactors had 4 ℓ of reaction volume and were magnetically
stirred and submerged in water baths at 35°C. R2 and SSD
were filled with a commercial rigid packing design (Flocor,
UK) to support the growth of fermenting methanogenic consortia. The produced biogas was collected and measured in graduated cylinders (approx. 101.325 kPa and 25°C), whose tops were
submerged downwards into a barrier solution to avoid the loss
of CO2 (DIN, 1985); the prototype is shown in Fig. 4. pH was
recorded by a portable temperature compensated pH meter.
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