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Abstract
Anaerobic treatment of a highly alkaline fruit-cannery lye-peeling wastewater was investigated, using an upflow anaerobic
sludge blanket (UASB) reactor. Only a short initialisation period was required before COD reduction and OLR had stabilised
at 85 to 90% and 2.40 kgCOD·m-3·d-1, respectively. With subsequent increases in OLR to 8.1 kgCOD·m-3·d-1, the COD reduction remained between 85 and 93% and biogas production peaked at 4.1 ℓ·d-1 (63% methane). COD and reactor pH started to
decrease after 111 d. Decreases in gas production were observed by Day 102, decreasing to 2.48 ℓ·d-1 by Day 111 and 0.93 ℓ·d-1
after 129 d. Subsequent reductions in the OLR, by reducing influent COD, had no effect on reactor stability. Loss of reactor
performance was ascribed to the accumulation of sodium (potentially > 20 000 mg·ℓ-1) within the reactor biomass, leading to
inhibition of methanogenesis.
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Introduction
Food-processing industries in South Africa are under increasing pressure to reduce the impact of their wastewater streams
on the environment. With the promulgation of the National
Environmental Management Act, Act 107 of 1998 (Republic of
South Africa, 1998a) and the National Water Act, Act 36 of 1998
(Republic of South Africa, 1998b) the polluter-pays-principle
has been adopted, i.e. the polluter pays for the treatment and
disposal of the effluent produced. The production of large volumes of untreated wastewater can thus become a very serious
financial burden. It is the basic requirement of the legislation on
pollution control that wastewater purification be an integral part
of industrial processes and that the producer of the wastewater
should provide staff, capital and plant to purify the produced
wastewater to prescribed standards (Republic of South Africa,
1998a & b; Gray, 1999). Industrialists should also be aware of the
environmental impact of their processes and take steps to minimise these effects (Ikhu-Omoregbe and Masiiwa, 2002).
Due to the nature of the fruit-canning process, large volumes
of water are used in the transportation of the product, washing
and rinsing, blanching, retorting and cooling operations (Wayman, 1996). Disposal of cannery wastewaters is often complicated by the seasonal nature of the industry, the presence of
suspended solids and particulate organics (Harada et al., 1994),
cleaning solutions (most commonly sodium hydroxide), often
in formulations with various chelating, softening or surfaceactive additives, nitric and phosphoric acids (Mawson, 1997)
and sodium hydroxide (used during peeling of certain fruits
and vegetables) in the wastewater. In the past these wastewaters
had been treated and disposed of by irrigation, lagooning or by
means of an activated sludge process (Monson, 1959; Hanks et
al., 1968; Gambrell and Peele, 1973; Stalzer, 1976) and irrigation
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of lye wastewaters was still practised in South Africa as recently
as 2000. Currently, most South African fruit canneries recycle
their lye solutions as far as possible and dilute the rest by mixing
with other cannery wastewaters.
Anaerobic digestion of food processing wastewaters has
been successfully implemented (Austermann-Haun et al., 1999;
Frankin, 2001). The use of UASB technology to treat seasonal
fruit-cannery wastewaters has recently been shown to be a feasible option, with COD reductions of up to 93% at organic loading rates (OLR) of 10.95 kgCOD·m-3·d-1 and hydraulic retention
times (HRT) of <12 h (Trnovec and Britz, 1998). The wastewater
originating from the lye-peeling operation, however, requires
special attention. This highly alkaline wastewater has COD
levels of between 45 000 and 50 000 mg·ℓ-1 and a pH of between
12.5 and 13.8, impacting significantly on the overall treatability
of the cannery wastewater.
The aim of this study was to assess the applicability and
effectiveness of the UASB process to treat a fruit-cannery
wastewater. The wastewater used in this study was a highly
alkaline lye-peeling fruit wastewater obtained from a local fruit
cannery.

Material and methods
Digester design
A laboratory-scale upflow anaerobic sludge blanket (UASB)
reactor was used. The digester had an operational volume of
2.3 ℓ (total height of 830 mm and internal diameter of 50 mm)
and combined a UASB design with an open gas/solids separator
at the top of the reactor (McLachlan, 2004). The biogas exited
through the top, while the substrate was introduced into the reactor at the base. The overflow of the reactor emptied through a
U-shaped tube to prevent any atmospheric oxygen from entering
the system. The re-circulation upflow velocity for the reactor was
set at 2 m·h-1. The temperature of the insulated reactor was maintained at 35°C using heating tape and an electronic control unit
(Meyer et al., 1985). The volume of the biogas was determined
using a manometric unit equipped with an electronically control-
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