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Abstract
Biological wastewater treatment processes can be classified as either aerobic or anaerobic. These two biological treatment
processes are each characterised by groups of micro-organisms and their associated enzymes. Hydrolytic enzymes secreted
by these micro-organisms are vital for the rate-limiting step of hydrolysis in the treatment of highly polymeric substrates
present in sewage sludge. In this mini-review, the effects of mass transfer limitation, metabolic intermediates, extracellular
polymeric substances (EPS), electron acceptor conditions and pH and temperature on the activity of these enzymes are summarised. The most salient and current perspectives of the significance and the role that hydrolytic enzymes play in sewage
sludge treatment are highlighted.
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Introduction
Wastewater treatment processes can be divided into three
classes; physical, chemical and biological. Biological treatment
processes, in turn, can be classified as either aerobic or anaerobic. Each of these two classes of wastewater treatment has distinct associated advantages and disadvantages (Table 1). From
an enzymatic point of view, aerobic and anaerobic processes are
each characterised by groups of micro-organisms and their associated enzymes. The goal of this mini-review is to summarise
the effects of mass transfer limitation, metabolic intermediates,
EPS, electron acceptor conditions and pH and temperature on
the activities of hydrolytic enzymes in sewage sludge treatment.
The most salient and current perspectives on the significance
and the role that hydrolytic enzymes play in sewage sludge treatment are highlighted.

Mass transfer limitations imposed by size
restriction due to bacterial membrane dimensions
The removal of organic matter by biological oxidation (e.g.
in the activated sludge process) depends on the activity of a
mixed population of heterotrophic organisms that is able to
utilise either oxygen or nitrate as the terminal electron acceptor in their metabolic reactions (Nybroe et al., 1992). The
target pollutants to be destroyed must undergo mass transfer
into the bacterial cells in order to take part in metabolic reactions, but only monomeric and oligomeric substrates (< 1 000
Da molecular weight) are able to cross bacterial membranes
through cell-specific active transport processes (Cadoret et al.,
2002). Bacteria in the activated sludge degrade the complex
organic matter (polymeric substrates such as proteins, lipids
and carbohydrates) into low molecular-weight intermediates
by the action of extracellular hydrolases (Nybroe et al., 1992).
These low molecular-weight compounds are in turn assimilated by the cells and used as a source of energy and carbon.
Stepwise depolymerisation (e.g. hydrolysis) of highly poly* To whom all correspondence should be addressed.
 +27 46 603 8081; fax: +27 46 622 3984;
e-mail: B.Pletschke@ru.ac.za
Received 16 October 2007; accepted in revised form 3 June 2008.

Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 34 No. 3 July 2008
ISSN 1816-7950 = Water SA (on-line)

meric substrates is usually the first and overall rate-limiting
step for the mineralisation of organic matter in activated sludge
and anaerobic digested sludge treatment systems (Frølund et
al., 1995; Gessesse et al., 2003; Higuchi et al., 2005; Whiteley
et al., 2002a).
These rate-limiting steps are central to several mathematical models that have been developed explaining the biochemistry of biological wastewater treatment processes and predicting
plant performance to assist wastewater treatment plant design
engineers. Such models are one of the most successful ways of
translating biological phenomena into process design parameters. The models all utilise kinetic parameters based upon the
initial wastewater breakdown rate – i.e. hydrolysis by exoenzymes. For example, early work on aerobic treatment led to the
creation of the widely utilised Activated Sludge Model No. 1
(ASM1, Henze et al., 1987). This was a relatively basic model
and has since been revised and expanded to create ASM2 and
ASM2d, which include phosphorus removal (Henze et al., 1995,
1999) and later ASM3, in which biological substrate transport
into cells and subsequent intracellular storage (i.e. bacterial
membrane size restriction limitations) were proposed as the
most important mechanism of carbon and nitrogen utilisation
and hence removal from wastewater (Gujer et al., 2000). All of
the ASMs use biological growth kinetics to describe the activity of the biomass, with increasing model complexity owing to
the cumulative addition of model components such as different
biochemical processes, each of which has its own kinetic parameters. The kinetic parameters are assumed not to change (i.e. are
treated as constants), and are further assumed to depend on the
process configuration, substrate type and quantity and mean cell
retention time alone.
Another model often used to allow the modelling of anaerobic wastewater treatment processes is anaerobic digestion model
no. 1 (ADM1) (Batstone et al., 2002). The problem with this
generic model is that it makes use of some oversimplified reactions in solid degradation processes. Yasui et al. (2008) investigated a modified ADM1 structure for modelling municipal
primary sludge hydrolysis. Based on the results obtained from
this study, modifications in the model structure of ADM1 were
proposed to improve the modelling of primary sludge solid degradation in anaerobic digesters. Three biodegradable fractions
were classified in this modified model:
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