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Abstract
Wastewater consists of a complex mixture of substances. During wastewater treatment these harmful substances can be
eliminated or degraded. However, persistent compounds released with the treated sewage effluents enter the environment
and pose a risk to animal and human life. To determine the potential risks involved, screening tests are needed to monitor
wastewater for potential toxic contaminants. The aim of this study was to validate and use screening tests to determine the
toxicity of raw wastewater and treated sewage effluents from 3 sewage treatment plants in the Western Cape, South Africa.
Raw wastewater and treated sewage effluents were screened for cytotoxicity using lactate dehydrogenase (LDH) release
from cells as biomarker, for neurotoxicity using acetylcholinesterase (AChE) inhibition and for genotoxicity using the Save
Our Soul (SOS) test. Results showed no cytotoxicity for both raw wastewater and treated sewage effluents from all sewage treatment plants. Raw wastewater from all sewage treatment plants contained AChE inhibitors and sewage treatment
processes were not effective at eliminating these AChE inhibitors. Raw wastewater from all sewage treatment plants tested
positive for genotoxicity. Treated sewage effluents from all three sewage treatment plants displayed no genotoxicity indicating effective removal of genotoxins by all three sewage treatment plants investigated.
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Introduction
Pollutants and untreated industrial effluents can pose a major
risk to the environment and aquatic life. Many of these pollutants are persistent in the environment and are not readily
biodegraded (Wepener et al., 2001; Yadav et al., 2009).
Lactate dehydrogenase (LDH) release from cells is extensively used as a biomarker for necrosis or oncotic cell death
(Kendig and Tarloff, 2007; Valentovic and Ball, 1998). Upon
toxic injury to cells, the membrane integrity is impaired.
Intracellular LDH then leaches into the incubation medium
and can be monitored as a biomarker of cell damage (Sepp et
al., 1996; Kendig and Tarloff, 2007). Several studies have used
LDH release as a method to determine cytotoxicity of chlorinated drinking water and treated sewage effluents.
Acetylcholinesterase (AChE) has been used as a biomarker
to determine neurotoxic contaminants in the aquatic environment (Yadav et al., 2009). AChE is the enzyme that catalyses
the hydrolysis of the neurotransmitter acetylcholine, to form
choline and acetic acid (Sakar et al., 2006). Many natural
toxins and man-made poisons play a part in neurotoxicity by
inhibiting the enzyme AChE (Yadav et al., 2009). These pollutants include organophosphates, heavy metals and carbamate
insecticides. The inhibition of AChE has been extensively used
to determine exposure to anticholinesterase agents (Menezes
et al., 2009). AChE activity has been assessed in various
aquatic organisms exposed to fertiliser industry effluents and
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secondary treated industrial effluents (Ghedira et al., 2009;
Wepener et al., 2005; Yadav et al., 2009).
Contaminants in wastewater can potentially be genotoxic
and can have adverse effects on human health (Žegura et al.,
2009). Genotoxic substances induce deoxyribonucleic acid
(DNA) damage and mutations. A set of responses from a group
of genes known as the SOS (save our soul) genes has been used
to determine genotoxicity (Quillardet and Hofnung, 1985). The
SOS chromotest is based on the detection of DNA-damaging
agents. It involves incubation of a specially developed
Escherichia coli (E. coli) strain (PQ37) with the test substance
of concern. If a SOS response occurs, lacZ operon is expressed
and is measured photometrically by measuring β-galactosidase
(Sundermann et al., 1996). The SOS chromotest has been
used to determine the genotoxicity of a variety of chemicals,
metal compounds, hospital effluents, and complex environmental extracts (Jolibois et al., 2003; Lantzsch and Gebel, 1997;
Mersch-Sundermann et al., 1996; White et al., 1996).
Wastewater consists of a complex mixture of substances.
Sewage treatment plant processes are inefficient at eliminating all contaminants from treated effluents. To determine
the potential risks to humans and animals, screening tests are
needed to monitor wastewater for potential toxic contaminants.
Particularly, these have to be easy to use and should not require
highly skilled staff. The tests have to be reproducible, cheap and
should be able to examine large numbers of samples with the
use of minimal reagents (Fuerhacker et al., 2005). The aim of
this study was to validate and use screening tests to determine
the toxicity of raw wastewater and treated sewage effluents from
3 sewage treatment plants in the Western Cape, South Africa.
Toxicity was investigated using LDH inhibition as biomarker for
cytotoxicity, AChE inhibition as biomarker for neurotoxicity, and
β-galactosidase as biomarker for genotoxicity.
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