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Abstract
There has been a continual search to develop sensitive analytical methods for detecting and determining organic compounds
such as alkylphenol ethoxylates (APEs) in environmental samples, since they occur at very low concentration levels. Studies
conducted so far in some South African waters have offered little or no information on APEs. The presence of these compounds in environmental samples is not desirable and therefore, needs to be monitored. Water and sediment samples were
collected from different sites in the Jukskei River catchment area in the 2005 summer and winter seasons. Liquid-liquid
extraction (LLE) and Soxhlet extraction (SE) methods (using 1:1 dichloromethane and methanol as extracting solvents)
were optimised, evaluated and used to determine APEs of interest in water (unfiltered and filtered) and sediment samples, respectively. Mean percentage recoveries obtained for APEs in spiked double-distilled water were between 83.1±1.0
(OPnEOS3) and 108.1±3.5 (OP) and for sediments the range was between 96.6±0.9 (OPnEOS1) and 117.1±0.6 (OPnEOS3).
The concentration levels of APEs studied in unfiltered environmental water samples were in the range of 0.25(0.03) ng/mℓ
(NP) to 92.7(1.11) ng/mℓ (OPnEOS3) and 0.31(0.02) ng/mℓ (NP) to 60.1(0.51) ng/mℓ (OPnEOS3) for filtered environmental
water samples. Concentration levels obtained in sediments were from 1.94(0.14) ng/gdw to 941(0.50) ng/gdw (OPnEOS3).
Analytes adsorbed on the sample bottle gave concentration levels which ranged from 0.02(0.02) ng/mℓ to 0.42(0.02) ng/mℓ
for APEs. All the compounds studied were found at levels higher than the European Union (EU) set levels for the protection
of the aquatic environment.
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Introduction
During the past decades, the ever-increasing number of organic
compounds being detected in surface water and sediments has
raised concern about the contamination of water resources.
One main reason for the concern of contamination is the use of
surface waters as recipients for wastewater. Most effluents from
cities and industrial plants end up in rivers, streams or lakes
(Rodriguez-Mozaz et al., 2004). As removal of contaminants
by wastewater treatment plants is frequently not complete,
natural waters often contain many dissolved chemicals, which
can affect ecosystems and impact drinking water supplies
(Rodriguez-Mozaz et al., 2004). Alkylphenol ethoxylates
(APEs) have been widely used as detergents in both industrial
and household applications for more than 30 years. These
compounds are non-ionic surfactants, consisting of a branchedchain of alkylphenols. Octylphenol ethoxylates (OPnEOs) and
nonylphenol ethoxylates (NPnEOs) are two of the most common surfactants in the market place. APEs are discharged to
wastewater treatment facilities or directly released into the
environment. A recent modelling study concluded that 83% of
UK nonylphenol ethoxylate production enters the environment,
with 37% entering the aquatic environment (CES, 1993).
Primary degradation of APEs in wastewater treatment plants or in the environment generates more persistent
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shorter-chain APEs such as nonylphenol (NP) and octylphenol
(OP) (Giger et al., 1984). Studies have found that APE metabolites are more toxic than the parent substances and they possess
the ability to mimic natural hormones by interacting with the
oestrogen receptor (Ying et al., 2002).
Due mainly to the discharge of effluents from wastewater
treatment plants (both industrial and municipal sewage treatment plants), the occurrence of APEs and their degradation
by-products has been widely reported in the surface waters of
developed countries as well as in sediments around the world.
The levels of these substances reported in sediments were
much higher than those found in the corresponding surface
waters (Ying et al., 2002).
Studies have linked APEs to adverse biological effects in animals, giving rise to concerns that low-level exposure might cause
similar effects in human beings (WHO, 2002). Over the past few
years, a wide variety of APEs have been identified as endocrine
disruptors (EDs). These chemicals affect the endocrine system and
cause alterations which can lead to breast cancer or sperm count
reductions in organisms, hence they are termed ‘endocrine disruptors’ (Jobling et al., 1995; Pocull, 2002). Thus, interest has recently
grown in determining these compounds in various environmental
matrices (Brossa et al., 2002). Natural substances such as sex
hormones or phytoestrogens (plant chemicals having oestrogeneffects), can become concentrated in industrial, agricultural and
municipal wastes (CNOHSR, 2000). Exposure to these wastes
may produce detrimental effects in humans, wildlife, fish and
birds (Chee et al., 1996).
APEs and its metabolites are persistent in the environment
and accumulate in fat; hence people/organisms with the greatest
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