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Abstract
A method, using microporous membrane liquid-liquid extraction technique (MMLLE) and gas chromatography with an
electron capture detector (GC-ECD) and gas chromatograph coupled to a mass spectrometer, was developed for the analysis
of cyclic organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) in sediment slurry. The MMLLE extraction employed isooctane as the organic liquid that was immobilised in the hollow fibre pores and in the lumen, at optimal
sample pH value of 2.0 for OCPs and 7 for PCBs. The effect of triton x-100, in enhancing the dissolution of the compounds
from sediment, was found to be optimal at a value of 0.15%, while the ionic strength was optimal at a value of 0.01 M.
Samples from coastlines along the Indian Ocean in the southern parts of South Africa were found to be contaminated with
cis and trans chlordane at concentrations of up to 0.003 mg/kg, while samples from northern parts were contaminated with
2,2’,4’,4-tetrachloro-1,1’biphenyl at concentrations of up to 0.02 mg/kg.
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Introduction
Persistent organic pollutants, for example, organochlorine
pesticides (OCPs) and polychlorinated biphenyls (PCBs),
are used worldwide for many purposes, including the control of plant diseases and disease vectors (Sanchez et al.,
2006). However, they pose a significant toxicity problem due
to their low volatility and slow degradation once exposed
to the environment, causing high persistence (Hong et al.,
1999; Tanabe et al., 1997). Organochlorine pesticides tend
to be persistent in the environment because the presence of
chlorine in an organic molecule reduces reactivity towards
oxidation, and, being of low solubility in water; they are
resistant to hydrolysis (Hong et al., 1999; Tanabe et al., 1997;
Safe, 1990).
These persistent organic pollutants have a tendency to
concentrate in fatty tissues and bio-accumulate in the food
chain due to their high hydrophobicity (Chen et al., 2002). This
bio-magnification tendency of OCPs is responsible for their
occurrence at higher concentrations in organisms of higher
trophic levels in food chains. Polychlorinated biphenyls are also
suspected to be carcinogens.
In South Africa, the presence of agrochemical residues
in the environment represents a serious and urgent challenge
(London, 1992; 1995; Dalvie et al., 1999; Hassett et al., 1987;
Grobler, 1994), because of the large diffusion potential of the
agrochemical residues in the environment and their particular
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chemical characteristics and properties which determine their
persistence and toxicities in waters and soils. This makes the
development of sensitive and selective analytical methods
crucial, not only for the detection of the presence of these
persistent organic pollutants and their degradation products,
but also to study their distribution across the environmental
compartments. Importantly, this will enable the establishment
of the exact bio-available fraction for each pollutant in a given
environment.
However, many of the known analytical procedures are
designed to give a measure of the total contamination levels
due to agrochemical residues, while the actual amounts available for absorption into the biological system may be lower, due
to the interaction of each compound with the matrix molecules.
Furthermore, bioavailability is dependent on the nature and
properties of the chemical species polluting the environment,
and the type of matrix in which pollutants are found (Dean and
Scott, 2004).
In this work we have employed liquid phase microextraction using HF-LPME, commonly known as hollow fibre microporous membrane liquid-liquid extraction
(HF-MMLLE) in GC-ECD, in order to study and determine
the easily bio-available fraction of contaminants. Further confirmation of peaks by gas chromatography coupled to a mass
spectrometer operating under electron ionization (GC-EI-MS)
was done. Hollow fibre microporous membrane liquid-liquid
extraction is a technique based on 2 phases (aqueous-organic):
the donor phase (the aqueous sample to be extracted) and
the membrane phase (an organic liquid held in the pores of
a hydrophobic polymer). The extraction protocol essentially
consists of 1 step, i.e., extraction of the analyte from the sample phase using an organic solvent (Pedersen-Bjergaard and
Rasmussen, 1999).
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