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Abstract
The study reports supercritical fluid extraction (SFE) of pesticides in sediment samples from the Okavango Delta, the headwaters of which originate from Angola and traverse through Namibia into Botswana. An acetone modifier and fractional extraction by pressure ramping gave recoveries ranging from 55 to 86% for the 15 pesticides studied. Hexachlorobenzene (HCB),
aldrin and 4, 4-dichlorodiphenyltrichloroethane (4, 4’-DDT) were identified at concentration ranges of 1.1 to 30.3, 0.5 to 15.2
and 1.4 to 55.4 μg/g, respectively by gas chromatography with electron capture detection (GC-ECD) and were unequivocally
confirmed by gas chromatography time-of-flight mass spectrometry (GC-ToF-MS). The study indicated an increase of pesticide concentrations in the direction of water flow from the Panhandle (point of entry) to the lower delta. The results show that
there are ramifications associated with activities either upstream or downstream; hence close monitoring is required for the
long-term preservation of the delta.
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Introduction
Aquatic environmental sediments, depending on their chemical
composition and adsorption characteristics, have a high accumulation capacity for both inorganic and organic contaminants
(Guevara-Riba et al., 2006). Organochlorine pesticides (OCPs)
such as DDT are an important group of contaminants that have
caused worldwide concern as toxic environmental contaminants
(Zhao et al., 2007). Their hydrophobicity and persistence cause
OCPs to be readily scavenged from the water through sorption
onto suspended material, subsequently becoming part of the
sediment. However, changes in environmental conditions may
lead to the release of contaminants back into the aquatic system
thus making sediments a possible source of exposure to aquatic
organisms (Delistraty and Yokel, 2007). The presence of contaminants at low concentrations as well as the chemical complexity of matrices such as soil, sediment and biota calls for preliminary treatment of environmental samples. This procedure is
normally referred to as sample handling and includes extraction,
clean-up and pre-concentration of the sample (Santos and Galceran, 2002; Gabaldón et al., 2007).
Limitations encountered in classical sample handling
techniques such as Soxhlet extraction have been overcome by
employing modern techniques that are faster and environmentfriendly such as supercritical fluid extraction (SFE) (Rodil et
al., 2007). SFE has gained increased attention as an alternative
one-step extraction and clean-up method for solid samples, due
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to desirable properties of supercritical fluids such as higher diffusivity, low viscosity and adjustable solvent strength which
allow the selective extraction of different chemicals and the use
of small sample amounts (Rissato et al., 2004).
A majority of SFE applications employ carbon dioxide (CO2)
as the solvent of choice because it is non-toxic, non-flammable,
has a low critical temperature (31°C) and pressure (74 bar =
7 400 KPa) as well as being available at high purity (Létisse
et al., 2006). The pressure and temperature of the supercritical
fluid can be varied so as to effect selectivity during extraction
(Fidalgo-Used et al., 2007). Even though supercritical CO2 is a
good solvent only for the extraction of non-polar to moderately
polar compounds, the extraction of polar compounds can be
improved by the addition of small quantities of polar organic
solvents employed as modifiers (Naude et al., 1998; Rial-Otero
et al., 2007). Thus the optimisation of SFE parameters such as
modifier, pressure and temperature is essential due to the diversity of sediment types and compositions, as well as their influence on pesticide adsorption (Gonçalves et al., 2006).
This paper presents a method that has been optimised for
SFE of pesticides in sediment samples followed by gas chromatography electron capture detection (GC-ECD) and gas chromatography-time-of-flight mass spectrometry (GC-ToF-MS).

Materials and method
Standards, reagents and apparatus
α-Benzene hexachloride (α-BHC) (97.9%), β-benzene hexa
chloride (β-BHC) (98.0%), γ-benzene hexachloride (γ-BHC, Lindane) (99.8%), methoxychlor (98%) and heptachlor (98.5%) were
obtained from Supelco (Bellafonte, PA, USA). Aldrin (98.1%),
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