Optimisation of the membrane-assisted passive sampler and
its comparison with solid phase extraction technique
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Abstract
A novel membrane-assisted passive sampler was further optimised in the laboratory. It was then compared to the solid phase
extraction technique in terms of the extraction efficiency, enrichment factor, detection limit and selectivity in wastewater.
The passive sampler was exposed to 3 ℓ wastewater samples under laboratory conditions for 3 days. Five hundred millilitres of wastewater was extracted with C18 cartridges. The extraction efficiency of the passive sampler ranged from 4 to 10%
while in solid phase extraction it was 40 to 67% for the 3 chlorophenols. In both cases, extraction efficiency was highest
for 2,4-dichlorophenol. The low extraction efficiency in the passive sampler supports the idea that it is not an exhaustive
extraction technique and does not disturb the chemical equilibrium of the sample. It therefore measures the bioavailable
fraction of the compound and can be used for equilibrium sampling and extraction. The obtained enrichment factors from
the passive sampler were 89 and 295 for 2-chlorophenol and 2,4-dichlorophenol, respectively. From solid phase extraction,
enrichment factors of 102, 113 and 167 were obtained for 2-chlorophenol, 4-chlorophenol and 2,4-dichlorophenol, respectively. The enrichment factor (~2.5) and sampling rates (~28 µℓ∙h-1) were both low for 4-chlorophenol in wastewater from
passive sampler extraction. The calculated sampling rates were found to be 2 604 µℓ∙h-1 for 2-chlorophenol, 1 074 µℓ∙h-1 for
4-chlorophenol and 5 089 µℓ∙h-1 for 2,4-dichlorophenol in spiked deionised water. In wastewater, the sampling rates were
found to be 1 544 µℓ∙h-1 for 2-chlorophenol, 28 µℓ∙h-1 for 4-chlorophenol and 5 106 µℓ∙h-1 for 2,4-dichlorophenol. The passive sampler was found to be superior in its selectivity towards the target compounds compared to solid phase extraction
technique with C18 sorbent. Chromatograms from solid phase extraction of wastewater contained high peaks of unidentified,
potentially interfering compounds, especially in the early part of the chromatogram. In contrast, chromatograms from the
passive sampler extraction were very clean. The detection limits of the passive sampler were comparable with that of solid
phase extraction and were around 1.5 µg∙ℓ-1 except for 4-chlorophenol that was high in wastewater (~100 µg∙ℓ-1).
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Introduction
The common approach in risk assessment of water bodies is
to collect a sample of the water, which is then analysed for
potential pollutants in the laboratory. This approach, among
other advantages, provides manageable control over accuracy
and precision of the results. However, information obtained
from spot water samples is only about concentration levels
at the time of sampling and may fail to account for episodic
contamination. This can be addressed by collecting a series
of samples over a time period to obtain a more representative picture of water quality, but the cost of analysis is then
increased. An alternative and more cost-effective approach is
to obtain time-weighted average (TWA) concentrations of pollutants using passive samplers. Passive samplers are now seen
as an alternative to conventional spot samples. This is seen
by a number of recent reviews on passive samplers (Vrana et
al., 2005; Lu et al., 2002; Petty et al., 2000; Stuer-Lauridsen,
2005; Chimuka and Cukrowska, 2006; Kot-Wasik et al.,
2007). One of the first samplers for the monitoring of compounds in water bodies was developed by Södergren (1987). It
consists of a dialysis membrane filled with an organic solvent.
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The major disadvantage of the system was the successive
loss of the organic solvent from the device through diffusion
during environmental exposure, lack of selectivity as well as
a low sensitivity due to a high mass transfer resistance in the
cellulose membrane. Huckins et al. (1990) described the semipermeable membrane device (SPMD) sampler for passive and
integrative in situ monitoring of nonpolar water- and air-borne
contaminants. The SPMD sampler consists of layflat polyethylene tubing containing a thin film of triolein, a high molecular weight neutral lipid. This is supplied by Environmental
Science Technologies Inc. The other advantage, apart from
being very rugged, is that high preconcentration factors of the
analytes are obtained. These are determined by the partition
coefficients into the lipid and exposure time (Sabaliunas and
Sodergren, 1997).
The disadvantage of the SPMD is the laborious recovery
of the analytes, usually consuming large volumes of organic
solvents. This has led to development of other passive samplers based on solid phase material as trapping media. These
include the Chemcatcher, which uses commercially available solid phase extraction C18 Empore disks as receiving
phase (Kingston et al., 2000; Vrana et al., 2006a). The type
of Empore disk can also be chosen according to the properties of the analytes of interest. A membrane enclosed sorptive
coating (MESCO) passive sampler that uses a stir bar coated
with poly(dimethylsiloxane) (PDMS) enclosed in a dialysis
membrane bag as receiving phase has also been described
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