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PCB CONCENTRATIONS
IN SOIL AND SEDIMENT

This supplementary material to Section 1, Exposure Data, formed part of the original

submission and has been peer reviewed.

PCB concentrations in soil and
sediment

As polychlorinated biphenyls (PCBs) accu-
mulate in the organic fraction of soil and sedi-
ments, the PCB content of the sample will depend
on the sample material. For sediments, fine
material is generally preferred (OSPAR, 2002).
The analysis of soil and sediment samples poses
the general question as to whether or not samples
should be dried and if so, how. Drying of soil and
sediment samples ensures defines water content
and facilitates homogenization, thus improving
reproducibility in PCB determination; however,
it also increases the risk of contamination and
losses via volatilization (Smedes & de Boer, 1998;
Wilcke et al., 2003). Smedes & de Boer (1998)
suggest that freeze-drying is less susceptible to
losses than evaporation at elevated temperatures.
Water can also be removed by water-absorbing
reagents such as sodium sulfate and hydromatrix.

While most extraction techniques aim to
remove as much of the analyte as possible from
the soil or sediment matrix for determination of
total concentrations, equilibrium sampling tech-
niques (passive sampling) have been applied to
analyse the concentration or chemical activity
of the freely dissolved, which is considered more

relevant in an exposure context (Madenpaa et al.,
2011).

The Nordic guidelines for chemical analysis
of contaminated soil samples describe extraction
of PCBs from soil by sonication (Karstensen et al.,
1998). Other extraction methods include Soxhlet
(Gibson et al., 2005), pressurized liquid extrac-
tion (PLE) (Wang et al., 2010) and microwave-as-
sisted extraction (MAE) (Diiring & Gith, 2000),
including low pressure MAE (Bruzzoniti ef al.,
2012). A comparison of Soxhlet, PLE and MAE
for the analysis of soil samples showed that MAE
and PLE were comparable to Soxhlet and even
gave better extraction efficiencies for PCBs with
high K, values (Wang et al., 2010). Dispersive
liquid-liquid microextraction, a ternary compo-
nent solvent system, has also been applied to soil
samples (Hu et al., 2009).

According to Webster ef al. (2013), Soxhlet is
thebenchmarktechniquefor PCBextractionfrom
sediments. A comparison of different extraction
methods for PCBs in sediment concluded lower
recoveries for ultrasonic extraction than for PLE
and MAE (Zhang et al., 2011b).

Several studies have analysed soil and sedi-
ment samples together. EPA method 1668B also
describes analytical methods that are suitable
for both matrices and suggests a Soxhlet/Dean-
Stark extractor for PCB extraction (EPA, 2008a).
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Hawthorne et al. (2009) used a solvent-free
method combining subcritical water extraction
with solid-phase microextraction for PCB extrac-
tion from soil and sediment. In this method,
hot water is used under pressure, so it remains
liquid, but polarity and surface tension are
reduced, while viscosity is increased (Hawthorne
et al.,2009). Avoiding the water phase, headspace
solid-phase microextraction has been applied as
well, after warming soil and sediment samples
(Llompart et al., 1999).

For determinations of total PCB concentra-
tions in soil and sediment, conversion reactions
have been pursued, including perchlorination to
decachlorinated biphenyl, hydrodechlorination
to biphenyl (Wu & Marshall, 2001), and hydrog-
enolysis to dicyclohexyl (Ehsan et al., 2003).
Obviously, information on congener-specific
concentrations and PCB patterns are lost with
these methods.

Soil and sediment samples usually contain
sulfur, which is co-extracted with PCBs and will
interfere with subsequent analysis (Smedes & de

Boer, 1998). PLE offers the possibility of in-line
clean-up in the extraction cell, for example by
addition of activated copper (Webster ef al.,
2013). Copper canalso be used in other extraction
techniques, for example, mixed with the sample
or together with general adsorption chromato-
graphic techniques. Other methods for sulfur
removal include saponification, reaction with
tetrabutylammonium salts, and gel permeation
chromatography (GPC) (see Smedes & de Boer,
1998; and Mechlinska et al., 2012, for reviews).

Apart from sulfur, crude extracts of soil and
sediment contain many other naturaland anthro-
pogenic compounds that have to be removed
before instrumental analysis. In principal, the
same techniques as those described for the other
matrices are suitable, i.e. alumina (Smedes & de
Boer, 1998), silica gel (Jayaraman et al., 2001),
Florisil (Castells et al., 2008) and GPC (Wang
et al., 2010). According to the EPA (2008a), GPC
should be used for all soil and sediment extracts.
Data on PCB concentrations in soil and sediment
are presented in the Table.
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