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Abstract
Two physical methods (centrifugation and ultrasonication) and 3 chemical methods (extraction with EDTA, extraction
with formaldehyde, and extraction with formaldehyde plus NaOH) for extraction of EPS from alga-bacteria biofilm were
assessed. Pretreatment with ultrasound at low intensity doubled the EPS yield without significant modification of the
composition of EPS. Extraction with EDTA or extraction with formaldehyde plus NaOH increased yield by about 1 order
of magnitude compared with other methods. However, the protein and polysaccharide content in EPS prepared with EDTA
or formaldehyde plus NaOH were low. Two fluorescence peaks belonging to protein-like peaks and 2 fluorescence peaks
belonging to humic acid-like substances were found in 3DEEM fluorescence spectra of all the EPS samples prepared using
different methods. Fulvic-like fluorescence was detected only in the EPS extracted with formaldehyde plus NaOH. Location
of, and fluorescence intensity at, each peak were clearly affected by the extraction methods. Dialysis was also found to be an
important factor influencing the yield, composition and fluorescence characteristics of EPS.
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Introduction
Extracellular polymeric substances (EPS) are secreted by
microorganisms with their growth, and accumulate on cell
surfaces (Liu and Fang, 2002a; Tsuneda et al., 2003). EPS is
composed of some high molecular weight compounds, including polysaccharide, protein, nucleic acids, humic substances,
and ionisable functional groups like carboxylic, phosphoric
amino and hydroxyl groups (Tsuneda et al., 2003; Guibaud et al.,
2008). EPS plays a key role in the formation of biofilm. It makes
the biofilm stable and forms a barrier protecting the biofilm from
harmful effects, as well as reducing water loss from the cell to
environment (Laspidou and Rittmann, 2002). EPS can efficiently
remove heavy metals and organic contaminants since EPS has a
large number of negatively-charged functional groups (Zhang et
al., 2006; Liu et al., 2001; Sheng et al., 2005; Bhaskar and Bhosle,
2006). EPS can form multiple complexes with many heavy metal
ions and consequently has a great impact on geochemical behaviour, bioavailability and toxicity of heavy metal ions (Selck et
al., 1999). EPS has been considered as one of the most important
types of dissolved organic matter (DOM) influencing the fate of
heavy metals in the aquatic environment (Bhaskar and Bhosle,
2006). In the past several decades EPS has been extensively
studied with regard to its physicochemical properties, interaction
with contaminants and role in biofilm formation (Laspidou and
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Rittmann, 2002; Bhaskar and Bhosle, 2006; Meisen et al., 2008).
Methods to extract EPS are important for studying its
physicochemical properties and its impact on contaminants
in the aquatic environment. Various physical and chemical
methods have been reported to extract EPS associated with
cells from different sources (e.g. biofilm, sludge and cell suspension). Common physical methods include centrifugation,
ultrasonication and heating (Liu and Fang, 2002b; Comte et
al., 2007). Chemical methods include extraction of EPS with
chemical agents. Ethylenediamine tetraacetic acid (EDTA),
formaldehyde, NaOH and NaOH-formamide are usually used
as the extractants (Liu and Fang, 2002b; Adav and Lee, 2008).
A review of the literature showed that extraction yield, composition and physicochemical properties of EPS varied greatly
with the extraction method. Liu and Fang (2002b) reported
that extracting with formaldehyde plus NaOH obtained more
EPS from sludge than other methods including extraction with
EDTA, cation exchange resin or formaldehyde. Comte et al.
(2007), using high-pressure size exclusion chromatography
(HPSEC), demonstrated that extraction of EPS by heating
induced hydrolysis of EPS, and extraction with chemical
reagents strongly affected the composition of EPS. Mcswain et
al. (2005) showed that EPS was contaminated by DNA due to
cell lysis during extraction of EPS by heating. The various EPS
extraction methods in the literature led to uncertainty and noncomparability of results. Therefore, it is necessary to assess the
various extraction methods from the perspective of extraction
yield and composition.
Three-dimensional excitation-emission matrix (3DEEM)
fluorescence spectroscopy is well known for its speed, good
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