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Aqueous contaminant removal by metallic iron:
Is the paradigm shifting?
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Abstract
Chemical reduction has long dominated thinking about the mechanism of aqueous contaminant removal in the presence
of metallic iron (e.g. Fe0/H 2O systems). However, a large body of experimental evidence indicates that chemical reduction
is not adequate to satisfactorily explain the efficiency of Fe0/H 2O systems for several substances or classes of substances.
By contrast, the alternative approach, that contaminants are fundamentally adsorbed and co-precipitated by iron corrosion
products seems to provide a better explanation of observed efficiency. The new approach appears to not be fully understood.
The present communication aims at clarifying this key issue. It seems that a paradigm shift is necessary for the further
development of the technology using Fe0 for water treatment.
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Introduction
The publication by Thomas Kuhn (1962) of his book The
Structure of Scientific Revolutions was the starting point for the
frequent use of the word ‘paradigm’ in many fields of science.
Kuhn characterised a paradigm as a shared theory of the nature
of something or of how it operates, together with a related
set of problems to be solved and a kit of tools or methods for
approaching those problems (Heaney, 2003; Rowbottom, 2011).
Researchers introduced into a field, learned about the paradigm.
Their challenge is to apply some tools of the prevailing paradigm to clarify some of its unsolved problems. For the field of
water treatment with metallic iron (Fe0), it is safe to say that
contaminant reduction by Fe0 constitutes the basis of its operative paradigm.
Since the introduction of Fe0 for water treatment in 1990
(Reynolds et al., 1990; Gillham and O’Hannesin, 1994), contaminants have been reported to be removed by reductive
transformations (Matheson and Tratnyek, 1994; Weber, 1996;
O’Hannesin and Gillham, 1998; Comba et al., 2011). Clearly,
contaminants were considered to be removed because of their
chemical transformations possibly making them less harmful (degradation) or less mobile (precipitation). Accordingly,
the case for which contaminant reduction products may be
more toxic than parent contaminants (e.g. CCl4) is still actively
discussed (Jiao et al., 2009; Alvarado et al., 2010). Moreover,
the formation of the universal oxide film on the Fe0 surface
(reactivity loss) and the pore filling by iron corrosion products
(permeability loss) have been regarded as the major inhibitive
factors for the process of contaminant removal (Henderson
and Demond, 2007; Ghauch, 2008a; Simon et al., 2008; Li
and Benson, 2010). Accordingly, 3 major problems of the Fe0
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technology thus introduced are:
• How can harmful reaction products be removed?
• How can reactivity loss be prevented?
• How can permeability loss be properly considered?
Several analytical tools and complicated experimental devices
has been used over the past 2 decades to search for answers
to these 3 questions (Wilderer et al., 2002; McGuire et al.,
2003; Simon et al., 2004). Even today, a cursory survey of the
literature on Fe0 technology will find, in the introduction to
virtually every paper, phrases such as ‘… Fe0 is proved to be
particularly suitable for the decontamination of halogenated
organic compounds, but subsequent studies have confirmed the
possibility of using Fe0 for the reduction of nitrate, bromated,
chlorate, nitro aromatic compounds, brominated pesticides. Fe0
proved to be effective in removing arsenic, lead, uranium and
hexavalent chromium...” (Groza et al., 2009). It is important to
notice that ‘contaminant reduction’ and ‘contaminant removal’
are mostly randomly interchanged.
It should be explicitly stated that some researchers have
insisted on the importance of adsorption and/or co-precipitation
in the process of aqueous contaminant removal by Fe0 (Burris
et al., 1995; Allen-King et al., 1997; Lackovic et al., 2000;
Lavine et al., 2001; Furukawa et al., 2002; Ritter et al., 2002;
Wilkin and McNeil, 2003; Su and Puls, 2004; Mielczarski et
al., 2005). However, their arguments were limited to inorganic
contaminants (e.g. Lackovic et al., 2000; Wilkin and McNeil,
2003), to selected organic species (e.g. Mielczarski et al., 2005),
or to investigations on the impact of iron corrosion products
as contaminant scavengers (Furukawa et al., 2002; Jia et al.
2007) or reducing agents (Refait et al., 1998; Ritter et al., 2002;
O’Loughlin et al., 2003; O’Loughlin and Burris, 2004; Chaves,
2005 ; Liang and Butler, 2011). For example, Furukawa et al.
(2002) stated that under oxic conditions, ferrihydrite may be
one of the most abundant iron corrosion products and may play
an important role in adsorbing contaminants. In such situations, the use of Fe0 reactive walls ‘may be extended to applications that require contaminant adsorption rather than, or in
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