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Remediation

The fibrous organic carbon compo-
nent of Daramend is nutrient rich, hy-
drophilic and has high surface area;
thus, it provides ideal support for
growth of bacteria. As the bacteria grow
on the carbon particles, they ferment the
carbon and release a variety of volatile
fatty acids (acetic, propionic, butyric),
which stimulate degradation of the con-
taminants in the soil.
These independent lines of research

have led to the development of power-
ful technologies to promote the degra-
dation of common chlorinated solvents
in groundwater such as trichloroethene,
carbon tetrachloride, and vinyl chloride.

Zero-valent iron PRBs
The University ofWaterloo discovery,

which became known as iron permeable

C
hlorinated solvent contamina-
tion of groundwater is a recog-
nized barrier to both potable
water use and brownfield site

redevelopment in Canada.
Several high-profile trichloroethene

(TCE) contaminant issues such as those
in Cambridge, Ontario, and in Shannon,
Québec, have increased public awareness
of this problem, and also stimulated the
Canadian consulting community to con-
sider the use of in situ chemical reduction
(ISCR) technologies to address this type
of contamination. In particular, zero-va-
lent iron based ISCR remedies, while es-
tablished worldwide since the mid 1990s,
have only recently been recognized as a
viable remedial alternative in the Cana-
dian marketplace.
In the early 1990s, the use of granular

zero-valent iron (ZVI) to degrade chlori-
nated organic compounds in ground-
water was first suggested by researchers
at the University of Waterloo (Gillham
and O’Hannesin, 1992). Under highly re-
ducing conditions and in the presence of
metallic surfaces, certain dissolved chlo-
rinated organic compounds in ground-
water degrade to non-toxic products such
as ethene, ethane and chloride via abiotic
reductive dehalogenation. The iron metal
serves to lower the solution redox poten-
tial (Eh) and as the electron source in the
reaction.
Using granular iron as the reactive

metal, reaction half-lives (the time re-
quired to degrade one half of the original
contaminant mass) are commonly sev-
eral orders of magnitude lower than those
measured under natural conditions.
At roughly the same time (Seech et

al., 1992), integrated particles of iron,
other multi-valent metals, and plant de-
rived carbon particles (Daramend®)
were being developed to treat chlori-
nated pesticides and polycyclic aro-
matic hydrocarbon (PAH) compounds
in soil. In this reactive media, iron is
used to establish a low redox potential
to facilitate anaerobic biodegradation of
these compounds, as well as contribut-
ing to contaminant degradation via di-
rect contact with the iron.

reactive barrier or PRB technology, has
been described as ‘leading a paradigm
shift in groundwater remediation’ (OCE,
2006). In situ PRB technology involves
the construction of a permeable wall or
barrier, containing appropriate reactive
materials, across the path of a contami-
nant plume.As the contaminated ground-
water passes through the PRB, the
contaminants are removed.
To date, granular iron PRBs have

been installed at over 150 sites in the
United States, Canada, Europe, Japan
and Australia. These PRBs have been
installed at Superfund sites; as part of
brownfield site redevelopment; at vari-
ous active manufacturing, DOD and
DOE facilities; at former dry cleaning

Figure 1. Installation of a permeable reactive barrier at an Industrial Site in
Toronto.
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facilities; and at landfills. The earliest
commercial application occurred in
California in early 1995, and has now
been in operation successfully for the
past 13 years. Warner et al. (2005) pres-
ents 10 years of geochemical data from
this application.
The first Canadian application did

not occur until 2004, at a former indus-
trial facility in Toronto, Ontario. Since
then another five PRBs have been con-
structed in Canada, predominantly as
part of brownfield redevelopment
where there was a desire to halt the
movement of these contaminants across
property boundaries. A good example is
at an industrial site in Toronto (Przepi-
ora et al., 2007) where a shallow PRB
was emplaced to prevent migration of
VOCs off the property (Figure 1).
While four of the five PRBs have in-

volved excavation of native saturated
soils and installation of a mixture of
iron and sand across the plume to
depths of 10m or less, a pilot-scale sys-
tem installed at a Canadian Department
of National Defense site in Valcartier,
Québec (Tossell et al., 2007) involved

injecting iron using pneumatic fractur-
ing methods to a depth of over 20 m.

Combined carbon and iron
treatment technology

Through several years of research,
the integrated particles comprising
Daramend soil treatment media have

To date, granular iron PRBs have
been installed at over 150 sites in the

United States, Canada, Europe,
Japan and Australia.
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