
ABSTRACT
In September 1995, the company
Alex Sol Inc. and the scientific research
institute INRS-Eau, in collab-oration
with Environment Canada, undertook a
project for the demon-
stration and development of a new
soil and sediment decontamination
process. This technology combines
physical, chemical and biological
separation techniques to extract
heavy metals from contaminated
soil and sediment. The results of
the demonstration phase led to the
establishment of complete treatment
sequences that could be adapted to
many different types of contaminants,
and that would respect the Quebec
Policy on soil protection and the
rehabilitation of contaminated lands.

CONTAMINATED SOIL
HIGHLIGHTS

SOIL AND SEDIMENT
DECONTAMINATION BY
A PHYSICAL, CHEMICAL

AND BIOLOGICAL
METAL-SEPARATION

PROCESS

� Technology

- Metal extraction by physical,
chemical and biological methods

- Ex situ treatment.

� Environment

- Decontamination of soil and sedi-
ment (metal removal rate of up to
99%)

- Potential for reuse of decontami-
nated soil and sediment

- Potential for recovery of extracted
metals.

� Cost

- Treatment cost varies depending
on volumes, type of soil or sedi-
ment and level of contamination
($25 to $100/ton).
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BACKGROUND TECHNOLOGY
The rehabilitation of sites con-
taminated with heavy metals
constitutes an enormous
challenge for landowners
seeking to use these sites.
Site restoration methods are
currently available, but they
are generally quite costly.

To overcome this problem,
owners of contaminated
sites have recently begun
to turn to more economical
methods, such as landfilling
in maximum-security cells or
on-site containment of con-
taminated soil and sediment.
Such management methods,
however, are not a definitive
solution to the issue of con-
taminated sites.

The technology developed by
Alex Sol Inc. and INRS-Eau
employs a number of metal-
removal techniques that can
be applied to different types
and concentrations of con-
taminants. This new process
combines physical metal sep-
aration with chemical and
biological separation phases.

The first step consists of phys-
ically separating the metals
by screening fractions of
contaminated and uncon-
taminated soil; it may also
include density, magnetic and
flotation separation. In some
cases, physical separation
alone may be enough to
decontaminate soil and
sediment. Most of the time,

PROJECT
OBJECTIVES
The goals of the project were
as follows:

1. Optimize the chemical and
biological processes at the
pilot scale;

2. Integrate a physical treat-
ment sequence into devel-
oped chemical and biolog-
ical processes;

3. Adapt the physical treat-
ment process to the ob-
jectives and limitations
of the chemical and bio-
logical processes;

4. Verify the efficacy of the
treatment sequence on
several different types of
soil and sediment;

5. Minimize operating costs.

The work consisted of:

1. Treating more than
45 tonnes of soil and
sediment;

2. Testing the treatment
process at a pilot plant
over a period of
16 months;

3. Performing tests on soil
taken from various sites in
Montreal, Quebec City and
Trois-Rivières, and on sedi-
ment from an area near
the Port of Montreal;

4. 70 tests were conducted:
60 on soil and 10 on sedi-
ment.
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however, this step will serve to
lower the level of contamina-
tion prior to further decon-
tamination by chemical and/
or biological separation.

Chemical or biological sep-
aration is carried out in a
reactor and relies on the
oxidizing potential of certain
acids, chemicals and micro-
organisms, which adjust the
pH level and redox potential
of the environment in order
to render the metals soluble.
Separation is followed by
dewatering, which results
in decontaminated soil or
sediment, and generates a
metal-retaining liquid. This
liquid is then treated to
remove the metals.

FIGURE 1.
SCHEMATIC OF THE SOIL AND SEDIMENT

DECONTAMINATION PROCESS
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RESULTS
Under the technology demonstration
project, samples of contaminated soil
and sediment were taken from sites
in Quebec City, Montreal and Trois-
Rivières. In all, over 45 tonnes of soil
and sediment were treated.

The treatment process developed by
Alex Sol Inc. and INRS-Eau removed
a significant amount of the metals
present in the contaminated soil and
sediment. The results are presented
in Table 1.

Soil from Quebec City site

In the case of the soil taken from the
Quebec City site, the contamination
resulted from industrial activity asso-
ciated with metal processing and the
presence of the city�s old incinerator.
Lead was the predominant contami-
nant.

A significant amount of lead was
removed from the soil following
treatment, thereby lowering the
level of contamination to below
the C criterion of the Quebec
policy on contaminated soil.*

Soil from Montreal site

The Montreal soil was also character-
ized by lead contamination, though it
had a high clay content which made
it incompatible with many types of
physical separation.The treatment se-
quence was thus adapted and decon-
tamination levels were within govern-
ment standards.

Soil from Trois-Rivières site

The soil from Trois-Rivières was
heavily contaminated by zinc and
copper concentrates, and presented
quite a technological challenge in this

respect. The test results showed,
nonetheless, that the desired level
of decontamination was attained.
Moreover, removal rates for cad-
mium, copper and zinc exceeded
98%.

Sediment

The results shown in Table 1 indicate
the degree of decontamination
obtained for the two problem metals
(i.e. copper and zinc). The copper
concentration went from the B-C
level to below the A criterion. Zinc
levels, which started out above the C
criterion, dropped to the A-B range.
Again acheving the goals set for the
technology.

* According to the Policy on soil protection and the rehabilitation of contaminated lands, Ministère de l�Environnement et de la
Faune du Québec (MEF), 1994 (first edition) and 1998 (last edition). Contamination levels: A-B: residential uses; B-C: industrial
uses; > C: use prohibited without treatment.

TABLE 1.
RESULTS OBTAINED DURING THE DEMONSTRATION

OF A TREATMENT TECHNOLOGY FOR SOIL AND SEDIMENT
CONTAMINATED BY HEAVY METALS



POTENTIAL AND LIMITATIONS

INFORMATION

Alex Sol Inc. and INRS-Eau
have developed a decontam-
ination process for soil and
sediment contaminated by
heavy metals. The technol-
ogy demonstration project
proved conclusive: tests
performed on soil and sedi-
ment taken from Quebec
City, Montreal and Trois-
Rivières showed a reduction
of contamination under the
set criterions.

The proposed treatment
sequence works as well on
very fine particles (clay) as
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E-mail:
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it does on coarser ones (e.g.
sand and slag), efficiently
separating metals from soil
and sediment, whether they
be in particulate form or
chemically linked to the
matrix.

The process is both environ-
mentally and economically
sound. Soil and sediment
treatment eliminates the
potential risk to human
health and to the aquatic
environment around con-
taminated sites. Soil decon-
tamination also allows the

full value of these sites to be
recovered and makes com-
mercial or residential con-
struction possible.

The effectiveness of the
treatment process in remov-
ing organic contaminants
remains to be demonstrated.

This technology data sheet
is based on the results of a
technology development
and demonstration project
conducted by Alex Sol Inc.
and INRS-Eau, with the
technical and financial as-
sistance of Environment
Canada and the Canada
Economic Development
Agency for Quebec.
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