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Selecting a Remediation Process for a Contaminated Area
Introduction

Remediation is the process during which a polluted area is cleaned of its
contamination. For projects undertaken by the Blacksmith Institute, sites that
require remediation are those that are the direct cause of human illness and
those that are significantly impacting on human health. For a contaminated site,
the selection of a remediation technology is based on the type of contamination
that exists, whilst ensuring that the choice of technology is appropriate to the
socio-economic climate of the region.

Major Considerations for Remediation Selection

Contaminated land is an area that contains concentrations of a chemical
substance that are so great that the amount of the substance cannot be reduced
by natural environmental processes. The contamination may be held in either of
the following parts of the environment: the soil, water (surface or groundwater) or
the air. Humans may be exposed to the contamination when they interact with a
part of the environment that contains concentrations of the pollutant at toxic
levels.

The choice of remediation process for a particular site requires the following
considerations:

What is the type of contamination?

Which part of the environment is contaminated?

What is the objective of remediation?

What is the type of contamination?

In most cases, land is contaminated as a result of human activities, which may
include:

Industrial processes, e.g. leather tanning, electronics production etc.

Mining of metal rich ores or fossil fuels

Waste disposal areas/landfills, or

Discharge of human sewage wastes

Waste is produced from all of the above processes, and is released into the
environment as a liquid effluent, a solid waste, or as an atmospheric emission.
The waste products released may contain a wide variety of chemical substances.
In a majority of cases the most toxic agent is targeted.

Which part of the environment is contaminated?

Contaminants are found in either soil, water, or air. Contaminants that are
transferred to humans in food products will originate in either the soil or the



water. The choice of remediation method is principally dependent on the part of
the environment in which the contaminant is located.

If the soil is contaminated, it can be excavated and treated. If the contaminant is
carried in water, the water can be pumped out and the contaminant removed
using water treatment equipment.

Contaminants that are carried through the air generally need to be controlled at
the source. For example, a toxic industrial air emission should be treated to
remove its toxicity before being emitted into the environment, and in the case of
lead in the atmosphere, the source control measure has been to eliminate the
use of leaded fuels.

What is the objective of the remediation?

For the Blacksmith Institute projects, the purpose of remediation is to minimize
adverse impacts on human health by preventing human interaction with the toxic
pollutants. Not all polluted places need to be cleaned up 100% in order to
prevent human interaction.

Methods such us Capping do not remove the contamination, but place a barrier
on top of the polluted soil so that people cannot interact with the contaminated
soils.

Alternatively the contaminant can be Contained by placing barriers into the
ground across the flow path of the pollutants, thereby preventing the spreading of
the pollution into areas where humans may be exposed.

Contaminant Classes and their Behavior in the Environment

The majority of remediation technologies are specific to certain classes of
contaminants. In order to choose a suitable remediation technology, and to
understand how the technology works, it is important to have some
understanding of the different classes of contaminants and the way in which they
behave in the natural environment.

Polluted discharges contain a variety of contaminants that undergo different
chemical reactions in the environment. The suitability of a particular remediation
technology is dependent on the way the target contaminant behaves. Some
contaminants will react with the soil and become permanently attached to it,
while other contaminants will migrate through the soil and dissolve or float on the
groundwater.

Volatile Organic Compounds




At normal temperatures, Volatile Organic Compounds (VOCs) will evaporate
from liquid to the air. If liquids containing VOCs are spilt onto the soil, they may
bond to the soil particles. When they are released into the air, these chemicals
can be inhaled.

VOCs are contained in Organic Solvents and Chlorinated Organic Solvents.
Petroleum products also contain volatile chemicals that will evaporate into the air
at normal temperatures. When a solvent or a petroleum product leaks into the
ground, remediation processes that use air as the carrier can be used to remove
the volatile portion of the contamination.

Non Aqueous Phase Liquids

These liquids are not easily dissolved in water. Petroleum products including oils
and fuel are examples of Non-Aqueous Phase Liquids (NAPLs). The limited
ability of fuel and oil to dissolve in water is noticeable when puddles of rain
develop on a road. Visible streaks of fuel and oil can be seen floating on top of
the water. A NAPL will behave in the same way when it reaches the
groundwater. Depending on the density of the liquid it will either float, or will sink
to the bottom of the water.

Other petroleum products include Paraffin, Crude Oils, Kerosene, Petroleum,
Asphaltic Oils, Lubricants, Tars (PAH’s) and Grease. These compounds contain
many organic chemicals including benzene, toluene, ethyl benzene, xylenes
(BTEX group), pentane, ethane etc. Organic chemicals can be degraded by soil
microorganisms.

Heavy Metals

The majority of metal compounds will stick to soil particles. Metals that are
released in into the atmosphere from processes such as the burning of fossil
fuels will eventually settle onto the ground. Metal contaminants that are released
in liquid effluents are also likely to settle and become a soil contaminant.

Where the metal contaminated soil is close to the surface, there is a risk of
human interaction with the contaminant. If the contaminant does not extend too
deep, methods such as excavation and ex-situ soil treatment can be used to
remove it. If the metal contamination is deep underground there is only a
minimal risk of human interaction, thus there is a low risk.

However some metal contaminants can be found in forms that are soluble in
water. These metal compounds can be found in ground or surface water and are
very dangerous to humans. Soluble heavy metal contaminants can be
swallowed, absorbed through the skin or taken up by plants or animals and then
eaten by humans.



Organic Chemicals

An enormous amount of chemicals come under the heading of organic
chemicals. Common organic pollutants are PAHs, PCBs, organic solvents,
petroleum hydrocarbons, alcohols, ketones and aldehydes. Organic chemicals
may also be used in pesticides. DDT is a chlorinated organic compound.

Organic pollutants can be degraded by the action of microorganisms in the soil
and water. However, when the concentrations of organic pollutants are toxic to
humans, it is likely that the concentrations are toxic to microorganisms also. [f
organic contamination is high, remediation technologies that can physically
extract the contamination from the ground are required.

Choice of Remediation Technology

Detailed and specific classification of contaminants and their behavior requires
the expertise of scientists who have a broad knowledge of chemistry and access
to good quality sampling equipment. Similarly, the final choice of remediation
process should also be done by a professional organization that have the
experience, resources and expertise to be able to assess the feasibility and
appropriateness of different remediation options.

However it is important for Blacksmith representatives to have some knowledge
of the choice of remediation technologies that are available. Table 1,2,3 and 4
provide a description of the different remediation technologies along with their
inherent advantages and disadvantages. The aim of the tables is to provide the
user of this manual with an intermediate understanding of the types of
remediation methods that are available and the particular circumstances in which
each method is applicable.

Other Important Considerations: Local Socio-Economic Climate

There are issues other than the scientific and technical considerations that affect
the choice of technology. Issues such as social acceptance and the suitability of
the technology to the socio-economic climate of the region are also
considerations that Blacksmith representatives should be aware of when faced
with the prospect of remediating a site.

Highly technological solutions to remediation projects are not always the most
appropriate solutions, particularly in developing countries. Highly technical
methods require specific equipment and highly skilled people to operate the
equipment, both of which may not be readily available in a developing nation.
Where appropriate, the use of local materials and labor should be incorporated
into the remediation. This consideration will not only increase the social
acceptability of the solution, but will more often than not compare favorably in
terms of cost than when using imported technologies.



Additionally, remediation does not mean that the contaminant has to be 100%
removed from the site. Methods such as containment and ongoing site
management can also be effective solutions.

As the expected cost of a project is a significant factor which affects the
willingness of local authorities and local agencies to participate in the
rehabilitation of contaminated land, the use of innovative ideas to cut the cost of
a project will result in more projects achieving success.

It should be remembered that the best technical solutions are not always the
most appropriate solutions, particularly in a developing country with limited
expertise and resources. With a good knowledge of both technical and non-
technical remediation methods, combined with a creative and insightful mind,
solutions that are economically viable and appropriate to the socio-economic
climate of the region can be delivered.
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Useful Weblinks

Remediation Methods
Source: Environment Canada: Ontario Region
Web Address: http://www.on.ec.gc.ca/pollution/ecnpd/contaminassist e.html
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