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ABSTRACT
This article serves as a preface to a special issue containing papers from a special symposium on
Bioremediation of NAPL-Contaminated Aquifers, organized by the authors at the Fiﬁh Chemical

Congress of North America (Cancun, Mexico, 1997), in which the guiding question for the participants to
respond to was:

Is

what is technologically possible also economically feasible? This article attempts to

deﬁne the concept of sustainable remediation. The concept of relative
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FOREWORD
WHAT IS SUSTAINABLE REMEDIATION?
I

This special issue evolved from the special symposium on sustainable
‘remediation of NAPLaConta’r;ni‘nated Aquifers, organized by the authors at
the Fifth Chemical Congress of North America (Cancun, Mexico), in which
the guiding question for the participants to respond to was: Is What Is
Technologically Possible Also Economically Feasible?
In their presentations, the Symposium participants dealt with the following three related questions: (1) Is the cure (i.e., remediation) worth the
cost? (2) What is the claim? Namely how do we conceptualize the problems
involved in remediation of contaminated aquifers? and (3) Where are we
heading as far as large—scale remediation of NAPL — contaminated aquifers
and groundwater are concerned? The participants‘ responses converged intothe emerging concept of Sustainable Remediation which, so we believe,
should be developed and applied within the current policy of sustainable
development, worldwide.
The concept of sustainable development, which was initiated by the
Brundtland Commission in 1987 is now well known, if not well understood,
within the envijron_me‘nt‘al, governmental or non-governmental organisations
(NGOS) of the world. However, the concept of sustainable remediation is
seldom invoked in the discussions of contaminated aquifers or particular site
remediation». Seeing the two words sustainable and remediation, com_bined
into a concept, in the same ‘sentence may even seem a contradiction to
many. Indeed, the very fact that some form of action is required, implies
that the principle of sustainability has been violated. However, even if the
principle of sustainability has been violated in the past, in the future we
should at least ensure the "sustainability of the remedial action.
What is the diﬂerence, then, between simple remediation and sustainable remediation? In order to answer this question, it is necessary to examine
further the concept of sustainability. What -does sustainable development
really mean? Initially the idea of sustainability with respect to the environ‘
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that the decision for remediation is based on at least four factors:
perceived risk, feasibility, responsibility and the ability of the parties involved
to pay, In view of the fact that, ultimately, most environmental problems in ,
our modern socio—econ_omic—political context “boil down” to: who pays
what and how much, in what. order of priorities, it may be safe to conclude
that, to the first approximation, sustainable remediation is characterized by
postits meeting simultaneously both cjriteria of economic feasibility and
situation
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provide them and their families with a shor't-term security
“security” of the latter may be jeopardized, by the
long-term
(2), whereas the
particular remediation action taken (or not taken) by the site owner. Sim_i_lar
conﬂicts may be operating even if the oonta'mi_n_ated site is under national/
governmental control (e.-g». regional aquifers).
How does sustainable remediation differ from any other form of remediation? Whenever a site is considered for restoration, several technological
options are considered, which inevitably will diﬁer in terms of eﬁicacy, capital
investment and long-term maintenance costs and impact. It is often interesting to examine on what basis the treatments are selected. Unlike what some
might think, it is not always the cheapest or the most effective, in terms of
contaminants removal, that is selected. Often it appears to be the option that
oﬂ"ers the least amount of risk to the decision-maker that is chosen.
Why is that? Going back to the initial reason as to why a site is being
considered for remediation, the answer then becomes obvious: one of the
major driver for remedial action is to remove risk for either the current or
the future users of the remediated site. It is not surprising then, that those
tasked with remediation will not want to add to the risk burden and will
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treatment safety of the remediated site (e.g., drinking water pumped from
a remediated water supply well).
This brings us ﬁrst to the problem of risk assessment. It is generally
agreed that the use of this methodology provides the best practical approach
for ecosystem protection (3). In theory‘, the risk posed by a given situation is
the same everywhere. Let consider, as an example, a leaking underground
storage tank. It is now common knowledge that if the gasoline, or other type
of‘ light non-aqueous phase liquid (LNAPL) that is spilled, reaches the
groundwater, the most soluble components will rapidly dissolve and contaminate the water. Since gasoline ﬂoats, it will partially volatilize in the unsaturated zone where the contamination is transported within the gas phase of
the system. It may, thus, cause explosion hazards in the basements of houses.
These risks are very real in some situations, but not in all.» However, often
government regulations will requirethe same remedial action everywhere for
a given problem, even if, as shown in the above example, the impact of the
situation may vary widely from one case to another. The problem of gas
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remediation and economic feasibility are all about: it is developing methods
that do not require extraor"d_inary resources, or" resources better used elsewhere. It is working with nature, by using. supporting natural "processes
technologies, rather than against it. It is achieving a balance between risk
mitigation and the expenditures required to achieve it, through optimization
based on well-deﬁned criteria.
The development of feasible, sustainable remediation technologies is
therefore, the challenge to the scientists, engineers and practitioners" throughout the world. To begin with, the cost of a technology is seldom considered at
the onset of a research program. Cost considerations are more present when
a particular site-speciﬁc remediation is considered. Generally, remediation
methods are primarily based on scientiﬁc principles and on choosing a
method that will give the best possible results, usually in the shortest time
possible. One should remember, however, that scientiﬁc research is rather
costly and thus may, in extreme cases, to negatively affect attempts of balancing budgets (4). Time is money, and long term liabilities and maintenance
of properties do not look good on the balance sheet of any corporation.
Those involved in developing and applying remediation technologies are
also looking for proﬁt, in the short term. This is a necessity for a company
to survive. In recent times, the environmental remediation sector has been
suffering (5), because the investors are not seeing proﬁts for their investments.
Obviously, in such a context, sustainable remediation is a loosing argument,
except, perhaps, if prevention starts to play a more decisive role. Can we
hope that things will change? Well, things will have to change, because‘ taxpayers are starting to ask questions concerning the results obtained with their
tax money. Remediation is now competing with health, education, transport
and welfare. The concept of the polluter pays has not produced the expected
results. When the burden of remediations have started to tip the balance of
the ﬁnancial statements into the red, companies have resorted to bankruptcy.
The ultimate result is that we collectively must share the cost of either remediation or of the consequences of pollution, such as finding alternate sources
of water or moving residents entirely out of an area to protect the health of
the community. In such a scenario, the concept of sustainability is starting to
gain ground.
Sustainable environmental education within the framework of the development of students’ higher-order cognitive skills (i.e., question asking, decision-making, problem-solving and system critical thinking) is the key for
facilitating the necessary paradigm shift, from corrective to preventive,
concerning all major aspects of environmental contamination issues worldwide (6, 7)? As was agreed upon by all the Cancun special symposium on
‘Sustainable Remediation of NAPL Contaminated Aquifers, education is the
key for sustainable behaviour of people (i.e. less consumption and prevention) Who, collectively, will demand sustainability from their governments. It
.
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also through public support that large scale sustainable remediation will "be
made possible.
The fact that sustainability is adhered to in principle, however, does not
automatically foster the development of the appropriate technologies. Some
headway is being made by the ‘use _of the natural attenuation concept in
legislative circles. It is a good ﬁrst step, and while it will not work in all
situations, it will have the merit of bringing forth the concept of relative

6.

is

and the urgent need of educating the population. The very reason why
programs such as Superfund in the U.S. were put in place, however, is the
risk

failure of natural attenuation in mitigating the risks of contamination.
What then? The sites that pose the greatest risk will still have to be

remediated. For sustainable remediation to become a reality will require
scientists and engineers to change their paradigms and to attack the problems
associated with aquifer contamination from variety of angles. Speciﬁcally,
instead of looking for rapid, effective, but economically taxing methods, they
will have to develop more passive, less energy intensive methods of remediation. It will mean helping the remediated systems to achieve sustainability, by
integrating the remedial actions undertaken with the natural processes, so
that one complements and enhances the other. It will mean favouring “soft”
or “green” technologies such as enhanced in situ bioremediation over the
more “-high tech" ones. The methods used may be going at a turtle’s pace,
but they might just outdo the rabbit in the long run.
But, above all, the intrinsic complexity of the remediation process and
the feasibility constraints within which we are operating, are expected
to result, slowly but surely, in a paradigm shift —* from correction to prevention. I_n the meantime, the numerous contaminated sites that have been
created in the twentieth century should be attacked with sustainable remediation as the guiding principle. This was the intention of the organizers of the
symposium and this special issue has been produced using the same guiding
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