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11-- LCA LCA and contaminated soiland contaminated soil managementmanagement

While decontamination technologies reduce the concentration of 
pollutants, they can generate other impacts

! LCA can be a useful tool to assess these two kinds of impacts as
well as evaluating if remediation is the best environmental option

! In Quebec, three levels of criterial values for site use (A : residential, 
B : commercial and C : industrial) have been set out for contaminated soil.
These generic criteria do not consider the impacts of decontamination, 
however: 

! 4 previous studies have already applied LCA to soil management:
• Volkwein et al., 1999
• Page et al., 1999
• Diamond, et al., 1998
• Beinat et al., 1997



11-- LCA LCA and cand contaminated soilontaminated soil management management 
PrimaryPrimary impact vs impact vs secondarysecondary impact (Volkwein et al., 1999)impact (Volkwein et al., 1999)

Contamination

Remediation

Residual 
contamination 
impact (level of 
generic criteria) = 
primary impact

Treatment 
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secondary 
impact

Contamination 
impact

I1 (primary impact)

• I1 > I2 : remediation is needed

• I1 < I2 : another management should be 
chosen

I2 (primary and secondary impact)Total Impact



2 2 –– Case Case studystudy
A diesel contamination in A diesel contamination in QuebecQuebec

• The case study considered is a diesel-contaminated site located in 
Quebec (Canada).

• A volume of 8000 m3 was impacted with diesel
• Level of contamination : 6145 mg/kg (2 times the B criterion for 
industrial use)

• The remediation project took place in the late 90’s and consisted  in 
excavating the soil and treating it using an ex-situ biopile treatment 
located near the contaminated area (single-use treatment center)

• The target was 700 mg/kg (B criterion for commercial use)



2 2 –– Case Case studystudy
A diesel contamination in A diesel contamination in QuebecQuebec

5 biopiles were constructed near the contaminated area :
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3 3 –– Goal Goal andand ScopeScope
Objectives

To assess the primary and secondary impacts of the biopile

treatment’s life-cycle as a function of the duration of treatment

and the achievement of regulatory criteria

Functionnal unit and reference flow
The remediation, during a two-year period, of 8000 m3 of diesel 
contaminated-soil (6145 mg C10-C50 / kg) to the B generic criterion 
(700 mg C10-C50 / kg) using a biopile treatment

Scope
• All activities occurring during the remediation were included ;

• The electric energy consumption considered pertained to the pumps ;

• All transportation to and from the site were included ;

• Ex-situ monitoring activities were not taken into account ;

• Landfilling of soils was excluded from the system boundary.



4 4 -- LCILCI
Life cycle Life cycle flow diagramflow diagram
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4 4 -- LCILCI
Some inventory Some inventory data …data …
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• Characterization factors for each emitted susbstance come from SimaPro 
databases (EDIP97). 

• Characterization factors for diesel were calculated for the three main 
fractions  (Gustafson et al., 1997) according to the EDIP methodology
(Hauschild et al., 1998).

5 5 –– LCIALCIA
Diesel Diesel characterization factorscharacterization factors
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66-- Local impact is superior to global impactLocal impact is superior to global impact

Déchets

GWP 

Ozone depletion

Acidification

Eutrophication

Photochemical smog

Ecotoxicity water chronic

Ecotoxicity water acute

Ecotoxicity soil chronic

Human toxicity air

Human toxicity water

Human toxicity soil

Bulk waste

Hazardous waste

Radioactive waste

Slags/ashes

Wastes

(42%)

Local impact 
(39%)

Global impact 
(19%)

The impact associated to the wastes 
category is generated by the asphalt 
and wood end-of-life (burial in landfills)



6 6 -- Decontamination generates less impact than Decontamination generates less impact than 
the initial contaminationthe initial contamination
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•Treatment efficiency (criteria level reached) does not influence the level of 
secondary impact ;

• As lower levels of contamination are reached during decontamination (A 
and B generic data), the less significant the bioremediation’s total impacts 
becomes.



6 6 -- Decontamination generates less impact than Decontamination generates less impact than 
the initial contaminationthe initial contamination

This LCA showed that the remediation that occurred in the late 90’s
has probably generated less impact than the contamination.
In a sustainable development perspective, this decontamination was
necessary.

Total impact of 
bioremediation

Impact of the initial 
contamination

For initial contamination > 350 ppm

<
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Two life-cycle 
stages generate
85% of the total 
impact

66-- Site preparation and site closure are the main life Site preparation and site closure are the main life 
cycle stages that generate environmental impactcycle stages that generate environmental impact



66-- Replacement of asphalt with cementReplacement of asphalt with cement
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Asphalt is a material input which generates a high impact (during its 
production and its end-of-life burial in a landfill).

Concrete paving
does not represent 
a better 
environmental 
alternative to 
asphalt since its 
impact is higher 
than asphalt paving 
(Blomberg, 2000; 
Horvath et al., 
1998).



66-- SingleSingle--use use treatment center treatment center or permanent or permanent 
facilitiesfacilities ??

Single-use treatment 
center

- Site preparation and closure

- Soils remain on site

Permanent facilities
- Allocation of the impact of site 
preparation and site closure to 
the total quantity of soil treated 
during the center’s operation 
time

- Transport of soils from the
contaminated site to the 
permanent treatment center

Comparative 
LCA



66-- Global impact increases if the permanent Global impact increases if the permanent 
center is far away from the sitecenter is far away from the site

For a permanent treatment center treating 20,000 m3 of soil / year during 10 
years global impacts become superior to the ones of a single-use treatment 
when the distance to the contaminated site becomes greater than 200 km.
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7 7 -- ConclusionsConclusions
for decision makersfor decision makers

" To reduce the overall environmental impact, contaminated soil 
should be treated to achieve the lowest level of residual 
contaminants;

" Decontamination can generate more impact than the 
contamination itself when the initial contamination is below a 
certain limit value (350 ppm for this case study);

" Depending on the volume of contaminated soils treated each 
year, the duration of permanent installations and the 
contaminated sites’ geographical location, permanent 
installations can be a very interesting alternative to reduce the 
environmental burden.  



7 7 -- ConclusionsConclusions
LCA and contaminated soil managementLCA and contaminated soil management

The use of LCA proved to be useful for the assessment of site
remediation but has also revealed several challenges : 

" Over-estimation of the primary impact values obtained from the EDIP 
method: o many physical and chemical properties of the soil and the 

diesel were not taken into account during the 
characterisation factor calculations ;   
o no sorption phenomena were integrated ;
o the model assumes a one-shot release of the 
contaminant ;
o all diesel is considered available to produce 
ecotoxicologic and toxicologic effects ;
o no site-specific considerations.

" Low data quality :The databases used were predominantly European;  A 
significant proportion of the data taken from the databases is not well 
documented
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