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EXECUTIVE SUMMARY 

To address broader concerns arising from contaminated site remediation, a Life-Cycle 

Framework (LCF) has been developed that is comprised of two parts, a qualitative Life-Cycle 

Management (LCM) approach and a more rigorous, quantitative Life-Cycle Assessment (LCA) 

approach. The objective of examining site remediation options using the LCF is to consider a wide 

range of potential environmental and human health impacts beyond the contaminated site per se, 

and over a long time horizon. The approach is intended to provide information that will assist the 

public, policy makers, land holders, and technology vendors with making decisions protective of 

environmental and human health by means of' minimizing overall environmental burden. LCF can 

be applied in two ways, to design a remediation project that minimizes environmental burden or to 

analyze results from previous remediation projects with the aim of identifying opportunities to 

decrease impacts or increase awareness of impacts,, 

Application of existing LCA and LCM methods to site remediation options required several 

adaptations and innovations The LCM has four stages Identify involves specifying the purpose of 

the study, the end users, and establishing boundaries The remedial option is characterized 

according to life-cycle stages: (i) raw materials and energy acquisition; (ii) site processing; and 

(iii) post-site processing; with sub-stages (iv) transportation and distribution; (v) waste 

management; and (vi) monitoring Inform requires compiling an inventory of inputs and outputs 

based on life-cycle stages and linking inventory items with potential impacts. Stressors, or 

inventory items that can induce environmental impacts, are grouped in the thee  categories of 

pollution, depletion and disturbance.. Within each category we distinguish between process- and 

site-related impacts Stressors are ranked in a "Potential Impacts Checklist" according to level of 

concern In Assess, consideration is given to future study according to the purposes established in 

Identzfi, Implement involves acting on the conclusions of the study., 

The LCA method was adapted to site remediation options by defining a prolonged temporal 

boundary of, for example, 25 years that is intended to capture long term impacts and amortize 

impacts occurring intensively over a short time period (e g , soil washing) versus those occurring 

over a long time (e g , no-action, or encapsulation) The system boundary was defined to include 

soil, as in LCA for agriculture Although an obvious functional unit or normalizing factor was not 



apparent, we suggest using land mass or volume that is exposed to a remediatlon opt~on, e g , the 

mass of contaminated soil that is delineated We use the concept of "exposed" because the volume 

of contaminated soil may not be treated (no-action) The remediation option is broken down into 

life-cycle stages and an Inventory of inputs and outputs is compiled for each stage Impact 

Assessment involves quantitatively translating inventory items OK stressors into potential impacts 

Stressors are categorized according to the three impact categories listed above, for process- and 

site-related impacts The few impact models that are available for quantitative translation include 

Global Warming Potential, Acidification Potential, Solid Waste Burden, Land Use, Human and 

Ecosystem Toxicity for emissions, and Residual Human Toxicity Burden for contaminants 

~emaining on-site in soil and groundwate~ 

The LCM was used to examine six generic site remediation options: no-action, the risk 

management approach of encapsulation, excavation and disposal, in-situ methods of vapour 

extraction and bioremediation, and ex-situ soil washing Process flow diagrams were deveIoped 

for each option according to life-cycle stages and sub-stages A qualitative inventory was 

developed based on the flow diagrams Inventory items were linked to potential environmental and 

human health impacts using the "Potential Impacts Checklist" to identify possible concerns Three 

levels of concern were assigned to each stressor for each of the six remediation options according 

to five criteria Bias in the ranking process was minimized by conducting initial, independent 

assessments by multiple appraisers and then reaching consensus on all rankings 

The analysis revealed that concerns with no-action lie in contaminants remaining on-site with 

potential for off-site migration. Land use is impaired and toxicological concerns are high. 

Encapsulation minimizes exposure and off-site migration at the detriment of land use potential and 

site disturbance ( e g ,  aquifer quality and quantity, land stagnation). On- and off-site toxicity is a 

concern since contaminant concentrations are not altered. Excavation and off-site disposal 

minimizes on-site toxicity and maximizes land use potential at the expense of land disturbance at 

waste disposal facilities and the bor~ow pit from which clean backfill is obtained. Impacts occur 

due to the transportation of contaminated soil to the disposal facility and backfill from the borrow 

pit. Conce~ns with bioremediation arise from the prolonged time taken fbr remediation, during 

which toxicity and/or off-site migration could occur Soil quality may be improved, but adverse 

impacts could occur to ground- and surface waters as nutrients and other chemicals are added to 

enhance contaminant degradation rates Soil washing results in transportation-.related emissions 

produced by excavation (similarly to excavation and disposal), changes to soil quality that affect 

land use, land consumption as contaminated fines require disposal, and land disturbance from 

obtaining clean backfill at a borrow pit. As for bioremediation, concerns with vapour extraction 

relate to the length of the process leading to potential for toxicity and off-site migration. Land may 

be consumed by solid waste disposal from water and air treatment,, 

The LCA was applied to examine potential environmental and human health impacts arising 

from a case study involving the clean-up of a lead-contaminated site in southern Ontario by means 

of excavation and disposal. The analysis was based on proprietary consultants' reports The 

process involved three main site processing steps of site excavation, backfilling and capping (the 

latter pertained to part ofthe site) Five categories of raw materials were acquired (e..g , crude oil 

for the asphalt cap), waste management involved six steps (e.g., dust mitigation and water 

treatment), and monitoring occurred at two main stages (site excavation and water treatment) On- 

and off-site transportation occurred throughout the process Inventory items were quantified for 

the four life-cycle stages of raw materials acquisition, site processing, waste management and 

transportation Impacts were estimated using stressor-impact models f o ~  the process-related 

indicators of' Global Warming Potential, Solid Waste Burden and Ecological and Human Toxicity 

Potential, and the site-related indicators of Land Use and Residual Human Toxicity Burden 

Chemical emissions were related to potential toxicity impacts using a Mackay Level III 

multimedia model for southern Ontario, adapted for metals Estimated concentrations were 

compared to "no-effect" doses using standard intake rates and body weight for human toxicity, 

and "no-effect" concentrations for ecotoxicity Residual Human Toxicity Burden was determined 

by comparing measured chemical concentrations corrected for background concentrations, with a 

chemical concentration derived from a Reference or Risk Specific Dose, depending on the 

toxicological mode of action. 

The results of the analysis indicated impacts occurring due to transportation-related emissions 

and energy consumption, as contaminated soil and sludge from water treatment was kinsported to 

hazardous and non-hazardous disposal facilities Solid waste production led to land consumption 

at two sites (hazardous and non-hazardous disposal facilities), bringing the total number of 

disturbed sites to four (the contaminated site and borrow pit for backfill in addition to the disposal 

sites) However, restored land use at the remediated site was greater than that consumed for 

disposal or disturbed for clean fill due to economies achieved at these sites Potential human and 



ecosystem toxicity arose from emissions during excavation of dust with elevated metal 

concentrations The greatest concern was due to lead affecting aquatic ecosystem health The 

analysis of Residual Iluman Toxicity Burden indicated concern ovel lead ~emaining in soil in two 

of three areas 

Overall, applicahon of the LCM and LCA to site remediation options suggested that the 

analysis was useful for identifying potential impacts, some of which are discounted in traditional 

assessments (e g , off-site impacts) or not included (e g , Iesource consumption, land 

fragmentation) The analysis also illustrated that site remediation activities result in impacts that 

occur at the local, regional and global scales, over all activities and locations affected by 

remediation activities The LCF provides a systematic method for documenting, displaying and 

assessing a wide range of impacts issuing from site remediation options, from whlch more 

informed decisions can be made that are protective of human and ecosystem health 
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In urban and industrial areas across Canada, many sites that were used for industrial purposes 

are now underutilized or derelict Communities are concerned about potential human and 

ecosystem health effects that could result from site contamination and related clean-up activities, 

The issues of site remediation, with associated liability and uncertainty, and potential costs for 

clean-up, can be significant impediments to redevelopment Under previous site 

decommissioning guidelines of'the Ontario Ministry of' Environment [MOE 19891, many sites 

were remediated using excavation and disposal The newer guidelines of the Ministry [MOEE 

1996al provide a wider range of'options, including site-specific risk assessment and risk 

management, and promote treatments such as bioremediation, vapour extraction and thermal 

desorption, rather than removal of contaminated soils. Policy development, aimed at protecting 

public and ecological health, has not thoroughly examined risks associated with site remediation 

processes ( i e ,  remediation itself entails risks) and impacts beyond the contaminated site In 

order to more fully consider and protect public and ecological health, we suggest that policy- 

makers, remediation practitioners, and the public should be aware of the wider potential impacts 

of'the various remediation options and incorporate this information into their choices for suitable 

remediation options. 

The framework presented here was developed to examine issues related to broad impacts of 

site remediation processes It is based on the Life-Cycle (LC) concept that has been most often 

applied to products o at her than processes "Life-cycle thinking" involves considering all inputs 

and outputs related to a product or process, from start-to-finish or cradle-to-grave The method is 

attractive because it is comprehensive and inclusive, and promotes a holistic approach to 

minimizing environmental impacts 

The following report details the development and application of a Life-Cycle Framework 

(LCF) to site remediation options The LCF consists of two parts, a qualitative Life-Cycle 

Management (LCM) approach and a quantitative Life-Cycle Assessment (LCA) approach 

Condensed versions of the report have been published in the scientific literature [Diamond et al , 

1998, Page et a1 , 19981 



1.2 OBJECTIVES 

This study is a f is t  step in investigating whether a Life-Cycle Management (LCM) or Life- 

Cycle Assessment (LCA) approach is useful for providing information for decision making 

purposes on a site-specific basis, and consequently of use to private and public sector 

development proponents. 

The project's objectives, along with the main research questions to be addressed, are as 

follows: 

1 Develop a broad framework, based on the "life-cycle concept", for assessing and comparing 

soil and groundwater remediation options 

2 Refine the broad framework through preliminary application to six generic site remediation 

options Questions to aid in this conceptual assessment include: 

What does the application of the framework tell us about various technologies? Is this 

information useful from an environmental management policy perspective? 

What does the application of the f~amework tell us about a comparison between 

technologies? 

What issues arise when applying the framework? 

3 Assess the framewoxk th~ough application to a site remediation case study using quantitative 

data from a completed remediation project Guiding questions include: 

What can we learn about the remediation pxocess assessed? 

What problemslstrengths of the framework were encountered? 

What are the most appropriate applications of the framework? 

4 How should the information, gained by applying the LC framework to site remediation 

activities. be used: 

to clarify impacts among site remediation options on a comparativeldecision-making 

basis? 

e to inform environmental and public health policy development as related to site 

remediation options? 

to assist policy makers and the public in areas of environmental remediation, 

environmental management, and environmental and public health? 

1.3.1 Lie-Cycle Framework for Site Remediation Options 

This report is organized into three main sections contained in Chapters 2 to 4, preceded by 

this introductory chapter. Each of Chapters 2 to 4 can be read independently, without relying on 

previous information. Chapter 2 contains a detailed description of the method of the Life-Cycle 

Framework for site remediation options: the development of a life-cycle based approach for 

generic site remediation options and refining an LCA-based tool for a more detailed life-cycle 

investigation of remediation activities Sub-tasks included identifying life-cycle stages in site 

remediation options; setting appropriate geographic, temporal, and process boundaries; outlining 

methods for compiling energy and material inventories for the life-cycle stages ofthe case 

studies; and determining the environmental and health indicators for site remediation options. 

The impact assessment portion has been expanded to encompass indicators appropriate for 

remedial options. In order to strengthen the analysis of environmental and health impacts, 

possible measures of' environmental and human toxicity are also explored, 

1.3.2 Application of Lie-Cycle Framework to Site Remediation Options 

Chapte~ 3 presents the application of the LC Framework to evaluate the f'ollowing 

contaminated site remediation options: 

1 control ( i .e,  no-action) 

2, management (e g , encapsulation) 

3 off-site disposal (e g , excavation and disposal or "dig-and-haul") 

4, in-situ bioremediation 

5 soil washing 

6 ,  vapour extraction 

We introduce the qualitative "Potential Impacts Checklist" and the concept of' process- and 

site-related stressors to aid in assessing the potential impacts of each option., 


































































































































































