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ABSTRACT
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Advisor:
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Sean Kelly

Many Canadian cities are faced with the challenge of contaminated lands that remain
vacant due to high remediation costs. Redevelopment of these lots to green space enhances the
character of our cities and improves human and environmental health. Phytoremediation, the
process of treating contaminated soil and water with plants, was explored as a plausible design
application towards the re-use of contaminated vacant lands. Based on an integrative literature
review synthesis and a phytoremediation example, design guidelines were formulated and then
applied to three Canadian municipal sites. An expert panel, including phytoremediation
specialists and municipal staff involved with open space planning and development, provided an
evaluation of the guidelines. The results demonstrated that the design guidelines are an
appropriate foundation for the application of phytoremediation as an interim strategy for
transforming contaminated lands into usable green space within Canadian municipalities.
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CHAPTER ONE – INTRODUCTION
Overview
Cities worldwide have suffered over the last few decades from a decline in their
industries; this decline has created both economic and aesthetic hardships (Waugh 2011). In
many cases, underutilized and abandoned lands in derelict centres now make up the urban fabric.
The vacant lands within the city core that are perceived to be or evidently are contaminated by
the previous land use are not intended for change due to redevelopment costs and associated
liabilities.
In Canada, regional and local planning has faced challenges such as transportation
problems, continuous urban sprawl, and simultaneous decline and regeneration of central areas
(Grant 2006). As a result, many underutilized vacant lands can be found in the Canadian urban
landscape. To focus on the inherent value of these abandoned lots and integrate them into the
urban landscape is one of many gradual improvements that can be done for a city and
community. There are many benefits associated with the reuse of these sites that enhance the
quality of life in the surrounding neighbourhood, including but not limited to decreased crime,
improved local environmental quality, and increased property value (Hollander et al. 2010). The
profession of landscape architecture has shown interest in transferring vacant lands into green
space (De Sousa 2003). Studies have shown that people in a community prefer a vegetated
landscape to a vacant land and the benefits on the mental and behavioural outcomes are evident
(Kuo et al. 1998; Ulrich 1996).
Before any vacant land transformation, contaminated sites need to be both restored and
regulated. Depending on the mechanisms used for repair of the landscape, the process can be
costly and intrusive to the ecosystem and community. Phytoremediation, the use of plants to
remove or biostabilize contaminants in soil and water, is a low cost remediation option (Russ
2000). The restorative nature of plants has been recognized and understood for centuries, but the
phytoremediation mechanism is viewed differently from the conventional horticulture or
landscape architecture process (Kirkwood 2001). Phytoremediation systems are typically
designed and installed by environmental engineers and remediation specialists and if the site is to
be developed into a green space, traditionally, a landscape architect joins the process after the
remediation process is complete. In Phytoremediation: Integrating Art and Engineering Through
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Planting, Rock (Kirkwood 2001: p. 52), indicates that “on some sites it is possible to place
planting in such way as to allow for partial reuse of the site for public access.” In essence,
phytoremediation should be viewed as landscape design, thus allowing it to be integrated into the
public realm.
The potential and benefit of phytoremediation for a community have been discussed in
the literature (Tucker and Shaw 2000), but there has been very little connection made to the role
that landscape architects can play in establishing a phytoremediation system.
This thesis explores the elements required for Canadian municipalities to utilize
phytoremediation as an interim tool to transform contaminated vacant lands into a beneficial
green space.
Goal and Objectives
The goal of this research is:
•

To explore phytoremediation as an interim design tool to transform contaminated
publicly-owned vacant lands into temporary usable green space until future development
is possible.

The objectives of this study are to:
1. Investigate different aspects of a phytoremediation system and its potential
contributions to the public realm in Canada by reviewing the literature;
2. Develop design guidelines that synthesize phytoremediation and landscape
architecture design requirements to ensure a successful integration of the site into the
urban landscape;
3. Apply these design guidelines to three case studies, each one representing a different
region of Canada, in order to demonstrate the applicability of the guidelines;
4. Evaluate the design guidelines and design case studies from a phytoremediation,
design, and public realm perspective by conducting an expert panel review.
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CHAPTER TWO – INTEGRATIVE LITERATURE REVIEW SYNTHESIS
Introduction
Vacant lands are spread throughout the urban landscape and they often add to
neighbourhood deterioration. Appropriate use of these lands can serve environmental and social
functions that will help to enhance and diversify communities in order to better benefit the
people (Hough 1984). Renewal of underutilized and neglected lands into public space offers a
tremendous improvement to the quality of life and land use (Loures and Panagopoulos 2007).
This thesis explores the idea of utilizing contaminated vacant land while remediating
them with plants until the future long-term use is determined. Can phytoremediation be utilized
as an interim design tool and landscape architecture strategy to transform contaminated vacant
lands into green space in Canadian municipalities? How? This chapter is intended to provide the
basis required to answer the aforementioned questions. For the purpose of this thesis, the
definition of green space includes vegetated areas either actively or passively used and the terms
brownfield and contaminated vacant land are used interchangeably.
The literature review is divided into three sections: phytoremediation and contamination;
landscape architecture, including all facets of designing a public green space; and governance containing a general overview of policy and regulations associated with contaminated vacant
lands in Canada.
PHYTOREMEDIATION AND CONTAMINATION
Soil Contamination Remediation
A brownfield is defined as an underutilized, vacant, and abandoned land due to the
presence or perception of environmental contaminants (Russ 2000) that are remnants of previous
land use. The process to remove, clean up, or chemically change contamination into a non-toxic
form is called remediation (Russ 2000). Remedial action is preceded by a series of site
assessments undertaken by professional environmental consultants. Remediation includes a
variety of processes that depend on the type and extent of contamination. Different remediation
methods can be categorized based on the technique (biological, chemical, or physical), their
placement (in situ or ex situ) and their location (on-site or off-site).

	
  

3

The Ministry of the Environment (MOE), the regulatory body at every provincial
jurisdiction, is responsible for determining the standards to protect the health of humans and
environment. In Ontario, the Soil, Ground Water and Sediment Standards for Use Under Part
XV.1 of the Environmental Protection Act provides a series of site condition standards that
regulate the amount of allowable contaminant concentration in soil, ground water, and sediment
for 1) agriculture; 2) residential, parkland, institutional, industrial, commercial, community
property use; 3) all types of property uses (Ontario Ministry of Environment 2011).
Figure 2.1 illustrates an example of the contaminated site management process in
Canada.

Figure 2.1. Environmental Guideline for Contaminated Site Remediation
(Source: Department of Environment of Government of Nunavut, 2009)
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Urban Soil Contaminations
Soil contamination is defined as the condition where concentrations of a natural or
synthetic substance are above that of natural background content (Craul 1992). Contaminants can
be organic or inorganic. Organic pollutants generally enter the environment through spills,
military activities, agriculture, and industry (Pilon-Smits 2005). Research has shown that many
organic contaminants have been successfully phytoremediated such as: TCE (Trichloroethylene),
herbicides, explosives (e.g., TNT), petroleum hydrocarbons (e.g., oil, gasoline, benzene,
toluene), and polychlorinated biphenyls (PCB) (Pilon-Smits 2005). Inorganic contaminants
include most heavy metals that can be toxic to plant and animal life (Stearns et al. 2007).
Inorganics, those natural elements that are released through human activity, cannot be degraded
but only extracted by some plants. A few examples of these inorganics are plant macronutrients
(nitrate and phosphate), plant trace elements (iron and zinc), nonessential elements (lead and
mercury), and radioactive isotopes (uranium-238 and caesium-137) (Pilon-Smits 2005).
Some of the more common contaminants in urban soils are: metals, polycyclic aromatic
hydrocarbons (PAH), PCB, chlorinated solvents, and petroleum hydrocarbons (PHCs) (Russ
2000; Urban 2008; United States Environment Protection Agency [USEPA] 2011). A few
examples of metals found in high concentrations in urban areas are: lead (Pb), aluminum (Al),
nickel (Ni), arsenic (As), cadmium (Cd), chromium (Cr), cesium (Cs), copper (Cu), mercury
(Hg), and zinc (Zn) (Russ 2000; Bidar et al. 2007; Costa et al. 2012).
Phytoremediation Overview
The biological and chemical abilities of trees above ground (e.g., reduction of air pollution)
seem to be well understood by most people. Studies have shown that trees can capture
remarkable amounts of particles from the atmosphere to improve local air quality (Beckett et al.
2000). The complex system of plants belowground is not considered as often. Some plants have
been recognized to have the potential to influence the chemical composition of soil and water.
Different plants have different abilities in interacting with a variety of elements. The first
response for some plants when exposed to toxins may be fatal, but for some it is a matter of
tolerance, and others is association at the cellular and molecular level. The mechanism is not
beyond the average function of the plants. There are 16 inorganic nutrients required for growth,
and with the exception of carbon, hydrogen, and oxygen, the rest are absorbed in the root system
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in the form of ions (Raven et al. 1986). Nitrogen (N), potassium (K), calcium (Ca), phosphorous
(P), magnesium (Mg), Cu, manganese (Mn), Zn, molybdenum (Mo), and boron (B) are taken up
by the root system (Raven et al. 1986). Some plant species such as Zea mays (corn) and
Medicago sativa L. (alfalfa) require sodium (Na) and cobalt (Co) for normal growth (Raven et al.
1986). Different concentration or forms of these elements can exist in the soil.
The process of reduction, containment, and/or alteration of soil and water contamination by
plants is called phytoremediation (Pilon-Smits 2005; Kirkwood 2001; Russ 2000). The
significance of phytoremediation is not just in cleaning toxins from the soil and ground water,
but also to prevent the contaminated solution (leachate) from migrating and spreading beyond
the boundaries of a brownfield site.
Phytoremediation Biological Mechanisms
Phytoremediation in plants takes place through different mechanisms. The United States
Environment Protection Agency (The Interstate Technology and Regulatory Council [ITRC]
2009) defines these mechanisms as Phytotechnologies since, from a regulatory standpoint, clean
up goals can include containment, remediation, or both. For the purpose of this thesis the
definition of phytoremediation includes all of the following mechanisms.
1. Phytodegradation – Plants’ metabolic processes break down the contaminants and
incorporate them into the plant tissue
2. Phytostabilization – Plants’ root system immobilizes the contaminants in soil and
groundwater
3. Rhizofilteration – Plants’ root system adsorbs the contaminants and filters the
contaminated water
4. Rhizodegradation – Microbes sheltered in the plants’ root system breakdown
contaminants into other molecules
5. Phytohydraulics – Plants uptake water to prevent the spread of contamination
6. Phytovolatilization – Plants uptakes metabolize, and release by-products to the
atmosphere in gas form
7. Phytoextraction – Plants uptake and translocate the contaminants by the root system and
store and accumulate in leaves and stems
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For phytovolatilization, an environmental health risk assessment should be undertaken to
confirm that the toxins released would not cause any harm. Studies on the phytoremediation of
selenium (Se) and mercury (Hg) showed that the volatile dispersed was very diluted and did not
pose any threat (Pilon-Smits 2005).
At the cellular and molecular level of plants there are many mechanisms involved in the
interaction and uptake of different elements. The systems explained earlier are not necessarily
exclusive in every individual plant (Pilon-Smits 2005). When plants encounter organic
contaminants, as they are manmade and foreign to a plant’s physiology, they enter the plants
through diffusion, but in the case of inorganics, since they are either nutrients or are similar in
nature, they move through with transport proteins (Pilon-Smits 2005). Figure 2.2 illustrates
phytoremediation mechanisms on a plant and presents a variety of root systems.

Figure 2.2. A representation of phytoremediation mechanisms in different root systems (Source:
Personal illustration. Information from literature review, 2013)
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In addition to the ability of some plants to take up contaminants, the presence of ground
cover provided by grasses and shrubs prevents the blowing of dust in the neighbourhood and
direct contact between people and the soil (Tucker and Shaw 2000). Barcelo and Poschenrieder
(2003) suggest phytosaturation as another mechanism where plants vegetate the surface of a
barren contaminated site to prevent soil migration and erosion and surface water runoff.
Phytoextraction has been recognized as an appropriate method to remove heavy metal and
other non-degradable elements from the soil (Cluis 2004). Ideally, the type of plants involved in
this process should grow on contaminated soil quickly, have a rapid root to shoot transfer, and
have high biomass. On the contrary, typical hyperaccumulator plants that are capable of
phytoextraction have slow growth and a low biomass (Barcelo and Poschenrieder 2003). The
toxins accumulate in the leaves and shoots of plants; thus, harvest and reuse for non-consumable
purposes (e.g., wood and cardboard production) or proper disposal of the plants is recommended
(Hooda 2007). The heavy metal transfer mechanism varies within a tree such that Pb, Cr, and Cu
tend to be held primarily in the roots whereas; Cd, Ni, Zn are more easily transferred to the aerial
tissue (Pulford and Watson 2003).
Phytodegradation is the best possible pathway for remediation of organic compounds as
they can be degraded into harmless products and mineralized by breaking down into CO2 and
H2O molecules. This breakdown occurs either by metabolic processes inside plant tissue or by
enzymes secreted by plants in the soil (Cluis 2004). Phytostabilization is ideal when
contamination needs to be controlled and prevented from migrating both laterally and at depth.
Usually, a combination of trees and grasses works best since fast-transpiring trees keep the
contamination from flowing downward while grasses prevent wind erosion and lateral run off
with dense root systems (Hooda 2007). In rhizofilteration a complex ecosystem of plants,
microbes, and sediments act together as a biogeochemical filter that removes contaminants from
wastewater (Hooda 2007). New biotechnology research is focused on genetically modified plants
that have the greatest phytoremediation qualities (Hooda 2007).
Phytoremediation Opportunities and Constraints
Phytoremediation has qualities that make it a preferred option over other methods of
remediation; however, some constraints are preventing it from being a common method of
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remediation. As the composition of a phytoremediation system is plants, establishment of it is
less expensive than other remediation methods (Westphal and Isebrands 2001; Barcelo and
Poschenrieder 2003; Pilon-Smits 2005; Rajakaruna et al. 2006; Bert et al. 2009).
Phytoremediation is favourable due to significantly lower costs. One study showed that the
difference between a phytoremediation system ($80,500) and other soil remediation methods
such as soil incineration ($65.3-489.3 million) and soil venting ($6.5-71.8 million) to be
significant (El-Gendy et al. 2009). Phytoremediation is a common method of treatment in
developing countries due to its low costs and easier access to plants than specialized machinery
(Rajakaruna et al. 2006). Additionally, the only major maintenance concerns are the biomass
produced. Many researchers are suggesting the use of phytoremediation biomass for bioenergy
production, but that is an area that requires further research (Gomes 2012).
Phytoremediation is an in situ and on-site process, which is the least invasive process and
maintains the integrity of the soil by not over-disturbing it and without any loss in volume due to
dumping (Bert et al. 2009). It is suitable for treatment of shallow contamination at low to
moderate concentrations in large land parcels (Chaudhry et al. 1998). This is important since soil
is a valuable resource and it does not get regenerated in our lifetime. Maintaining and cleaning
the soil on site is a very important ecosystem choice to make. Bacteria and fungi associated with
the root system of certain plants take part in microbiological fertility where nutrient substances
are released (Chaudhry et al. 1998). This increases the biological activity around the plant root
and facilitates the digestion of material, which can further contribute to the quality of soil.
Therefore, these qualities make phytoremediation a less intrusive and more efficient and
beneficial system (Chaudhry et al. 1998).
Additionally, the vegetation included in a phytoremediation system can be more
aesthetically pleasing for the surrounding community (Westphal and Isebrands 2001).
Because of the aesthetically pleasing landscapes created by phytoremediation, people have
welcomed this system in their neighbourhoods (Tucker and Shaw 2000; Nagendran et al. 2006).
Phytoremediation is recognized by some government agencies as a solution welcomed by the
general public since it does not involve chemical treatments and heavy machinery and reduces
exposure of polluted substrate to humans, wildlife, and the environment (Pilon-Smits 2005).
However, some of the constraints involved in a phytoremediation system are associated
with the vegetation. Like any other planting operation the startup and optimization can be a time-
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consuming process. It requires a certain amount of time for any planting to be established. Also,
the root system is not typically a rapidly growing portion of plants. In a phytoremediation
system, the most important component of the plant is the root system where all the molecular and
cellular interactions with the soil and water take place. Another challenge is the vulnerability of
the plants towards other environmental factors such as pests, diseases, extreme cold and drought
conditions. Phytoremediation systems require maintenance; however, it is less than the
maintenance required for other remediation systems and their associated machinery (El-Gendy et
al. 2009; Hooda 2007). Finally, the natural process of contaminant uptake and treatment is
slower than other physical and chemical remediation methods. The combination of these reasons
results in a time-consuming system.
Another concern that comes to mind for most people is the effects of phytoremediation
on higher trophic levels and the potential of transferring contamination through the food chain
and causing significant health concerns for humans and animals (Rajakaruna et al. 2006). This
can be resolved with site-specific ecosystem investigations.
Phytoremediation Applications
Riparian buffer strips (vegetation next to water resources for protection of water
resources from pollution) and vegetative filters (a patch of vegetation to cover landfills to control
erosion and reduce rainwater) are some of the applications of phytoremediation (Westphal and
Isebrands 2001). Phytoremediation offers practical solutions for environmental problems
associated with rehabilitation of landfills through a vegetative cap and many other applications
such as remediating constructed wetlands (Nagendran et al. 2006).
Furthermore, phytoremediation is ideal for the remediation of petroleum-contaminated
lands such as old refinery sites that do not have any development plans in the near future, based
on the cost, timing, and physical effectiveness (El-Gendy et al. 2009).
Bert et al. (2009) recognize phytoremediation as an option for management of
contaminated sediments in flood control areas, tidal marshes, and dredged sediment landfill
areas, but state that phytoremediation is still an emerging technology and its field applicability
needs to be further investigated.
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Phytoremediation Plants
Salix spp. (willows) and Populus spp. (poplars) are common plant species appropriate for
phytoremediation as they have a rapid growth, have an extensive and deep root system, and
extract a large amount of water (Westphal and Isebrands 2001; Chaudhry et al. 1998; El-Gendy
et al. 2009; Gomes 2012). Poplars have been the most successful plants for their ability to
phytodegrade and phytovolatilize contaminants (Pilon-Smits 2005). Much interest has been paid
to the species of willow that are fast growing and bushy, that grow rapidly under coppice
systems, and that can be harvested every 3-5 years (Pulford and Watson 2009). Research has
investigated specific genotypes, such as Populus deltoids x nigra (hybrid of eastern cottonwood),
that uptake contaminants effectively (Zalesny Jr. and Bauer 2007).
Brassica juncea (Indian mustard) grows quickly and has the ability to accumulate lead
from the soil into its leaves, which makes it easy to harvest and discard (Tucker and Shaw 2000).
Indian mustard and sunflower can be utilized in phytoextraction processes specially
recommended in dealing with metal contaminants (Hooda 2007).
Some species that are capable of stimulating microbes for rhizodegradation are Festuca
spp. (fescue), Lolium spp. (ryegrass), and prairie grasses such as Buchloe dactyloides and
Bouteloua spp. (Pilon-Smits 2005), and Panicum virgatum (switchgrass) (Gomes 2012). Festuca
arundinacea (tall fescue) tolerates and accumulates a significant amount of lead in its shoots
(Begonia et al. 2005). Ricinus communis cv. Guarani (Castor bean) is tolerant of lead and its
accumulation is localized in the roots and does not get transported into the shoot (Costa et al.
2012).
Lai and Chen (2009) found that herbaceous plants are more capable of accumulating
metals than woody plants in their studies of various areas of central Taiwan. They selected the
following herbaceous plants appropriate for phytoextraction of metals: Portulaca oleracea
(purslane); garden canna from the Canna spp.; Bojers spurge from the Euphorbia spp.; from
Ixora spp. Chinese ixora croton; Kalanchoe spp., Serissa spp.; Verbena x hybrida (garden
verbena); Dianthus chinesis (rainbow pink); Tagetes patula (French marigold); Scandent
scheffera (umbrella tree); Hibiscus rosa-sinensis (Chinese hibiscus); and sunflower (Helianthus
annuus). Peralta et al. (2001) showed that Medicago sativa L. (alfalfa) plant has the ability to
germinate, grow, and uptake Zn when in a contaminated medium.
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Trifolium repens (white clover) and Lolium perenne (perennial ryegrass) have been
recognized as suitable for phytoextraction of metals such as Cd, Zn, and Pb (Bidar et al. 2007).
White clover was used in experiments resulting in remediation of soil contaminated with PCB
(Vasilyeva et al. 2010). Water hyacinth (Eichhornia crassipes) has the ability to remove
ammonia, nitrate, and phosphorous from wastewater treatment plant discharge prior to entry into
aquatic systems; thereby, improving water quality and preventing eutrophication (Kutty et al.
2009).
Environment Canada (2003) has compiled a searchable database of plants that can be
used to remove metal contaminants from soil, sediments, and water. This database has an
extensive list of metal extracting plants that can be used throughout the world. The user of this
database needs to ensure the plants selected are appropriate for Canadian climates. This database
is called PHYTOREM and is available by request on Environment Canada’s website.
Phytoremediation Planting Requirements
There is an extensive amount of research on the physiological and biotechnological
aspect of phytoremediation both in the laboratory and the field. There have also been many
studies completed on the specific reactions of certain plant species and their engaging
contaminant. However, there is little detailed information available on the planting requirements
in regards to arrangement and order of different plant species on a phytoremediation site. Since
the heart of a phytoremediation system is centralized in the root system of plant species it is
apparent that the planting must be in a manner that allows the root system to reach its full
potential. Allowing sufficient space for root growth is concurrent with a plant density that meets
the requirement for effective remediation.
Many phytoremediation studies recognize the selection of the appropriate plants as the
most important elements in planning a phytoremediation system (Kutty et al. 2009). Designing
the plant arrangement and density depends on the type of phytoremediation mechanism and areas
of contamination.
Schnoor (1997: p.16) indicates that hybrid poplar trees are typically planted in the “10002000 per acre (approximately 1-2 per 4 metre square) range with a conventional planter at 12-18
inches depth (approximately 30-45cm) and/or in trench rows at 1-6 feet in (approximately 30180cm) depth.” He further elaborates that if a row arrangement is used, the trees should be
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spaced with 2 feet (approximately 60cm) between trees and 10 feet (approximately 3m) between
rows; this also applies to other deep rooted high water uptake plants such as cotton wood and
willow (Schnoor 1997). Cook et al. (2010) found an increased tree cutting survival and growth
when trees were planted in boreholes (23cm diameter x 1.2m deep, backfilling with clean
topsoil, and planting was done early in the growing season. Such exact measurements may not be
applicable to every phytoremediation project since ground water table has various depths in
different areas.
Planting strategies are dependent on the nature of the contamination, goal of the
remediation process, and the geographical location of the site. Therefore, collaboration with a
remediation specialist is essential.
Phytoremediation Operation and Maintenance
A study of neighbourhood input on greening vacant lands has shown that residents
welcomed the idea yet had concerns about the long-term maintenance (Pincetl and Gearin 2005).
Nassauer (2011) indicates that in order for a landscape to be recognized as maintained by people
it needs to exhibit the intentions for care, or “cues to care.” Some typical phytoremediation
maintenance requirements include mowing, replanting, pruning, harvesting, and monitoring
vegetation contamination (Schnoor 1997). This is similar to the standard site care and upkeep
associated with landscape architecture projects. Harvesting is required when the
phytoremediation system involves extraction as the plant accumulates toxins such as heavy
metals in its tissue. The decision to use plants that involve phytoextraction is based on the
contaminants present.
Phytoremediation system preparations such as soil amendments and irrigation (El-Gendy
et al. 2009) are some of the other requirements that are common with any other planting system.
This information can be investigated through soil tests and established before the design process.
There are other inspections that are required to take place after the phytoremediation system is
established, including but not limited to, plant growth and plant health assessments and
monitoring remediation performance (ITRC 2009).
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Phytoremediation in Landscape Architecture Literature
The ability of plants ability to extract pollutants and contaminants was tested in the
1950s, but the term phytoremediation was first coined in the 1980s (Willey 2007). Since then,
phytoremediation has been a common topic of research in the fields of geochemistry,
biotechnology, and engineering.
In recent decades landscape architects have explored this topic as well with the majority
in the USA. Sleegers (2010) studied phytoremediation as a green infrastructure and an
experiential landscape. He evaluated “phytoremediation as a process-oriented tool for an
evolving green infrastructure network that defines new landscape” (Sleegers 2010: p.151).
In the Canadian landscape architecture field phytoremediation has been researched to a
small extent. In 2001, Pilz explored the topic of phytoremediation for her master’s thesis and
created a framework for integrating it into the landscape architecture design process. This
framework (Pilz 2001) guides a landscape architect through the process of contaminant
identification, determining appropriate phytoremediation strategy, vegetation selection and
planting design, and implementation. This can be problematic, as professionals licensed by the
regional regulatory body must conduct contaminant identification. A similar framework, called a
“Decision Tree”, is also available through the studies done by USEPA that directs the reader
through the process of phytoremediation, but this lacks the landscape architecture design process
(ITRC 2009).
To the researcher’s knowledge the topic of phytoremediation has not been extensively
researched and applied at the municipal level in Canada. Findings are limited to municipal
landfill rehabilitation and solid waste and wastewater treatment through phytoremediation
mechanisms (Nagedran et al. 2006). In the Town of Greater Napanee, Ontario, a
phytoremediation system has been established to rehabilitate the Richmond landfill (WESA
2010).
Pilon-Smits (2005) suggests that integration of landscape architecture and
phytoremediation is an interesting development as the public can use the area during and after
the remediation process while risks are minimized. The idea of integrating phytoremediation in
the urban landscape as a temporary green space in the field of landscape architecture has not
been explored to the knowledge of the researcher.
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Phytoremediation Example in Canada
This example is meant to explore the visual aspects of a site undergoing
phytoremediation and its potential contributions to the public realm. The objectives were to
analyze the surrounding environment, the visual character, and finally to complement the
literature review. The researcher visited the site in April and September 2012, and each visit
lasted about two to three hours. Access to the site was limited; therefore, all observations were
made from the outside of the site’s fenced area.
The site is located at 127 Hunter Street, in Peterborough, Ontario. Peterborough has a
land area of 63.80 square kilometers and a population of 78,698 (Census Canada 2011). As
illustrated in Figure 2.3 the surrounding neighbourhood at a larger scale includes a combination
of low-density residential and low commercial uses. There are a series of distinctive institutions
nearby such as a school and a church. A major trail corridor cuts through this area of the town
and continues farther north and south.

Figure 2.3. Neighbourhood Study (Source: Adapted image. Retrieved from peterborough.ca.
2012)
Figure 2.4 illustrates the location of the site at a closer scale. The site is surrounded on the east
by a mixed commercial and residential unit, on the west by the trail, south a buffer of vegetation,
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and north Hunter Street East. The site is completely fenced off by chain link fencing. A gravel
area is located on the northeast of the site to accommodate parking.

Figure 2.4. Site Inventory (Source: Adapted image. Retrieved from peterborough.ca. 2012)
The area highlighted in pale red delineates the phytoremediation vegetation.
The black arrows on three sides of the site represent pedestrian movement and flow. The trail
entry includes a bench and a series of information panels describing the different facets of the
trail system. The bench is located on the edge of the paved pathway with its back towards the site
fencing.
The following describes a series of observations that were made by the researcher during
the site visits:
April 2012 Site Visit
1. The site is flat and vegetation is planted in an orderly manner.
2. Populus spp., Salix spp., and Pinus spp. are amongst the planted phytoremediation
vegetation. In most areas the site was covered in sod and some Taraxacum officinale
(common dandelion). An unknown type of vine covers the outside portion of the eastern
fence line.
16

3. An unidentified species of bird was noticed sitting on a branch on the site.
4. Two people sat on the bench at the trail entry for about ten minutes with the
phytoremediation site as their backdrop.
5. Pedestrians used the main street sidewalk frequently and passed by the site.
6. Cars were parked on the street in front of the site.
7. A bicycle was locked to a pole on the sidewalk in front of the site.
September 2012 Site Visit
1. A squirrel was observed on the site.
2. There were sounds of birds and crickets, but it was unclear if they were coming from the
site or the surrounding area.
3. A butterfly was flying around in the area.
4. It was easy to see and hear the Populus spp. tremble in the morning breeze.
5. A woman with a stroller walking on the trail stopped and used the bench to rest and
attend to her baby.
6. A group of children on their way to school walked by the site on the main street.
7. The site had a lush green character.
8. A car was parked on the street in front of the site.
The next two pages include photographs to visualize the existing conditions of the site
and conditions prior to phytoremediation. The first three photos (Figures 2.5, 2.6, and 2.7) show
the northern side (front view) of the site and the last photo (Figure 2.8) displays the northeastern
side (side view) of the site. Figure 2.8 also gives the reader the ability to distinguish between the
street trees and the planted phytoremediation trees. A fenced vacant site with heavy machinery
and infrastructure is shown as Figure 2.5; this is a photo taken before the phytoremediation
system was installed. Figures 2.6 and 2.7 show the established phytoremediation system and a
lush green view behind the fence.
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Figure 2.5. Before Phytoremediation Process: December 1999 (Front View)
(Source: Peterborough site, provided by URS, 2013)

Figure 2.6. During Phytoremediation Process: April 2012 (Front View)
(Source: Peterborough site spring, personal photography, 2012)
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Figure 2.7. During Phytoremediation Process: September 2012 (Front View)
(Source: Peterborough site fall-front, personal photography, 2012)

Figure 2.8. During Phytoremediation Process: September 2012 (Side View)
(Source: Peterborough site fall-side, personal photography, 2012)
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Observations are an effective way to gain an understanding of the character, use, and
performance of places (Deming and Swaffield 2011). The researcher, through personal
surveillance, got the sense of the qualities of a phytoremediation site and its suitability in an
urban setting. It was evident that regular neighbourhood activity continued around the site. There
was no sense of avoidance of the site evident by different individuals. Despite the fence, the lush
green character integrates the site as if it is a portion of the trail system. During the short time of
the author’s site visits urban fauna such as bird, squirrel, and butterfly were visible on and
around the site. The ordered and organized pattern of planting indicates that the site is cared for
(Nassauer 2011).
Photography is an effective method of observation and analysis in research (Zeisel 1981).
Photographs included in this section function both as components of the site inventory and as a
simple comparison of the character before and during phytoremediation. The photos taken during
the phytoremediation process show a green vegetated land, while the before photo is clearly that
of a vacant lot with residual infrastructure. The reader must be aware of the plants outside of the
site (e.g., street trees) in order not to mistake and include them as phytoremediation vegetation.

LANDSCAPE ARCHITECTURE
Benefits of Green Space
In City Form and Natural Processes, Michael Hough (1984: p.2), recognizes that a great
extent of land lie unutilized and unproductive within cities, “while parks departments struggle to
provide parks with inadequate acquisition and development budget.” He further elaborates that
these undervalued lands contribute to the pollution of an already-troubled city environment.
Hough emphasizes that the aesthetic value of parks and open spaces have evolved to exclusively
fulfill recreation and amenity and there should be more focus on socially significant ways of
shaping the urban landscape. The presence of an abandoned contaminated site in an area can
have many effects on the local environment and social welfare. The environmental pollutions can
affect soil and air quality, ground and surface water quality, biodiversity, and at times human
health. In addition, loss of land value and impacts on the aesthetics of the neighbourhood are
some of the other concerns with contaminated sites (Neupane and Gustavson 2008).

	
  

20

Redevelopment of post-industrial contaminated sites to green space is valuable because it
can improve soil quality, create habitat, enhance recreational opportunity, and revitalize the
economics of the neighbourhood (Loures and Panagopoulos 2007). The benefits associated are
not limited to a neighbor but can go beyond to the neighbourhood and the city. It can
economically enhance the neighbourhood as businesses invest and people settle in
neighbourhoods they find attractive (De Sousa 2006a). Appearance affects the attitude and
perception of investors to a community, which can be changed with even a small enhancement.
A study of inner-city neighbourhoods showed that people fear the barren and vacant lots, and by
simply adding vegetation their responses changed (Kuo et al. 1998). In another study, individuals
who had some type of vegetation close by performed significantly better in coping with their life
issues than those living close to vacant vegetation-free land (Kuo 2001).
Additionally, research in community psychology shows that a vegetated common space
brings the community together, whether it be through the public participation associated with the
development of the place or through utilizing the usable common space (Kuo et al. 1998).
Studies have shown that communities that have strong social ties are more successful in avoiding
unwanted behaviour and discouraging criminal activities (Kuo et al. 1998), consequently making
the neighbourhood a safer place to be.
Furthermore, research has shown that urban dwellers receive a greater benefit from the
passive use of natural settings than active recreation and, therefore, those involved in park
planning should take diversity and variety into consideration (Ulrich 1986). In medium density
housing a feeling of spaciousness can be achieved by having views to green spaces from the
windows (Marcus and Sarkissian 1986). The patients at a psychiatric hospital preferred open
natural settings for passive behaviours such as looking at the view (Barnhart et al. 1998). Good
views not only can benefit people directly but also can be utilized as “borrowed scenery”
(Rogers 2001: p.514) in the design of our urban environment.
Finally, in strategies of structuring the urban fabric, the significance of green space has
been expressed in the success of urban renewal (Rosler 2008). In certain cities, as densification
and population increase, the demand for parks and green space will require a change in the
definition and perception of a public green space (Pincetl and Gearin 2005). The landscape
architecture history has shown that the perceived function of parks have evolved (Rogers 2001;
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Pincetl and Gearin 2005) and we do not need to recreate the landscape that existed before the
city but need to embrace what we have now.
Public Space
The role of public green space has shifted through time, from a natural refuge to a
contemporary sport complex, and now towards a tool for cities to become more sustainable
(Pincetl and Gearin 2005). People’s need of public spaces can be one or a combination of the
following: comfort, relaxation, passive and active engagement with the environment, and
discovery (Carr et al. 1992). A successful public space meets the needs of visitors (active or
passive use) and is safe, welcoming, well maintained, and incorporates vegetation (Miller 2009).
Public spaces can make an impact even when they are indirectly available to people. For
example, water is an element in some urban areas that is not available, but that invites
participation (Specter 1974). People usually get really close to the water, walk on the edge, and
cross over a bridge, and if available they may take a boat cruise to feel the proximity to the
water.
In Social Life of Urban Places, William H. Whyte (1988a) showed that many factors
contribute to the success of a place such as sun, sitting place, partly sheltered by trees, access to
water, food, relationship to the street, and an external stimulus. He found that people tend to sit
where there is a sitting place available and gather at the edge or corner of open spaces. He
emphasized that the secondary use of a place, for example the view that it provides for those who
are not using the place, is significant in the design of an urban place. Kaplan’s (1993) study
confirms this idea, as she found that windows at a workplace increase human contact with
vegetation and as result benefits employee health and productivity. Spaces that are built more
than three feet higher or lower than the street level become inaccessible psychologically and
since people cannot see them instantly, they will not use them (Whyte 1988b).
The aforementioned are some of the public space principles essential in creating
accessible and non-accessible phytoremediation areas.
Biological Processes in Landscape Architecture Projects
Landscape architecture is a young and dynamic profession that has always implemented
anticipatory and futuristic projects. Olmsted’s 1870 vision of Central Park was not how it was
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being used but the future use, when it would be the centre of a population of millions (Tate
2001). Garrett Eckbo (2002), in his writings on landscape design theory, explains that many
unprecedented problems with social and aesthetic context are ahead and landscape architects
need to utilize the old ideas as a strong base to build on.
Innovative integration of biological processes and landscape architecture is a common
phenomenon. At a former British Petroleum fuel storage and distribution facility, in Sydney,
Australia, rather than excavating and placing the contaminated soil in a landfill an on-site bioremediation technique to decontaminate the topsoil was employed (Margolis and Robinson
2007). The design for this waterfront park included repurposing the site’s industrial elements,
creating natural landscape conditions, and containing any remaining contaminants (Margolis and
Robinson 2007).
After 30 years of abandonment the former site of central gas works of Amsterdam,
Holland, through landscape architectural design, became the Westergasfabriek Cultural Park
(Margolis and Robinson 2007). The adaptive reuse of this park took on an earthworks strategy
where the soil placements were dependent on the layout of wetlands, trails, and berms, and the
park recreation program was arranged based on the contaminated soil cut and fill (Margolis and
Robinson 2007).
Other cases have taken an inventive approach beyond soil reuse. In some projects on-site
sewage and grey water treatment systems have been integrated into architecture and landscape
architecture. Some examples of such creative use of biological processes are Sidwell Friends
School, Washington, D.C., USA (Margolis and Robinson 2007) and C.K. Choi Building,
University of British Columbia, Vancouver, Canada (Macaulay and McLennan 2006).
In many reclaimed industrial lands that have been turned into green space, the existing
infrastructure is reused to improve the community and avoid heritage loss and high costs.
Northside Park in Denver, Colorado, a former sewage treatment plant (McLeod 2008) and
Duisburg-Nord Landscape Park, Germany, previously the site of blast furnace (Weilacher 2007),
have both become successful recreation sites.
In the City of Toronto, the urban agriculture movement has increased the demand for
land and as a result contaminated vacant lands are being used for urban agriculture as research
showed that, with adequate precautions, soil containing some degree of contamination can be
used safely for gardening (Archbold and Goldacker 2011). Other cities in Canada, such as
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Vancouver, Victoria, and Halifax, are the frontiers in urban gardening on brownfield sites; this
often occurs with raised beds or capping the contaminated soil (Devine 2007). This is not
uncommon in other places; the World Health Organization (WHO) has established guidelines for
those who garden on sites with contaminated soil (WHO 1999).
Functional Planting Design
In land planning, plants are a significant component contributing to the quality of air and
soil, a visual element adding to the sense of place, and as a whole providing substantially to the
economic value of the land (Motloch 2001). Visual properties of plants and their orientation,
location, spacing, and assemblage can create different sentiments in people. Functional planting
design is a common practice in landscape architecture. Some examples of functional plantings
are to: create a physical and visual barrier; frame a landmark; integrate or compliment building
forms and styles (Robinson 2004); produce a sense of enclosure; suggest direction for pedestrian
movement; imply space division and delineation (Nelson 2004); reduction of wind in the
landscape; provide shade for part or most of the year; and shield from or expose areas to the sun
(Brown 2010).
Phytoremediation has been discussed as a new paradigm in planting design where the
main focus of the planting scheme is soil recovery while the aesthetic and sensory values are
secondary concerns for the designer (Thomas et al. 2001).
Landscape Design and Behaviour
Design considerations should not be separated from human behaviour and physical
environment should be designed most importantly as a staging area for human behaviour
(Marcus and Sarkissian 1986). Design details can encourage or discourage certain behaviours.
For example, to prevent the public from using a waterfront, placing river-eroded rocks make it
difficult to walk on; by contrast, providing boardwalks and turf gives people the urge to approach
the water (Marcus and Sarkissian 1986).
Furthermore, circulation and movement in landscape affects and directs one’s perception
of that landscape. Direct movement through the landscape creates a sense of purpose and indirect
movement a sense of mystery (Motloch 2001). Rate of flow influences one’s comprehension of a
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place, once a path narrows we tend to accelerate and become less connected with our senses and
context and vice versa (Motloch 2001).
Many other elements such as steep grades, steps up, and routes that require extra effort
can discourage motion (Motloch 2001). Material colour and texture can also contribute to
behaviour in a space and can convey important information; for example, gravel texture can slow
movement down and a change of paving colour between the street and the sidewalk can provide
a sense of safety (Motloch 2001).
By utilizing the landscape design principles above, spaces that integrate
phytoremediation areas with non-phytoremediation areas can be created.
Social Aspects
Social and community studies of environmental concerns are generally related to
perceived health risks, property value, and impacts on community (Haalboom et al. 2006; Levi
and Kocher 2006). Research has shown that in cases of contaminated sites in urban areas the
residential property value can be affected negatively due to social values and, at times, perceived
risks (Neupane and Gustavson 2008) and often the stress and anxiety about people’s house value
creates other health concerns and issues such as depression (Haalboom et al. 2006). The
perception of a place or an area can be damaging it. Even in places that may seem unhealthy by
outsiders, there are healthy elements in the experience of everyday users of those places
(Wakefield and McMullan 2005).
Through an exploration of three cases of brownfields that were transformed to green
space, De Sousa (2006a) found that, unlike other brownfield redevelopment projects where
suspicions regarding exposure to contamination can trouble projects, this was not a concern to
those who participated in the study. Perhaps people respond to contamination concerns
differently based on their personal experiences in life. One should not assume that a certain
neighbourhood would not accept or welcome the idea of an inventive approach prior to proper
investigation and discussions with the members of that community.
Studies of social environmental issues have illustrated the significance of communitydriven remediation and establishment of a cooperative network of individuals and organizations
(Campbell 2002). Study on the perception, adaptation, and nature of local people on the ‘new

	
  

25

nature’ of postindustrial lands resulted in a generally positive outcome by different groups and
suggested the possibility of an active participation (Keil 2005).
People tend to consider a risk less important if they again a benefit from it (Levi and
Kocher 2006). It is important to remind the community of the value of green space in their
community. A green space strategy can prevent the negative perception created by decay and
might promote a positive image by the promise of a good quality of life in the urban environment
(Rosler 2008). Additionally, cultural context is very significant in developing spaces for the
people of the community or the city. Ecological technology without a connection to the culture
of a place may not be welcomed (Ono 2005). It is essential for the design to incorporate and
embrace positive cultural elements and what the people of the community welcome.
Another important concern for most people is the idea of children playing in
contaminated or remediating lands. Children tend to play and explore everywhere and not only in
designated play areas (Marcus and Sarkissian 1986). Some studies of developmental psychology
have shown that children preferred playing in abandoned industrial lands that were relatively
close to nature (Keil 2005).
One of the first concerns people may have with phytoremediation is the possibility of
availability of toxins in plants and the potential for a person or animal to be consuming it. With
proper communication and education about phytoremediation and its suitability for lower
contamination sites, such perceptions can be reduced. In areas most exposed to human use,
planting hyperaccumulator plants (Chaudhry et al. 1998) that have the ability to accumulate
toxins can be avoided. The complexity of health issues associated with urban design can be
reduced by, involving environmental health experts throughout the course of the project.
Beyond the visual contributions of urban vegetation, trees and urban forests have a multidimension significance for people. Some people tend to fear forests based on fictional
perceptions while others have a sense of connection on a spiritual level (Dwyer et al. 1991). This
connection becomes even more significant for people at times, when they are actively involved
in tree planting and realize that their contribution goes beyond the future of the community but
also to the environment (Dwyer et al. 1991). Therefore, it is important to discuss with the
community, at the initial stages, the meaning behind an interim project and that the
phytoremediation project may not be the final outcome of the site.
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Ecological Aspects
The principles of urban ecology promote the prioritizing of green and pleasant
communities, restoring damaged urban environments, supporting urban greening projects,
resource conversation, and increasing awareness of the local environment (Roseland 1997).
Transforming a contaminated vacant land to green space through phytoremediation follows these
principles closely.
Future urban design projects will require sophisticated planning processes by utilizing
resilient and adaptive projects that can be durable yet ready to accept change (Meijer et al. 2011)
- phytoremediation has these qualities. While phytoremediation is about improving soil quality,
the increase in tree cover can help reduce the urban heat island effect and green house gas
emissions (Westpaul and Isebrands 2001). Plants increase urban resilience in dealing with
natural issues such as floods and hurricanes by taking up water.
Despite the positive impacts that phytoremediation can have locally on a site, there are
some ecological concerns. Landscape ecology encourages connections between large patches of
heterogeneous habitat in the network of landscape to increase biodiversity through easier
movement of different species of plants and animals (Forman 1995). This may not be a big issue
in the urban area due to existing low connectivity and small numbers of patches. However, it is
important to be aware of nearby ecologically sensitive areas and to ensure that the design of the
phytoremediation system does not impact these ecosystems. Lafortezza et al. (2004) suggest that
although the connection of rehabilitating contaminated sites to other green space is important,
due to the risk of cross-contamination reducing the connectedness between contaminated and
non-contaminated areas is recommended. This is dependent on the type and amount of
contaminants.
At the ecological level biomagnification, the process of toxin accumulation through the
food web (Gray 2002) is a concern. Some species of willow have phytoremediation abilities and
positive implications for biodiversity by providing habitat opportunities for a variety of wildlife.
Studies show that high levels of cadmium in the liver of passerine bird species are a result of
high consumption of willow seeds with elevated amounts of cadmium; also, the twigs of a
variety of willow specie resulted in toxic metal intake by moose (Kuzovkina and Volk 2009).
Kuzovkina and Volk (2009) recognize that the application of particular plant genotypes to a
specific geographical location can impact the ecosystem and that highly specialized ecological
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based technologies require tailored designs as they target site-specific problems. A thorough
understanding of the local ecosystem is essential in establishing a phytoremediation system.

GOVERNANCE
Interim Use
Interim use is defined as the temporary activation of vacant lands without an anticipated
demand (Blumner 2006). There have been many examples of temporary uses of a space in the
history of European and North American cities. Tiergarten a Berlin city park, was used as a
vegetable garden after WWII and a vacant land used as a market place for Polish vendors
(Blumner 2006). Two acres of vacant land in lower Manhattan, New York, was transformed into
a ‘Wheatfield’ as environmental art to express issues in economical mismanagement and world
hunger (Thornes 2008). There are a variety of interim uses such as parks and gardens, art
installations, sport facilities, parking lot, and storage sites (Blumner 2006).
Rall and Haase (2010) investigated social and environmental perceptions and potential
benefits of greening brownfields through low-cost interim uses. They concluded that: 1) the
interim use sites were socially acceptable; 2) interim sites were more utilized by people - mostly
to take shortcuts, to relax, to enjoy nature, and to walk dogs; 3) further improvements were in
consensus and mostly for better maintenance or additional seating areas; and 4) most users were
not aware of the City’s interim policy.
In the Province of Ontario, the Interim Control By-Law of the Planning Act (1990) allows
a temporary use provision when the council of a local municipality authorizes the temporary use
of a land for a specific use for a maximum period of three years at a time with possible additional
extensions.
Public Engagement
Public engagement can be the most important element in the success of a project. A
satisfied and supportive community can allow for forward movement of a project. Tucker and
Shaw (2000: p.39), in their discussion of phytoremediation and public acceptance, explored a
case study of “the magic marker site in Trenton, New Jersey” where citizen involvement became
beneficial to the success of the projects.
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Public participation is important at every stage of a project. There are five important
elements to a successful public participation: Inform, Listen, Discuss, Engage, Partner (British
Columbia Office of The Auditor General 2006). Participatory decision-making still faces
obstacles such as low trust in the government and administration and constraints developed by
policies (Loures and Crawford 2008). Honesty and communication are two main themes that
must be part of the public participation and engagement to achieve success. The very first stage
to inform the community must be based on complete truth. There will be nothing left out of the
discussion to avoid surprises and disappointments.
The discussions in regards to risk need to be a two-way communication where the project
leaders build trust by listening to fears and concerns and in return experts will follow with
available solutions (Tucker and Shaw 2000). Additionally, discussions at this stage may bring up
conflicts of interest in the community (Loures and Crawford 2008) that may challenge the
project leaders on another level. Proper stewardship and facilitation should take place with a
focus on community improvement in order to move the project forward.
It is ideal to keep communication open within the community to retain the confidence in
the local government. Usually relying on a few key individuals who have pride in their
neighbourhood can be one way of spreading the word. People committed to the public interest
are found in every community (Miller 2009). It is essential to recognize those individuals and
invite them to join the group effort.
Knowledge and its transfer are very important in risk management (Tucker and Shaw
2000). People’s perception of risk is based on the media, their place of residence, and their
ability to control the exposure and is mainly related to human health effects and impacts on the
ecosystem (Levi and Kocher 2006). The local government, with the help of a public health
specialist and an environmental scientist, needs to educate and inform the members of the society
of the actual and realistic risks involved to comfort them as much as possible.
Providing the opportunity to everyone to be involved in the process of development (i.e.,
design charrettes) encourages cultural identity to be a major factor involved in improvement of
industrial derelict lands (Loures and Crawford 2008). This process can create educational
opportunities for adults and children in the community. Involvement and participation will give
people the sense of power that, they can influence the future of the place they live in.
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Concurrently, in this case the public must be aware of the interim nature of the project to avoid
any personal attachments to the process.
Brownfield Policy and Regulation
There is a limited interest by the Canadian federal government for brownfield
redevelopment. The involvement in brownfield redevelopment in Canada is geographically
variable and regulation is the responsibility of the provincial or municipal governments (Adams
et al. 2010). There is even little academic interest in brownfield planning policies in Canada (De
Sousa 2006b).
Local government is responsible for managing redevelopment of brownfields across the
country. Most regulations of brownfields are under the provincial scope of work, which usually
hold the private sector responsible for dealing with the contamination (De Sousa 2006b). In
comparison to other developing countries, there does not seem to be much enforcement from any
entity for brownfield redevelopment. The US Environmental Protection Agency (USEPA 2011)
is the governing body representing the federal government in conducting research, providing
funding, and regulating to protect human health and environment. Environment Canada’s main
research areas are: climate change, weather and meteorology, air quality, water, and nature.
Federal Contaminated Sites Action Plan (FCSAP) is a program established by the federal
government to reduce health and environmental risks associated with federally owned lands.
Canadian Council of Ministries of the Environment (CCME) is comprised of federal, provincial,
and territorial representatives that explore national environmental priorities and actions required
to be undertaken. The current workplan (CCME 2012/13) is categorized into air, land, waste
management, and water and the closest initiative to a brownfield initiative is to “develop and
maintain soil quality guidelines and protocols.”
At the provincial level, the MOE establishes the standards for assessing contaminated
properties and leads regulation, monitoring, and reporting. Despite a lack of assistance from the
federal government, some larger municipalities in Canada have taken on brownfield
redevelopment projects, including Toronto, Vancouver, Hamilton, and Montreal (De Sousa
2006b).
The municipal sector is the most influential governing body in Canada in the
redevelopment of brownfields. Therefore, in order to enhance viability of a greening brownfield
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project all municipal departments involved in the design and administration of parkland must be
consulted and an appropriate risk assessment protocol that combines elements of landscape
design with available remediation technology should be utilized (De Sousa 2003).
Brownfield Funding
One obstacle to greening cities (Pincetl and Gearin 2005) and managing brownfield
redevelopments (De Sousa 2006b) is lack of funding and municipal finance. De Sousa (2003)
found that greening brownfield projects are faced with difficult challenges in terms of justifying
outcome and receive funding, but are more easily accepted by affected communities. The Parks
Design and Development departments of most cities usually are the last to receive an increase in
funding and are the first to get funding cuts (Miller 2009). Funding can also be a continuous
issue for existing park maintenance. However, many major cities such as Chicago, IL, and
Vancouver, BC, have made the quality of their urban parks a priority, which has made these
cities beautiful and popular with tourists (Miller 2009).
Combining the efforts to satisfy green infrastructure needs (e.g., reducing urban heat
island effects, storm water management, and air pollution) with creating green spaces has been
recommended for dealing with municipal hurdles; however, this strategy can also be difficult due
to traditional division of labour and funding in government agencies (Pincetl and Gearin 2005).
Urban nature benefits economic growth for municipalities and its citizens by reducing the costs
of pollution reduction and increasing the attractiveness of the city to promote tourism and
consequently generating employment and revenue (Chiesura 2004).
In Canada, the issue of insufficient funding for brownfield redevelopment originates from
the lack of engagement by the federal government. The task of developing a national brownfield
redevelopment strategy was assigned by the federal government to National Round Table on the
Environment and the Economy (NRTEE) in 2001 (Adams et al. 2010). In 2005, close to 95 per
cent of the original allocated funding for the brownfield task force was reassigned to other
federally-related projects (Adams et al. 2010). In its March 31, 2013 budget the federal
government eliminated the NRTEE (2013).
Across Canada there is a variety of brownfield redevelopment initiatives provided by
different public and private institutions. Sustainable Development Technology Canada (2013),
funded by the Government of Canada, is a not-for-profit foundation that offers funding to private
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organizations for technologies that provide solutions to issues such as water quality and soil.
Brownfield redevelopment is one category of funding initiatives of Green Municipal Fund
available through the Federation of Canadian Municipalities specifically for municipalities.
Canadian National (CN) Railway (2013) has CN Stronger Communities Fund and CN’s
EcoConnexions From The Ground Up available to promote sustainable practices. From the
Ground Up is meant for tree planting and other greening programs in communities across the CN
network, particularly on properties adjacent to rail lines. CN recognizes that trees help beautify
communities, provide natural sound and visual barriers, and many other environmental and
social benefits.
In British Columbia the Real Estate Foundation (2013) offers the Green Building Grant
to non-profit organizations in support of projects that reduce the impacts of climate change and
improve sustainable land use practices. Additionally, the government of British Columbia’s
(2013) Brownfield Renewal Funding Program is available to local governments, landowners,
non-profit organization, First Nations, and authorized private entities.
There are some municipalities in Canada that have brownfield redevelopment strategies
in place. The City of Hamilton’s Economic Development and Real Estate Division (2012)
manages the Environmental Remediation and Site Enhancement (ERASE) Community
Improvement Plan. This program is set up such that it can provide financial assistance with
preliminary site assessments and redevelopment. The City of Saskatoon (2009) has a temporary
incentive program available to assist with environmental screening and remediation for The
Enterprise Zone that consists of seven core neighbourhoods in need of economical development.
The City of Peterborough’s (2012) Brownfields Tax Assistance Program provides cancellations
of the property tax increase on properties undergoing remediation and that require assistance
with the associated costs.
Joining local community groups such as ‘Citizen Support Organizations’ (Miller 2009)
and grassroots who have the ability to fundraise for community improvement can be one route to
increase funding. Also, devoted individuals in every community can advocate and support such
public projects for the betterment of the community.
‘Public private partnership’ is another growing trend in raising funds for municipalities
(Miller 2009). Individual corporations may be interested in participating in such programs to
increase the reputation of their name and company. There could be a possibility that an industry,
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which once contributed to the pollution of a community, may have changed strategies and would
be interested in helping. At times, if revitalizing an area directly affects the success of a business
(e.g., improving a poor view across the street from an established hotel or restaurant), local
businesses may be interested in donating to the fund (Miller 2009). A thorough investigation of
available local and regional funding sources is a significant step for a greening project.

Summary
Literature reviews can be a “means to an end or an end in themselves” (Deming and
Swaffield 2011: p.144) in the sense that they may be used to establish a baseline or relied upon
further as a highly focused sample to synthesize information. In this thesis, a literature review on
phytoremediation led to the study of other topics that increased the knowledge of the researcher
on establishing an interim phytoremediation project by a landscape architect in Canadian
municipalities. Information collected will be organized into three categories and synthesized into
a series of guidelines that can be applied to any site in Canada.
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CHAPTER THREE - METHODS
Research Design
The approach to this research combined an integrative literature review, the development
of design guidelines, case studies, and an evaluation by key informant reviews. The design
guidelines were developed based on the information compiled through the literature, which
were then applied to three case studies in different regions of Canada. Selection criteria were
developed to facilitate the case study selection. These three cases and the design guidelines
were evaluated by a group of informed individuals who were selected based on key
informant selection criteria. A key informant is one who is well informed on a topic (Deming
and Swaffield 2011).
Methods
This chapter outlines the methods used to reach the goal and objectives. An exploratory
approach was selected for this research. Many other routes, such as conducting experiments,
would not be suitable for the time demanding nature of a phytoremediation system. The
major component of this study is the design guidelines development and the key informant
evaluation; this is recognized as significant for producing new critical directions in
application of phytoremediation (Deming and Swaffield 2011).
Figure 3.1 illustrates the research approach to meeting the goal and objectives.
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Integrative literature
review synthesis
Phytoremediation
example

Analysis
Synthesis

Case study
selection criteria

Design guidelines development

Key informant
selection criteria

Case study
selection
Design guideline evaluation
through application to three sites
Redefine the guideline
Develop panel questionnaire

Key informant
selection
Key informant panel review of
design guideline and
three design concepts

Analysis and discussion of the
key informants’ comments
Figure 3.1. Research approach
Integrative Literature Review Synthesis
An integrative literature review synthesis was completed to serve the following three functions:
1. To synthesize all of relevant, current, and available published knowledge (Deming and
Swaffield 2011) to create the design guidelines.
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2. To place the study into context with previous research and scientific knowledge (Babbie
1998) to identify gaps within the literature, and to illustrate how this study addressed
them (Marshall and Rossman 2006).
3. To establish the importance of the study (Creswell 1994).
Characteristics of the literature reviewed:
1. Literature on phytoremediation mechanisms and opportunities and constraints associated
with phytoremediation were analyzed to understand the process.
2. Landscape architecture and urban design were explored to identify qualities that enable
the application of phytoremediation into the public realm.
3. Social issues and human environmental behavior literature associated with contaminated
sites and restorative processes were reviewed to be aware of human and environment
interactions in case of a phytoremediation system.
4. Federal, provincial, and municipal policies were reviewed to understand resources
available for contaminated site projects.
5. A phytoremediation example was studied to explore the visual aspects of a site
undergoing phytoremediation and its potential contributions to the public realm in a
Canadian city.
Phytoremediation Example
The phytoremediation example is meant to explore the visual aspects of a site undergoing
phytoremediation and its potential contributions to the public realm. The objectives were to
analyze the surrounding environment and the visual character.
Design Guidelines Development
The design guidelines were developed based on the information compiled through the
literature review and phytoremediation example. A sequential approach was taken to organize
the material into a comprehensive structure. The design guidelines were categorized into three
sections: pre-design considerations, phytoremediation design considerations, and postimplementation considerations.
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The design guidelines proposed in this study are meant to be applicable to Canadian
municipalities, but require further local investigation and are to be adopted only as a basis for
further research. Policies and regulations investigated in this thesis were representative of
different Canadian jurisdictions to create a generalizable outcome.
Case Study Site Selection
The following describes the criteria used to select the three sites:
The primary selection criteria were to direct the desired site selection with assistance from the
secondary selection.
Primary Selection Criteria
1. Site to be located in one of the three regions (western, central, eastern) of Canada.
2. Site to be located in a major city in each province or territory that can be recognized as a
representation of that jurisdiction.
3. Site to be currently vacant.
4. Site to be municipally owned.
Secondary Selection Criteria
1. Previous site use to be industrial and/or any other potentially contaminant producing
operation.
2. Site to be located in an area of the city most likely undergoing municipal improvement
initiatives.
3. There needs to be ease of collecting information and the responsiveness of the municipal
staff to initial communications.
Due to the difficulties associated with finding confirmed contaminated sites and detailed
information about them, a series of assumptions were made.
The following describes the process of obtaining information:
1. Municipalities were contacted to provide a map of municipally owned vacant lands.
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2. Through the assistance of Google Map and interactive mapping available on the
municipalities’ websites, a few sites were selected.
3. To narrow down the selections a search on site history was conducted. Fire Insurance
Plans obtained from various archival sources confirmed previous land use that would
indicate potential contamination.
4. A trip to each of the selected sites confirmed the suitability of the site for the purpose of
this research.
5. Site and context inventory were conducted through site visits, municipal websites, and
municipal staff interviews.
6. Assumptions made on the type and pattern of contaminants were based on Fire Insurance
Plans and various literature.
7. The soil underneath and a 5-meter step out around the former infrastructure (e.g.,
buildings) footprints (BC MOE 2009) were assumed to be impacted.
Design Guidelines Application
The design guidelines were applied to the three case studies. Following the collection of
information and based on the assumptions made for every site an Environmental Concern Areas
and Usable Area Map was generated. During this process the phytoremediation design
considerations were evaluated and further refined. Different strategies, as outlined in the design
guidelines, were used to physically and visually integrate a phytoremediation system into the
public space. A concept plan including site design and suggested phytoremediation plants were
proposed.
Key Informant Evaluation
In landscape architecture, evaluation of research in conjunction with other research
strategies is utilized to improve decision making for best practices (Deming and Swaffield 2011).
A panel of key informants reviewed and commented on the design guidelines, the design
process, and the outcomes. The sole purpose of review by experts is to confirm that no essential
needs have been overlooked (Marcus and Sarkissian 1986). Eight key informants representing
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multiple facets of this thesis were selected for the evaluation of the design guidelines and the
case studies. The following describes the method used to select the key informants:
Education
1. Key informant's academic background must be one of Natural Sciences, Engineering, or
Landscape Architecture.
Experience
2. Key informant must have a minimum of 10 years experience within their field of
expertise.
Role
3. Key informant's primary position must be either a Canadian municipal staff or;
4. A member of academia specializing in phytoremediation or;
5. Professionals with expertise in contaminated sites and knowledgeable about
environmental regulations.
Assets
6. Key informant is a member of a local or national professional association (e.g.,
Engineering, Geoscience, Landscape Architecture).
7. Key informant has phytoremediation publications and/or has presented phytoremediation
work at a conference in the past 5 years.
8. Key informant has experience in the design and/or planning process related to open space
development and redevelopment.
9. Key informant has expertise in health and risk assessment as it pertains to contaminated
site projects.
10. Key informant is knowledgeable about policy and planning associated with special
projects in Canada.
Key Informants, at a minimum, must meet criteria 1, 2; one of 3 or, 4 or 5; and one of 6
to 10.
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Evaluation Procedure
A package of information and an evaluation reporting form was sent via email to each key
informant. The package included the following as presented in Appendix B.
Cover Page
Research Abstract
Design Guidelines and Associated Plant List
Design Process Assumptions
Design Guidelines Applied to Three Case Studies
Evaluation Reporting Form
Evaluation Reporting Form
The evaluation reporting form consisted of ten questions related to categories selected by
the researcher (Deming and Swaffield 2011): five questions were related to the design guidelines
and five questions to the design application and design outcomes. Standardized questionnaires
are used to find commonalities and can provide useful data when researchers begin with a welldefined problem (Zeisel 1981). Appendix C includes the evaluation reporting form.
Response Interpretation
An ad hoc meaning generation method (Kvale 1996) was undertaken to get an overall
understanding of the comments and to explore individual response in greater detail. The
responses collected were specifically analyzed for the following:
1. The informant’s input on the design guidelines based on the questions provided.
2. The key informant’s perspective on the integration of phytoremediation into the public
realm.
3. Similarities, common elements, and differences associated with the comments (Babbie
1998).
4. A discussion was conducted on the strengths and limitations of the design guidelines for
their future application.
Appendix D includes the evaluation comments provided by the key informants.
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CHAPTER FOUR – DESIGN GUIDELINES SYNTHESIS
Introduction
In this chapter, information gathered from the literature review and phytoremediation
example is synthesized to develop a series of guidelines. Guidelines are a common tool in
developing consistent and successful results in different professional fields, including but not
limited to, education (McLoughlin 2002), medicine (Natsch and van der Meer 2003), urban
design and architecture (Oscar 1976). In all cases they are intended to assist with implementing a
uniform standard of practice and their successful application should improve the quality of work.
Guidelines are recommended to be goal oriented and directional yet adaptable and value
experiential outcomes (McLoughlin 2002).
Many municipalities have multiple guidelines to better control the consistency of
operation and evaluation of work under their jurisdiction. Most design guidelines are composed
of design intent, design objectives and a series of guidelines that meet the original intentions.
Design guidelines are generally meant to be used by one or more than one group of professionals
and often this is specified. There is a general understanding that when implementing the design
guidelines in a project, alternative solutions can be proposed. Restrictions and limitations are
usually expressed in other forms of directions by municipalities (e.g., building codes).
Prior to organizing the design guidelines in this thesis the following municipal design
guidelines were reviewed and learned from: Design Guidelines for Light Rail Transit for
Edmonton Transit System (City of Edmonton 2011); Urban Design Guidelines (City of Guelph
1995); Active Design Guidelines (City of New York 2010); Regional Road Corridor Design
Guidelines (City of Ottawa 2000); Regina’s Municipal Heritage Architectural Design Guidelines
(City of Regina 2007); Stormwater Design Guidelines (City of San Francisco 2009); Design
Guidelines for ‘Greening’ Surface Parking Lots (City of Toronto 2007); and Plaza Design
Guidelines (City of Vancouver 1992).
Design Guidelines Synthesis
In reviewing the literature and through observations made during the phytoremediation
example it became evident that for the process of transforming contaminated vacant lands into
public green space there needs to be an extensive amount of preparation and post-
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implementation undertakings. Therefore, the design guidelines were organized into three sections
of pre-design, phytoremediation design, and post-implementation considerations. Additional
information on phytoremediation and recommendations on plant selection were provided to
ensure a consistent knowledge base among users of the design guidelines. Due to the multidisciplinary nature of research a multi-disciplinary collaboration was emphasized in utilizing the
design guidelines. The design guidelines are intended for municipal landscape architects or
private consultants employed by the municipal government, thus standard landscape architecture
practices are not included in the design guidelines.
	
  
Design Guidelines to Use Phytoremediation as an Interim Tool to Transform
Contaminated Vacant Lands into Public Green Space in Canadian Cities
Note: These design guidelines are meant to assist landscape architects in directing the
implementation of an interim phytoremediation project in an urban setting. This includes both
municipal landscape architects and private consultants hired by the municipality. Collaboration
with remediation specialists during this process is required.
Pre-Design Considerations
A. Project Planning
1. Investigate the policies and processes of federal, provincial, municipal, and other
jurisdictional agencies (e.g., conservation authority) in support of contaminated land
redevelopment.
2. Develop a project stakeholder group in which members must be involved, but may be
more or less active at different stages of the process.
3. Suggested Municipal Representatives: Local City Councillor, Park Planning and Design,
Landscape Architect, Park Maintenance, Health, Environmental, Planning, and Legal
Representation.
4. Suggested Non-Municipal Representatives: Landscape Architect, Remediation Specialist,
Environmental Health Assessor, Community Groups, Neighbourhood Residents and
Business Owners, Local School Board Representatives.
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5. Form a committee to garner funding (e.g., federal and provincial funds, local
stakeholders, private).
B. Site Characterization
1. Consult a remediation specialist to obtain information on the types and concentration of
contaminants within the site’s soil and groundwater.
2. Assess, together with the remediation specialist, if phytoremediation is an appropriate
contaminant mitigation strategy (based on contaminants, toxicity level, and time) for
either the entire or a portion of the site.
3. Collaborate with the remediation specialist and an environmental health assessor to create
an Environmental Concern Area and Usable Space map based on the defined zones of
contamination (based on type and concentration).
C. Communication
1. Determine a communication strategy (e.g., public events, stakeholder meetings, and
media) to initiate public dialogue and participation.
2. Involve the community to learn from and consider preferences and needs (e.g., at design
stage by organizing a design charrette).
3. Provide information (e.g., signage), education, and advertisement opportunities.
Phytoremediation Design Considerations
A. User Safety
1. Provide aesthetically pleasing open areas that can be utilized and enclose those that
cannot be utilized (based on the Environmental Concern Area and Usable Space map),
while maintaining appropriate circulation and movement.
2. Utilize colour, lighting, and surface materials to direct and influence user behaviour and
to prevent use of areas that will have a high level of phytoremediation planting (e.g., use
of cobble-sized rocks or gravel to make walking difficult and discourage access).
3. Generate landforms based on contaminant considerations (e.g., cut and fill to cap an area
with higher surface contamination).
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4. Consider alternative mitigation strategies to enhance usable areas and prevent disturbance
of phytoremediation areas (e.g., paving a contaminated area to accommodate preferred
user movement).
5. Use barriers to partially (visually accessible and physically inaccessible) or completely
(both visually and physically inaccessible) limit access to restricted areas. Ensure that by
using a device to make an area inaccessible visual quality is not reduced (e.g., cover
chain-link fence with vines).
B. Planting
1. Design so that the space is adaptable to any change for remediation purposes (e.g., plant
harvesting) and can slowly evolve as needed with a dynamic phytoremediation system.
2. Select the appropriate plant list based on the contamination present and the
phytoremediation possibilities (Suggested plants provided next page).
3. Ensure that the selected plants do not include species at risk and/or a host plant to species
at risk.
4. Ensure that the planting primarily focuses on phytoremediation needs. Use multiple
species that are tolerant of contaminated conditions to minimize monoculture planting.
5. Plant grasses to provide a large amount of fine roots, primarily or in tandem with trees.
6. Plant ground cover or mulch soil areas to eliminate dust and exposed soil.
7. Optimal spacing between plants depends on the size of the specimens. The planting plan
should enhance the phytoremediation system by encouraging root growth and
establishment (e.g., allow sufficient root growth space, mulch to keep roots moist, and
limit competition for most important plant species).
8. If contaminated ground water is targeted, woody deep-rooted high-water-uptake species
(Populus spp. and Salix spp.) are required to be planted at about 1-2 per 4 metre square
range and/or in rows with 3-metre centre spacing for an ideal amount of
evapotranspiration.
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Post-Implementation Considerations
A. Maintenance
1. Regular tasks for personnel (e.g., hazardous-waste trained landscape contractor) would
include general plant maintenance (e.g., pruning).
2. Plant harvesting will depend on the species and associated phytoremediation mechanism
selected.
B. Monitoring
1. Remediation specialist to evaluate performance of phytoremediation system through
ongoing contaminant concentration determination.
2. Plant health and mortality assessment should be conducted by a specialist (e.g., plant
ecologist).
C. Evaluation
1. Based on the information obtained from the monitoring tasks, the remediation specialist
and landscape architect will formulate necessary revisions to the phytoremediation
system. An approved contractor would implement these changes.
Figure 4.1 and 4.2 illustrate recommended planting for corresponding contaminant. These
species are some examples of phytoremediation plants native to different regions of Canada. The
typical hierarchy is “Contaminant-Mechanism-Plant”; however, for ease of use figure 4.2 is
organized as “Metal Phytoextraction (Mechanism)-Contaminant-Plant”.
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Figure 4.1 Suggested Plant List – Part A (Source: Personal illustration. Information from literature review, 2013)
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Figure 4.2 Suggested Plant List – Part B (Source: Personal illustration. Information from literature review, 2013)
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CHAPTER FIVE – APPLICATION OF DESIGN GUIDELINES
Chapter Four outlined a set of design guidelines, created from information collected
through the literature review and phytoremediation example, on the implementation of an interim
phytoremediation system as a design strategy. Chapter Five focuses on the design component of
the thesis through application of the developed design guidelines to three case studies situated in
Canada. The case studies use the following subcategories:
City Introduction
Neighbourhood Study
Site Inventory
Site History and Contamination Determination
Environmental Concern Areas and Usable Area Map
Opportunities and Constraints
Concept Plan
Concept Character
The sources of information for this chapter are: Census Canada, municipal websites, interviews
with municipal staff, personal observations, and Fire Insurance Plans.
Case Study 1 - The Junction

Figure 5.1. City of Saskatoon (Source: Adapted image. Provided by City of Saskatoon, 2012)
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City of Saskatoon, Saskatchewan

Site Location

Area: 209.56 square kilometre

Address: 1202 - 19th Street West

Population: 222,189

Area: 3530 square metre

Figure 5.2. Neighbourhood Study (Source: Adapted image. Retrieved from saskatoon.ca. 2012)
Neighbourhood Study
•

The site is located at the cross section of Riversdale, Pleasant Hill, and West Industrial.

•

All three neighbourhoods are recommended for incremental improvements.

•

Riversdale and Pleasant Hill are recognized as high crime neighbourhoods.

•

Optimist Park is located on the south east of the selected site. It includes a baseball pitch,
playground, and a toboggan hill.

•

Traffic volume on 20th Street West (North of Site) is high and very low on 19th Street W
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(South of Site).
•

Landmarks in the area include two churches, a future museum, and variety of cultural
centres.

Figure 5.3. Site Inventory (Source: Adapted image. Retrieved from saskatoon.ca. 2012)
Site Inventory
•

The site is fairly flat with no preferential drainage pattern.

•

The entire site and surrounding area are fairly open. Site has full sun and wind exposure.

•

Insects such as butterflies, grasshoppers, and an ant colony were observed.

•

Site is partially naturalized with a variety of grasses and forbs; no woody plants present.

•

The only trees evident on the adjacent property are Acer negundo (Manitoba Maple).

•

Currently people are cutting through the site from the southeast to the northwest corner.
A man on a bicycle was noticed to cycle through the site.

•

Current site visibility is high. Views into the site are poor in quality due to broken
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fencing and some wood scraps. Views from the site looking out are parkland to the south,
industrial on east and west, and new development construction on north.
Site History and Contamination Determination
•

The site formerly operated as a petroleum bulk storage facility.

•

Fire Insurance Plans (1923; 1958) provide the location of infrastructure linked with the
site use

•

Potential contaminants include petroleum hydrocarbons, polycyclic aromatic
hydrocarbons (PAHs), and metals (Cook et al. 2010)

Figure 5.4. Environmental Concern Areas and Usable Space Map (Source: Adapted image.
Retrieved from saskatoon.ca. 2012)
Environmental Concern Areas and Usable Space Map
•

Figure 5.4 presents a suggested contamination pattern that is based on the location and
footprint of the site's former infrastructure. This diagram illustrates which areas are
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appropriate for use.

Figure 5.5. Opportunities and Constraints (Source: Adapted image. Retrieved from
saskatoon.ca. 2012)
Opportunities and Constraints
•

The clear movement of local residents through this site provided the opportunity to focus
the design on creating a dynamic central corridor, and then to focus the rest of the site on
planting.
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Figure 5.6. Concept Plan (Source: Adapted image. Retrieved from saskatoon.ca. 2012)
Concept Plan
•

The central pathway has multi-levels of material that create a separation between the area
of use and the vegetated areas. This includes a paved pathway, cobbles, step, and plants
tolerant of contamination on both sides of the pathway (Design Consideration A3 and
B3).

•

The central pathway divides the site into Area A and Area B. At both ends of the pathway
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there are opportunities to create an access area (Design Consideration A4).
•

Area A indicates the area of environmental concern and requires phytoremediation.

•

Low fencing enclosing the planted area will discourage people from accessing and
disturbing the phytoremediation planting (Design Consideration A5).

•

Dense planting of phytoremediation trees is recommended for Area A. Some suitable
species are Populus tremuloides (trembling aspen), Populus deltoides x nigra (hybrid of
eastern cottonwood and black poplar), and a number of Salix spp. (willow).

•

Area B includes a small area of environmental concern that will undergo
phytoremediation plant selection; the plants will also be used to block the poor view of
the adjacent north railroad tracks while by being short in height maintain level of safety.
This area will be vegetated by herbaceous species. Some suitable species are Festuca
rubra (Red Fescue) and Elymus canadensis (Canada wildrye). The rest of Area B can
accommodate other appropriate planting complementary to the design. The ground cover
recommended for this area is Medicago sativa L. (alfalfa).

Figure 5.7. Concept Character (Source: Photo collage. Personal photography and
Retrieved from istockphoto.com and visualphotos.com, 2012)
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Case Study 2 - The Sea Deck

Figure 5.8. Regional Municipality of Halifax (Source: Adapted image. Provided by Regional
Municipality of Halifax, 2012)
Regional Municipality of Halifax, Nova Scotia
Area: 5,490.28 square kilometre
Address: 71 Shore Road, Dartmouth, Nova Scotia
Population: 390,096

	
  

Area: 2115 square metre
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Figure 5.9. Neighbourhood Study (Source: Adapted image. Retrieved from halifax.ca. 2012)
Neighbourhood Study
•

The site is located across the water from downtown Halifax at Dartmouth waterfront.

•

The neighbourhood uses surrounding the site consist of residential, low industrial, and
parkland.

•

Dartmouth Commons, a large municipal park, is located northeast of the site on a major
hill that overlooks the views of Halifax harbour.

•

Directly to the north of the site are residential properties (houses); some are undergoing
construction and renovations.

•

Traffic volume on Shore Road is low.

•

Access to the land underneath Macdonald Bridge is restricted for security reasons.
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Figure 5.10. Site Inventory (Source: Adapted image. Retrieved from halifax.ca. 2012)

Site Inventory
•

The site is fairly flat with no obvious preferential drainage pattern.

•

The entire site and surrounding area are fairly open. Site has full sun and wind exposure.

•

The site is completely covered in compacted gravel with a portion being used by the
adjacent business for parking.

•

There is no vegetation present onsite.

•

Current site visibility is high. Views into the site are poor in quality due to presence of a
bare gravel parking lot.

•

Views from the site looking out are sea to the south, industrial and bridge to the west, and
residential to the north and northeast.

Site History and Contamination Determination
•

The Fire Insurance Plan (1961) identifies this site as a wooden wharf.

•

Based on information gathered from municipal staff this property is potentially a fill site.
“This was done post WWII and there were no control or records at that time. There are a
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lot of known shipwrecks in the immediate vicinity – assume sunken boats could be part
of the landfill.” (Roberts Interview).
•

Literature shows that some potential contaminants associated with sunken shipwrecks are
heavy metals such as cadmium (Cd), lead (Pb), and copper (Cu) (Prego and CobeloGarcia 2004; Annibaldi et al. 2011).

Area of Environmental Concern
Site Property Boundary

0

10

20

30m

Figure 5.11. Environmental Concern Areas and Usable Space Map (Source: Adapted image.
Retrieved from halifax.ca. 2012)

Environmental Concern Areas and Usable Space Map
•

Figure 5.11 presents a suggested contamination pattern that is based on the entire site
being composed of fill. This diagram illustrates that the entire site is not suitable for
direct use by individuals.
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Figure 5.12. Opportunities and Constraints (Source: Adapted image. Retrieved from halifax.ca.
2012)
Opportunities and Constraints
•

The waterfront location and high quality view of Halifax harbour and the Macdonald
bridge provides the opportunity to utilize this site as a viewing deck.

Concept Plan
•

A boardwalk is proposed for the periphery of this site with a small seating area to invite
people to stay for a short time.

•

The boardwalk will start and end at the entrance, giving people a sense of direction and
destination. (Design Consideration A2-5)

•

The boardwalk will bring people to the edge of the water to utilize the view, while
guiding them not to engage with the spaces reserved for remediation activities.

•

The centre of the site will be planted with herbaceous species that extract metal
contaminants. Some of the plants suggested are Helianthus spp. (sunflower), Festuca
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arundinacea Schreb. (tall fescue), and Brassica juncea (Indian mustard). (Design
Considerations B2 and B4).
•

These plants can either all be planted in one year or every one specie at a different year.

Figure 5.13. Concept Plan (Source: Adapted image. Retrieved from halifax.ca. 2012)

Figure 5.14. Concept Character (Source: Photo collage. Personal photography and Retrieved
from gettyimage.ca and colourbox.com, 2012)
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Case Study 3 - The Emerald Park

Figure 5.15. City of Hamilton (Source: Adapted image. Provided by City of Hamilton, 2012)
City of Hamilton, Ontario
Area: 1,117.23 square kilometre
Population: 519,949
Site Location Address: 60, 68, 70, 72, 78, 82 Catherine Street and 69, 71, 73, 75 Mary Street
Site Area: 5086.4 square metre
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Figure 5.16. Neighbourhood Study (Source: Adapted image. Retrieved from hamilton.ca. 2012)
Neighbourhood Study
•

The site, which includes a series of municipally-owned lots, is located in the Downtown
Hamilton Community Improvement Project Area. The goal of this program is to improve
the public realm, to make downtown living more attractive, and to promote continued
downtown revitalization.

•

Northeast of the site is Beasley Park; to the southwest is the future location of JohnRebecca Park, which is currently a parking lot.

•

Traffic volume on Wilson Street (north) is high while the other three adjacent streets
(Catherine, Rebecca, and Mary) exhibit medium to low traffic volume depending on the
time of day.

	
  

62

•

Landmarks in the area include a mosque (north of and adjacent to the site), two churches,
and many public service centres such as health centres and a police station.

Figure 5.17. Site Inventory (Source: Adapted image. Retrieved from hamilton.ca. 2012)
Site Inventory
•

The site is fairly flat with no preferential drainage pattern. Most of the site has sun
exposure, but a small portion of it can be shaded at certain times of the day by two
adjacent buildings.

•

There are some woody species evident on the periphery of the site that appear to be
Fraxinus americana (white ash) of different ages.

•

There is no movement on the site as it is currently closed off by chain link fence;
however, the sidewalk around the site is used frequently.

•

Current site visibility is high. Views into the site are poor in quality due to fencing and
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extensive gravel surface. Views from the site are of buildings and parking lots.
Site History and Contamination Determination
•

A series of industrial and office buildings formerly occupied the site.

•

The Fire Insurance Plan (1898) for the site shows the presence of storage facilities. The
1964 version provides the location of infrastructure for auto painting/repair and
additional storage facilities.

•

Potential contaminants include petroleum hydrocarbons, chlorinated solvents, and heavy
metals (Adelekan and Adegunde 2011; Stroo and Ward 2010; Adeniyi and Afolabi 2002)

Figure 5.18. Environmental Concern Areas and Usable Space Map (Source: Adapted image.
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Retrieved from hamilton.ca. 2012)
Environmental Concern Areas and Usable Space Map
•

Figure 4.18 presents a suggested contamination pattern that is based on the location and
footprint of the site's former infrastructure obtained through Fire Insurance Plans. This
diagram illustrates the areas that are completely inaccessible and those appropriate for
use.

Figure 5.19. Opportunities and Constraints (Source: Adapted image. Retrieved from
hamilton.ca. 2012)
Opportunities and Constraints
•

The downtown location of this site provides the opportunity to integrate the design to the
local users culturally and to the chain of parklands contextually.
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Figure 5.20. Concept Plan (Source: Adapted image. Retrieved from hamilton.ca. 2012)
Concept Plan
•

The concept design is inspired by the four-square garden design of an Islamic garden
with an undulating landscape representing a central water feature.

•

A central pathway cuts through the site, east to west entering a turning circle within the
most accessible area. This area is meant to have the most active use by people. (Design
Consideration A1and A2)

•

The contaminated zones will be blocked off for other mitigation strategies as per the
remediation specialist. The inaccessible areas to users will be enclosed with chain link
fencing with climbing plants. (Design Consideration A6)

•

There is a buffer area between the inaccessible areas and areas of use that is planted with
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phytoremediation planting to stabilize and prevent any transfer of contaminants. (Design
Consideration B5 and B6)
•

Some suitable species are Populus tremuloides (trembling aspen), Populus deltoides x
nigra (hybrid of eastern cottonwood and black poplar), and variety of Salix spp. (willow).

Figure. 5.21. Concept Character (Source: Photo collage. Personal photography and Retrieved
from thepriceoftrust.com, alan927.jalbum.net, and shutterstock.com, 2012)
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CHAPTER SIX – ANALYSIS AND DISCUSSION
Introduction
The purpose of the discussion is to explore the results obtained regarding the proposed
design guidelines, the design process, and the design products. In this chapter every evaluation
question is a theme for which a discussion is provided based on the key informants’ responses.
Refer to Appendix C for the evaluation questions and Appendix D for key informants’
comments.
Design Guidelines General Overview
There seems to be a general consensus amongst the key informants that the organized
design guidelines can act as basic directions for the implementation of phytoremediation as an
interim solution. However, it is important to be aware that this format can misrepresent the
information by simplifying a potentially complex project. The design guidelines show a
sequential and linear format, but in reality some steps may happen concurrently. A collaborative
multi-disciplinary project team, directed by a landscape architect, will still be relying on a
remediation or phytoremediation specialist to lend expertise to the process.
The focus of this thesis is to create design guidelines that can be applicable to Canadian
cities. However, preparing a flow chart of anticipated outcomes is difficult due to the uniqueness
of each project. Providing more information in the document heading or subheading of each
section, especially emphasizing the dynamic and cyclical nature of these projects, can be useful.
Pre-Design Considerations
There are an appreciable amount of suggestions provided by the key informants for the
pre-design consideration. The design guidelines are intended to be used by landscape architects
in collaboration with environmental consultants and other appropriate professionals.
Soil quality testing and reviewing phytoremediation case studies are sound suggestions
and are significant in the pre-design considerations. A full assessment of the soil conditions will
be conducted at the pre-design considerations stage, which allows the team to plan for any soil
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quality deficiencies. An environmental consultant is knowledgeable about local and provincial
environmental regulations, and regularly completes Environmental Site Assessments, including
soil and water quality measures, and can engage a phytoremediation expert. The method of
finding information on the contamination type and level will be at the discretion of the
environmental consultant. The team project leader can discuss different methods of data
collection and potential cost savings with the environmental consultant or remediation specialist.
Recommendations were made on the suggested stakeholder groups and communication
strategies. The design guidelines provide a list of potential stakeholder groups, as different cases
may require a variety of specific involvements. It is important to emphasize the necessity of
communication with the public and responding to their concerns throughout the course of the
project.
Phytoremediation Design Considerations
A number of suggestions were made on the phytoremediation design considerations. It is
important to note that information produced in the design guidelines cannot be too explicit, as the
research intention was to maintain a general message that can be applied to any Canadian city.
However, enough detail is required to ensure that the design guidelines are comprehensive.
Similar to any landscape architecture project, local and regional research is essential prior to
initiating the project.
The suggested plant list illustrates a series of species that are appropriate for
phytoremediation. The landscape architect leading a phytoremediation project will thoroughly
research the plant selection. A phased planting approach is suggested and emphasis should be
made in the design guidelines to embrace the dynamic character of the phytoremediation
planting. A phytoremediation-planting scheme does not need to be the only and final version of
the landscape design. Additionally, it can be indicated that, although native plants are preferred,
the landscape architect may choose to design with non-native plants as long as they are
beneficial to the phytoremediation system and will not have a negative impact on the ecosystem.
The landscape architect in collaboration with the remediation or phytoremediation expert will
determine the exact detail of the phytoremediation system. A list of plant species appropriate for
the specific geographical location of the site will be selected. There are not many
phytoremediation experts in Canada; therefore, it is important to initiate the dialogue with the
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remediation specialist right away to involve the appropriate team, including academic
phytoremediation experts.
The recommended plant list provided is organized based on the type of contaminant and
their phytoremediation abilities. The focus of planting design being primarily on
phytoremediation can limit plant options for preferred design; therefore, the design guidelines
recommend utilizing plants that are tolerant of contaminated conditions.
Furthermore, the design guidelines do not include typical tasks associated with landscape
maintenance (e.g., mulching and irrigation), as they are standard with all landscape architecture
projects. Further explanation can reduce uncertainties and will ensure that the intentions of the
design guidelines are communicated.
Post-Implementation Considerations
As discussed earlier, the design guidelines refrain from elaborating on tasks that
landscape architects or environmental consultants perform regularly on every project. There
seems to be an agreement amongst the key informants that some of these tasks should be
mentioned in the post-implementation considerations to ensure that all requirements are being
met. For example, a successful project must have a safe working environment, detailed project
goals, and a feedback system.
Some comments bring up the notion that a phytoremediation project has a cyclical and
dynamic nature; perhaps this has been missed in the sequential format of the design guidelines.
Additionally, it is essential to develop communication strategies at the beginning of the project
that can be carried on through the post-implementation phase.
More information is requested in regards to plant harvesting. As with any landscape
design project, the replacement of dead plants is required. Some suitable actions can be
recommended to assist in dealing with the harvested plants (e.g., hyperaccumulator plants used
for biofuel).
Finally, discussions on the timing and frequency of different steps can be difficult at this
stage, as they will be based on the character of each site. Detailed contaminant information as
provided by the environmental consultant will determine the timing of processes and the
frequency of monitoring. It is important to coordinate project scheduling at the pre-design
considerations.
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Design Guidelines Necessity
There is full agreement that no unnecessary information is included in the design
guidelines. Lack of redundancy indicates the value of the information included and concise
format of the design guidelines as drafted. The design guidelines were organized such that a
general sense of direction would be given to a multi-disciplinary team led by a landscape
architect, and extensive information on the detail of the process could misdirect the intentions of
flexibility in the design guidelines.

Determining Contamination
There are two contradicting themes that prevail in the comments in this section. Nearly
half of the key informants were unaware that the use of Fire Insurance Plans is a recommended
method of characterizing site contamination. The remaining key informants were under the
impression that this method was only used for the purpose of this thesis rather than its use in the
phytoremediation field. Although a list of assumptions made during the design application was
provided in writing to the key informants, a more effective communication could have prevented
this misunderstanding.
Fire Insurance Plans were used for this research due to an inability to access the
environmental assessment information. If the design guidelines are to be used beyond this thesis,
additional data including environmental assessments will be the source of contaminant
information. Fire Insurance Plans are available at different archives (e.g., local universities,
municipal, and provincial) throughout the country for research purposes. They are often free and
convenient in the sense that the research process can remain consistent in collecting and
analyzing information. Additionally, aerial photographs were utilized to create the base map for
each case study site. In all three cases of site design the information provided on the Fire
Insurance Plans matched the aerial photography and the current state of the site.
Finally, the design application portion of this thesis assumes that the contamination is
localized to the estimated area. Migration of the contaminants based on their chemical properties
(e.g., vapour), type of soil, and depth of the groundwater table is possible, but that cannot be
determined until an actual environmental assessment has been accomplished. Beyond the scope
of this thesis, information should be gathered through a series of environmental investigations.
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Environmental Concern Area and Usable Space Map
Many of the key informants found creating the Environmental Concern Area and Usable
Space Map to be an acceptable strategy. Some of the confusion about the design process,
discussed previously, continued in this section. This was a challenge, as it can be difficult to
describe the process in writing to guide the key informants without influencing their judgment.
For the purpose of this thesis, the contamination information is completely based on
assumptions. As previously mentioned, the literature review provided a basis for the type of
contaminants. The contaminant source or suspect location was assumed to be infrastructure in
order to create an appropriate basis for the design process. The 5-metre step out is the minimum
recommended distance required for investigation from a known area of impact (BC MOE 2009).
The building and infrastructure footprints were assumed to be impacted; therefore, the 5-metre
step out guideline was used as a means to delineate the total impacted area on the sites. This
information, together with the literature review, forms the basis of the results of a site
investigation that would normally be completed.
During the course of a project an environmental consultant could present multiple
remedial options along with their costs and benefits; however, for this thesis, phytoremediation is
the predetermined method that allows for an interim site use strategy.
Usability of Public Space
In this section, concerns were mainly expressed about the fine detail of the designs. The
designs within this thesis are conceptual scenarios that could take place when the design
guidelines are used. They are ideas illustrating how contaminated vacant lands can be better
utilized by integrating site remediation and public use. The concepts behind the designs were
initiated from the notion that portions of the sites are meant to be used for long periods of time,
others are meant to be used for a shorter amount of time, and finally others are for secondary
uses such as utilizing a good view.
Human exposure is mentioned as a concern. This research showed that phytoremediation
is recommended for lower levels of contamination. When these design guidelines are used
beyond the purpose of this thesis, the landscape architect in collaboration with the environmental
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consultant will determine the areas of higher contaminated soil that are not suitable for human
exposure.
In this section public safety was raised, not in regards to phytoremediation but associated
with the site design decisions. For example, in the Saskatoon site, the idea of a formalized
pedestrian pathway over train tracks is a major concern. This design decision was in response to
the current use and founded on the assumption that permissions and approvals have been
obtained. The designs in all three cases were based on the current use of the sites.
Integration of Public Space and Phytoremediation
The comments in this section are very similar to the previous discussion in the sense that
they mainly focus on the detail design. The designs were developed to the concept stage to
illustrate how the design guidelines could develop as they are applied to different sites.
The purpose of the design application was to create complete or partial usable areas for
people while the site is being remediated to avoid having contaminated vacant lands left idle in
the urban fabric. It is important to consider effective space utilization while integrating different
program elements. Also, it is essential to ensure that the focus of designing for phytoremediation
does not take away from other significant elements associated with planning for a public space.
The literature explored in this thesis recommends phytoremediation for contaminants
with lower concentrations. Design of the phytoremediation planting will be in collaboration with
remediation specialists and environmental health assessors to avoid any risk associated with
human health.
Plant Arrangement, Density, and Species
This section also raised questions that relate to the fine detail of design. There seemed to
be a need for additional information one the plant species. Plant selection is one of the most
significant components of a phytoremediation system. An extensive amount of research is
required to establish a phytoremediation system for any location in Canada. A comprehensive
planting plan designed on a ‘per site basis’ should be developed when the design guidelines are
applied to a site, considering existing conditions, soil quality, and ecosystem character.
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The primary focus of this functional planting is phytoremediation. If other requirements, such as
providing sufficient shade, are not met the designer must rely on other devices (e.g., contaminant
tolerant shade trees or shade structures) to accomplish those needs.
Summary
The overall message of the key informants’ evaluation is that, with some additions, the
design guidelines can be used as a basis for transforming contaminated vacant lands to green
space using phytoremediation as an interim strategy. There are some hesitations and
uncertainties that can be partly based on the theoretical aspect of this thesis and partly due to the
innovative character of phytoremediation.
There were conflicting views on the contamination determination method, but most
agreed with the Environmental Concern Area and Usable Space Maps generated for each case
study. The design product comments were mainly associated with concerns related to the level of
detail of the designs. Table 6.1 provides a summary of key informants’ reflections on each
question.
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Table 6.1. Summary of Key Informants’ Comments

Y: In agreement
N: Not in agreement
NC: No comment or left blank
U: Uncertain and cannot put in Y or N category
*: Suggestions or comments for improvement were provided.
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Faye Langmaid

Frank Sleeger
Josephine Archbold

Richard E. Farrell
Steven Barnhart

Questions Themes
Design Guidelines Questions
Design Guidelines As Organized
Pre-Design Considerations
Phytoremediation Considerations
Post-Implementation Considerations
Design Guidelines Necessity
Thesis Design Process
Determining Contamination
Environmental Concern Area and Usable Space Map
Design Products
Usability of Public Space
Concept Plans/Integration of Phytoremediation
Planting

Beverly Hale
Bruce M. Greenberg
Edmund Rodrigues

Analysis of Key Informants Evaluation
Key Informants

Y
Y*
Y*
Y*
Y

U
Y
Y
U
Y

Y
Y*
Y*
Y*
Y

U
Y*
Y*
Y*
Y
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U*
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Y
Y*
Y*
Y*
Y

U
Y*
Y*
Y
Y

Y*
Y*
Y*
Y*
Y

Y N Y* N* Y* N Y* Y*
Y Y Y U Y* N Y* Y*
U Y* Y U Y* NC Y* U
Y U Y NC Y* NC Y* U
Y U Y NC Y* NC U* U

CHAPTER SEVEN – CONCLUSION
Summary of Research
The primary goal of the thesis was to explore phytoremediation as an interim design
strategy to transform contaminated vacant lands into public green space. Information on the
critical requirements was collected through a literature review and a case study. A synthesis of
the reviewed information was formatted into a series of design guidelines. The design guidelines
were then applied to three vacant sites located in Saskatoon, Halifax, and Hamilton. Based on
information gathered on their site history, it was assumed that these sites are contaminated. Fire
Insurance Plans and literature supported the assumptions on the contamination pattern and type.
During the process of design, the design guidelines were assessed and refined. The design
guidelines were then evaluated by a group of key informants, which included phytoremediation
specialists and municipal staff involved in open space planning and development in Canadian
municipalities.
The results and analysis indicate that found the design guidelines are an appropriate
foundation for the temporary implementation of phytoremediation to transform contaminated
vacant lands to green space. Different recommendations were made for three stages of the design
guidelines. In conclusion, phytoremediation is a relatively new field and, like many other new
technologies, it arrives with uncertainties and challenges. Phytoremediation can be utilized as an
interim solution to transform contaminated vacant lands to green space. Extensive multidisciplinary research and collaboration are required to generate a successful project.
Advice to Landscape Architects
Despite the challenges and uncertainties associated with phytoremediation, landscape
architects should not avoid getting involved in phytoremediation projects. Landscape architects
should in fact steer the establishment of such projects as they are trained to create landscapes that
are aesthetically pleasing and ecologically appropriate. In many aspects phytoremediation is
similar to reclamation projects that involve biological processes changing the state of the land.
The multi-disciplinary approach can enhance collaboration with other fields of expertise. This
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can be another stepping stone in expanding the profession’s profile and creating more
opportunities.
Limitations of the Study
The phytoremediation example explored the visual characters of a privately-owned site
that is physically inaccessible to the public. This thesis investigated scenarios where a
municipally-owned brownfield is partially physically accessible to the public. The inconsistency
in regards to the ownership and accessibility between the case study and the overall goal of the
project is a limitation.
Additionally, the nature of the design guidelines and its linear format may not represent
the complexity of a project well. Another format where the multi-disciplinary, cyclical, and
innovative character of the project is illustrated may have been more suitable.
As previously mentioned, the researcher could not obtain information on brownfields
from Canadian municipalities; therefore, a series of educated assumptions had to be made to
proceed with the design process. This lack of detail regarding contaminant information is a
limitation of the study as it lengthened the process and added uncertainties.
Another limitation is the number of key informants and the provinces they represent.
Although, selection were was established to determine the suitability of the key informants for
the project, the researcher was initially introduced to the names through the literature review
and/or previous experiences. Six out of the eight key informants are employed in the province of
Ontario. A representation of different provinces and territories of Canada may have been more
appropriate for this project. Nevertheless, all of the input provided by them was meaningful and
relevant to this project.
Last, the concept designs demonstrated the ideas behind the application of the design
guidelines, yet managed to create more concern as the designs were not taken to a detailed level.
Future Research

As stated earlier, a limitation to the study was the lack of contaminant information on
each site. Although, it is difficult to find this information, it would be ideal if the design
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guidelines were applied and evaluated to sites with known contamination information, i.e., have
funding to undergo a full environmental assessment.
Additionally, repeating the same study for privately-owned vacant lands can raise other
interesting options for brownfield redevelopment in Canada.
Finally, this thesis explored the general overview of administration of contaminated lands
in provinces and territories in Canada. Focusing on one site in Canada with a detailed
investigation can generate a more jurisdiction-specific challenges or successes information.

	
  
	
  
	
  
	
  

	
  

78

References
Adams, D., De Sousa, C., and Tiesdall, S. (2010). Brownfield Development: A Comparison of
North American and British Approaches. Urban Studies. 47(1): 75-104.
Adelekan, B.A. and Abegunde, K.D. (2011). Heavy metals contamination of soils and
groundwater at automobile mechanic villages in Ibadan, Nigeria. International Journal of
the Physical Sciences. 6(5): 1045-1058.
Adeniyi, A.A. and Afolabi, J.A. (2002). Determination of total petroleum hydrocarbons and
heavy metals in soils within the vicinity of facilities handling refined petroleum products in
Lagos metropolis. Environment International. 28: 79-82.
Alan 927photography. http://alan927.jalbum.net. (Accessed November 2012).
Annibaldi, A., Illuminati, S., Truzzi, C., and Scarponi, G. (2011). SWASV speciation of Cd, Pb,
and Cu for the determination of seawater contamination in the area of the Nicole shipwreck
(Ancona coast, Central Adriatic Sea). Marine Pollution Bulletin. 62: 2813-2821.
Archbold, J. and Goldsacker, S. (2011). Assessing Urban Impacted Soil for Urban Gardening:
Decision Support Tool – Technical Report and Rationale. Toronto: City of Toronto.
Babbie, E. (1998). The Practice of Social Research. 8th ed. Wadsworth Publishing Company.
Belmont, CA.
Barcelo, J. and Poschenrieder, C. (2003). Phytoremediation: principles and perspectives.
Contributions to Science. 2 (3): 333-344.
Barnhart, S. K., Perkins, N. H., and Fitzsimons, J. (1998). Behaviour and outdoor setting
preferences at psychiatric hospital. Landscape and Urban Planning. 42: 147-156.

	
  

79

Beckett, P. K., Freer-Smith, P., and Taylor, G. (2001). Effective Tree Species For Local Air
Quality Management. Journal of Arboriculture. 26 (1).
Begonia, M.T., Begonia G.B., Ighoavodha M., and Gilliard D. (2005). Lead Accumulation by
Tall Fescue (Festuca arundinacea Schreb.) Grown on a Lead-Contaminated Soil.
International Journal of Environmental Research and Public Health. 2(2): 228-233.
Bert, V., Seuntjens, P., Dejonghe, W., Lacherez, S., Thuy, H., and Vandecasteele, B. (2009).
Phytoremediation as a management option for contaminated sediments in tidal marshes,
flood control areas, dredged sediment landfill sites. Environmental Science Pollution
Research. 16:745-764.
Bidar, G., Garcon, G., Pruvot, C., Dewaele, D., Cazier, F., Douay, F., and Shirali, P. (2007).
Behavior of Trifolium repens and Lolium perenne growing in a heavy metal contaminated
field: Plant metal concentration and phytotoxicity. Environmental Pollution. 147: 546-553.
Blumner, N. (2006). Planning for the Unplanned: Tools and Techniques for Interim Use in
Germany and the United States. German Institute for Urban Affairs. Available
at:www.difu.de/sites/difu.de/files/archiv/publikationen/reihen/occasional-papers/06blumner_planning.pdf (Accessed November 2012).
British Columbia Brownfield Renewal. (2013). Brownfield Renewal Funding Program.
Available at: www.brownfieldrenewal.gov.bc.ca/financial.html (Access January 2013).
British Columbia Ministry of Environment. 2009. Technical Guidance on Contaminated Sites.
Site Characterization and Confirmation Testing. Available at:
www.env.gov.bc.ca/epd/remediation/guidance/index.htm#tech (Accessed November
2012).
British Columbia Office of the Auditor General. (2006). Public Participation: principles and
best practices for British Columbia. Web. Available at:

	
  

80

http://www.sustainet.com/pdf/Principles_and_Best_Practices-BCAuditor-28nov08.pdf
(Accessed November 2012).
British Columbia Real Estate Foundation. (2013). Green Building Grant. Available at:
www.refbc.com/grants/grant_information/GB_grant (Access January 2013).
Brown, R.D. (2010). Design With Microclimate. Island Press. Washington, DC.
Campbell, R.A. (2002). A Narrative of Success and failure in Environmental Remediation.
Organization and Environment. 15(3): 259-277.
Canadian National (CN) Railway. (2013). The Stronger Communities Fund. Available at:
http://www.cn.ca/en/delivering-responsibly/community
(Accessed January 2013).
Canadian National (CN) Railway. (2013). CN’s EcoConnexions From The Ground Up.
Available at: www.cn.ca/en/delivering-responsibly/community (Accessed January 2013).
Carr, S., Francis, M., Rivlin, L.G. and Stone, A.M. (1992). Needs in Public Space. Urban Design
Reader. Carmona, Matthew and Tiesdall, Steve (Eds.) Architectural Press.
Census Canada. (2011). Available at: www12.statcan.gc.ca/census-recensement/index-eng.cfm
(Accessed August 2012).
Chaudhry, T.M., Hayes, W.J., Khan, A.G., and Khoo, C.S. (1998). Phytoremediation – Focusing
on Accumulator Plants that Remediate Metal-Contaminated Soils. Australian Journal of
Ecotoxicology. 4: 37-51.
Chiesura, A. (2004). The role of urban parks for the sustainable city. Landscape and Urban
Planning. 68: 129-138.

	
  

81

City of Edmonton. (2011). LRT Design Guidelines for ETS Edmonton Transit System.
www.edmonton.ca/transportation/ets/lrt_projects/lrt-design-guidelines.aspx (Accessed
November 2012).
City of Guelph. (1995). Urban Design Guidelines. Department of Planning and Development.
Available at: http://guelph.ca/wpcontent/uploads/urban_design_guidelines.pdf
(Accessed November 2012).
Hamilton’s Economic Development and Real Estate Division. (2012). Environmental
Remediation and Site Enhancement (ERASE) Community Improvement Plan. Available at:
www.investinhamilton.ca/incentives-programs/municipal-programs/ (Accessed January
2013).
City of New York. (2010). Active Design Guidelines - Promoting Physical Activity and Health
in Design. Available at: http://www.nyc.gov/html/ddc/html/design/active_design.shtml
(Accessed November 2012).
City of Ottawa. (2000). Regional Road Corridor Design Guidelines. Available at:
http://www.ottawa.ca/en/city_hall/planningprojectsreports/planning/design_plan_guideline
s/completed/regional_roads/index.html (Accessed November 2012).
City of Peterborough. (2012). Brownfields Tax Assistance Program. Available at:
www.peterborough.ca/Assets/City+Assets/Planning/Documents/Central+Area+CIP.pdf.
(Accessed January 2013).
City of Regina. (2007). Regina’s Municipal Heritage Architectural Design Guidelines.
Available at: http://www.edmonton.ca/transportation/ets/lrt_projects/lrt-designguidelines.aspx (Accessed November 2012).
City of San Francisco. (2009). Stormwater Design Guidelines. Available at:
www.sfwater.org/index.aspx?page=446 (Accessed November 2012).

	
  

82

City of Saskatoon. (2009). Redeveloping Brownfields in Saskatoon. Available at:
www.saskatoon.ca/DEPARTMENTS/Community%20Services/PlanningDevelopment/Nei
ghbourhoodPlanning/VacantLotandAdaptiveReuseStrategy/Pages/BrownfieldRedevelopm
ent.aspx (Accessed January 2013).
City of Toronto. (2007). Design Guidelines for ‘Greening’ Surface Parking Lots. Available at:
www.toronto.ca/planning/urbdesign/guidelines.htm (Accessed November 2012).
City of Vancouver. (1992). Plaza Design Guidelines. Community Services. Available at:
http://vancouver.ca/home-property-development/design-policies-guidelines.aspx (Accessed
November 2012).
Cluis, C. (2004). Junk-greedy Greens: phytoremediation as a new option for soil
decontamination. BioTeach Journal. 2.
Cook, R. L., Landmeye, J. E., Atkinson, B., Messier, J. , and Nichols, E. (2010). Field Note:
Successful Establishment of a Phytoremediation System at a Petroleum Hydrocarbon
Contaminated Shallow Aquifer: Trends, Trials, and Tribulations. International Journal of
Phytoremediation. 12: 716-732.
Colour Box. http://www.colourbox.com. (Accessed November 2012).
Costa, E., Guilherme, L. , de Melo, E., Ribeiro, B., Inacio, E., Severiano, E., Faquin, V., and
Hale, B. (2012). Assessing the Tolerance of Castor Bean to Cd and Pb for
Phytoremediation Purposes. Biological Trace Element Research. 145: 93-100.
Craul, P. (1992). Urban Soil in Landscape Design. John Wiley and Sons, Inc. Toronto, ON.
Creswell, J.W. (1994). Research Design: Qualitative and Quantitative Approaches. Sage
Publishing Inc. Thousand Oaks, CA.

	
  

83

De Sousa, C. (2003). Turning brownfields into green space in the City of Toronto. Landscape
and Urban Planning. 62: 181-198.
De Sousa, C. (2006a). Unearthing the Benefits of Brownfield to Green Space Projects: An
examination of Project Use and Quality of Life Impacts. Local Environment. 11(5): 577600.
De Sousa, C. (2006b). Urban brownfields redevelopment in Canada: the role of local
government. The Canadian Geographer. 392-407.
Deming, M.E. and Swaffield, S. (2011). Landscape Architecture Research. John Wiley & Sons
Inc. Hoboken, NJ.
Devine, N. (2007). Community Gardens on Brownfields: A Summary Report and Inventory.
VIPIRG – Vancouver Island Public Interest Research Group. Available at:
http://bitsandbytes.ca/content/community-gardens-brownfields-summary-report-andinventory (Accessed November 2012).
Dwyer, J. F., Schroeder, H. F., and Gobster, P. H. (1991). The significance of Urban Trees and
Forests: Toward A Deeper Understanding of Values. Journal of Arboriculture. 17 (10).
Eckbo, G. (2002). Theory in Landscape Architecture, A Reader. Swaffield, Simon (ed.)
University of Pennsylvania Press. Philadelphia, PA.
El-Gendy, A., Svingos, S., Brice, D., Garretson, J. H., Schnoor, J. (2009). Assessments of the
Efficacy of a Long-term Application of a Phytoremediation System Using Hybrid Poplar
Trees at Former Oil Tank Farm Sites. Water Environmental Resources. (81) 486.
Environment Canada. (2003). Phytorem – Potential Green Solutions for Metal Contaminated
Sites. Environmental Biotechnology Applications Division.

	
  

84

Available at: www.ec.gc/etad (Accessed November 2012).
Federation of Canadian Municipalities. (2003). Green Municipal Fund. Available at:
www.fcm.ca/home/programs/green-municipal-fund.htm (Access January 2013).
Fire Insurance Plan City of Dartmouth. (1961). Sheet Number 956. Retrieved from Nova Scotia
Archives and Records Management. August 2012.
Fire Insurance Plan City of Saskatoon. (1958). Sheet Number. 221. Retrieved from City of
Saskatoon Archives. August 2012.
Fire Insurance Plan City of Saskatoon. (1923). Sheet Number. 221. Retrieved from City of
Saskatoon Archives. August 2012.
Fire Insurance Plan City of Hamilton. (1898). Sheet Number 198. Retrieved from City of
Hamilton. August 2012.
Fire Insurance Plan City of Hamilton. (1964). Sheet Number 198. Retrieved from City of
Hamilton. August 2012.
Forman, R. (1995). Some general principles of landscape and regional ecology. Landscape
Ecology. 10 (3): 133-142.
Getty Images. http://www.gettyimages.ca. (Accessed November 2012).
Gomes, H. (2012). Phytoremediation for bioenergy: challenges and opportunities. Environmental
Technology Reviews. 1 (1): 59-66.
Grant, J. (2006). Canadian cities in transition: local through global perspectives. Bunting, T.
and Filion, P. (Eds.) Oxford University Press. Don Mills, ON.

	
  

85

Gray, John S. (2002). Biomagnification in marine systems: the perspective of an ecologist.
Marine Pollution Bulletin. 45: 46-52.
Haalboom, B., Elliott, S., Eyles, J. and Muggah, H. (2006). The Risk Society At Work in the
Sydney ‘Tar Ponds.’ The Canadian Geographer. 2: 227-241.
Hamilton Economic Development. (2012). Environmental Remediation and Site Enhancement
(ERASE). Available at: www.investinhamilton.ca/incentives-programs/municipalprograms/ (Accessed January 2013).
Hooda, V. (2007). Phytoremediation of toxic metals from soil and waste water. Journal of
Environmental Biology. 28(2): 367-376
Hollander, J., Kirkwood, N., and Gold, J. (2010). Principles of Brownfield Regeneration.
Cleanup, Design, and Reuse of Derelict Land. Island Press. Washington, DC.
Hough, M. (1984). City form and natural process. Croom Helm. New York, NY.
ITRC The Interstate Technology and Regulatory Council. (2009). Phytotechnology Technical
and Regulatory Guidance and Decision Trees, Revised. Available at:
http://www.eugris.info/displayresource.aspx?r=6883 (Accessed November 2012).
IStock Photo. Available at: http://www.istockphoto.com. (Accessed November 2012).
Kaplan, R. (1993). The role of nature in the context of work place. Landscape and Urban
Planning. 26: 193-201.
Kirkwood, N. (Ed.). (2001). Manufactured Sites. Rethinking the Post-Industrial Landscape.
Taylor and Francis. New York, NY.

	
  

86

Keil, A. (2005). Use and Perception of Post-Industrial Urban Landscapes in Ruhr in Wild
Urban Woodlands – New Perspective for Urban Forestry edited by Kowarik, I. and
Korner, S. Springer-Verlag. Berlin, Germany.
Kuo, F., Bacaicoa, M., and Sullivan, W. (1998). Transforming Inner-City Landscapes. Trees,
Sense of Safety, and Preference. Environment and Behavior. Volume 30 (1) 28-59.
Kuo, F. (2001). Coping with Poverty: Impacts of Environment and Attention in the Inner City.
Environment and Behaviour. 33 (5).
Kutty, S.R.M., Ngatenah, S.N.I., Isa M. H., and Malakahmad, A. (2009). Nutrients Removal
from Municipal Wastewater Treatment Plant Effluent Using Eichhornia crassipes. World
Academy of Science, Engineering and Technology. 36.
Kuzovkina, Y. and Volk, T.A.(2009). The characterization of willow (Salix L.) varieties for use
in ecological engineering applications: Co-ordination of structure, function and
autoecology. Ecological Engineering. 35: 1178-1189.
Kvale, S. (1996). Interviews: An Introduction to Qualitative Research Interviewing. Sage
Publication. Thousand Oaks, CA.
Lafortezza, L., Sanesi, G., Pace, B., Corry, R.C., and Brown, R.D. (2004). Planning for the
rehabilitation of brownfield sites: a landscape ecological perspective. Brownfield Sites II
Assessment Rehabilitation Development. WIT Press. Available at:
www.witpress.com/contents/c7191.pdf (Accessed November 2012).
Lai, H. and Chen, Z. (2009). In-Situ Selection of Suitable Plants For the Phytoremediation of
Multi-Metals-Contaminated Sites in Central Taiwan. International Journal of
Phytoremediation. 11:235-250.

	
  

87

Levi, D. and Kocher, S. (2006). The Use of Coastal Brownfields As Nature Preserves.
Environment and Behaviour. 38 (6).
Loures, L. and Crawford, P. (2008). Finding Public Consensus: The Relevance of Public
Participation Post-industrial Landscape Reclamation. Conference Proceedings. 1st
WSEAS International Conference on Landscape Architecture. Algarve, Portugal.
Loures, L. and Panagopoulos, T. (2007). Sustainable reclamation of industrial areas in urban
landscapes. Sustainable Development and Planning III. 791.
Macaulay, D. and McLennan, J. (2006). The Ecological Engineer. Volume One: Keen
Engineering. Ecotone Publishing. Kansas City, MO.
Marcus, C. and Sarkissian, A. (1986). Housing As If People Mattered. University of California
Press. Los Angeles, CA.
Margolis, L. and Robinson, A. (2007). Living Systems – Innovative Materials and Technologies
for Landscape Architecture. Birkhauser Verlag AG. Boston, MA.
Marshall, C. and Rossman, G.B. (2006). Designing Qualitative Research. 4th ed. Sage Publishing
Inc. Thousand Oak, CA.
McLeod, V. (2008). Detail in Contemporary Landscape Architecture. Laurence King Publishing
Ltd. London, UK.
McLoughlin, C. (2002). Learner Support in Distance and Networked Learning Environments:
Ten Dimensions for Successful Design. Distance Education. 23 (2).
Meijer, M., Adriaens, F., Van der Linden, O. and Schik, W. (2011). A Next Step in Sustainable
Urban Design in the Netherlands. Cities. 28: 536-544.

	
  

88

Miller, L. B. (2009). Parks, Plants, and People. Beautifying the Urban Landscape. W.W. Norton
and Company. New York, NY.
Motloch, J. L. (2001). Introduction to Landscape Design. John Wiley & Sons, Inc. Toronto, ON.
Nassauer, J. I. (2011). Care and stewardship: From home to planet. Landscape and Urban
Planning. 321-323.
Natsch, S. and van der Meer, J.W.M. (2003). The role of clinical guidelines, policies and
stewardship. Journal of Hospital Infection. 53: 172-17.
Nagendran, R., Selvam, A., Kurian, J., Chiemchaisri, C. (2006). Phytoremediation and
rehabilitation of municipal solid waste landfills and dumpsites: A brief review. Waste
Management. 26: 1357-1369.
Nelson, W. R., (2004). Planting Design: A Manual of Theory and Practice. 3rd Edition. Stipes
Publishing L.L.C. Champaign, IL.
Neupane, A. and Gustavson, K. (2008). Urban Property Values and Contaminated Sites: A
Hedonic Analysis of Sydney, Nova Scotia. Journal of Environmental Management. 88:
1212-1220.
NRTEE National Round Table on the Environment and the Economy. (2013). Available at:
http://nrtee-trnee.ca (Accessed January 2013).
Nunavut Department of Environment. (2009). Environmental Guidelines for Contaminated Site
Remediation. Available at: http://env.gov.nu.ca (Accessed November 2012).
Newman, O. (1975). Design guidelines for creating defensible space. Washington: US. Dept. of
Justice, Law Enforcement Assistance Administration, National Institute of Law
Enforcement and Criminal Justice.

	
  

89

Ono, R. (2005). Approaches for Developing Urban Forests from the Cultural Context of
Landscape in Japan in Wild Urban Woodlands – New Perspective for Urban Forestry ed.
Kowarik, Ingo and Korner, Stefan. Springer Verlag. Berlin, Germany.
Ontario Ministry of Environment. (2011). Soil, Ground Water and Sediment Standards for Use
Under Part XV.1 of the Environmental Protection Act. Available at:
www.ene.gov.on.ca/environment/en/resources/STDPROD_086517.html.
Peralta, J.R., Gardea-Torresdey, J.L., Tiemann, K.J., Gomez, E., Arteaga, S., Rascon, E. and
Parsons, J.G. (2001). Uptake and Effects of Five Heavy Metals on Seed Germination and
Plant Growth in Alfalfa (Medicago sativa L.). Bulletin Environmental Contamination and
Toxicology. 66: 727-734.
Pilon-Smits, E. (2005). Phytoremediation. Annual Review of Plant Biology. 56:15-39.
Pilz, C. S. (2001). A framework for integrating phytoremediation into the landscape
architectural design process. Master of Landscape Architecture Thesis. University of
Guelph, ON.
Pincetl, S. and Gearin, E. (2005). The Reinvention of Public Green Space. Urban Geography.
26(5): 365-384.
Prego, R. and Cobelo-Garcia, A. (2004). Cadmium, copper and lead contamination of the
seawater column on the Prestige shipwreck (NE Atlantic Ocean). Analytica Chimica Acta
524: 23-26.
Province of Ontario Planning Act. (1990). Interim Control By-Law. Available at:
www.e-laws.gov.on.ca (Accessed November 2012).

	
  

90

Pulford, I.D. and Watson, C. (2003). Phytoremediation of heavy metal-contaminated land by
trees – a review. Environment International. 29: 259-540.
Rajakaruna, N., Tompkins, K. M., and Pavicevic, P. G. (2006). Phytoremediation: An affordable
green technology for the clean-up of metal-contaminated sites in Sri Lanka. Ceylon
Journal of Science (Biological Sciences). 35(1): 25-39.
Rall, E. L. and Haase, D. (2011). Creative intervention in a dynamic city: A sustainability
assessment of an interim use strategy for brownfields in Leipzig, Germany. Landscape and
Urban Planning (100): 189-201.
Raven, P. H., Evert, R. F., and Eichhorn, S. E. (1986). Biology of Plants. 4th edition. Worth
Publishers Inc. New York, NY.
Robinson, N. (2004). The Planting Design Handbook. 2nd Edition. Ashgate Publishing Company.
Burlington, VT.
Rock, S. (2001). Phytoremediation: integrating art and engineering through planting.
Manufactured Sites. Rethinking the Post-Industrial Landscape. Kirkwood, N. G. (Ed.)
Taylor and Francis. New York, NY.
Rogers, E. B. (2001). Landscape Design – A Cultural and Architectural History. Harry N.
Abrams Inc. New York, NY.
Roseland, M. (1997). Dimensions of the eco-city. Cities. 14 (4): 197-202.
Rosler, S. (2008). Green space development in shrinking cities: opportunities and constraints.
Urbani Izziv. 19 (2).
Russ, T. H. (2000). Redeveloping Brownfields. McGraw-Hill. New York, NY.

	
  

91

Schnoor, J. L. (1997). Phytoremediation. University of Iowa for Ground-Water Remediation
Technologies Analysis Centre.
Available at: www.clu-in.org/download/toolkit/phyto_e.pdf (Accessed November 2012).
Shutter Stock. http://www.shutterstock.com. (Accessed November 2012).
Sleegers, F. (2010). Phytoremediation as Green Infrastructure and a Landscape of Experience.
Proceedings of the Annual International Conference on Soils, Sediments, Water and
Energy. 15 (13) Available at: http://scholarworks.umass.edu/soilproceedings/vol15/iss1/13
Specter, D. K. (1974). Urban Spaces. New York Graphic Society Ltd. New York, NY.
Stearns, J. C., Shah, S., and Glick, B. R. (2007). Increasing Plant Tolerance to Metals in the
Environment. Phytoremediation: Methods and Reviews. Willey, N. (Ed.). Human Press.
Totowa, NJ.
Stroo, H. F. and Ward, H. C. (Eds.) 2010. Remediation of Chlorinated Solvent Plumes. Springer.
New York, NY.
Sustainable Development Technology Canada. 2013. Available at: www.sdtc.ca. (Accessed
January 2013).
Tate, A. 2001. Great City Parks. Spoon Press. New York, NY.
The Price of Trust. www.thepriceoftrust.com. (Accessed November 2012).
Thomas, G., Sim, J., and Poulton, D. (2001). Planting Design: An exploration of emerging
theoretical frameworks to support sustainable design. School of Design and Built
Environment. Queensland University of Technology. Brisbane, Australia. Available at
http://eprints.qut.edu.au/8407/1/8407.pdf (Accessed November 2012).

	
  

92

Thornes, J. E. (2008). A Rough Guide to Environmental Art. Annual Review of Environment and
Resource. 33: 391- 411.
Tucker, R. K. and Shaw, J. A. (2000). Phytoremediation and Public Acceptance in
Phytoremediation of Toxic Metals – Using Plants to Clean Up the Environment. Ilya
Raskin and Burt D. Ensley (Eds.) John Wiley & Sons, Inc. Toronto, ON.
Ulrich, R. S. (1986). Urban Responses to Vegetation and Landscapes. Landscape and Urban
Planning. 13: 29 – 44.
Urban, J. (2008). Up by Roots. Healthy Soils and Trees in the Built Environment. International
Society of Arboriculture. Champaigne, IL.
EPA United States Environment Protection Agency. (2011). Common contaminants fact flash.
www.epa.gov/superfund/students/clas_act/haz-ed/ff_09.htm (Accessed November 2012).
Vasilyeva, G. K., Strijakova, E. R., Svetlana, N. N., Lebedev, A. T., Shea, and Patrick J. (2010).
Dynamics of PCB removal and detoxification in historically contaminated soils amended
with activated carbon. Environmental Pollution. 770-777.
Visual Photo. Available at: http://www.visualphotos.com. (Accessed November 2012).
Wakefield, S. and McMullan, C. (2005). Healing in Places of Decline: (Re)imagining Everyday
Landscapes in Hamilton, Ontario. Health & Place. 11: 299-312.
Waugh, E. (Ed.) (2011). Recycling Spaces Curating Urban Evolution. The work of Martha
Schwartz Partners. Oro Editions. Novato, CA.
Weilacher, U. (2007). Syntax of Landscape – The Landscape Architecture of Peter Latz and
Partners. Birkhauser Verlag AG. Boston, MA.

	
  

93

WESA (2010). Phytoremediation Plan WM Richmond Landfill Town of Greater Napanee,
Ontario. West Management of Canada Corporation. Available at: http://breccurrentops.wm.com/about-us/reports.jsp (Accessed January 2013).
Westpaul, L. M. and Isebrands J.G. (2001). Phytoremediation of Chicago’s Brownfields:
Consideration of Ecological Approaches and Social Issues. Brownfields 2001 proceedings;
Chicago, II. Available at: http://www.nrs.fs.fed.us/pubs/2487 (Accessed November 2012).
Whyte, W. H. (1988a). City – Rediscovering the Centre. Doubleday. New York, NY.
Whyte, W. H. (1998b). The Social Life of Small Urban Spaces. Video.
Available at: http://vimeo.com/21556697 (Accessed November 2012).
WHO World Health Organization. (1999). Contaminated Soils in Gardens – How to Avoid
Harmful Effects. Available at:
www.euro.who.int/__data/assets/pdf_file/0009/119187/E64737.pdf
(Accessed November 2012).
Willey, N. (Eds.) (2007). Phytoremediation: Methods and Reviews. Human Press. Totowa, NJ.
Zalesny Jr., R. and Bauer, E. O. (2007). Evaluation of populous and Salix continuously irrigated
with landfill leachate I genotype-specific elemental phytoremediation. International
Journal of Phytoremediation. 9: 281-306.
Zeisel, J. (1981). Inquiry by Design: Tools for Environment-Behavior Research. Brooks/Cole
Publishing Company. Belmont, CA.

	
  

94

APPENDIX A – MUNICIPAL STAFF INTERVIEWS
City of Saskatoon
Joshua Quintal BSc Engineer-In-Training
Engineer II - Environment Services Branch

•

The site is partially owned by the City of Saskatoon and partially owned privately. The
private owned portion of the site is not available for sale.

•

This area of the City has recently been going through regenerations and is open to new
ideas.

•

Design charrettes have been held with the presence of the public to brainstorm for ideas
for the City owned portion of this land. Ideas such as a park, urban agriculture farm, and
utilizing land for solar panels have come up.
Saskatoon welcomes new and sustainable ideas.

•

People have showed interest in transferring this site to parkland and they would like to
see a change.

Regional Municipality of Halifax
Carolle Koziak Roberts, CSLA
Landscape Architect - Real Estate and Land Management

•

This site is a fill. This was done post WWII – no control or records at that time. There are
a lot of known shipwrecks in the immediate vicinity – assume sunken boats could be part
of the landfill.

•

Access is a problem to this site – we are not allowed to have a public crossing over the
train tracks for park/trail. The land under the bridge is closed to access for security
reasons.

•

The adjacent business – Marine Industrial – does ship repair. Our NDP government
encourages this type of industry since we were awarded the Federal Ship Building
Contract. [“Ships start here”].
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City of Hamilton
Le’ Ann Seely OALA CSLA CLARB Certified
Supervisor - Landscape Architectural Services
Comments on the neighbourhood and close-by project:
•

The purpose of the John-Rebecca project (across the intersection of the selected site) is to
use a public realm improvement strategy to make downtown living more attractive and
promote continued downtown revitalization. The site currently operates as a surface
parking area.

•

Through a process of stakeholder and public consultation we gathered information
regarding perceptions of the existing area, and ideas about how to develop a public space
to replace the existing parking lot (John-Rebecca project). People currently seem to feel
that the space is not appealing visually or otherwise, does not contribute the overall
health of the community, and actually attracts undesirable activity such as overnight
loitering, public drinking, and use of recreational drugs.

•

The individuals and groups we consulted felt that conversion of this space (John-Rebecca
project) to a public open space would greatly improve the area, would entice residential
development in the area, and invite more acceptable use, which would hopefully reduce
the number of occurrences of undesirable usage. The general consensus is that by making
the space more desirable to all users including local residents, visitors to the City, and
those who work in the area, that there will be a positive ripple effect out into the greater
neighbourhood.
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APPENDIX B – DOCUMENTS PROVIDED TO THE KEY INFORMANTS
Dear Key Informant,
The following evaluation was prepared to assess the design portion of my thesis. I appreciate
your time in reviewing the following documents and completing this evaluation.
Your knowledge and experience is invaluable to my research and education. Your assessment of
my design will play an important role in achieving the goals and objectives of my thesis.
This package includes:
Cover Page
Research Abstract
Design Guidelines and Associated Plant List
Design Process Assumptions
Design Guidelines Applied to 3 Sites
Evaluation Reporting Form
This package is being sent to you in PDF formant via electronic mail. The evaluation
form is fillable. Please provide comments in the text boxes following each question.
Please email the file back to me at lfazelba@uoguelph.ca
If you prefer hard copies of the file, please notify me as soon as possible and I will
courier the documents to you.
Kind regards,
Leila Todd
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Leila Todd

ABSTRACT

Word Count: 142

Phytoremediation as an Interim Tool
Many Canadian cities are slowly recovering from the remnants of the industrial era. An
important challenge is contaminated vacant lands that currently exist due to high
remediation costs. Redevelopment of vacant lots to green space changes the character of
our cities and improves human health. Phytoremediation, the process of cleaning
contaminated soil and water with plants, was explored as a design technique for
landscape architects. Based on a focused literature review and one case study, design
guidelines were formulated that were then evaluated through design application and a key
informant review panel composed of phytoremediation experts (both academic and
professional) and municipal staff involved in open space planning and development.
Their recommendations allowed for further refinement of the design guidelines,
providing a process of adopting phytoremediation as an interim tool to transform
contaminated vacant lots to public green space in Canadian municipalities.
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Design Guidelines to Use Phytoremediation as an Interim Tool to Transform Contaminated
Vacant Land into Public Green Space in Canadian Cities
Note: These design guidelines are meant to assist landscape architects in directing the implementation of an
interim phytoremediation project in an urban setting. This includes both municipal landscape architects and
private consultants hired by the municipality. Collaboration with remediation specialists during this process
is required.
Pre-Design Considerations
A. Project Planning
1. Investigate the policies and processes of federal, provincial, municipal, and other jurisdictional
agencies (e.g., conservation authority) in support of contaminated land redevelopment.
2. Develop a project stakeholder group in which members must be involved, but may be more or less
active at different stages of the process.
Suggested Municipal Representatives: Local City Councillor, Park Planning and Design, Landscape
Architect, Park Maintenance, Health, Environmental, Planning, and Legal Representation.
Suggested Non-Municipal Representatives: Landscape Architect, Remediation Specialist,
Environmental Health Assessor, Community Groups, Neighbourhood Residents and Business
Owners, Local School Board Representatives.
3. Form a committee to garner funding (e.g., federal and provincial funds, local stakeholders, private).
B. Site Characterization
1. Consult a remediation specialist to obtain information on the types and concentration of
contaminants within the site’s soil and groundwater.
2. Assess, together with the remediation specialist, if phytoremediation is an appropriate contaminant
mitigation strategy (based on contaminants, toxicity level, and time) for either the entire or a portion
of the site.
3. Collaborate with the remediation specialist and an environmental health assessor to create an
Environmental Concern Area and Usable Space map based on the defined zones of contamination
(based on type and concentration).
C. Communication
1. Determine a communication strategy (e.g., public events, stakeholder meetings, and media) to
initiate public dialogue and participation.
2. Involve the community to learn from and consider preferences and needs (e.g., at design stage by
organizing a design charrette).
3. Provide information (e.g., signage), education, and advertisement opportunities.
Phytoremediation Design Considerations
A. User Safety
1. Provide aesthetically pleasing open areas that can be utilized and enclose those that cannot be
utilized (based on the Environmental Concern Area and Usable Space map), while maintaining
appropriate circulation and movement.
2. Utilize colour, lighting, and surface materials to direct and influence user behaviour and to prevent
use of areas that will have a high level of phytoremediation planting (e.g., use of cobble-sized rocks
or gravel to make walking difficult and discourage access).
3. Generate landforms based on contaminant considerations (e.g., cut and fill to cap an area with higher
surface contamination).

1
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4. Consider alternative mitigation strategies to enhance usable areas and prevent disturbance of
phytoremediation areas (e.g., paving a contaminated area to accommodate preferred user
movement).
5. Use barriers to partially (visually accessible and physically inaccessible) or completely (both
visually and physically inaccessible) limit access to restricted areas. Ensure that by using a device to
make an area inaccessible visual quality is not reduced (e.g., cover chain-link fence with vines).
B. Planting
1. Design so that the space is adaptable to any change for remediation purposes (e.g., plant harvesting)
and can slowly evolve as needed with a dynamic phytoremediation system.
2. Select the appropriate plant list based on the contamination present and the phytoremediation
possibilities (Suggested plants provided next page).
3. Ensure that the selected plants do not include species at risk and/or a host plant to species at risk.
4. Ensure that the planting primarily focuses on phytoremediation needs. Use multiple species that are
tolerant of contaminated conditions to minimize monoculture planting.
5. Plant grasses to provide a large amount of fine roots, primarily or in tandem with trees.
6. Plant ground cover or mulch soil areas to eliminate dust and exposed soil.
7. Optimal spacing between plants depends on the size of the specimens. The planting plan should
enhance the phytoremediation system by encouraging root growth and establishment (e.g., allow
sufficient root growth space, mulch to keep roots moist, and limit competition for most important
plant species).
8. If contaminated ground water is targeted, woody deep-rooted high-water-uptake species (Populus
spp. and Salix spp.) are required to be planted at about 1-2 per 4 metre square range and/or in rows
with 3-metre centre spacing for an ideal amount of evapotranspiration.
Post-Implementation Considerations
A. Maintenance
1. Regular tasks for personnel (e.g., hazardous-waste trained landscape contractor) would include
general plant maintenance (e.g., pruning).
2. Plant harvesting will depend on the species and associated phytoremediation mechanism selected.
B. Monitoring
1. Remediation specialist to evaluate performance of phytoremediation system through ongoing
contaminant concentration determination.
2. Plant health and mortality assessment should be conducted by a specialist (e.g., plant ecologist).
C. Evaluation
1. Based on the information obtained from the monitoring tasks, the remediation specialist and
landscape architect will formulate necessary revisions to the phytoremediation system. An approved
contractor would implement these changes.
Phytoremediation Mechanisms
Phytodegradation – Plants’ metabolic processes break down the contaminants and incorporate them into the
plant tissue
Phytostabilization – Plants’ root system immobilizes the contaminants in soil and groundwater
Rhizofilteration – Plants’ root system adsorbs the contaminants and filters the contaminated water
Rhizodegradation – Microbes sheltered in the plants’ root system breakdown contaminants into other
molecules
Phytohydraulics – Plants uptake water to prevent spread of contamination
Phytovolatilization – Plants uptake, metabolize, and release by-products to the atmosphere in gas form
Phytoextraction – Plants uptake and translocate the contaminants by the root system and store and
accumulate in leaves and stems
2
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Explaining the Design Process
For application of the design guidelines, a series of assumptions were made.1, 2
1. The sites are currently vacant.
2. Level and type of contamination is not known to the researcher. Assumptions on the
type and pattern of contaminants are based on Fire Insurance Plan information.3
3. The soil underneath and a 5-meter step-out around the former infrastructure (e.g.
buildings) footprints are assumed to be impacted.4
5. Site and Context inventory and analysis was conducted through site visits, municipal
websites, and municipal staff interviews.
6. Current site designs are flexible to allow for changes in land use and plant remediation,
as required.

1

Please note that the original image sources for the images and maps created are available upon
request.
2
An environmental remediation specialist would be responsible for steps 2 and 3 when the design
guidelines are being used outside the scope of this thesis.
3
Fire Insurance Plans provide information on the infrastructure that was present (number, type,
footprint) at the time of the inspection. The information is mostly linked to building materials;
however, company names are also typically present.
4
British Columbia. Ministry of Environment. Technical Guidance on Contaminated Sites. Site
Characterization and Confirmation Testing. January 2009. Available at:
http://www.env.gov.bc.ca/epd/remediation/guidance/index.htm#tech
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APPENDIX C – EVALUATION REPORTING FORM
Phytoremediation As An Interim Tool
Evaluation Reporting Form
Key Informant Name and Credentials: ________________________________________
Design Guidelines Questions
Please use stage, category, and number to refer to each guideline (e.g., Pre-Design
Considerations A1).
1) Do the Design Guidelines as organized require any improvement? If so, can you provide
a suggestion?
Response:

2) Are there any other predesign considerations needed?
Pre-Design Considerations
A. Project Planning
1. Investigate the policies and processes of federal, provincial, municipal, and other
jurisdictional agencies (e.g., conservation authority) in support of contaminated land
redevelopment.
2. Develop a project stakeholder group in which members must be involved, but may be
more or less active at different stages of the process.
3. Suggested Municipal Representatives: Local City Councillor, Park Planning and Design,
Landscape Architect, Park Maintenance, Health, Environmental, Planning, and Legal
Representation.
4. Suggested Non-Municipal Representatives: Landscape Architect, Remediation Specialist,
Environmental Health Assessor, Community Groups, Neighbourhood Residents and
Business Owners, Local School Board Representatives.
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5. Form a committee to garner funding (e.g., federal and provincial funds, local
stakeholders, private).
B. Site Characterization
1. Consult a remediation specialist to obtain information on the types and concentration of
contaminants within the site’s soil and groundwater.
2. Assess, together with the remediation specialist, if phytoremediation is an appropriate
contaminant mitigation strategy (based on contaminants, toxicity level, and time) for
either the entire or a portion of the site.
3. Collaborate with the remediation specialist and an environmental health assessor to create
an Environmental Concern Area and Usable Space map based on the defined zones of
contamination (based on type and concentration).
C. Communication
1. Determine a communication strategy (e.g., public events, stakeholder meetings, and
media) to initiate public dialogue and participation.
2. Involve the community to learn from and consider preferences and needs (e.g., at design
stage by organizing a design charrette).
3. Provide information (e.g., signage), education, and advertisement opportunities.
Response:

3) Are there any other phytoremediation design considerations required?
Phytoremediation Design Considerations
A. User Safety
1. Provide aesthetically pleasing open areas that can be utilized and enclose those that
cannot be utilized (based on the Environmental Concern Area and Usable Space map),
while maintaining appropriate circulation and movement.
2. Utilize colour, lighting, and surface materials to direct and influence user behaviour and
to prevent use of areas that will have a high level of phytoremediation planting (e.g., use
of cobble-sized rocks or gravel to make walking difficult and discourage access).
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3. Generate landforms based on contaminant considerations (e.g., cut and fill to cap an area
with higher surface contamination).
4. Consider alternative mitigation strategies to enhance usable areas and prevent disturbance
of phytoremediation areas (e.g., paving a contaminated area to accommodate preferred
user movement).
5. Use barriers to partially (visually accessible and physically inaccessible) or completely
(both visually and physically inaccessible) limit access to restricted areas. Ensure that by
using a device to make an area inaccessible visual quality is not reduced (e.g., cover
chain-link fence with vines).
B. Planting
1. Design so that the space is adaptable to any change for remediation purposes (e.g., plant
harvesting) and can slowly evolve as needed with a dynamic phytoremediation system.
2. Select the appropriate plant list based on the contamination present and the
phytoremediation possibilities (Suggested plants provided next page).
3. Ensure that the selected plants do not include species at risk and/or a host plant to species
at risk.
4. Ensure that the planting primarily focuses on phytoremediation needs. Use multiple
species that are tolerant of contaminated conditions to minimize monoculture planting.
5. Plant grasses to provide a large amount of fine roots, primarily or in tandem with trees.
6. Plant ground cover or mulch soil areas to eliminate dust and exposed soil.
7. Optimal spacing between plants depends on the size of the specimens. The planting plan
should enhance the phytoremediation system by encouraging root growth and
establishment (e.g., allow sufficient root growth space, mulch to keep roots moist, and
limit competition for most important plant species).
8. If contaminated ground water is targeted, woody deep-rooted high-water-uptake species
(Populus spp. and Salix spp.) are required to be planted at about 1-2 per 4 metre square
range and/or in rows with 3-metre centre spacing for an ideal amount of
evapotranspiration.
Response:

4) Are the any other post-implementation considerations necessary?
Post-Implementation Considerations
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A. Maintenance
1. Regular tasks for personnel (e.g., hazardous-waste trained landscape contractor) would
include general plant maintenance (e.g., pruning).
2. Plant harvesting will depend on the species and associated phytoremediation mechanism
selected.
B. Monitoring
1. Remediation specialist to evaluate performance of phytoremediation system through
ongoing contaminant concentration determination.
2. Plant health and mortality assessment should be conducted by a specialist (e.g., plant
ecologist).
C. Evaluation
1. Based on the information obtained from the monitoring tasks, the remediation specialist
and landscape architect will formulate necessary revisions to the phytoremediation
system. An approved contractor would implement these changes.
Response:

5) Is there anything within the Design Guidelines that is not necessary?
Response:

Design Application Questions
1. Can you comment on my approach of determining the contamination pattern and type by
using Fire Insurance Plans?
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Assumptions on the type and pattern of contaminants are based on Fire Insurance Plan
information. Fire Insurance Plans provide information on the infrastructure that was
present (number, type, footprint) at the time of the inspection. The information is mostly
linked to building materials; however, company names are also typically present.
Response:

2. Can you comment on my approach used to create an Environmental Concern Area and
Usable Space Map?
The soil underneath and a 5-meter step-out around the former infrastructure (e.g.
buildings) footprints are assumed to be impacted. British Columbia. Ministry of
Environment. Technical Guidance on Contaminated Sites. Site Characterization and
Confirmation Testing. January 2009. Available at:
http://www.env.gov.bc.ca/epd/remediation/guidance/index.htm#tech
Response:

3. Can you comment on the usability of each public space? Is there anything that can be
changed to accommodate better use?
• Saskatoon
Response:
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• Halifax
Response:

• Hamilton
Response:

4. Can you comment on the concept plan and the integration of public space and
phytoremediation?
• Saskatoon
Response:

• Halifax
Response:

• Hamilton
Response:

5.

Do you have comments on plant arrangement, plant density, and the choice of species
for each design (optional)?
• Saskatoon
Response:
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• Halifax
Response:

• Hamilton
Response:
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APPENDIX D – EVALUATION COMMENTS
Key Informants:
BH – Beverley Hale, Ph.D., Toxicologist, Plant Biologist, University of Guelph
BG – Bruce M. Greenberg, Ph.D., Professor, Biology, University of Waterloo
ER – Edmund Rodrigues, Ph.D., P.Geo., Senior Contaminated Sites Consultant
FL – Faye Langmaid, FCSLA, MCIP, Manager of Special Projects at Municipality of Clarington
FS – Frank Sleegers, MLA, Assistant Professor of Landscape Architecture,
University of Massachusetts Amherst
JA – Josephine Archbold, MSc., Policy and Research Consultant, City of Toronto
RF – Richard E. Farrell, Ph.D. Soil Science, Associate Professor, University of Saskatchewan
SB – Steven Barnhart, MLA, OALA, Manager of Landscape Architectural Services,
City of Hamilton
Design Guidelines Questions
1) Do the Design Guidelines as organized require any improvement? If so, can you provide
a suggestion?
BH: The Design Guidelines are good – the one thing that I think is missing from the
“Phytoremediation Design Considerations” is consideration of soil and site suitability for
successful plant culture. Often these sites have soil that is in very poor condition due to long
periods of time with no plant culture – the soil organic matter content is low, soil microbial
communities are not well established anymore, and the soils are often compacted. So, a fair bit of
site evaluation beyond concentrations of contaminants should take place, and then a plan for
amending the site soils to alleviate these shortcomings.
BG: In general, the design guideline is good. Phytoremediation is fairly complex and the science
behind it is extensive. The problem with the guideline is that it takes a too simplistic approach. It
almost assumes that all you have to do is get the plants to grow. Phytoremediation is much more
complicated than that. In particular, the chemical methods used to assess the remediation are
complicated, expensive and prone to error. Without this expertise, the remediation is likely to
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fail. Also, one needs a very good understanding of the phytoremediation mechanisms of
remediation. There is no thought to this in the guideline. These mechanisms need to be
understood by the practitioners of phytoremediation so that the remediation can be followed and
the correct remediation methods are used. Phytoremediation is not just plant growth.
ER: Design guidelines provide a general basis for further work. See comments on the next three
sections.
FL: There needs to be a framework for decision-making prior to assuming that the use of the
sites should be as "public parkland". Granted the sites need to be remediated but why was public
access chosen? The sites could be remediated with the phytoremediation without providing
public access. In some cases this would be more efficient and could bring the sites back to use as
commercial or industrial sites. Remediating sites to “public parkland” standards is the highest
standard for clean-up. Has the pre-determination as parkland been made by the municipal
authority?
FS: The Design Guidelines are organized in a logical order. Overall, the list is very complete.
JA: From my perspective the design guidelines might create challenges for the proponent
because they are investing a lot of money in a contaminated site based on limited information.
Site characterization, in terms of the nature, extent and magnitude of the contamination present is
a precursor for two assumptions: 1) that you know you have designed an appropriate
phytoremediation plan (i.e., you have identified the right plants for the right contaminants and
the plants will survive and to do the job) and 2) that the site is safe to use. The design assumes
that the exposure pathways in the areas of unacceptable contamination are eliminated and that all
other exposures are considered acceptable.
I propose that the only way you can provide reliable information to inform the design of the site
is through soil and groundwater testing. You can scope the testing to include those areas that are
associated with the highest resource intensity (you don't want to plant mature trees and have
them die because the soil is too toxic) and in the areas where there is the greatest intensity of
public exposure. This testing should be conducted on a periodic basis to confirm the safety of the
site. You will want to design the soil testing to reflect the design (ie. testing the soil down to 1.5
metres if you are planting trees; and top 5 cm if the public is going to be exposed).
The environment, ecology and phytoremediation processes are dynamic. Period testing of the
design, the health of the plants, and the effectiveness of the phytoremediation would help to
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ensure the long term success of the project. This information will also be important to any
funders and to the legal team that is associated with the project.
You also may want to consider a cost/benefit and feasibility analysis of the phytoremediation
solution vs. other remediation solutions (i.e, dig and dump and importing of clean soil). This
analysis can ensure that the money spent on the landscaping is a sound investment (my
understanding is landscaping is extremely expensive – need to ensure that the investment is
protected and think about soil testing and remediation as an insurance policy for the landscape
investment).
RF: I believe that some reorganization is warranted; e.g., the first thing you should do is
identify/select a project coordinator who will then interact with the remediation specialist during
the site characterization and coordinate and supervise the planning stages and setting up of the
stakeholder group. You should also complete the site characterization before setting up the
stakeholder group. Knowing the type/extent of the contaminant, the suitability of the site for
phytoremediation and the potential hazards will help you determine who you want/need in the
group.
SB: Overall it’s a good start but the guideline document provides quite a bit of information
without leading the reader through each section. Document should have an introduction that
provides an overview, how to use each section and outline critical steps. More description is
required to explain how the guidelines should be applied; this could be augmented with a flow
chart that shows the key steps of the evaluation process and what the anticipated outcome is for
each step.
2) Are there any other predesign considerations needed?
BH: ‘Plant harvesting’ for phytoremediation species sometimes gets the stakeholders a bit
excited, not in a good way, as they want detailed information as to what happens to the
‘contaminated’ plant material. It’s a good question, and one that needs to be answered regardless
of whether it is asked publicly.
BG: Yes. A consideration to the mechanism used by the plants to remediate. Also, site
preparation is crucial. Usually the sites have very poor soil.
B1 - You will need an environmental site assessment to do this.
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B2 - Remediation specialists who understand phytoremediation are hard to find. This expertise is
somewhat rare. Contaminant level would be more useful.
ER: A. Project Planning - A comprehensive list of stakeholders to be consulted is provided.
Inclusion of a representative from the land development industry (e.g., homebuilders’
association) would be beneficial.
B. Site Characterization - Also review available soil maps and climatic data for the area to
determine the suitability of the site to support healthy plant growth to aid in the
phytoremediation, and assess the need for addition of soil amendments and irrigation.
C. Communication - The communication strategy is appropriate. Conduct a literature review of
phytoremediation case histories to gain a broad understanding of critical success and failure
factors that may affect this remediation technique.
FL: A - Why is the project stakeholder group being formed? What is its purpose? Local School
Board Representation - is this to have the school involved and provide educational materials?
B - More site characterization has to happen in advance of the pre-design. Who owns the site,
what is the intended future use, why public access and use, what are the contaminants, are they
travelling off-site or can they be capped and contained, is pump and flush a possibility.
C - What are the Ministry of Environment guidelines for site clean-up in the different
jurisdictions, are they willing to entertain phased in clean-up processes?
Communication about the clean-up, the contamination, the risk posed and impacts on health are
the first questions from the public, these should be part of the communications plan.
FS: Some marginal recommendations; the Post-Implementation Considerations could take up
more elements from the Pre-Design Considerations such as continued public communication
about the project. Because the technology is new it would be beneficial to keep scientist involved
as long as possible. Public education is another powerful tool that could be considered there. It
would help to promote the young and original science of phytoremediation.
A3 - Include the representatives from Urban Planning and Economic Development as municipal
representatives.
Add A6 - Create a research group/stakeholder subcommittee that investigates the history of the
site and compiles other historic site plans/ building footprints/ than Fire Insurance Plans. This
subcommittee could interview eye-witnesses still alive, gather information about former
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production processes to describe potential contaminants. This could reduce costs to pay the
remediation specialist in phase B and create new local knowledge and attention.
Another recommendation is that could be introduced in the beginning is the fact that some of the
described phases A, B, C could happen simultaneously. E.g. communication strategies create
more acceptance, create potential funding opportunities.
JA: You might want to consider that the proponent needs to check with O.Reg 153/04 (Ontario
Brownfields regulation). There may be circumstances where the regulation is invoked (i.e., if
there is a land use change from industrial to parkland). If so, the proponent must adhere to the
specifications in the regulation (undertake an environmental assessment and submit a Record of
Site Condition).
RF: A1 - Identify/select project manager to investigate
A1a - Determine the project/remediation objective and deliverables; e.g., control and
containment of the contaminant or removal/destruction of the contaminant. What you decide will
help you determine the funding and design requirements of the project.
A2 - Identify and address any concerns the stakeholders might have with phytoremediation;
determine and clarify expectations. [Note: do not to let the stakeholder group get too big;
otherwise it becomes difficult to get a consensus when you are developing your plan.]
A3 - Local City Councilor
A5 - Community fundraisers (e.g., potluck supper, bingo, etc.) are a good way to get the
community involved—having a financial stake makes the community more engaged and gives
them a sense of ‘ownership’.
B1 - Identify potential hazards to human health and the environment; including the potential for
the contaminant(s) to migrate off-site.
C1 - Develop a communication
C2 - Also need to provide the community with realistic expectations.
SB: Communication: this should be further explained, what is the objective of providing
information, what information, and to whom?
3) Are there any other phytoremediation design considerations required?
BH: I think this section is complete.
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GB: As I pointed out before, there are not many practitioners of real phytoremediation. The
experts you are suggesting that can contribute the skills of a phytoremediation expert are very
few in number.
Notes from Key Informant document:
A4 - do you mean parking and pathways??
B3 - of greater concern is not to use an invasive plant species
B4 - do you mean a plant species at risk? Then wouldn't it be a good thing to plant it to increase
the amount of the plant.
B8 - will take a long time for them to grow, so you may need something to control the
contaminants until the trees grow.
ER: A. User Safety - The considerations are appropriate and comprehensive.
B. Planting - Allow for the need for increased maintenance of the plants (e.g., mulching,
weeding, increased irrigation) during the early stages of plant growth in designing the planting
strategy.
FL: Once the decision has been made to go with phytoremediation, the information laid out
would be useful and the types of questions that need to be addressed.
FS: Overall the described phytoremediation design considerations are complete and in a logical
order. Some marginal recommendations:
B2 or 3 - The selection of native plants is desired but in special cases non-native plants could "do
a better job". Another criterion is the issue of invasive plants because many remediation plants
are invasive - so this should be discussed within the selection process. Tools to deal with these
issues (root barriers etc.) should be communicated with the stakeholders.
JA: I like the thinking here. My concern is that the design is predicated on the assumption that
you have characterized the site for contaminants. You know where they are, in what
concentrations, and what areas are safe or not safe. This assumption needs to be explored and
tested. See comments in other sections.
RF: B2 - Design so that the space is adaptable to any change for remediation purposes (e.g.,
plant harvesting) and can slowly evolve as needed with a dynamic phytoremediation system. The
list of potential phytoremediator plants is good, but remember that not all varieties of these plants
will be adapted to the local environment. Moreover, not all varieties/cultivars of these plants will
have the same phytoremediation potential.
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B3 - Select the appropriate plant list based on the contamination present and the
phytoremediation possibilities (Suggested plants provided next page). [Note: need to determine
fertilizer requirements for selected plant species; also determine whether irrigation will be
required to establish and maintain a healthy plant community. Determine whether contaminated
groundwater can be used to irrigate plants—may require regulatory approval.] Depending on the
contaminant of concern, you may need to have a plan to prevent grazing of the plant material by
local animals (pets, rabbits, squirrels, birds). For example, field pumpkin is an excellent choice
for the phytoextraction of certain organic pollutants; however, the contaminant accumulates in
the rind of the pumpkin and, thus, precautions must be taken so that the plants are not eaten by
animals or harvested by the community.
B4 - Ensure that the planting primarily focuses on phytoremediation needs. Use multiple species
that are tolerant of contaminated conditions to minimize monoculture planting. [Note: remember
that just because a plant is “tolerant” of the contaminant does not mean that it is a
phytoremediator plant. As well, consider using a phased planting; e.g., it may actually be
desirable to start out with a monoculture of a known (effective) phytoremediator plant and then
increase the biodiversity as the contaminant concentration comes down. (This assumes, of
course, that one of the project objectives is removal/destruction of the contaminant.)]
B5 - Plant grasses to provide a large amount of fine roots, primarily or in tandem with trees.
[Also consider the use of legumes (plants that can “fix” atmospheric nitrogen and return it to the
soil), thus reducing the need for fertilizer-N.]
B9 - If contaminated ground water is targeted, woody deep-rooted high-water-uptake species
(Populus spp. and Salix spp.) are required to be planted at about 1-2 per 4 metre square range
and/or in rows with 3-metre centre spacing for an ideal amount of evapotranspiration. [Is the
purpose of the trees to provide hydraulic control; i.e., to prevent off-site migration of the
contaminated ground water, or to destroy the contaminant? You may want to consider a
constructed wetland—depending on the contaminant and location of the site.]
SB: A description should introduce what is meant by user safety, how will this be approached
during the process and what are the key concerns.
A5 - Using a device this is not the best word, sounds like a tool versus a site design element or
feature.
B1 - Allow the space to evolve: this needs to be explained more clearly.
	
  

126

4) Are the any other post-implementation considerations necessary?
BH: I would have liked to see included here some thoughts about the long-term plan. Many
phytoremediation species are not all that pretty, and my question is whether you envision this
plant community as all that it can ever be, or that it is a transition to an unrestricted choice of
plantings. There is some implication in many of the ‘phytoxxxx’ terms that the concentrations of
contaminants in the soils will be reduced to values that bring the site into compliance with soil
quality guidelines.
BG: B1 - As above, specialists in phytoremediation and companies that can implement
phytoremediation are small in number. As far as I know my company is the only one in Canada
that is deploying real phytoremediation on a commercial level. Phytoremediation is not just
planting seeds and hoping for the best. It is a very unique skill set.
Comments on the plant list:
•

PHCs are degraded in the rhizosphere by bacteria supported by the plants. We have used

rye grasses and fescues very effectively for this.
•

Festuca rubra (red fescue) plants do not take up large PHC molecules.

•

Populus tremuloides (trembling aspen) only for light end PHC.

•

Chlorinated solvents: same problem as PCB. Hard to biodegrade. You are probably

looking at phytoextraction at best and then you will have to get rid of the plant.
•

Plants will not degrade PCBs. They require reductive dechlorination. Plants do not do

that.
•

Metal Phytoextraction: What will you do with the plants after they take up metals?

•

Phytoextraction of Pb will not work. Nothing takes up Pb. It is too biounavailable.

ER: A. Maintenance: develop a Health and Safety Plan and ensure that personnel are aware of
the requirements of the Plan (e.g., work gloves, hygiene practices etc.).
B. Monitoring: in consultation with the remediation specialist, develop performance measures
such as target soil and groundwater concentrations to monitor the progress of the
phytoremediation.
C. Evaluation: the evaluation should include an assessment of “lessons learned” and
identification of areas for improvement in the application of the phytoremediation technology at
the site.
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FL: If a phased in approach is taken to remediation, the Ministry of Environment has to buy-in
to the process, they will be monitoring and evaluation steps imposed by the protocols in place in
each province, these should be noted and the need for ongoing testing and licensing of properties
may be necessary for a number of years.
FS: The post-implementation considerations are fundamentally complete. I would consider e.g.
keep the stakeholders involved or suggest collaborations with academic partners. This could be a
section "C. Communication". Other elements that fall into this section are: knowledge transfer,
continued education possibilities (monitoring stations that are accessible by the public or
information that could be made accessible through the web, apps etc.). There could be potential
to network between the three sites (or other phytoremediation sites in general).
B. Monitoring
Replacement of mortal plants
JA: This strategy seems appropriate for a site that is appropriately characterized for the nature,
extent and magnitude of the contamination present.
RF: A1 - Regular tasks for personnel (e.g., hazardous-waste trained landscape contractor) would
include general plant maintenance (e.g., pruning; pest and weed control; replanting as needed).
A2 - Plant harvesting will depend on the species and associated phytoremediation mechanism
selected. [Note: also need to include a plan to handle and dispose of any secondary waste (i.e.,
contaminated plants or plant parts) generated during the growing season.]
B1 - Remediation specialist to evaluate performance of phytoremediation system through
ongoing contaminant concentration determination. [Note: how this will be accomplished should
be determined during the design phase of the study; e.g., will this involve vegetation, soil or
groundwater sampling? and what sort of access to the site will be required?]
B2 - Plant health and mortality assessment should be conducted by a specialist (e.g., plant
ecologist). [Should also monitor establishment of “volunteer” species—see edits to A1 above.]
Should have a contingency plan in case monitoring determines that the project objectives are not
being met within the expected timeframe. In the flow diagram for Recommended Planting for
Petroleum Hydrocarbons you have “Phytostabilization” listed twice; however, I assume that one
of these (Red fescue) should be “Rhizodegradation”.
SB: This section should include a discussion about timing, how long is each step anticipated to
last, monitoring indefinitely and if so at what frequency?
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The recommended planting key should have an introductory key that identifies general concepts
for plant use, such as woody trees may be used for versus herbaceous plants may be used for. I
did not understand the note on the chart it sounds like an example key and that there may be
many different combinations of keys, is this case? I have added comments in the design section
but in general I get the sense shade trees can't be used based on species listed.
5) Is there anything within the Design Guidelines that is not necessary?
BH: No.
BG: I don’t think so.
ER: The Design Guidelines are appropriate.
FL: No, from my experience writing and using design guidelines some will say there is too
much direction, others will say there is too little, and often it is the knowledge of the professional
using them. The question really should be are they flexible enough to allow for innovation and
yet tight enough to get the job completed in an acceptable manner. On that question you will not
know the answer until you try and use them, most guidelines get adapted over time.
FS: The Design Guidelines are carefully selected.
JA: Not that I could find.
RF: Not that I can see.
SB: No.
Design Application Questions
1) Can you comment on my approach of determining the contamination pattern and type
by using Fire Insurance Plans?
BH: It’s certainly a new concept for me, but I like it. Characterizing a site is a very expensive
process if you are relying on sampling, and in general, ‘phytoxxxx’ species are broadly
applicable to many contaminants. Probably the direction that we should be going in is to use
these kinds of records broadly for reclamation and remediation, as they will sufficiently inform
of the potential issues for a site, to plan an approach.
BG: I doubt this will give you the correct data. For us to do a phytoremediation, we need a full
phase 2 environmental site assessment. These are very expensive ($50K to $100K).
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ER: Fire Insurance Plans are a useful source of information on the infrastructure that may be
present at a site. If other historical information about the site is available, including a Phase One
Environmental Site Assessment report, this should also be reviewed.
FL: Fire Insurance Plans are very dated, there are aerial photographs available from the National
Archives and most municipalities have a number of years of aerial photographs as part of their
municipal files. These photos can be much more telling that fire insurance plans. Long-term
resident interviews and contact with employees for the industrial operations yield great insight
into the practices carried out on sites and where contamination may be. Depending on the
contaminate and how they travel through soil, water or are air-borne will determine where the
clean-up should be…assumptions are just that and often very inaccurate. In some cases it is the
building shell itself that has become contaminated, in other cases the building and its footprint
are the cleanest portion of the site. Once it is determined to clean-up a contaminated site there is
a very detailed Phase 1 Environment Site Assessment and then a further Phase 2 to get to greater
specifics. Most municipalities require ESA’s of properties when they acquire them as do banks
to hold mortgages on large commercial and industrial sites.
FS: Fire Insurance Plans are very valuable documents. They could be supplemented with historic
aerial photographs - if available. e.g., in Hamburg, Germany this is used to localize second world
war bombs. Aerial photographs will also lead to information about on-site storage. These are
"hot-spots" that can occur on every site.
Another valuable information is the historic production processes to find out which potential
contaminants occurred in the production process. The literature review about equivalent other
contaminated sites that are executed in this project very valid in this context.
JA: Fire Insurance Plans do not provide you with the information necessary to characterize the
nature, extent and magnitude of the contamination present. Fire insurance plans can be used to
help guide a soil and groundwater sampling plan but they cannot be used to characterize a
contaminated site.
RF: I believe this will provide a good “first approximation” of the contamination pattern; but,
depending on the type of contaminant(s) present, there may have been considerable migration of
the contaminant since the site was abandoned. This could be especially true if the contaminant
had reached the groundwater. Nevertheless, this should help guide the site assessment.
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SB: Explaining the design process, a 5 metre step out (don't like this term) is the objective to
provide a buffer distance to account for potential migration of contaminants and does this
distance vary based on type of soil on site as well as presence of high water table. Does the
buffer or offset from a facility footprint need to change or is 5 metres always enough?
2) Can you comment on my approach used to create an Environmental Concern Area and
Usable Space Map?
BH: I think this is fine if you are confident that the user didn’t dump materials further away from
the building, which I presume is what the 5m zone is accommodating.
BG: This should be OK.
ER: Normally, specific details on the distribution of contamination at a site would likely be
available from an environmental consultant through previous environmental characterization of
the site. However, as this is beyond the scope of your thesis project, it is acceptable to rely on
available regulatory or industry guidance in this regard in designing the phytoremediation
project.
The British Columbia Technical Guidance document referenced above provides an acceptable
and conservative basis for estimating the potential extent of step-out contamination from the
footprint of former infrastructure. Thus, for the purpose of the graduate thesis project, the
assumption made in regard to provide an estimate of the Environmental Concern Area (i.e., up to
5 metres from the footprint of former infrastructure) is reasonable given the limited information
and resources available for the site. As noted above, the assumption is conservative and is
deemed to be an acceptable approach by a credible regulatory jurisdiction. I therefore believe
that your approach in this regard is reasonable.
FL: I have not read the BC guidance document. As noted above depending on the contaminate
and how they were dispersed on the site the clean-up will take very different forms and
requirements, this is based on my experience with brownfield redevelopments.
FS: This is a valid method. Another potential conclusion though might be that the "Usable
Areas" are actually the areas where minor contamination is anticipated. This could make these
areas very suitable for phytoremediation; the other "high contaminations areas" could be
remediated with conventional methods e.g. capping or hauling of contaminants. I would like to
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see other strategies like aerating soil through ploughing. Another spatial strategy could be to
locate high/medium/lower areas with their specific design responses.
JA: I reviewed the BC MOE documentation. I could not find the approach you have identified in
the documentation. Perhaps it is provided elsewhere or you misunderstood the documentation.
The documentation states: "detailed site investigation focus on suspect areas and use step-outs
from suspect locations of between 5 and 7 metres, and grid sampling of between 10 and 20 m in
larger suspect areas."
This guide is not referring to using the building footprint as a "suspect locations". These are
suspected location for hotspots of contamination. Moreover, this guidance is referring to
planning for soil sampling. Soil sampling provides you with a site characterization of the nature,
extent and magnitude of contamination. I think you need to incorporate soil sampling into your
design plan.
RF: When I read the Site Characterization section of the Pre-Design Considerations, I had the
impression that the mapping would be done after the site assessment. If this is not the case then
you need to make this clear. If the mapping comes first, then as stated above, I think this is a
good start and can help guide the site assessment, which can then yield a more accurate, and
hence useful, Environmental Concern Area and Usable Space Map.
SB: This assumption seems sound, need to have a general idea for the site in order to focus
detailed investigations, this method may keep costs down versus having to excavate all
contaminated soils. Not sure if approval agencies will agree to this approach up front. There
should be more discussion in the guidelines about the importance of consulting with approval
agencies. Be careful that constraint plans and design plans align exactly otherwise it will give the
reader the sense that overlap is permitted.
3) Can you comment on the usability of each public space? Is there anything that can be
changed to accommodate better use?
BH: I am going to comment generally on the usability of the spaces, to ask about access to
public transit/parking. I know that re-routing public transit or roads is not a practical task to
include with site remediation, but, creating spaces where people can walk for recreation and
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great views without thinking about how they are going to get there, is a recipe for underutilized
space. Particularly from a female’s perspective, the space needs to be accessible in a safe way.
BG: On all of these they seemed OK. But you must be very careful that there is no human
exposure to potentially contaminated soils.
ER: I have looked at all three projects and find that you have correctly analyzed the factors
influencing the design at all three sites including: High visibility and compatibility with existing
land uses around the sites while enhancing the overall look of the neighbourhoods. The
responses are equally applicable to all the sites.
FL: (Saskatoon) Is the pathway a legal crossing of the railway track? If not, the liability of
providing a crossing without obtaining permission from the railway is considerable, getting a
legal crossing requires a hearing before the National Transportation Authority and is not
easy…Even getting a grade separated crossing is difficult. User safety should be paramount.
Why is this site being made publicly accessible?
(Halifax) Why a public viewing area? Again, the safety of pedestrians crossing the railway tracks
as they enter the site.
(Hamilton) This plan appears to have more integration with the local context and some public
access could be justified but should it be remediated and become part of the commercial core of
the CIP area?
FS: (Saskatoon) The corridor seems to be a very useful space but it cuts the site into two
triangles. Triangular spaces are difficult to organize, spatially.
(Halifax) The positioning of the boardwalk at the edge of the contaminated site offers a broad
range of opportunities because it creates a usable edge on the waterfront.
(Hamilton) The landform is a great design media. Rather than making it a singular destination as
objects it should be probably used to embrace the space as an edge-creating element. It redistricts
popular activities like ball playing.
JA: (Saskatoon) Looks great. I don't have the expertise to comment any further.
(Halifax) Looks great. I don't have the expertise to comment any further.
(Hamilton) Looks great. I don't have the expertise to comment any further.
RF: (Saskatoon) The public space seems fairly large and if the plan is to make this fit into the
redevelopment plans for the neighborhood, then I would recommend adding some amenities
other than benches along the main corridor. Perhaps a few chess stations and/or picnic tables in
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the public space (Area B) so that it is more of a destination once construction of the Senior
Centre and Community Enterprise Centre and condos is completed.
(Halifax) The usability of the public space seems appropriate. The concept plan (Fig. 5) shows
what seems to be a viewing platform in the SE corner of the site, but nowhere else along the
boardwalk. Why is this? I would have thought one in the center of the boardwalk would be more
likely to encourage people to walk the full length of the walkway.
(Hamilton) Overall, I very much like the site design. The benches shown in Fig. 6 appear to be
facing away from the grassed/treed central area; why is this? For the moment, at least, the
surrounding area isn’t particularly attractive, so why not have the benches face into the site?
SB: (Saskatoon) The assumption that the informal footpath should be maintained to provide
access across rail lines is a big one. Most municipalities would discourage this, rail company
would need to be identified as a stake holder, most would not support an informal crossing.
There are two tracks shown so should assume high speed train traffic in which case crossings
need to occur at roads or a new controlled crossing is required. The constraint areas and fire
insurance plan mapping zones do not directly align, is this allowed, I would think it isn't a
preferred situation.
If so the train will always have priority and graphic suggests that pedestrians have priority, you
are creating a potentially dangerous situation. What is the purpose of the raised curbing along
each side of the walkway, this will be expensive if it is only to act as a maintenance edge and the
curb isn't high enough to discourage pedestrian access. The scale of the walkway looks too
narrow, should be wider if you anticipate multi use for cyclist to pass. Too many lights, do not
need them on both sides this is not a road, one light every 26 metres would be adequate. Same
for seating, are that many people looking to sit along this route? Maybe one seat near an
interpretative panel.
(Halifax) Not clear how much of the site can be designed, you reference the formal parking area,
if this is on our site it needs to be included within the site boundary. The area shown is not large
enough for parking, how are the cars going to turn around, how many cars are you designing for,
difference if 2 spots versus 10 spots, based on concept you are expecting a crowd. The statement
that the diagram indicates the site is "not suitable for direct use by individuals" should be
clarified. Why is there a need for a perimeter pathway, key views are at waters edge and this
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pathway will be expensive and may not be used. Statement in right up that "spaces reserved for
other activities", what does that mean?
(Hamilton) Spaces do not align directly with fire plan. You have introduced the need for a
second buffer area when it may be that you are identifying a zone of contamination, I thought the
5 metre buffer was enough. If there is a known reason to extend the buffer then it should be
identified by a different term versus creating two 5 metre setback zones. The active use area does
not directly align with the concept plan. How is the fenced area to be maintained? There is a
need for ongoing monitoring and maintenance, which will require access by vehicles, this will
need to be accommodated in the design. The paved areas along the street are large and taper
down to nothing on the sides, what is the rational for this approach? I would think the paved
areas would be the active use zone, which you have shown as turf with mounds.
4) Can you comment on the concept plan and the integration of public space and
phytoremediation?
BH: I am not sure that I have a great deal of comment that has any merit from a land-use
perspective, but to some extent, all plantings are ‘phytoremediation’. Not necessarily of
contamination, but of wind tunnels or soil erosion or dust control or temperature control. So, I
believe that all public spaces should have vegetation included in their plan, in addition to what it
does for aesthetics and privacy. In that regard, I think all of the plans for integration of public
space and vegetation are good ones, providing that the site physical characteristics are such that
the plants thrive.
BG: Risk to human health would be a major concern.
ER: All designs are aesthetically pleasing and create effective use of space to provide a peoplefriendly outlook at the sites
FL: Left blank.
FS: (Saskatoon) Phytoremediation and public space could overlap more to embrace this concept
on the whole site. The separation is understandable but it seems to be executed in a too literal
way. Information could be used also as a repeating element along corridors.
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(Halifax) This design has a clearly legible separation for the two program elements. This is
positive because it makes the contaminated area recognizable. Crucial though are areas/points
where public and phytoremediation interact.
(Hamilton) The separation of the functions does not work to the advantage of the overall design.
The areas for planting tolerant species could be more engaging and address phytoremediation.
JA: (Saskatoon) Looks great. I don't have the expertise to comment any further.
(Halifax) Looks great. I don't have the expertise to comment any further.
(Hamilton) Looks great. I don't have the expertise to comment any further.
RF: (Saskatoon) The integration of the two uses seems good . . . but just what is the ultimate
goal of the phytoremediation? That is, what will this area eventually be used for?
(Halifax) The integration of the two uses seems good . . . but again, what is the project goal and
what is the end-use you envision for this site?
(Hamilton) The integration of the two uses is generally good; however, I have some concerns
over the development of the Community & Education Centre in the building that was formerly
used for auto painting and repair, and is surrounded by what is described as a “heavily
contaminated” zone. If this zone is fenced off for “other mitigation strategies”, is it wise to
develop the area enclosed by the contaminated zone before it is remediated?
It is difficult to tell from the concept how the “heavily contaminated zones” will be dealt with.
That is, I would assume that they would be addressed before the phytoremediation and public use
areas are established, in which case they could be better incorporated into the plan (perhaps as a
peripheral walkway or skating area).
SB: (Saskatoon) The tree graphics suggest that trees can be the same for both zones is this the
intent? The proposed pedestrian railway section is large, is the intent to make this a formal
pedestrian crossing area?
(Halifax) Consider designing a walk that leads to a lookout area, not a complete loop. If this is a
raised walkway there should be proper railings. Walkway shown with wheelchair is too narrow,
no one could pass.
(Hamilton) Concept plan does not align with the fire insurance plan. Trees within
phytoremediation area - do they need to be different than the trees outside or can they all be the
same species for design continuity.
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Graphics do show a variety in both zones, perhaps the concept plan is too small to see. For
Saskatoon the design intention was to make a formal pedestrian railway. There are interesting
comments about the details of the designs.
5) Do you have comments on plant arrangement, plant density, and the choice of species for
each design (optional)?
BH: I think those are all fine for all locations – however, the success of the plants will depend
on whether the concentrations of the contaminants in the soils are approaching the toxicity
threshold. Just because a species is a good one for contaminated sites does not mean that it has
no sensitivity at all. As I mentioned before, the other important question is whether or not the
soils at each of these locations are in good enough shape to support plant communities. Does the
soil need some amendment(s) or other management measures? What about irrigation, for
example?
The higher the root density the greater the rate of remediation.
ER: There is proper selection and effective mixture of plants to allow the plant species to coexist and flourish. There is due consideration of climatic and site-specific soil and contaminant
characteristics in the proper selection of the hardy plant species. The responses are equally
applicable to all the sites.
FL: Left blank.
FS: (Saskatoon) The selection of plants responds to the contamination. It would be useful to
explore plant layering for example the relationship between Populus/Salix/herbaceous species.
(Halifax) The selection of plants responds to the contamination. The selected plants have their
major attraction during the flowering season but are mostly not aesthetically during the rest of
the year (Helianthus and Brassica). Pb contamination is very problematic; in the literature the
basic function of the plants is stabilization if challenged by Pb. Many projects where Helianthus
were proposed are not successful.
(Hamilton) The selection of plants responds to the contamination. The spatial arrangement of the
plants is advised to reinforce the usability of the place. An integration of plants that are not part
of the contaminated site should be considered.
JA: (Saskatoon) Looks great. I don't have the expertise to comment any further.
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(Hamilton) Looks great. I don't have the expertise to comment any further.
(Halifax) Looks great. I don't have the expertise to comment any further.
RF: (Saskatoon) You have recommended that the ground cover be Medacago sativa L., which is
nice, but will attract bees—have you considered this in your design?
Why such a dense planting of trees in the phytoremediation area? Is there evidence that there is
contamination at depth or that there is groundwater contamination? If your intent is to ultimately
have a small urban forest, then I can see this, otherwise, and if the contaminant is mainly in the
upper 60–100 cm of the soil, then I would recommend a less dense planting of trees with an
understory of shade tolerant grasses/legumes. I am not sure how well alfalfa will do in a heavily
shaded area.
(Halifax) Given the fact that this site is right on the harbor, I was surprised not to see anything
about salt contamination (from sea spray) or the use of salt tolerant plants in the design. My
guess is that salts might be more of an issue than heavy metals at this site—depending on the
source of the gravel and the depth of the cover. This should be addressed in the site assessment.
The “concept character” figure shows just sunflower at the site; so, will this be a monoculture?
(see B4 under Phytoremediation Design Considerations.) If it is not a monoculture, you may
have to account for shading of the smaller plants by the sunflower.
Do heavy metals accumulate in the seed of these plant species and, if so, is there a plan to
restrict/prevent birds from eating the seeds?
(Hamilton) The choice of trees appears to reflect the desire for hydraulic control of the
groundwater, which is presumably contaminated and is/may migrate off-site. I assume from the
drawings (Figs. 5 & 6) that the remainder of the site will be seeded with a locally adapted turf
grass, but this is not indicated in the plan.
SB: Overall, difficult to comment on plant density, as intent of species is not known, are they to
be large shade trees or trees that perform a specific function? May not be able to achieve shade
with poplar, aspen. What type of willow is used, big difference between shrub willows and black
willow. Sites are likely too small for black willow.
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APPENDIX E – DESIGN GUIDELINES AND SUGGESTED PLANT LIST
Design Guidelines to Use Phytoremediation as an Interim Tool to Transform
Contaminated Vacant Lands into Public Green Space in Canadian Cities
Note: These design guidelines are meant to assist landscape architects in directing the
implementation of an interim phytoremediation project in an urban setting. This includes both
municipal landscape architects and private consultants hired by the municipality. Collaboration
with remediation specialists during this process is required.
Pre-Design Considerations
A. Project Planning
1.
2.
3.
4.
5.

Investigate the policies and processes of federal, provincial, municipal, and other
jurisdictional agencies (e.g., conservation authority) in support of contaminated land
redevelopment.
Develop a project stakeholder group in which members must be involved, but may be
more or less active at different stages of the process.
Suggested Municipal Representatives: Local City Councillor, Park Planning and Design,
Landscape Architect, Park Maintenance, Health, Environmental, Planning, and Legal
Representation.
Suggested Non-Municipal Representatives: Landscape Architect, Remediation Specialist,
Environmental Health Assessor, Community Groups, Neighbourhood Residents and
Business Owners, Local School Board Representatives.
Form a committee to garner funding (e.g., federal and provincial funds, local
stakeholders, private).

B. Site Characterization
1. Consult a remediation specialist to obtain information on the types and concentration of
contaminants within the site’s soil and groundwater.
2. Assess, together with the remediation specialist, if phytoremediation is an appropriate
contaminant mitigation strategy (based on contaminants, toxicity level, and time) for
either the entire or a portion of the site.
3. Collaborate with the remediation specialist and an environmental health assessor to create
an Environmental Concern Area and Usable Space map based on the defined zones of
contamination (based on type and concentration).
C. Communication
1. Determine a communication strategy (e.g., public events, stakeholder meetings, and
media) to initiate public dialogue and participation.
2. Involve the community to learn from and consider preferences and needs (e.g., at design
stage by organizing a design charrette).
	
  

139

3. Provide information (e.g., signage), education, and advertisement opportunities.
Phytoremediation Design Considerations
A. User Safety
1. Provide aesthetically pleasing open areas that can be utilized and enclose those that
cannot be utilized (based on the Environmental Concern Area and Usable Space map),
while maintaining appropriate circulation and movement.
2. Utilize colour, lighting, and surface materials to direct and influence user behaviour and
to prevent use of areas that will have a high level of phytoremediation planting (e.g., use
of cobble-sized rocks or gravel to make walking difficult and discourage access).
3. Generate landforms based on contaminant considerations (e.g., cut and fill to cap an area
with higher surface contamination).
4. Consider alternative mitigation strategies to enhance usable areas and prevent disturbance
of phytoremediation areas (e.g., paving a contaminated area to accommodate preferred
user movement).
5. Use barriers to partially (visually accessible and physically inaccessible) or completely
(both visually and physically inaccessible) limit access to restricted areas. Ensure that by
using a device to make an area inaccessible visual quality is not reduced (e.g., cover
chain-link fence with vines).
B. Planting
1. Design so that the space is adaptable to any change for remediation purposes (e.g., plant
harvesting) and can slowly evolve as needed with a dynamic phytoremediation system.
2. Select the appropriate plant list based on the contamination present and the
phytoremediation possibilities (Suggested plants provided next page).
3. Ensure that the selected plants do not include species at risk and/or a host plant to species
at risk.
4. Ensure that the planting primarily focuses on phytoremediation needs. Use multiple
species that are tolerant of contaminated conditions to minimize monoculture planting.
5. Plant grasses to provide a large amount of fine roots, primarily or in tandem with trees.
6. Plant ground cover or mulch soil areas to eliminate dust and exposed soil.
7. Optimal spacing between plants depends on the size of the specimens. The planting plan
should enhance the phytoremediation system by encouraging root growth and
establishment (e.g., allow sufficient root growth space, mulch to keep roots moist, and
limit competition for most important plant species).
8. If contaminated ground water is targeted, woody deep-rooted high-water-uptake species
(Populus spp. and Salix spp.) are required to be planted at about 1-2 per 4 metre square
range and/or in rows with 3-metre centre spacing for an ideal amount of
evapotranspiration.
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Post-Implementation Considerations
A. Maintenance
1. Regular tasks for personnel (e.g., hazardous-waste trained landscape contractor) would
include general plant maintenance (e.g., pruning).
2. Plant harvesting will depend on the species and associated phytoremediation mechanism
selected.
B. Monitoring
1. Remediation specialist to evaluate performance of phytoremediation system through
ongoing contaminant concentration determination.
2. Plant health and mortality assessment should be conducted by a specialist (e.g., plant
ecologist).
C. Evaluation
1. Based on the information obtained from the monitoring tasks, the remediation specialist
and landscape architect will formulate necessary revisions to the phytoremediation
system. An approved contractor would implement these changes.
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