








[4.48] mainly agronomics species 

IDRAULIC CONTROL
It’s a method of phytoreme-
diation that consist in absorbing 
groundwater in order to control 
and mitigate the contaminants. In 
agricultural realities, for instance,  
the plants present at the edge of 
cultivated plots are able to absorb 
the contaminants with agrarian 
origin.
IN SITU
Depuration of soil or water car-
ried out in loco, not implying the 
handling or movement of soil 
and the drainage of water.
INDICATOR PLANT
Those species where plant con-
centrations of metals reflect those 
in the soil.
LAND RECLAMATION
A procedure of recovery for con-
taminated sites.
LANDFARMING
Technology for in situ reclama-
tion of soil. The contaminated 
soil, one meter thick, is placed on 
a waterproof layer. The oxy-
genation of the subsoil and the 
supply of nutritious substances 
are carried out though farming 
operations (milling, ploughing, 
fertilization). 
LANDSAT
A system of satellites monitoring 
the Earth. The data they provide 
are examined to study the envi-
ronment, resources and natural 
or artificial changes affecting the 
surface of the planet.
NATURAL ATTENUATION
A natural process of attenuation 
of pollution, resulting from phe-
nomena of biodegradation and a 
reduction of the concentration of 

estraction
     phytoestraction  soil - CONTAMINANT EXTRACTION AND CAPTURE (is necessary to  
         remove the plant) - metals (Ag, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Zn) and radionuclides (Sr, Cs, 
         Pu, U)
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degradable pollutants. It consist 
of an accurate monitoring activ-
ity of spontaneous phenomena.
NITRATE
NO3-, or nitrate, is an inorganic 
salt resulting from a combination 
of nitric acid (HNO3) and a base. 
Nitrates are extremely soluble 
in water, and therefore they can 
only be found on the surface in 
extremely arid territories. The 
most common nitrates in nature 
are sodium nitrate and potassium 
nitrate. Some microorganisms 
(denitrifying bacteria) are able 
to decompose nitrates to obtain 
oxygen.
OFF SITE
Operations of processing and 
depuration carried out away from 
the site, implying the handling, 
movement and storage of materi-
als.
ON SITE
Processing, depuration or storage 
operations carried out on site.
PAHs
PAH stands for “polycyclic 
aromatic hydrocarbons”. They 
are characterized by two or more 
interconnected aromatic rings. 
Some are carcinogenic for man, 
especially when containing 
benzo(e)pyrene. In Italian: IPA, 
Idrocarburi Policiclici Aromatici
PCB
Polychlorinated biphenyls 
(PCBs) are a class of organic 
compounds. They were used as 
coolants, adesives and insulating 
fluids
PCP
Pentachlorophenol is an organo-
chlorine compound. It has been 
used as a herbicide, insecticide, 

[4.53] beta maritima																	                 Pb, Cu, Zn
 

[4.52] arundo donax																	                 Cd, Ni, Hg, Pb, Zn	

[4.51] artemisia princeps																                Cd, Zn, Cu, Pb
	

[4.50] arabidopsis																	                 Cd, Fe, Zn

[4.49] alyssium wulfenianum																                Ni
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fungicide, algaecide and disin-
fectant.
Pb
Pb is the 82nd element in the 
periodic table, it is a shiny, bluish 
metal. Under natural condition 
it has a really low geo-chemical 
mobility in soil staying for as 
long as thousands of years in 
the upper soil layers. Today the 
natural cycle of Pb is affected by 
environmental contamination, it’s 
more influenced by human activi-
ties than by natural processes. Pb 
in its inorganic form is absorbed 
through respiration, contact with 
the contaminated soil and food, 
it is largely excreted but almost 
20% is absorbed and distributed 
amongs the tissues.
PEDOLOGY
Pedology is a branch of earth 
science dealing with the topog-
raphy, genesis, composition and 
modifications of soil related to 
natural and/or anthropic factors.
PERTICA
Ancient roman linear unit, 
equivalent to 2,964 m. Also, area 
unit currently employed in Milan 
and province, equal to 654 m2.
PHITOVOLATISATION
The removal of pollutants from 
the soil as carried out by plants, 
through the air that is expelled 
by the natural transpiration of 
leaves. Useful for volatile or-
ganic and inorganic contaminants 
such as benzene and some chlori-
nated solvents.
PHYTODEGRADATION
The term refers to the degrada-
tion of contaminants taking place 
inside a plant as a result of meta-
bolic or enzymatic processes. An 

[4.57] brassica juncea									          							       Pb, Zn, Cd, Cu, Ni, Cr, Sr, B, Se

[4.55] brassica carinata																                Pb, Cd, Cr

[4.56] brassica hirta																	                 Hg, Pb

[4.58] brassica napus																	                 Ni,, Se, Sr, Cr, B, U

[4.54] brassica,																	                 Pb
brassica campestris,
brassica oleracea
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effective method for the depura-
tion of waters and soils with or-
ganic contaminants or pesticides.
PHYTOEXTRACTION
Extraction of metal contami-
nants from the soil, by means of 
agronomic species that are able 
to accumulate them within their 
bodies (up to 1% of their dry 
biomass). The metals are ab-
sorbed and transported from the 
soil to the harvestable tissues of 
plants. In order to facilitate the 
accumulation of contaminants 
and guarantee a more effective 
absorption of metals, chelating 
agents are also employed.
PHYTOREMEDIATION
Technology with low environ-
mental impact and sustainable 
costs. Plants and microorganisms 
related to the rhizosphere are 
employed to degrade, remove or 
contain the contaminants found 
in the soil.
PHYTOSTABILISATION
A procedure consisting in the 
stabilization of the soil by inhib-
iting the dispersion of pollutants 
into the air or the soil itself by 
means of plants or shrubs. It is 
a mechanism that immobilizes 
contaminants, mainly metals, 
within the root zone, limiting 
their migration.
PIEZOMETER
Consists in a shaft, usually of 
small diameter, allowing to 
monitor the level of a phreatic 
stratum by means of a sensor.
PIO’
Agrarian area unit, correspond-
ing to the surface of arable land 
that two oxen are capable of 
ploughing in a workday. The 

[4.60] brassica rapa 																	                 Cd, Cr

[4.62] cyperus																		                  Pb, Sr, Cs, Zn,As, 

[4.63] Festuca arundinacea																                Pb, Zn

[4.59] brassica nigra																	                 Se, Cd, Zn, Pb,Hg

[4.61] cannabis sativa																	                 Cd, Ni, Hg, Pb, Zn

204 205



exact value of the piò varies from 
zone to zone. In the province of 
Brescia, it’s equivalent to a third 
of a hectare.
PIONEER SPECIES
are species which colonize previ-
ously uncolonized land leading 
to ecological succession. They 
are the first organisms to start 
the chain of a livible ecosystem. 
Since uncolonized land may 
have poor quality soils with few 
nutrients, pioneer species (such 
as robinia) are able to survive 
thanks to long roots and root 
nodes containing nitrogen-fixing 
bacteria. These species will die 
after some time, making new soil 
for secondary succession.
PRECISION FARMING
Precision farming is a new 
method used in modern agricul-
ture: specific data from satel-
lite observations and computer 
simulations are used to improve 
the efficiency and effectiveness 
of agricultural practices. The 
results are an increase of pro-
ductivity and the optimization of 
resources.
PRIMARY SAMPLING UNITS 
(PSU)
Fractioned surfaces or units 
subjected to specific standardized 
sampling. 
RHIZODEGRADATION
The degradation of contaminated 
chemicals due to the bacterial ac-
tivity in the rhizosphere (the area 
of influence of the root apparatus 
of a plant), owing to compounds 
the plant releases in that zone, 
creating a favorable environment 
for the growth of bacteria.
RHIZOSPHERE FILTRATION

[4.67] medicago sativa 																	                 Cd, Pb

[4.68] miscanthus	 																                Cd, Zn, Cu, Pb

[4.66] linum usitatissimum																                Cd, Pb

[4.65] lactuca sativa																	                 Cd

[4.64] helianthus annuus																                Cd, Cs, Sr
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The mechanism is similar to phy-
toestraction but is root accumula-
tion and harvest
using hydroponic (soil-less) 
growing techniques. This is use-
ful for separating metal contami-
nants from water
SAFETY MEASURES
A system of activities and mea-
sures calculated to prevent 
contamination from spreading to 
nearby areas and causing addi-
tional damage.
SECONDARY SUCCESSION
is the series of community 
changes that occur on a previous-
ly colonized but damaged habitat
The process usually start by an 
event (forest fire, harvesting, 
hurricane for instance) that alters 
an already present ecosystem to 
a smaller population of species. 
It constitute one of the two kind 
of ecological succession of plant 
life (primary and secondary suc-
cession). 
SOIL WASHING
A system of reclamation for con-
taminated soils consisting in the 
removal of the same, followed by 
their washing in a water solution, 
where pollutants are separated 
and put in suspension, or concen-
trated and precipitated by gravity. 
Water employed in the process is 
subsequently treated.
SPRINKLER IRRIGATION
Sprinkling irrigation through 
solid-set or moving irrigators (ro-
tors, traveling sprinklers, central 
pivot sprinklers).
SRF
Short Rotation Forestry: fast 
growing energy crop, character-
ized by a high plantation density 

[4.71] populus																		                  As, Cd

[4.70] poa annua																	                 Cd, Cu, Ni, Pb, Cd, Zn
poa pratensis																	                 Mn

[4.72] raphanus sativus																                Cd, Cu, Pb, Zn, Cr

[4.69] nicotiana tobacum																                Cd, Cu, Zn
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and frequent cutting.
SUPERFUND ACT
It is the common name for the 
Comprehensive Environmental 
Response, Compensation, and 
Liability Act of 1980, a United 
States federal law designed to 
clean up derelict land. It was 
the first normative regarding the 
protection of soil.
TCE
trichloroethylene is a chlorinated 
hydrocarbon commonly used as 
an industrial solvent. It is a clear 
non-flammable liquid.
TOTAL PETROLEUM HYDRO-
CARBON (THP) 
A qualitative and quantitative 
evaluation of pollution from 
hydrocarbons that is obtained by 
measuring this value though the 
extraction of hydrocarbons found 
in soil or water
TWIN-ROW PLANTING
A planting system for trees of 
various species in which plants 
are arranged in two close parallel 
rows, called twin rows, each pair 
separated from the next one by 
wider intervals. Generally em-
ployed for poplar groves and in 
the production of biomass.
URBAN FRINGE
The definition of what counts 
as “urban fringe landscape” is 
controversial.
According to some researchers of 
the Bartlett School of Planning 
in London, a urban fringe is “a 
territory between city and coun-
tryside with specific features”. 
The definition is not entirely ac-
curate, because it’s not possible 
to clearly define a urban fringe.

			     											         

[4.74] thalaspi caerulescens																                Ni, Zn

[4.75] thlaspi rotundifolium					      											           Pb,Ni, Zn

[4.76] zea mays																	                Cd, Cu, Ni

											         
										        
									       

[4.73] sorghum																	                 Cd, Zn
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4.4 focusing on phytoestrac-
tion: waste treatment 

Most of the contaminated sites in Milan are 
characterized by the presence of heavy met-
als, and phytoestraction is a technique that can 
deal with these contaminants.
Some plants are able to tolerate higher con-
centrations of metals in soil than others
The species used in phytoestraction are: Hy-
peraccumulators and Agronomic species.
The hyperaccumulators species 
have generally a low biomass and a slow 
growth, for this reason agronomic 
species can be used: they make up for 
their scarce capacity in accumulation thanks 
to their biomass.
Hyperaccumulators are species endemic in 
mineral soils. In temperate zones, particularly 
in Europe, most of the metal tolerant plants 
belog to the  Cruciferae or Bressicaceae fami-
lies (such as Alyssum, Thlaspi). These species 
have a good capacity of metal accumulation 
but a low biomass and a slow growth.
Agronomic species are characterized by high 
biomass production and growth rate. They 
have a good capacity of metal accumulation 
but not comparable with the one of hyperac-
cumulators. The most relevant species are: 
Helianthus annuus zea Mays, Nicotiana ta-
bacum and brassica juncea.
The best plant to extract metals from soil 
is Brassica Juncea (or Indian mustard), it is 
able to take up Pb up to 1% in aerial shoots 
and 10% in roots. Helianthus annuus and Zea 
Mays showed good capacity as well. The for-
mer is able to reach 6% in roots while the latter 
2%. The tree species are able to increase their 
capacity after treating the soil with chelating 
agents. 

The phases of phytoestraction are:
preliminary phases: characterization of the 
site, selection of plant and chelating agents, 
organization of the site, sowing, monitoring 
plants; testing: soil treatment, system moni-
toring, harvest; post testing: site safety opera-
tion, waste management, system monitoring 

Particular attention should be dedicated to 
the wastes. The process of phytoestraction 
involves: extraction, harvest and 
disposal.  According to the Ronchi De-
cree the wastes  are classified in urban/special 
and hazardous/non hazardous.
In phytoestraction vegetable wastes coming 
from small plots (not treated with chelates) 
are considered urban wastes while materials 
coming from large scale applications (treated 
with chelates) are considered special wastes.
The wastes are considered hazardous if they 
are generated by the decontamination of soil 
containing highly toxic substances (Pb in-
cluded).
The Ronchi Law states that phytoestraction-
produced wastes “can be stored temporarily at 
the production facility”5 .
hazardous wastes: can be placed for one year 
in storage equal or less than 10 m³ or two 
month in a storage bigger than 10 m³;
non hazardous wastes: can be placed for one 
year in storage equal or less than 20 m³ or 
three month in a storage bigger than 20 m³.

The waste treatment process involves: in-
cineration, recycling or land-
fill disposal. One option for vegetable 
wastes is incineration (with the possibility to 
recover the metals contained in plants). The 
ashes produced in this way are considered 

5   M. Bregante et al. (2002), p. 110

m
et

al
s

 Pb accumulation in leaf. Image source: M. bregante et al. (2002)
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wastes as well. No dispersion of metals in the 
air occurrs during incineration
Another possibility are solidification/stabili-
zation (S/S) techniques. Solidification means 
transforming waste into solid while stabiliza-
tion means blocking the release of toxic com-
ponents (Portland cement is one of the most 
used stabilizing agent).
In Italy it’s uncommon to recycle neutralized 
waste even if it’s demonstrated that this tech-
nology can be applied in road-paving, rail bal-
last construction and brick making.
Regarding other kinds of pollution, organic 
compounds for instance, it’s plausible to find 
some specific clones of poplar tree or a spe-
cific combination between plant/contaminant   
(cannabis sativa) that permit the degrada-
tion or the volatilization of the contaminants, 
without almost any absorption of the contami-
nants.
According to researchers of CNR with 
whom I discussed, it seems possible to think 
about a use of the plants biomass after the 
phytoremediation: poplar’s  wood as bio-
mass and cannabis sativa as an insulating 
material.
The incidental presence of little amount of 
contaminants wouldn’t be a problem during 
the incineration process of biomass (no dis-
persion will occur).

4.5 costs, time, people 
involved  
 
Phytoremediation is an emerging technology, 
for this reason standard cost information are  
not readily available. The possibility to de-
velop cost comparisons and to estimate proj-
ect costs should be determined on site specific 
basis.
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The graph show that more than 73% of the 
total phytoremediation projects carried out in 
the U.S. was contaminated by metals. This 
means that phytoremediation (in particular the 
mechanism of phytoestraction) is one of the 
few alternatives for the remediation in situ of 
land contaminated by metals.
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In order to show the potential of this method 
the costs about a medium plot, a little site and 
cost for cubes meter has been reported. The 
data have been mainly found in a EPA docu-
ment developed in 2000, that is one of the 
most relevant document for this technology.

According to the analysis of EPA (2000) phy-
toremediation is a useful method for extensive 
surfaces: in a plot of 1 acre (4000 mq ≈ 1/2 
hectare) it permits to save around 50-80%  
compared to the costs of conventional treat-
ment (excavation and landfills)  for contami-
nation by metals and THP in a “medium” plot 
size. Most of the current technology of land 
reclamation implies, in fact, high application 
costs and the excavation of the contaminated 
soil. Phytoremediation appears to be an inter-
esting technique because is an in situ, plant-
based clean up method. . Among the different 
Phytoremediation methods “phytoestraction 
appears to be the most advantageous” 6  

The data elaborated by PhyLes   project in 
2002 for a small plot hypothesize a total cost 
for the remediation of a 100sqm plot based on 
phytoestraction of around 12000 € on a period 
of 10 years . This costs doesn’t take into ac-
count labour costs since it assumed that the 
remediation could be carried out by the land-
owner or by a public organization. The cost 
for the removal and landfilling of 25 tons of 
soil (100 sqm excavated to a depth of 20 cm) 
is 5000 €. This cost become at least 10000 € 
if one takes into account the cost of the soil 
necessary  to replacethe removed material.
Phytoestraction doesn’t seem convenient for 
little plots especially because the method is 
quite new and several investigations about 

6  M. Bregante et al. (2002), p. 14

[4.78] Cost comparison examples: 1 acre and 100sqm.

       100 smq
metals

       1 acre
   Pb

       1 acre
  THP

Phytoremediation			  Conventional treatment	    Project saving

Extraction, harvest and disposal	 Excavate and landfills	
150 000 $ – 250 000 $		  500 000	 $ 		    

In situ degradation		  Excavate and landfills	
50 000 $ – 100 000 $		  500 000	 $		

50-65%

80%

Phytoremediation			  Conventional treatment       Project saving	
   

Extraction, harvest and disposal	 Excavate and landfills	
12 000 € 			   10 000	  € 		

			 
			   1 acre ≈ 4000 mq      1 dollar (2000) ≈ 1 euro

- 10 %

Data source. 1 acre costs: U.S. EPA (2000) p. 9.100 sqm costs: M. Bregante et al. (2002), p. 153
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plant/contaminants need to be carried out be-
fore remediation can start. No large scale de-
contaminations using this strategy have taken 
place as of today, but this could reduce the 
costs, another margin for cost reduction is re-
lated to the volume of vegetable wastes.
It should be noted that phytoremediation re-
stores the original conditions of the soil while 
landfilling shouldn’t be considered a remedia-
tion action proper

Regarding the cost for cube meter a graph 
elaborated by EPA has been considered. As 
concerns this parameter, it’s interesting to no-
tice that phytoremediation appears as a sustain-
able techniques for big plots, in all the cases 
for which it doesn’t make sense to remove the 
contaminated soils. Other biological remedia-
tion techniques appear interesting for their low 
costs: landfarming, for example, is useful for 
soil contaminated by organic compound up to 
a depth of 1 meter. Bioremediation techniques 
can integrate phytoremediation process, the 
inoculation of microorganisms, for instance, 
can collaborate with plant roots in order to de-
grade the contaminants.
Phytoremediation therefore seems to be ap-
pealing if applied to a large scale plot. Once 
standardized the technique could be competi-
tive as an alternative to traditional methods of 
land reclamation.

time
Thanks to a pilot system of phytoestrac-
tion carried out in Liguria (PhyLeS Project), 
considering a contamination range of Pb, for 
instance, between 100ppm-1200ppm it was 
possible to hypothesize a remediation time  of 
around 17 years.  The researchers of PhyLes 
states that if the technique will be improved 

			 
( $/m³ )					    Little plot			   Big plot
					     Easy	 Difficult		  Easy	 difficult
Bioventing				    900 	 970			   80	 110
Phytoremediation		  620	 2300	                	  150	 500 $/m³ 
Biopile									        130	 260
Landfarming								        <100	
Soil vapor extraction (Sve)		  1300	 1500			   400	 1000
Inertizzazione				    50	 80			   200	 350
Soil washing				    190				    70	
Desorbim termico			   80	 250			   50	 110
Excavate and landfills			   500	 800		

   
       

 
Data retrieved from: http://www.clu-in.org/remediation/ (2000)
[4.79] Land reclamation cost ($/m³) 
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it will be reasonable to reach the remedia-
tion of soil polluted by metals in 5-10 
years. In case of contaminations by or-
ganic compound it is reasonable to 
think about a term of 4-6 years with the 
use of high density planting system, such as 
8-10000 poplar for hectare.
About the theme of time/phytoremediation 
another issue should be taken into account: 
the utility of phytoremediation in order to 
immobilize the contaminants and avoid 
their transfer to the food chain. 
In this perspective it seems better to start an 
intervention of phytoremediation than to do 
nothing for years in area faced with uncer-
tainty and disuse.

people
agricultural engineers / agronomists / bota-
nists / ecologists / environmental and civil 
engineers / food scientists / foresters / hy-
drogeologists / land reclamation specialists /
landscape architects / seed companies / soil 
scientists / soil microbiologists. 

4.6 root depth 
Root depth is a primary limitation on phytore-
mediation applicability. It changes greatly 
among different types of plants. It can also 
vary significantly for one species depending 
on local conditions. The depth of in situ con-
tamination or of excavated soil should not ex-
ceed the depth of the root zone. Exceptions to 
this could be made if it’s possible to plough 
and to move up the contaminated matrix
The root depth ranges representing the maxi-
mum depths: legumes roots, such as Medi-
cago sativa, can extend to about 6m7;

7   Roots drawing and information available in L. Kutschera 

(1960) Wurzeletlas 

grasses’ fibrous root systems can extend 2,5m 
to 3m deep; populus tree roots can be as deep 
as 5m; brassica juncea roots generally are 
about 0,5m deep; miscanthus untill 5m. The 
maximum depths are, generally, not reached 
because of site conditions. The maximum 
depths considered of tree roots are extended 
from 1m to 1,8 m with almost 90% of the 
roots in the top 0,6 m8. 
the effective depth for phy-
toremediation by nonwoody 
plant species is about 0,3m or 
0,6m while the effective depth 
of tree roots is less than 3m 
or 6m . Trees are useful for extraction of 
8   U.S. EPA (2000) p. 9
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       [4.80] plants’ root depth
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       [4.81] plants’ root depth
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       [4.82] plants’ root depth
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       [4.83] plants’ root depth
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5. CASES STUDIES

The tasks of dealing with run-down industrial areas and open cast mines requires a new method – one 
that accepts their physical quality but also their destroyed nature and topography.
Peter Latz cit in N. Kirkwood (2001) p.158

       [5.1] parks map
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[5.2] can landscape be a remediating practice? 
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 can landscape be a remediating prac-
tice? 



The study cases analysed concerns the 
transformation of post indus-
trial sites/disused areas into 
parks or reclaim experiment 
Three of the study case are deliberately tech-
nical, they illustrate three experiments carried 
out to decontaminate radionuclide (Cher-
nobyl), TCE (New Gretna) and heavy metals 
(Acola) with respectively agronomic species, 
woody plants and herbaceous plants. The 
study wants to highlight the potential of this 
strategy for both the reclamation of soil and 
the creation of habitats. The scale of the proj-
ect is small because most of the remediation 
projects are still experimental.
Five of the study case have been chosen as 
representative of different strategies involv-
ing time, choices regarding the urbanize land 
and reclamation strategies sharing a common 
final use: green.
Unimetal park and Downsview park are rep-
resentative of two urban/landscape strategies 
of redeveloping brownfields the first “equate 
the site with building lots driven by property 
ownership” the second “preserve the voids by 
understanding them as a landscape that oper-
ates at different spatial and temporal scale”. 
The others are representative of an high atten-
tion dedicated to vegetative process, bioreme-
diation practice and spontaneous landscape.
From the analysis it’s possible to highlight 
several common features:
paradoxically the previous activity 
have preserved the area from 
fragmentation and urbaniza-
tion;
sites that were previously at the edge of the 
city have become embedded in 
the city and are now strategi-
cal for its development;

the sites work at a really vast scale, in-
volving natural and technological processes;
the strategies are really slow, 
from 10 until 30 years for the total implemen-
tation;
the projects deal with III landscape 
grew in the disused land that conduct to dif-
ferent strategy aiming at the creation of an 
habitat (destruction/reconstruction or main-
tenance of the spontaneous landscape, use of 
native species, phytoremediation);
the projects deal with uncertainty, the 
pressure of real estate and contamination.

The project analysis is not exhaustive.
The strategy to use landscape as a remediating 
practice is clear especially in the analyse of 
contemporary architects Peter Latz (Duisburg 
nord in Emscher park) or J. Corner/Field Op-
eration (High line and Fresh Kills landfill) but 
also in Hargraves Associates, DIRT studio or 
analysis carried out by Alan Berger, about the 
post mining landscape of America.
Other fundamental project that involves agri-
cultural strategy, more generally reflecting on 
the relationship city/countryside, are Agron-
ica by A. Branzi (Strijp Philips masterplan 
in Eindhoven) and projects by M. Desvigne 
(such as the Saône and Rhône rivers in Lyon 
Carried) where “dispersed and mobile” sys-
tem of parks allowing a flexible occupation as 
parcels available for different programmes.
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years ex - nuclear plant

ex - storage/repackaged of 
military material

ex - industrial activity (metals)

ex - industrial activity (iron 
and steel)

ex - military air base

ex - industrial activity (iron, 
steel and mining)

ex - industrial transportation 
(rail truck) 

ex - landfill

 IBA Emscher park 

 new gretna, new jersey: TCE and pop-
ulus 

 arcola, italy: Pb and brassica juncea 

 unimetal park: temporary urban ag-
riculture 

phytoremediation

 chernobyl, ukraine: Cs and helian-
thus annuus  

 downsview park: trees as catalyst of 
urbanization 

 IBA landscape park duisburg nord: 
coexistence of park and poison 

urbanize land/landscape strategy

vegetation choices, habitats

 high line: park and rail yard 

 fresh kills landfill: landscape in pro-
cess 

40 mq

1350 mq

240 mq

220 ha

232 ha

230 ha

2,3 km

930 ha

(emscher park: 
1550 ha)
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An experimental plot was established on the 
heavily contaminated soil 10 km south of the 
fourth reactor that was damaged in 1986. 
A 40sqm plot (5m x 8m) contaminated by 
137Cs was established for the phytoestraction, 
the soil was tilled to 15cm depth  (field obser-
vation showed that the majority of the 137Cs 
remains in the top 5 cm of the soil). A portion 
of the experimental plot was subdivided into 
2m x 2m in order to screen high biomass crop 
for 137Cs accumulation (helianthus annuus, 
zea mays, brassica juncea and amaranthus). 
Among the tested crops helianthus 
annuus showed the best results, it had 
the capacity to extract 137Cs es-
pecially in roots, radiocesium concentration 
was found four time higher in roots than in 
the shoots.
It has been demonstrated that the greatest po-
tential of phytoremediation  for 137Cs contam-
inated areas occur during the first few years 
after the radionuclide deposition, when 137Cs 
remains bioavailable. 
There was a general trend for 137Cs in soil to 
decline, the laboratory and field experiments 
demonstrated “that plants may be used to re-
move 137Cs from soil contaminated with ra-
dionuclides during the Chernobyl Nuclear 
Power Plant accident in 1986”1.

1   S. Dushenkov et al. 1999, p. 474

 5.1 chernobyl, ukraine: Cs and helianthus annuus  

[5.3] Chernobyl, Exclusion Zone, Ukraine, 1999  
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Edward Sears from the mid 1960s to1992 re-
packaged and sold expired paints, adhesive 
and various military surplus material in his 
backyard in New Gretna. Toxic material and  
hazardous wastes were stored for many years 
and, after his death no one could be found re-
sponsible for the remediation of the site. On 
Scene Coordinators from EPA were called to 
clean up the site (1/3 acre ≈ 1350mq), the site 
was judged as a candidate for a phytoremedia-
tion pilot-scale system due to the nature of the 
soil and the ground water. The groundwater 
site was polluted by volatile organic 
compound (TCE), an hybrid poplar 
was selected its the remediation: populus 
charkowiieensis x incrassata, 
NE 308.
Site preparation was initiated in October of 
1996, the poplars were spaced at 10 feet x 
12.5 feet (3 m x 3,8m) in a planting grid of 
113  x 100 feet. (≈ 35 m x 30,5 m). After eight 
growing seasons the average tree height from 
50 cm increase to 43.7 feet (13.3m), the tall-
est tree was 59.2 feet tall (18 m). The  roots 
continue more than 12 feet (4 m) from the tree 
base.
The result of the remediation showed: a re-
duction of Trimethylbenzene1890 μg/l to 19.1 
μg/l, a reduction of Xylenes from 545 μg/L 
to nondetectable, a shrunk in size of all VOC 
contamination. The total cost for the installa-
tion was 25 000 $ and for one year of on site 
maintenance was 15000 $ (in total 40000 $ 
equal to 40000 € in 2000)

 5.2 new gretna, new jersey: TCE and populus  

[5.4] New Gretna, Edward Sears property site, New Jersey 1996-2004t 
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Phyles, Phytoestraction of lead from soil, 
is a pilot project aiming at an evaluation of 
the opportunity of in-situ application for the  
clean up of soil contaminated by heavy 
metals trough the use of agro-
nomic species, it was carried out by the 
institute of Biophysics of the Genoa branch of 
CNR.
The experiment site has been carried out on 
a private plot on a flatland known as Arcola 
Plain, an industrial area in the lower val-
ley of the Magra river (Liguria region). The 
town suffers from a metal pollution caused by 
Cermet. This cooperative was set up after the 
bankrupt of Italpiombo (established around 
1970) and the failure of the following society: 
Metalli e Derivati.
Investigations showed that the main form of 
exposure to Pb in the proximity of 
Cermet was through food. The experi-
ment site was contaminated by Pb, Cd, Cr, Cu, 
Zn, Ni; the concentration was twice as big as 
the average of non contaminated soil. The Pb, 
given its poor mobility, was mainly present at 
depth of 40 cm. The tested crops have been: 
Brassica Juncea, Helianthus Annuus and Zea 
mays. At the end of the experiment the plants 
have been harvested one by one. The results 
shows that Indian mustard (Brassica Juncea) 
was   the most suitable for the phytoestrac-
tion.
They estimate a time of 17 years 
and a cost of 12000 € for 100 sqm (see “cost”). 
The research show that Pb has really low avail-
ability, phytoestraction seems therefore more 
interesting for metals with great bioavailabil-
ity and, thus, posing greater risks to humans. 
In Italy another pilot test of phytoremediation 
has been carried out in Porto Marghera (Ven-
ice).

 5.3 arcola, italy: Pb and brassica juncea  

[5.5] Arcola, PhyLes Project, Italy 1999-2002 
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the disappearence of the 
société métallurgique de 
normandie (SMN) has 
given the opportunity 
to work at a geographic 
scale to reclamate a vast 
ex industrial site in caen.
Dominique Perrault was called to remediate 
the wasteland left over by an iron and steel 
plant (Unimetal iron), the task was to create 
a guide plan of redevelopment of the disused 
industrial areas.The site is located in a 700 ha 
area situated along the River Orle strategical 
for the development of the city. Perrault de-
veloped the site as a “pre-landscape” 
, an antecedent to the town a texture that es-
tablished the basis for future infrastructure. 
On the site was superimposed a grid of 100 x 
100 m that gives it a geometrical and a refer-
ence scale. Each hectare was planted alterna-
tively with grass and herbaceous trees “form-
ing a tapestry that will become urbanized over 
time”2 .A large refrigeration tower, considered 
as the icon of the site, and other selected struc-
tures have been restored: they stand inside a 
300 x 900 meter void, the “central park” of the 
site, with a clear reference to the Olmsted’s 
one.
The urban void was occupied by temporary 
fields, that could be transformed in the fu-
ture into as yet unforeseeable constructions. 
Here urban agriculture is here 
implemented as a temporary land 
use. The gardens work as a intermediary 
stage, this means to “equate the site 
with building lots driven by prop-
erty ownership”.3

2   K. Shannon cit. in Waldheim, C. (2006) p.150

3   J. Czerniak cit. in Waldheim, C. (2006) p.107

 5.4 unimetal park: temporary urban agriculture  

[5.6] unimetal park: temporary urban agriculture  
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the canadian forces base 
downsview closed on 
april 1, 1996 after almost 
fifty years of activity.
It was announced that the land was to  become 
a unique urban recreational green space of al-
most 232 ha, 572 acres (29 ha remained to the 
department of National Defence). An interna-
tional design competition was held in 1999 to 
realize the vision for first national urban park 
of Canada.
OMA/Bruce Mau/Inside Outside/Oleson 
Wortland were the winner with Tree City, 
a phased plan able to gradually change the 
former base. They propose to use “trees 
rather than buildings as cata-
lyst of the urbanization”, cluster 
of trees instead new building to provide the 
site identity. Thus the urban domain will be 
constituted by landscape elements.
The project seemed to fit the budget. The 
landscape in fact will be planted gradually, 
according to the funding, in cluster of trees 
separated by undesignated areas.
The project will be realized in 3 long term 
phases (15 years): preparation of site and soil; 
pathway construction and cluster landscaping. 
The result is the presence of circular tree clus-
ters (25% of the area) surrounded by meadows 
and gardens. They propose that “capital 
generated from the park’s ap-
preciated land value be spent 
to manage the park’s infra-
structure and to support fu-
ture development in an evolv-
ing cycle of implementation 
and speculation”4. 
The urbanization will be stimulate by tree City 

4   www.oma.nl

growing the park into Toronto. This means 
that will be the landscape to drive process of 
city formation, having a catalytic effect on the 
surroundings, as Central Park for instance.
Tree city aim to “do more by building less” 
and exploring the low density of metropolitan 
life.
Sacrifice and save: tree city sacrifice the con-
struction of new building to save funds for an 
infrastructure of landscape elements. 
Grow the park: the city “plants the seed for 
environmental expansion”
Manufactured nature: means to re-create the 
nature not to restore it.

 5.5 downsview park: trees as a catalyst of urban-
ization   

[5.7] Downsview park, OMA,  Canada, Ontario, 2000
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with the last runoff from 
blast furnace 5 in 1985, 
production at the thys-
sen blast furnace works 
in duisburg meiderich 
came to an end.  
This giving the starting point for a new de-
velopment on a massive scale of this section 
of the Ruhr Valley. Thyssen steel works from 
1899 to 1985 exposing the site to arsenic mud, 
hydrocarbons and heavy metals, leaving a ur-
ban landscape rich of waste ground highways, 
railway lines and power lines.
In 1989 emerged the vision for a new proj-
ect of natural and cultural Landscape Park, 
including industrial feature thanks to a com-
petition held by Internationale Bauausstellung 
Emscher Park. 
The ten-year project “International Build-
ing Exhibition (IBA) Emscher Park” gave a 
strong impulse to the derelict Emscher. The 
core of the IBA mission was to coordinate the 
development on a regional basis, reutiliz-
ing land to prevent additional 
exploitation of greenfields.
The program, with around 120 projects, was 
begun in 1989 and completed in 1999, a pe-
riod of 30 years has been estimated for the full 
development of the reserves. 
The projects mainly concerns: environmental 
recovery of water-resources (related to Em-
scher river), recovery the landscape (Emscher 
landscape park), preservation and re-use of the 
historical heritage and housing program. The 
project have seen the contribution of important 
architectural office such as OMA (Zvollerein 
masterplan and museum), Sejima(school of 
management and design) different landartists 
(Martha Schwartz for instance) and sculptor 
like Richard Serra.

An intersecting reintroduction of 
natural process has been carried out  
in “Landscape park Duisburg Nord (land-
schaftpark): 230 ha included in Emscher 
Landscape Park. This park was designed on 
the basis of Peter Latz & partners, the winner 
of the competition, with the realization of 9 
partial projects, including the artefact “piazza 
metallica” (49 cast iron plates) symbolizing 
the metamorphosis of the industrial structure. 
According to Latze on this site “recycling and 
the dealing with historical contamination were 
a major task”.5 
The vegetation is a yellow cover of railways 
areas, lichens and mosses grow on the stone 
and sometimes on contaminated ashes. The 
preservation of this colourful 
situation was more consid-
ered important than decon-
tamination, that would have covered 
the place completely.
“The tasks of dealing with run-down industri-
al areas [..] requires a new method – one that 
accepts their physical quality but also their 
destroyed nature and topography”.6

This new vision shouldn’t be re-
cultivation, that can destroy the areas for 
a second time. According to Latz the vision 
should seek its justification with the existing 
form of demolition and exhaustion, choosing 
which spaces to occupy and which should be 
changed by the mark of the remediation. 
One example of this approach in the park is 
waste material from a coal washing process 
site, contaminated by PAHs colonized by 
birches (it. Betulle). Here was chosen the so-
lution to do not decontaminate accepting gas 
diffusion over several generation, permitting 

5   Peter Latz cit in N. Kirkwood (2001) p.150

6   Peter Latz cit in N. Kirkwood (2001) p.158

5.6  IBA landscape park duisburg nord: coexistence 
of park and poison  

[5.8] Landscape Park Duisburg Nord, Peter Latz, Germany, 1989-1999 
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only a limited utilization (cycling or walking). 
In another part of the park was represent in-
stead the strategy of recycle: the contaminated 
material was filled in sealed bags of bunkers 
and covered with roof gardens. Another exam-
ple was an area highly contaminated by PAHs, 
too poisonous for men and animals. The de-
molition rubbish was sealed in a hills, protect-
ed by horticultural plants that will cover the 
contaminants for the next hundred years. 
Another interesting approach is the mainte-
nance of the III landscape in this park. What is 
called “wilderness in the city” is a 
plot that, once the industrial activity stopped, 
remained undisturbed becoming the most im-
portant biotopes in the park, with a wide vari-
ety of bird species and pioneers 
plants. In order to preserve this habitat 
visitors are not allowed to en-
ter this part of the park. 

The designers thought it “meaningless to at-
tempt to reclaim all the contaminated land 
[..] to only end up with decontaminated soil 
but no project”.7 “The decision to 
leave contaminated soils on 
site offered the opportunity to 
reveal the patterns of the dis-
turbed vegetation, thus mapping the 
contamination”8 and  to show previ-
ously unseen natural process. 
The park can be considered as a “narrative 
story telling the past, present and future of the 
site”.

7   AA.VV. Topos. March, n. 26 (2009) p. 14

8   N. Kirkwood (2001) p.162

[5.9] harp of railyard truck
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no train have run on the 
high line since 1980.
The High Line was built in the 1930s as a part 
of a vast infrastructure project called “west side 
improvement”. It is a 1,45 mile long (2,3km) 
of elevated railway realized  to remove dan-
gerous trains from the street of Manhattan. It 
crosses 22 city block in between and through 
buildings of Manhattan’s today most dynamic 
neighbourhoods that, 50 years, before were 
dominated by industrial uses. 
The “Friends of the High Line”, a non-profit 
group formed in 1999, works with the city 
of New York to maintain the structure as an 
elevated public park when the structure was 
under threat of demolition.
The design team of landscape architects James 
Corner Field Operations and Diller Scofidio 
+ Renfro were selected to created the High 
Line’s public landscape. The construction 
on the park began in 2006, the first section 
opened in June 2009.
nature was used to reclaim a  
piece of urban infrastructure. 
The strategy  was to create an “agri-texture” 
able to combine soil and building material, 
accommodating “the wild, the cultivated, the 
intimate and the hyper-social”. A new paving 
and planting systems was invented to permit 
the transit between highly used areas (100% 
hard) to biotopes (100% soft) with different 
gradient in between.
The plants selected for in the High 
Line were chosen according to the 
self-seeded landscape that grew on 
the rail tracks during the 25 years of disuse. 
210 species of perennials, grasses, shrubs and 
trees on Section 1 nave been chosen among 
the native species for their hardiness, sustain-
ability, and textural variation.

Before stating with the new landscape, every-
thing on the structure, including steel rails, 
ballast, soil, and a layer of concrete, have 
been removed. Each section of railroad track 
has been marked, mapped for its location, and 
later, many of them are returned to their origi-
nal locations. 

 5.7 high line: park and rail yard  

NY, gansevoort street, september 2009
[5.10] High Line, Field Operations/ Diller Scofidio + Renfro, New York, NY, 2004-2009
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in 1997 the mayor of 
NY rudolph giuliani an-
nounced the closure of 
the fresh kills landfill, the 
world’s largest landfill.
When the landfill opened in 1948, Robert Mo-
ses ensured that it would close within three 
years. The landfill, instead, received garbage 
from New York for half a century. The Fresh 
Kills Landfill was closed in March 2001. It re-
opened on the 13th September to receive Word 
Trade Center rubble including the remains of 
thousand of victims. 
The huge land(over 3 times Central Park) 
with an high symbolic meaning, will be now 
reclaimed, after over 50 years of inaccessibil-
ity. The park will be built on top of the land-
fill like many parts of Manhattan below the 
14th st. The park is continuing a tradition: as 
Robert Moses states, Fresh Kills will be a re-
mediation project like central park was and it 
will be constructed in stages in a long term 
process as well .
The key point underlined by the Draft mas-
terplan carried out by Field Operation, is the 
idea of a lifescape: an ecological process of 
enviromental reclamation on 
a vast scale, recovering both the health 
and the biodiversity of ecosystems and 
the “spirit” of the future users.
Only 45% of the area is landfill, the other 
55% is wetland. Paradoxically, the pres-
ence of the landfill offers the 
opportunity to preserve this 
huge area from urban sprawl 
and fragmentation. 
Fresh Kills Park will be a wildlife habitat for 
the region, “reengineered overtime as a self-
sustaining ecosystem”. The project, guided by 
the landfill closure operations, will show “the 

state of the art environmental 
reclamation techniques”9 . The 
implementation of the project will involve 
three phases of 10 years each: a park growing 
over time for 30 years (time for garbage 
decomposition).
The masterplan wants to create on these envi-
ronment diverse adaptive parks using large-
scale agricultural methods. The 
habitat type proposed are: wetlands, grass-
lands and woodlands.
The main goals for the restoration are to in-
crease soil quality, reduce invasive species, 
introduce native plants. The idea is to cap and 
farm to improve the soil (15 cm depth over the 
cap layer). By 1997 two of the four mounds 
were covered with an impermeable cap, the 
other two mounds will be covered by the 
end of 2014. Gas (methane, co2 and others), 
the main product of the landfill, is collected 
trough pipes to be burned or processed for en-
ergy use. 
Long term-field test demonstrated the benefit 
of reintroducing native woody 
plants to accelerate the recla-
mation at Fresh Kills. Fields trials has 
been carried out by the NYC Department of 
Sanitation. They installed native plants, local 
pioneers and mid succession species. Among 
the experiments the most interesting, even if it 
was technically not allowed, was a large scale 
planting 6 acre (2,4 ha) in 1988 of big quanti-
ties of trees on top of the landfill cap to see 
what happened. They create a prairie invaded 
by woody plants that shows a wildlife recolo-
nizing the area.10 

9   Field Operation (2006) p. 8

10   N. Kirkwood (2001) p. ?

 5.8 fresh kills landfill: landscape in process  

[5.11] Fresh kills landfill competition, Staten Island, NY, Field Operations, 2006
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their outplacement /the process of deindustrialization is one of the main producers of waste landscapes / bequeathing their 
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mechanisms / estraction / degradation / containment and immobilization / hyperaccumulators / agronomic species / extraction, 
harvest and disposal / incineration, recycling or landfill disposal / time / metals in 5-10 years / organic compound / 4-6 years / 
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/ helianthus annuus / had the capacity to extract 137Cs / volatile organic compound / populus charkowiieensis x incrassata, NE 
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landfill, the world’s largest landfill / enviromental reclamation on a vast scale / biodiversity the presence of the landfill offers the 
opportunity to preserve this huge area from urban sprawl and fragmentation / the state of the art environmental reclamation 
techniques / 30 years / large-scale agricultural methods / of reintroducing native woody plants to accelerate the reclamation
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[5.11] Porta Romana railyard
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