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Structure of the presentation:

x What do we know about urban solls?
x Evaluating urban soils

X Trying to reach the end user (the TUSEC
experience)

X Future challenges and perspectives
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What do we know about urban soils?
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The Earth Room, NY
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URBANIZATION (Torino, Italy)

1820 1880 1920 1980 2000
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Travel time to major cities

World Bank. World Development Report 2009
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http://bioval.jrc.ec.europa.eu/products/gam/images/large/access-map.png

Main problems of urban
solls

wsealing

ofland use change)
wcompaction
wexcavation
wmixing
wcontamination

-
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r,étudies of soils of
cities in Europe

Ajmone Marsan and Biasioli, 2010; in press
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Study types

A Population: 27 000 i 10 000 000

A N. of samples: 37 2182; 162 (109)

A Depth: 0-5; 0-10 cm
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(Ajmone Marsan and Biasioli, 2010 in press)

Munchen 27/09/2010 Bream meeting



copper

(Ajmone Marsan and Biasioli, 2010 in press)
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=

URBAN SOILS AS A SOURCE AND SINK FOR
POLLUTION:

towards a common european methodology for the
evaluation of their environmental quality as a tool
for sustainable resource management
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City

Torino
(Italy)
Glasgow
(UK)

Sevilla
(Spain)

Aveiro
(Portugal)

Uppsala
(Sweden)

Ljubljana
(Slovenia)
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Population

900 000

600 000

/706 000

68 000

187 000

485843

Main
pollution
sources

Industry,
traffic

Industry,
traffic

Traffic

Industry

Traffic

Industry,
Traffic

Mean annual
Temp.
(AC)

12.6

8.9

18.2

17.5

5.6

9.1

Mean annual
Precip.
(Wl

750
991

540

1000

550

1123

Biasioli & Ajmone MarsanUniversita di Torino

Geological
substrate

alluvial

basalt,
alluvial

alluvial

alluvial

granite,
glacial and
postglacial

deposits

alluvial

Green
areas
(ha)

125
n.a.

278

n.a.

100 forest
800 parks
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mean
median
min
max
CV%

n
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pPH In
Cad
7,0
7,2
4,2
7,9
9,5
204

Results Torino

skel sand silt

%

12 71
9 /1
0 43

62 95

94 15

%
19
18
1
43
43

10
10
3
22
35

204 204 204 204
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clay CEC CaC@ Corg

cmollkg % %
11 48 2,1
10 39 1.8
0 09 0,0
33 20,2 7,9
53 73 64
204 204 204

Biasioli et al., 2007
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Results Torino

Surface samples

Cr Cu Ni Pb Zn
mg/kg

mean 170 89 187 175 181
median 129 71 155 98 150
min 64 15 80 14 56
max 870 380 800 1500 870
95 percentile 369 214 340 740 388
RSD (%) 69 70 56 134 61
Subsurface samples
mean 174 89 187 162 172
median 123 69 151 86 133
min 65 15 77 24 53
max 1080 334 770 1790 1120
95 percentile 440 200 374 476 370
RSD (%) 81 68 51 139 74
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Biasioli et al., 2007
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Lead 0 -10 cm

Biasioli & Ajmone MarsanUniversita di Torino

18






Comparison between URBSOIL citie&reman, 2005)

Lead in surface soil Chromium in surface soil
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Metal concentration in various european cities compared with legislative limits

LEAL{100)
Aveiro 20
Turku 20

Uppsala 26
Berlin 39
Torino 169

Glasgow | 307

La Corunal 309
Newcastle| 350

CHROMIUMlSO) CADMIUM?2) MERCUR{)
Napoli | 11 Turku | 0.20 Uppsala | 0.03
Warsaw | 13 Roma 0.31 Aveiro 0.09
Mieres | 20 NET 0.60 Sevilla 0.30
Aberdeen| 23 Gibraltar | 0.80 Ljubljana | 0.38
Jakobstad 23 Warsaw 1.00 Berlin 0.42
Madrid 75 Torino 1.30 Stockholm| 0.59
Gibraltar | 125 Aviles 2.16 Glasgow 1.20
Torino 191 Celje 2.50 Mieres 4.24
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A
AA

Component 2
(pH (neg.), C org., 19.2 %

Aveiro
Glasgow 1
Glasgow 2

Ljubljana
Component 1

Se\{llla (all metals, 54.1 %)
Torino

Uppsala (Madrid, 2005)
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Torino ] (Cu, Pb, Zn, 42.6 %)
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Conclusions:

A Urban soils are contaminated

A Properties are extremely variable
In space; and time
A Some areas are not accessible
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Pb SF

<50
50-100
101 - 200

/\/ 201 - 300

6 Kilometers
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Sampling problems

w Homogeneity and
continuity

v P e g

VB A TR

wUse change
w Accessibility
w Traffic limitations

w Safety

"

4

T
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EVALUATING URBAN SOILS
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Solil functions

A multifunctional media

A Environmental interaction

A Food and fibre production

A Support for the ecological habitat and biodiversity

A Provision of raw materials

A Protection of the cultural and natural heritage

A Provision of a platform for development and human activities
A Provision of a nice landscape
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A Functions difficult to quantify, overlapping.

A Difficult to make exhaustive and comprehensive
Interpretations

A Difficult to set up an evaluation method simple to use
and effective

Various Authors grade soll functions differently according
to their relevance.
(Herrick, 2000; Ditzler and Tugel, 2002; Nortcliff, 2002; Hanks and

Lewandowski, 2003: Karlen et al., 2003: Kibblewhite, 2003: Tzilivakis et al.,
2005)



Soll Quality

The quality of soill:
A An elusive concept
A Often defined by the priority of the functions the soil performs

A A composite of thehemica] physicalandbiological properties
of soll

Many attempts to define SQ

(Larson and Pierce, 1991, Parr et al., 1992; Pierce and Larson, 1993;
Harris, 1994, Herrick, 2000; Doran 2002; Sojka et al, 2003; USDA SQG,
2004; Agriculture and AgFhood Canada, 2005; National Soill
wSa2dzNODS&a LyauAddziSEs wnamT XSG00

Munchen 27/09/2010 Bleam

: Biasioli & Ajmone MarsanUniversita di Torino 31
meetina



A theoretical definitionSoll quality is the capacity of soll
to function within ecosystem boundaries in order to
sustain biological productivity, maintain environmental

guality, and promote plant and animal health

(Doran and Parkin, 1994).

The major components defining soil quality:

A Productivity ¢ the ability of soil to enhance plant and biological
productivity

A Environmental qualityc the ability of soil to attenuate
environmental contaminants, pathogens, and offsite damage

A Health¢ the relationship between soil and plant, human and animal
health.



Soll Quality Assessment

Soil functions
A the basis for soil assessment.
A Dbiased towards agricultural production
rather than broad range of functions & services

A FAO Land Capability I

A USDA Land Capability Classification

A Fertility Capability Soil classfication system

AblLlidAzylrt |aasSaaySyidal X

> KNOWLEDGE
INTENSIVE

Soil Evaluation for Natural and Anthropogenic
Soils (the TUSEZethod).
Andreas Lehmann, Susanne David, and Karl
Stahr. Hohenheim University, Germany

_/

Biasioli & Ajmone MarsanUniversita di Torino

Munchen 27/09/2010 Bleam
meetina

33



Soll Quality Indicators

Soil qualitycannot be measured directly.
- assessed through an evaluation of several soil quality indicators (SQI).
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Pedotransfer functions-

Predictive algorithms or evaluation models of certain soil properties
from other more available/easily/cheaply measured soil parameters.

Predicted soil property

|Predictor variable

|Authors

Chemical properties

Physical properties

Cation exchange
capacity (CEC)

clay content, organic matter
content

(Belland Van Keulen,
1995)

Infiltration rate at a given
time

initial water content, moisture
deficit, total porosity, non capillary
porosity, hydraulic conductivity

{Canarache et al.,
1968)

Critical P level,
P buffer coefficient

clay content

(Cox, 1994)

Soil thermal conductivity

texture, organic matter content,
water content

(de Wries, 1966)

(Fernandez et al

Soil organic matter s0il colour 1908)
P sorption pH in NaFC (Gilkes and Hughes,

1994)

Water repellence

organic matter content, clay
content, bulk density, particle size
distribution

(Harper and Gilkes,
1934)

Bulk density

particle size distribution

(Rawls, 1983)

pH buffering capacity

organic matter content, clay
content

{Helyar et al., 1990)

Al saturation

base saturation,
organic carbon content, pH

{Jones, 1984)

Infiltration parameters

particle size distribution, bulk
density, organic C content, initial
water content, root content

{van de Genachte et
al., 1996)

P saturation

extractable P, Al

{Kleinman et al., 1999)

Mechanical properties

K/Ca exchange

clay content, extractable K

{Scheinost et al |, 1997)

Nitrogen-mineralization
parameters

CEC, total N, organic carbon
content, silt and clay content

(Rasiah, 1995)

Soil mechanical resistance

organic carbon content, clay
content

{Da Silva and Kay,
1997)

As and Cd sorption

clay content, pH , organic carbon
content, dithionite extractable Fe

{Schug et al , 1999)

Volumetric shrinkage,
liquid limit, plastic limit,
plasticity index

organic matter content, clay
content, CEC

(Mbagwu and Abeh,
1998)

Phosphorous (P) adsorption

clay content, pH, soil colour

{Scheinostand
Schwertmann, 1995)

Degree of over
consolidation

bulk density, void ratio

{McBride and Joosse,
1996)

Cd sorption coefficient

clay content, organic carbon
content, pH

{Springob and
Eottcher, 1998)

Rate of structural change

organic matter content,
clay content, pH

{Rasiah and Kay,
1994)

Haematite content

s0il colour

Munchen 27/09/2010 Bleam

{Torrent et al., 1983)

Soil erodibility factor

Biasioli & Ajmone MarsanUniversita di Torino

geometric mean particle-size,
clay and organic matter content

(Torr et al, 1997




Soll Quality Indexing

The result of PTF is oivalue index.
Grading of soil property or determining the soil qualdy a specific objective

Indexing sollsto define and rate the: quality / performance / suitability
of diverse solls with regard to a different purpose.

Soil Productivity Index (Plrson & pierce, 1994) Overall Soil Quality Rating (Q)

(Karlen & Stott, 1994)
PI = (Db, AWHC, pH, E,, ARE) Q = Gueltd) + Guil W2} + qra(#td) + Grpg(d)

TWhere DB 1z bulk density, AWH wall able water holding capacity, B,
15 electrical conductivity: and ARE 15 aeraton.

subfunztion.

Authors: Need for practical indeRased procedures for the soil quality assessment

angzﬁ:gn ZHUSZIN B Biasioli & Ajmone MarsanUniversita di Torino 36



Soll Evaluation for Urban Planning

Top priorities for the management of urban soils:

A A healthy and pleasant environment for human life

A Efforts to minimise the harmful impacts of human activities on the
groundwater and neighbouring ecosystems

Aa{dzail Ayl 6fXgE@NBoR)yY RSaAIY

A Planning in a way that causes as little damage as possible to adjoining
areas (Doran and Parkin, 1994)
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{2Af SOl fdz2 GA2Y F2N LI |
facing two approaches

ENVIRONMENT/
GOODS and SERVICES “ RESOURCE PROTECTION

We want the soil to perform the

Z\ﬁj r:sede:][loems]oslletrc\)/ifgreOSV|de Joees environmental functions in the

P 2 YSktlF NESNI SEGSY
Is the soil suitable for present/planned LU? How the LU change affects the soil resource?
How suitable? Will the capacity of soil to perform main

environmental function decrease?
if yes, how much?

Which planned LU will have lower/higher
negative impact?

Adequate quality?

Which parameters are not satisfying?
Is a soil too good? Wasting a resource?
X

Decisions for sustainable development
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This project has received
European Regional
Development Funding
through the INTERREG INB
Community Initiative

Interreg Il B

TUSE4QP

Soll Evaluation in Urban and Regional
Planning Procedures

http://www.tusec -ip.org/

. 3 o
ﬂr'h Technigue of Urban Soil Evaluation in City Regions -

TU s EC :' P'h‘* . Implementation in Planning Procedures
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Objectives

e oo

Preventive soil protection as contribution to sustainable spatial development
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A The integration of soil evaluation planningprocedures

A The development of the list séquirementsfor soil
evaluation techniques from the view of various users from
municipalities of various sizes and different countries.

A The development of therocedurefor evaluating soil
functions and soil degradation.

A The production of a soil evaluatignanual

A Theharmonisationof the approach to soil and land in
planning procedures towards balanced and sustainable urban
development in théAlpine Spaceountries.

Munchen 27/09/2010 Bream
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Process of Soil Evaluation

Recommendation

for Planners

Requirements

Munchen 27/09/2010 Bream
meeting
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Soil Functions

Criteria (Soil Properties)

Soil Parameters
- from secondary data
- mapping / field work
- chem. analysis



Our objectives
To develop a method for soil quality evaluation in urban areas

I Oriented at goods and serviceandenvironmental/soil protection
approachat the same time

i Land use orientedshould enable soil evaluation for a variety of urban
land uses at the time

i Allow neasures of urban soil qualitgguality indexing)

i Applicable and flexibleenough to meet the requirements eixisting
national and expected European legislation

A An operative procedure for soil quality evaluation adapted for
soll nonrexpert us@pianners)

A Accompanying computer tools and GIS techniques
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The overview of the method

(Landscape and Urban Planning, 20C
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