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Why Risk Assessment needs spatial
context?

Traditional risk assessment is
often site-based and static,
while contamination is actually
spatial and dinamic.

* Who is exposed?
* Where?



Challenges

0}

Number of sites

There are many
Potentially
Contaminated Sites
(PCSs), often with limited
available data.
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Data availability

Different type of data for
risk assessment, often
with limited accessibility
and difficult to analyze
with a coherent
approach.

Diffuse
contamination

Widespread and not
related to a single
source.

Resources

Resources for
Investigation and
remediation are often
limited.
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EVU Soil Monitoring
and Resilience
Directive

Requires to adopt a risk-
based approach to
address both PCSs and
diffuse contamination at
regional scale.




Challenges

Key question

—p How to prioritise where
to act and to allocate
resources for furher site-

specific investigation ?




From site-specific assessment to a
regional spatial perspective

High number of sites

Individual sites <« or regional area

Quantitative indices - absolute Analysis of a high number of sites

evaluation of risk of single site

, or large areas.
tailored to one receptor and local

land use.

High resources < Low resources

Needs collection of new input

Needs collection of existing data.
data - laboratory analyses.

Spatial framework

Useful locally < Screening Tool

Not taking into account spatial Useful for decision making, as required

variability and contaminants’ in Tier 1 of SML (EU 2025/2360).

transport.
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Our approach

! e Integrated
-@- . framework

( Two complementary approaches for identifying
patterns, hotspots and priority areas.

Applied Individually

{ 03 Respond to different data availability

and different management needs

RRA for Diffuse
75 02 contamination

No identified sources

RRA for PCSs

Sources are known or suspected
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Conceptual Model

Source - Pathway - Receptor framework

Potentially Contaminant
Contaminated concentrations vs.
Sites (PCSs) legislative threshold
DIRECT
e CONTACT
POTENTIALLY Volatilization and

CONTAMINATED dust dispersion
SOURCE

Recepto r o o PROTECTED
5 AREAS
Pathway Vulnerability
Groundwater Groundwater 9"'30,7;

Plant uptake

Surface water Surface water R
Direct contact Protected areas i
Wind Humans |

GROUNDWATER
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Workflow

Collection of available
spatial data

* Site inventories

* Measured
concentrations

* Land Use

* Population Density

* Hydrogafic and
geological map

* Precipitation

. /
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GIS modeling and
implementation

* Hazard
* Pathways
* Vulnerability

pu— - pl
* One value for

each site -
prioritization and
heatmap

* One value for
each raster point -
Risk map




Implementation

Both RRA methodologies were
implemented using the Model
Builder tool in ArcGIS. This is a
visual programming environment
that allows the user to create a
workflow by combining
geoprocessing tools, datasets and
logical operators in a graphical
interface.
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N « Environment: ArcGIS Pro 3.6
g - ——¢ « Data Formats;

« Vector Feature Classes (PCS Sites, Rivers, ...).

« Raster Datasets (DEM, Precipitation, Soil
Concentration, ...)

« External Tables (NACE/CLP Hazard Mapping)

Cumulative Risk
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Methodology implementation

All the formulas defined in the
methodology have been implemented by
using either standard GIS tools or
custom-made models

Hs.=Ds(x,y)-Hs., Vx.yelTA

[ euclidean_mask '._;)

’ YAl
Liin HS_GW @
.
f 4
=B Hazard HS_AIr @
/]

Hazard formula implementation Hazard model that can be reused within other models
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Reproducibility and Scalability

Once defined, the models can be
reused just by swapping the inputs
and by applying minor
adjustments if necessary.

They have been optimized to run
as quickly as possible, in order
to work with large datasets.
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Outputs and intermediate results

All the maps generated are summarized
in an excel file (one row for each PCS).
These results are then further analyzed
both within excel and with R.

All the intermediate maps are also stored
to verify the results, if necessary.




Case study - ITA Toulouse Metropole @
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PCSs example maps -

MPY3101841 - Surface water Hazard
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hazard

Activities associated with
PCS and relative information
(released substances,
duration and size of
activity/ies)

Raster map with influence
radius for each exposure
pathway

4 hazards for each PCS




PCSs pathway
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PCSs receptor vulnerability maps
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PCSs Risk maps
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Diffuse contamination hazard maps

Area type
Parameter M:::.lsi':re Residential | Agricultural | Industrial

As mg/kg 20 30 50

. . . . Cd mg/kg 2 5 15
In this case the raw data was provided in araster format, andit | ke L e o
was normalized using the Italian safety thresholds, considering | e - 20
. . . . . . Pb mg/kg 100 100 1000
the different land use (residential, agricultural and industrial). Z mgkg | 150 30 1500
Heavy hydrocarbons (C>12) | mg/kg 50 50 750
Somme 16HAP mg/kg 10 10 100

Somme TPCBi mg/kg 0.06 0.02 5
Sum dioxines-furanes TEQ 10 1 100
Light hydrocarbons (C<12) | mg/kg 10 10 250

Pb - hazard absolute values Hazard Pb
Swe N s =

I 91.406 - 124.194
124.195 - 189.772
189.773 - 299,069
299.07 - 430.225
430.226 - 605.1
I 605.101 - 943.92
I 943.921 - 1,610.631
I 1610632282382
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Diffuse contamination Ris
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Integrated Framework

Innovation

PCSs total risk Ly
I Low risk 3
i High risk 4
Diffuse
contamination 2 : -
Total Risk i -
Low \x :
E7E Medium 8
High
_ BB very high
* Altimetry

[ 280.998

- The high-risk areas overlap - same
pathway and vulnerabilities, but very
different Hazards. This could be
v e 3 | explained by historical land
" e contamination of the PCSs.

- . + Clearer definition of management
actions, both in terms of planning
remediation than in terms of land
management.

Funded by

the European Union




Conclusions v

Key messages

Site prioritisation
The PCSs-based approach is suited for

supporting the screening phase and
prioritising site-specific investigations

Land-use planning

The diffuse contamination framework
provides a broader environmental
perspective, supporting land-use
planning, groundwater protection
strategies, and monitoring
prioritisation.

Integrated decision-

< Risk-based managament
support system

Supporting the relevance of risk-based
soil monitoring frameworks according
to the EU Soil Monitoring and

Resilience Directive (EU 2025/2360).

Together, the two approaches support
a stepwise approach, helping to
identify where more detailed
investigations are most justified
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