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What Does Soil Health Mean on Industrial and Urban Land?

& Considering different descriptors, how should soil health assessments vary across different land uses?
® What expectations exist for soil health across various land uses, and how do stakeholders’ approaches differ?
@ How to integrate soil health into sustainable community designs - climate adaptation and green infrastructures?

® What is the acceptance and financial impact/value driver of prioritizing soil health in industrial and urban areas?
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From soil health to soil functionality

¢ Soil health - emerges from the interaction of physical, chemical and

biological properties

¢ Soil functionality - evaluates the capacity to perform functions under a given

land use (Single indicators cannot capture soil functional performance)

¢ Land use - Threshold compliance = functional integrity (Functional indicators

2 0 — v —-—0Om~©OU

support risk assessment, monitoring and remediation.

Take-home message
@ Functionality makes soil health operational.

Soil functions underpin ecosystem services|




Considering future land use - indicators and soil functions

PhySiCCII Urban land use

Soil Texture
Bulk Density
Porosity

Industrial land use

pH Level

Electrical Conductivity
Organic Matter Content
Presence of Contaminants

m Physical = Chemical = Biological

Microbial Biomass
Biodiversity
Basal Respiration

® Physical ® Chemical ® Biological

Soil health descriptors referred as relevant by the NICOLE workshop

participants
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Minimum Dataset (MDS): selecting the core indicators

Simplicity

e
CORINE Land cover type
~ Bulkdensityin [ Artificial surfaces
- topsoil ;
~ Soil erosion rate
Soil pH 1
Concentration of ||= Water bodies

Water holding capacity heavy metal/organic I

contaminants I ——

qlp\‘(f Wetlands
siada
Forest and

seminatural areas

Agricultural areas

Physical Chemical Biological

Proposed framework for selecting the Minimum Dataset (MDS) of soil health indicators according to land use. Source: ISLANDR Del 2.3



Effects of Environmental Contamination

Life Sustaining
Ecosystem Services

Climate Change

Drought

Multi-stressor
contamination

Perturbation effects

Soil
Properties
Soil organic carbon
PH, EC, CEC
Soil texture
Soil mineralogy
Porosity, Water holding capacity
Aggregate stability

[
r
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Soil
Functions

Biomass Production

Nutrient Cycling
Carbon Storage
Effect and s
Response Feedback Biod ity

Water filtration and retention

v Structural Stability

Source: Djomerhi et al. 2026.
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TRIAD: Integrating multiple Lines of Evidence (LoE)

£ 7 X

What is Whether Whether soil
present contaminants functioning is
cause biological affected
effects
= —> Decision
Chemical Ecotoxicological Ecological Weight of

evidence

@ Take-home message
Multiple Lines of Evidence reduce uncertainty




TRIAD as a tiered assessment framework

Chemical LoE

Ecotoxicological
LoE

Ecological LoE

Screening Refined assessment
TIER 1 TIER 2
(J.-
Total concentrations of contaminants * Bioavailable concentrations -
present . reagent extractions
* Physicochemical assays
o o2
e® - “e®
Short term ecotoxicological assays : Long term ecotoxicological assays
' across multiple trophic levels -
* mortality ' 6 ) -
. \{ A AN
* avoidance : * reproduction v !
* germination @ * growth ;
* bioluminescence s \-‘\
Survey of vegetative cover Plant and edaphic fauna ), :
biodiversity %‘Z R4
* density b ¢
* distribution
Soil microbial parameters
_ » respiration
Edaphic fauna feeding \ | .
| « biomass
bait lamina test . - | ’ o
« enzymatic/metabbdic activity
L
s

TRIAD helps us understand the effects of contamination.

But how do we define healthy soil?

=

Detailed investigation
TIER 3

« Bioavailable concentrations —
sequential extractions

» Physicochemical assays

- ©
2O

y §

Short/long term ecotoxicological
assays with in situ organisms

* mesocosm experiments
* passive sampling

Structural and functional
diversity of soil biome

* metagenomics
* metatranscriptomics

Contamination-triggered -—le
biochemical pathways "
» metabolomics .»° e o"w'
+ proteomics A .° 8
/

Progressive TRIAD assessment Framework. Source: Djomerhi et al. 2026.
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Soil diffuse contamination

o Large areas
Not confined to specific or identifiable sources
® Cannot be traced to a specific location

Results from activities that disperse contaminants over large regions -e.g.

Agriculture

® More difficult to control and remediate




Pesticides: an example of diffuse contamination

B Approved

1 Persistent . Not approved iﬂ

2 Mobile
3 Spatially diffuse

4 Difficult to manage

Spatial distribution of approved and non-approved pesticides among the top 10 pesticides of concern in Europe. Source:
adapted from Carvalho et al., 2025.



|f Biomass
Production

Pesticide
Soil Functions Aplication

Soil Health

(___
® /..

—

l Recycllng

| Regulation =

Soil and Planet
Health Compromised

|/ .
" )

Soil Health
Compromised

Tracing pesticide contamination across

Monitoring
Contamination

Identify .
Contaminants > Identify Patterns

: Pesticides and
W Metabolites

(

Boscalid
Epoxiconazole
p.p'-DDT
AMPA
1,2,4-Triazole

!

Europe

Residues of the
approved pesticide
Boscalid were
found in all the
countries studied

Europegan
Contamination
Ttends

Poland and Greece

Residues of banned
pesticides, such as

Atrazine and p,p'-DDT,

are still detected

Source: Carvalho et al., 2025
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Regulatory Measures
Remediation Efforts

Safeguard Soil
Health

N7
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From soil functionality to remediation decisions

Level of soil health
(functionality)

Function-oriented management

=) « Soil functionality is evaluated in relation to intended land use e A v Urban park
roduction A
- Regulatory compliance does not necessarily ensure soil , CEEUIENES e 3’
.\«19 A - = |
. . 180 // T - |
functionality é@;""_ : e 3’
c ¢ c . . o Sl g '
- Different land uses require different soil functions 2y T et :
; g, B0
Different remediation trajectories - reduction
\\ “-H-“ i
$ - Remediation objectives depend on the future land use ot B 4
ey e, 5
- Different trajectories balance risk reduction, soil functionality "’e@,& “ﬁide“’porat,- % -:dg
%, e 2 S
and feasibility " i g
b O
£ i bl
« The goal is to restore the functions required for the intended ; ~. g
Industrial ."[
land use use e |
ﬂ Car park
Source: ISLANDR Del 3.2
(/c’ Remediation strategies should restore the functions required for the intended
Q Take-home message : = :
land use — not simply reduce contamination concentrations

34




The Stepwise Decision-Support Protocol

@

Define future land

use
Envisioning

Target land use

Required soil
functions

| ‘
| W |
\

\

Q

Assess site risk

S-P-R & TRIAD
Contamination
Exposure

Ecological risk

Select soil health

indicators

Minimum data set
Physical |
Chemical l
Biological indicators

)

Compare remediation
options

g 6 Option appraisal

Technological
Nature-based
Adaptive solutions.

Integrated decision-making combines risk assessment, soil health indicators, remediation
options and future land use to restore soil functionality.

|
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Restore soil functionality

Plan refunctionalisation
Fit-for-purpose recovery
Adaptive management
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Key take-home messages

é ¢ The future is not only cleaner soils.
Itis functional soils. 99
1. Paradigm shift 2. Integrated decision-making 3. Sustainable remediation
From concentration-based Risk assessment Fit-for-purpose restoration
compliance l l
l Soil health indicators Technological and nature-based
To function-oriented management l solutions

Decision support

Healthy soils deliver ecosystem services through their functions
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