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I Ecosytem services (ES) in SOILPROM
- one of the main goals

©

Deliver upgraded and integrated models
for pollutant transport and fate that
assess the impact of soil pollution

on soil functions and related ES

01-09-2024 31-08-2028

Developing sustainable solutions for soil
pollution
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I SOILPROM planned results e

WP1 - Setting the scene for soil pollution processes modelling (NIBIO)

particulate phase pesticides microplastics
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WP4 - Modelling Platform and Decision-Support Tool
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WP?7 — Project management and ethics (WU)

WP6 — Communication, dissemination, and

CARTAGENA - LA UNION MINING

) Y (SPAIN) GLICH ZWIS E OLLE
Wind erosion, atmospheric transport ( {
—. Y and deposition of dust polluted b T .
Figure 9: SOILPROM overall WP structure metatr ydeotogioq TGN viow OVBter and UG of

~ pesticides in soils and
groundwater

metals by water erosion, runoff, and
infiltration into soi -

‘ Entry: Query with a
specific use case
i txit: Selection of data,
' and models, execution

% Figure
[:SOILPROM's

Project Results

PR2

——

-

* The project is dominated by environmetal-fate modelling: soil / water, soil / air ...

L research and innovation programme under grant agreement No. 101156589.
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SOILPROM WPs and Ts

4. Dissemination and uptake

1. Specifications 2. Developments 3. Validation
Identification of model Data collection in use-cases L
upgrade necessities (T3.1) Application of the
(T1.4) upgraded and integrated
. Upgrading of the models (T2.1) Ll O s Review of the political
Blueprint for databases cases (T3.2) framework (T1.2)
(T1.3) Integration of fate and I
State of knowledge on tra!-.spnrt LR Collaboration with the ISMC working group International conference
i X environmental compartments e |
soil pollution (T1.2) (12.2) (T5.1) (T5.1)
Collaboration with the Modelling Board (T5.1)
Specification and I o
framework of the MP Development of the Modelling Platform (T4.1) e Policy recommendations
assessment of
(T1.1) | to prevent and reduce
Development of the DST (T4.2) t;g.rh::: ;;’ pollution levels (T5.3)

Identification of the Assessment of the ;r:rz?;:;:tf]!;o:;mun on ecosystem Workshops (T5.2) and
knowledge gaps on - recommendations for
use-case stakeholders

pollutants’ impacts on
ecosystem services Development of model-based scenarios (T3.3)

combining the different
soil disciplines (T1.2)

# according to the model-
based scenarios (T5.3)

ure 3: Methodology of SOILPROM project

* The project is dominated by environmetal-fate modelling
* Impact on ES: one task starting 2/2027 and running for 16M

*Ex This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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I Ecosytem services (ES) in SOILPROM -> TASK 3.4

01-03-2027 31-08-2028

= PHISHES complementarity ? PHISHES more water?
r 4

Leader: MU - Participants: WU, WR, FZJ, UPCT, NIBIO, VITO — M30-M46

e quantitatively assess the impact of soil pollution on ES

e link T1.2 results to critical threshold levels of pollutant
concentrations - a methodology with mathematical equations

* methodology workshops with all partners to discuss
parameters to be used for the mathematical equation

e use-case leaders will assess the ES first in the current status
and then in simulation scenarios

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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I Two scenarios identified in SOILPROM use-cases

Scena rio A (our focus) —) ';;.;-:PHBHES complementarity ? PHISHES more water?

Soil is , receptor” - pollutant stays in soil and
damages soil biota / functions

Fits the EU Soil Mission perfectly

Soil ES impact is mainly driven by impact

on soil biota

Soil ES assessment can follow Environmental
Risk Assessment (ERA) framework: comparing
exposure (PEC) against biological effect
thresholds (PNEC)

Relevant use cases: 1 (MPs), 2 (MPs), 4 A

(pesticides), 6 (PFAS), 7 (metals). T
Semi-relevant: 3 + 5 (pesticides)

. . . . . . il water percolation towar
This project has received funding from the European Union’s Horizo . . SN G UL

: ) Soil water percolation surface water systems
research and innovation programme under grant agreement No. 101§

towards the groundwater

Atmospheric : Process
Plant uptake deposition
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I Two scenarios identified in SOILPROM use-cases

Scenario B SOILPROM promised to assess leaching and
redistribution potentials (the soil-side export
terms) but NOT the impact at the receiving end !

e Soil is ,transfer pathway“ - pollutant moves through
soil to water / air

* Soil funFtlons (e.g., fllterl'ng) act as regulators. | b closerto 2 PHISHES ?
* |Impactis external (aquatic ecotox, human health via -
water).

* Focus shift: ,,soil health” = ,,soil capacity” to filter /
buffer for water / air (+ to contaminate water / air)

* Impact driven by levels of transported pollutants in
target compartments

: : e :
* Assessment b.ased-on environmental fate modelling tmospheric process
of concentrations in target compartments + “Pollutant |
comparison to limits (regulatory or derived from risk Mobility in soil-
water system and Soil erosion (runoff and sediment
assessme nt) . infiltration into soil transport over the soil surface)
* Relevant use-cases: 3 (pesticides/runoff), 5
(pesticides/GW), 8 & 9 (nutrients/runoff+GW) 4 V., G \ .

Soil water percolativ..” _.ards
Soil water percolation surface water systems
towards the groundwater |

This project has received funding from the European Union’s Horizo
research and innovation programme under grant agreement No. 101§

%SOILPROM




I SOILPROM - dominantly scenario A ! ... How?

Ecological risk assessment based modelling of SES impact

Faber et al. (2021)

Ecological Economical
E. -E]
xposure-Effect Production

Relationships Valuation
/‘ P \' / Functions \ /+ Functions \

Social Benefits

Intermediate

- and Final -

Ecosystem Services

Chemicals Ecological Outcome

Behaviour
Biomass
Abundance
Species richness

Stressors
in the
Environment

Potential provision,
Physical flows

Monetary flows

Standard Service End-users,
test species, providing taxa, Socio-economic
Response traits Effect traits factors

»

]
|
I_ Analyses of taxa and traits _I Cost-Benefit Analysis

(SPG entities and attributes)

Fig. 1. The translation of effect data from standardised ecotoxicological testing for ES impact assessment using ecotoxicological exposure-effect relationships and ecological production
functions based on response traits and functional traits (also called ‘effect traits') respectively. EPFs quantify potential provision of intermediate or final services, and socio-economic

factors determine actual flows of services ‘physical flows’ and benefits ‘monetary flows”.

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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https://doi.org/10.1016/j.scitotenv.2021.146409

I Ecological risk assessment based modelling
of soil ES impact

no ec4d
\ 4

il
m micro- 4 ‘
plastics

T1.2+  hazard (~ a potential)

r
WP2 exposure . .
review on impacts of pollutants on
outputs from Upgraded an soil organisms / entrance to food chain / leaching /
integrated modeling redistribution through water and wind erosion

%{_J

[ 13.4 impact on ES ]

.

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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Ecological risk assessment based modelling of soil ES impact

complex model - ,,a pipeline” will be needed  Fberetal 021

WP2 & T3.2 Y ) ,
‘ T1.2+ parametrization, ecological risk assessment

TIER 11

dependencies &
causalities, drivers,

\ soil ES factors, indicators j

, ¥

T3.4 mathematical models
quantification of dependencies, building model,
programing

(T3.4 soil properties /processes
' soil biota = soil functions
. . conceptual models, literature, soil ecosystem models,
soil functions

ES based ERA:
Devos et al. (2019)

poIIutlon biota interactions
literature, ecotox databases,

TIER I

dependency flows, factors, parametrization

n’yg

TIERS
Tier | (Hazard): Direct toxicity to service-providing taxa (e.g., using SSDs)
Tier Il (Function): Effects on Service-Providing Units (SPUs)

Tier 11l (Service Delivery): ecological production functions (EPFs) = ES

delivery
Maltby et al. (2022)



https://doi.org/10.2903/j.efsa.2019.e170705
https://doi.org/10.1016/j.scitotenv.2021.146409
https://doi.org/10.3389/fenvs.2022.932161

| Tier | > Tier Il ... How ?

Soil Health

L w\/ BENCHMARKS

- . Fungi Milpedes .
Fragnentaon [ oo f""w Wi https://soilhealthbenchmarks.eu
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Creamer et al. (2022): https://doi.org/10.1016/).SOILBIO.2022.108561
Vazquez et al. (2025) hitps://doi.org/10.19103/A5.2025.0159.01

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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Tier Il = Tier lll ... How?

|
Soil ES conceptual model Main Steps Soil ES assessment operational model 4
| Minimum Data Set .: 1
Soil Natural Direct measurements : : :
Assets Soil databases I | Inherent properties | ‘ Dynamic properties | I
|
FEEESEESESESSSSEEEEEEEmEES 1
| Soil and land management I
Identification of soil types and : | Soil types I
land management observed at I | - . .
the planning scale . 1| Soil ecosystem services literature
| Land use + Management practices |
l_______-__ P P P S ———— L) ° . .
. r including ES valuation literature
TEETTTTTT
[
Definition of all possible pairsofy, | (N - NN S
soil types and land management Agricultural |! Agricultural |} Agricultural |}  ---
at the planning scale system | system I system i .-
L = =af L . () E—|
L J
S T T ]
I— Madelli —_— i ioti
Priccinas Ing process ‘ Cyeling | ‘ Storage || Transfer | | Biotic web I
i i i
1 1 !
termination of the pair tha |
provides the potential value of the Existing soil and land Alternative soil and land
soil ES indicator (i,e., maximum management pairs management pairs
soil ES) | |
, S A N A RN AR EN) | REREER .
Soil Ecosystem & fo oht
Service (soil ES) anking of current and potentia | Soil ES indicator classes I
soil ES indicator values ' Curentsol ES | |  PotentialsoilES | I
l e o o i e o s B 5 o e e e e e |
Contributions to Human Well- GIS data processing (mapping o Assessment perspectives I
being soil ES provision) 1 | Current state | | Planning strategy | 1
| e e M= R
Decision support tool
Governance scales Planning rules and palicies
FIGURE 3 | Workflow of the operational model for assessing agricultural soil ecosystem services (ES).

Fossey et al. (2020) D20.00028
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Earthworm model
(Johnstonet al

I Quantification ... ?

Decrease Decreased
peR e rocessin soil
e ST, Zf or .:mlcg nutrient
earthworm abundance . 4
survival and matter cycling
Elevated reproduction Decrease
- soil quality
soil conc. 5
D d Decreased (fertility)
° O . Decreased QC(easg| soil Increase
* searcning 1ror moaels, 1in N
) survival and EAIVSINS stability

reproduction

* conn eCt IoONS model (iliatl, Van den Brink et al. (2021)

el https://doi.org/10.1016/|.scit

* 3 p p rOXi m at | ons T otenv.2021.149329

(Bianchi et al

2007) Incr rey
abundance

Elevated Decreased Decreased Increased Increased
exposure ladybird ladybird aphid pest
conc. survival abundance populations damage

BEEHAVE & BEESCOUT
(Becher et al 2014,
2016)

BEEHAVE (Becher et ,
2016)

Decreased
Elevated Decreased Decreased

bee
exposure : ollinator ollinator
cponc behaviour ‘L d P tivit
: 8 abundance activi
and survival 4

Decreased
pollination

Meadow brown model

Decreased
Elevated Decreased butterfly Decreased

exposure caterpillar butterfly Decreased

abundance .
conc survival aesthetics

This project has received funding from tt
and activity

research and innovation programme unc

SOILPROM

observations

Fig. 1. Simplified logic chains showing role of the population model (orange box) in linking toxicity test results (gold box) to ecosystem service delivery (blue boxes) of soil quality
regulation, natural pest control, pollination and recreation given the environmental exposure (green box).


https://doi.org/10.1016/j.scitotenv.2021.149329
https://doi.org/10.1016/j.scitotenv.2021.149329

I Scenario B: Possible approach

=S P
= HiSHg Collay,

* We will not model "impact" on water body itself (e.g., ecotoxicity,
eutrophication ...) - Instead, we treat the soil output (leaching/runoff
concentration) as endpoint:

Exceedance ratio = C, .t / Ciimit

* If1Q > 1, load of pollutants into soil exceeded its capacity of ,water filtration/retention “ (=ES)
* If1Q < 1, load of pollutants into soil is within its capacity of ,water filtration/retention “ (=ES)

* C,.i definition - TBD

* We need to compile the specific regulatory limits for the relevant water bodies (WFD
EQS, Drinking Water Standards) for the specific regions (NL, DE, NO, PL)

* C,it Can also be risk-based: We may define safe concentrations in surface water from
PNEC values for aquatic species. We may define safe concentrations in groundwater
(drinking water) and air from human health risk assessment.

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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I Open research questions we'd like to discuss

* going quantitative

e plug&plays between tiers

* bioavailability role at interface between exposure and Tier |

* hazard data (un)availability (especially higher tiers, life-history traits, functional traits, service-
providing units = approximations needed, ecological modelling needed)

* gaps between endpoints sensitive at realistic concentrations (e.g. biomarkers) and service-
providing taxa — AOPs can help?

* gaps between endpoints of service-providing taxa and service-providing units (populations,
functional groups)

e setting critical thresholds
* multiple effect / thresholds mathematical algebra

 abiotic (indirect effects) of microplastics in soil

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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o 1 Nazaret Gonzalez

soiLpron OPAIN USe case (UPCT)

= 6.5 km 3

Cartagena-La Union Mining District, 50 km?

Primarily mined for 7=, 7o Zg(Ccl U, Ao, €.
Fe in sulfides, oxides, hydroxides, sulfates, carbonates, silicates. =
Pb and Zn in sulfides, carbonates, sulfates, oxides.

- e SE Spain

4

Spain Murcia Region

The last mine was closed in
1991. Millions of tons of mine
waste remain in the area and

the surroundings.

High-resolution data:
pore water metals, speciation,
physicochemical properties

Field data on metal concentrations and soil properties



I Linking soil biota activity exposed to chemicals to
possible changes in soil functioning

7
Exposure to ? Effect on ? Effect on Effect on /  Effecton
chemicals individual population soil ecosystem
] species structure services
Bioavailable Life-history traits Biological activity

concentration

Temporal scale: days, months, years, decades

Different pollutant groups may need adapting causal cascade based on available evidence

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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I Linking soil biota activity exposed to chemicals to
possible changes in soil functioning

Exposure to Effect on Effect on Effect on
chemicals individual population soil
species structure
Bioavailable Life-history traits Biological activity

concentration

Incorporating process knowledge in modelling changes in soil structure

Porosity (co)regulated Functions ST T T T , 4 :
processes A w
Need for simple framework to: oil respiration R AR Metals, PFAS,
Extracellular depolym. - o (= = ~Mforopors EEanhwnrm‘ ticid
Methanogenesis : pel . : : Plant roots peS ICI es,
. . . . . Aggregate formation 1 T~ nis i i
* track impact of various processes driven by biological actors Aggregate stabilization ! souatn | e microplastic
. Ammonia volatilization | i Snehaed
on soil structure, Senitriention | e D -
Adsorption/desorption o : - : <; v .
. g . . .. Precipitation dissolution 3 : |\p.u:ri'm.s
* express variation of soil structure as a function of the activity Microbal immobilzation S | e L emmweeww Temporal and
fbiOIO ical actors Ammonia volatilization 5 1 :::;:::s .
0 g , Nitrification @ : . i spatial scale
Biopolymer degradation S ! I : Millpedes
. . Infiltration n : : Foodweb | |——Bactia or
* focus on relevant soil processes allowing for assessment of Evaporation . T Y PO,
. . . . . i i |
impact of pollution impact on soil functions. R e i fow | /gw"q' e explanation
! 3 iycorrhizal fungi
i ]
E;a'?age : : ' | o
ysical occlusion 1 Biological retention —— Bib-accumulation; ———Cellemboia
Solute retention 1 1 /\::EZ::;;N
H H H i ! 1 Enchytraeids
Soil Porosity: (co)regulates 25 processes across 4 functions  Reduction . . /\%m’:
I 1 /’ Milipedes
Plant interactions femm s Spiers
Pollutant degradation (Cognitive models by Creamer et GI., 2022)

Water availability e



I Biota exposure pathway

Exposure to Effect on
chemicals individual

species

Effect on
population

Effect on
Soil
structure

Bioavailable Life cycle traits Biological activity
concentration

Building modelling scenario for calculating chemical concentration in soil compartments

_ ‘Soil’ model dynamically simulates the distribution of organic
set Of parameters to n:entranc-n of the pollutant in river water

. . e contaminants and metals in abiotic media (i.e. soil particles,
describe local conditions: oo m e wmimanen

Duratian of the dayiight during one day - pore Water) Of SOII f.yStemS

Duration of the sunshine during one day

Soil metal pollution in La Unidn-Sierra de Cartagena located in
Spain (SOILPROM 7t use case)

Cadmium — soil concentration: Bulk tailing vs Fertility island

Gas
Irrigation rate of cultivated fields { Aimosohiers | {Dry aerosol Preckaaton’ \
H Irrigation rate of cultivated fields that is intercepted by vegetation . . \ Almoacham } = Preciptatio
* Bare soil, Mo rachaton >T|me series Diftusion

1 Aerosols |
Measured Actual Evapotranspiration

. . Z Dissolved concentration

* Vegetation covered soil. |renipe coyenaunitariace - - e S————
Surfacic dry deposition flux of contaminated aerosols ( Freshwater ) Irigation | (Irrigation

Surfacic wet deposition flux of contaminated aerosols — -

1000 — Fertility island — Fertility island
Temperature in air .
Temperature in soil j a0 .0
Wet deposition flux of contaminated aerosols that is intercepted by vegetation " Direct '

‘ “Point
-Top - | source | | application

Diffusion coeffident in water . & -
Diffusion coefficient of oxygen in water

Diffusion coefficient of water in air Chem ICa I (Diffusion ) (Wash off | (Soil ) | Advection
Malar mass of dioxygen o= e okt L

Molar mass of water

Universal gas constant properties 600

i lvaoose"
zone
Bioturbation diffusion coefficent N 00 15.0
Boundaw_la"_er thickness in atmosphere above the soil i [ Sol Water 0 50 100 150 200 250 300 350 [ 50 100 150 200 250 300 350
Degradation increase factor - Seoiaio| contentin Time (days) Time (days)
Depth of the root zone Evotranspration ercolation | "y oot
zone

giriﬁ,dlsei:gs‘f:ﬁs:'ilent of water vapour in air Model output:

P e e fore moisture siress Soil input) ¢ Change in total and dissolved metal concentration in time,
Initial concentration in deep soil . . d d .I

Initial concentration in topsoil > propertles TOp an eep SOl Compartments,
Mumber of layers in soil (Output )
Soil surface

i N * Also process rates (advection, diffusion)
Soil water content at field capacityin the root zone "

Soil water content at wilting pointin the root zone
Theta 0

Total concentration

800 165

=4
=

Dissolved conc. (mg m~?)
Total conc. (mg kg dw)

Time step used for the calculation /
Wash-off rate constant =

Water-Soil partition coeffident for metals J




I Biota and soil structure impact pathways

Exposure to Effect on Effect on Effect on
chemicals individual population Soil
species structure
Bioavailable Life cycle traits Biological activity

concentration

Modelling impact from individuals to population and coupling to soil porosity

Extrapolating life history endpoints of exposed individuals to
population development.

Individuals' life traits affected by exposure to chemicals can
be linked to population level processes e.g., rate of increase
(r(C)) or carrying capacity (K(C)).

r©) _ KO

70) ~ K(0) = reproduction reduction * survival reduction

r(C),r(0) intrinsic rates of increase of exposed and unexposed populations.

K(C), K(0) population carrying capacities of exposed and unexposed populations.

Earthworm and/or plant related variables such as biomass, root production
and ingestion rate can be directly incorporated in the modelling of soil
porosity

E.g., budget model for net change in soil macroporosity (Gibbs & Reid, 1988)
AE100=T+TS+Rd—Rg—S

AE {40 are macropores with @ > 100
T tillage

T, soil turnover rate due to bioturbation, directly proportional to earthworm biomass and ingestion rate

I-XEp; . . . .
and %, I, - ingestion rate, E};, - earthworm biomass, y, - bulk density
b

R4/R g root decay/growth
S shrinking due to soil drying



I Hazard data - workflow — heavy metals

™ AB =
i (contaminant name) --------- > As-Cd-Pb-Zn
n, AND (toxic* OR ecotoxic*)
S *% AND soil*
AND (

annelid* OR oligochaet* OR earthworm* OR enchytraeid*

OR mollusc* OR gastropod* OR nematod* OR tardigrad*

OR arachnid* OR spider* OR acar* OR mite* OR pseudoscorpion*
OR diplopod* OR milliped* OR chilopod* OR centiped*

W OR isopod* OR hexapod* OR collembola* OR springtail*
O OR insect OR insects

OR beetle* OR coleopter* OR diptera* OR ant OR ants
OR protura* OR diplura*

Literature

OR bacteri* OR fung* OR mycorrhi* OR endomycorrhi*

S e a rC h OR endo-mycorrhi* OR ectomycorrhi* OR ecto-mycorrhi*
OR microb* OR microorganism*

)
- Soil invertebrates Microorganisms

Relevant ) Relevant :
. studies Endpoints studies Endpoints
+ now we test Al automation
As 10 70 6 33
Cd 47 649
- Pb 34 194 30
jof SO1LPROM e e 2 51 500 43
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TOGETHER, LET’S COMBAT SOIL POLLUTION!

Check out our
website
soilprom.eu

Follow our activities
on LinkedIn

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No. 101156589.
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