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Chronological journey of radioecology
Matarese et al. (2024) Radiation Research 202(2)

ICRP 91 (2003
ICRP mmmm
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Context and Background Chronological journey of radioecology
before 2000 Matarése et al. (2024) Radiation Research 202(2)

» Radioecology emerged during the Cold War, focus
on RNs pathways to humans, influenced by
nuclear testing and regulatory frameworks (ICRP

60 ICRP 91 (2009)
) ICRP 103 2007)
Unveiled v Y

Dynamics

i
Early Years {19505 - 1960s) ' Shift in Focus (2000 - 2010] 'Contempurary Era (2010~ 20205)
Biota as food chains to man Assessment of impacts Holistic ecosystem perspectives

on individual biota
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Chronological journey of radioecology

Context and Background
Matarese et al. (2024) Radiation Research 202(2)

2001 - 2009

» Recognized limitations of human-centric approaches

— 2001: First IUR Publication on Protection of the ICRP 91 200y
Environment from ionising radiation 7 /ﬁiﬁ\ m"'mm

— 2002: IAEA Tecdoc on Ethical Considerations v Dynamics
f@ @‘&

— 2005 : ICRP’s Committee 5 dedicated to the

protection of environment

— 2008 : ICRP “Reference animals and plants (RAP)”

Jx

TOWARDS AN ECOSYSTEM APPROACH

s

§ FOR ENVIRONMENT PROTECTION - I II

[=] WITH EMPHASIS ON

§ : SICAL HA : Now Avallable Early Years {19505 - 1960s) . Shlft in Focus (2000 - 2010] Contempurary Era (2010~ 2020s)

— D f ] <

° ] Biota as food chains to man Assessment of impacts Holistic ecosystem perspectives
on individual biota pe

Publlcutlon 148
Radiation Weighting for Reference Animals and Plants
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Derivation of ERICA PNEDR: First steps (from raw data to EDR10)

STEP 1 -
Sorting date from FRED per ecosysten, p:rmpm‘m-u regime
_ FRED {(uration, irradintion pﬂﬂ':m:.rb. por hiblisgraphic reference
Finwset Rudison Effoct Dintsbae arid per test. Rules | 1o 3 are applied 1o accept or reject each
dhafn wet rsee Figure 2).
iIT ect ;
' STEP 2 -
Re-construction of Dose-ctfect relationship for coch aceopted
(e o dirsie rate, @l test. Estimating eritieal insicity valuey are EDy for scute
$0% | e e e B ohisineal loe i given te exposure condition ar EDR , for chronic exposure condition.
- Hild inedel
|
|
HFe = I T -:I'J‘-yu'h'
EDR, ED, Dhae Tule r|.rﬂ:|rf|'ﬂ
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Derivation of ERICA PNEDR: Last steps (from EDR10 to HDR5)

R = {(LU513 Log Normal = Generic Ecosystem (SW+FW+TER) wim g = 3,71
KSpvalue = 050) Sp = weighted: TW: none wadl dg = 109

Mumber of da =24
Murmiber of species = |8

HDR,=81.8 pGym
Clgga,= [33,%-336] pGyfh

Cumulative weighted prohability
2
P

o - . T 1 —T T —
IE+(H) 1LOE+0 | | OE+02 | UE+03 1 OE+M | AKEA+IS LOVE+G 1UE+017
Dose Rate (pliy/h)
Best-Extimate ===+~ Centibe $% === el 9
] Vertebrales F. Pliiits (o] Inveriebrates

Garnier-Laplace et al. (2008)
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uGy/h mGy/d
40000 1000

RAP and related DCRLs

w000 100
= Simplified exposure pathways for generic groups, o I

not specific species Seaveed Beo Crab Eartwom
= Derived Consideration Reference Levels (DCRLs) to v Frog Tou Fatish Grass

assess radiological impact 4 91} Doer Rat DuckPine tree

Recent evolutions

» Incorporating current knowledge on radiation | EJ a
o) -
effects on non-human species = ‘ﬁ - = = @ ‘ L Le (g '*
» Ensuring practicality for planned, emergency, and NN RRRRE 4 é
existing exposure situations sl ] a :
= Employ transparent and taxonomic group-based 5| § e e i | § Z
5| : il ¢
references : : Pl
- Refresher Course Environmental Risk Assessment _ ‘ — e
— D Copplestone (Thu 28/11 8:00 - i e .
PP ( / ) e
E
- s oo
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Matarese et al. (2024) Radiation Research 202(2)

= Need for integrating ecological, radiobiological, and
environmental sciences to address complex
interactions and cumulative radiation impacts.

ICRP 91 (2003)
ICRP 103 (2007)

H “ Macrocl:osm - Ecosystem
— 2014 : IAEA recommendation to “protect o, Unvelled N oynamics
ecosystem services (...) and prevent the effects of “ﬂ*}} @
' =

ionizing radiation on non-human biota” ' ' e
— 2021: ICRP draft recommendation : "more global
considerations of environmental protection” Q @

< | L i

Early Years {1950s - 1960s) Shift in Focus (2000-2010) Contemporary Era (2010 - 2020s)

)
"
L)

Assessment of impacts
on individual biota

Biota as food chains to man Holistic ecosystem perspectives
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Matarese et al. (2024) Radiation Research 202(2)

' p
From EGO to ECO

por
L Fiss

A7 v, 4
- & S5 H
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Objectives

From EGO to ECO... how to proceed ?

" Discuss the challenges of adopting ecosystem approaches

| Explore broader impact assessment possibilities

" Share a vision on research needs
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Challenges
In Ecosystem Approaches
to Radioecology
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Ecosystem Health Complexity: beyond individual responses

EXPOSURE : chronicity?3, long-term*, multi-stress

Persistance of
inants

ENDPOINTS

Composition

ples Stressors
(chemicals, climat
change,.

Function Multigenerations

ry forces

e.dita ry effects, ORGANISATION: life stage, individual, population
migrations, etc)

1 Noss 1990, 2 Dubois et al 2019, 3 Pereira et al 2011 # Sreetharan et al 2024
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Broadening
Impact Assessments:
Frameworks and
Opportunities
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2/3 Broadening Impact Assessments: Frameworks and Opportunities

: BETTER USE OF AVAILABLE DATA

: DEFINE INTEGRATIVE METRICS

: ACQUIRE KNOWLEDGE ON ECOSYSTEM PROCESS AND BIODIVERSITY
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2/3 Broadening Impact Assessments: Frameworks and Opportunities

[ BETTER USE OF AVAILABLE DATA

| AOPs adverse effects at ecosystem (populations and communities)

| modelling for extrapolation to populations
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2/3 Broadening Impact Assessments: Frameworks and Opportunities

L 1
| Idealized representation that illustrates _ ecological

the different biological scales, their
interrelationships and associated
approaches and tools.

. 4. . I
| Predictive modelling of effects ‘
and extrapolation among species : E@ 5G9 DGR A F O
— w LAY
. e energy, = ~
| A major challenge: data sets RN Wi i <t b
. . . e i vLEN [ awesen
simultaneously covering different L &2 e
. . . :, " damag Vi S0 ) | ! statistical and :
biological levels, as well as across varying A e ke N
temporal and spatial scales D besy ¥ )b Y

Schneeweiss et al, Glob Change Biol 2022
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2/3 Broadening Impact Assessments: Frameworks and Opportunities

| Experiment on model species
addresses effects at the different
biological scales _ suborgaxis!
with various studied species — =@ ) .

| A brief overview of recent
advances

P T

-
= o

----------

Schneeweiss et al, Glob Change Biol 2022
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] AOP! = Tool for data structuration: from an initiating event (MIE) to an adverse outcome
(AO), mostly phenotypical (individual, population), used for ERA

1
Macro- E Cell/Tissue E Individual/
molecular ! ! population
1 1

27 with IR?,

2 endorsed Molecular . | (oypvent1 ——» KeyEvent2 =—-——i-—»  AOVErSE

Initiating Event Outcome

| AOP framework enables:

= Linking different biological levels, with WoE assessment
— Main steps leading to an Adverse Outcome and relative knowledge gaps
— Possible use of molecular data
= Common tool between radiations and other stressors (AOP networks),

= Sharing common tool between researchers and regulators?

L Ankley et al 2010, 21JRB Special Issue 2022, 3Chauhan et al 2022
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KE/Population structure Sex ratio, skewed #417 Sex ratio measurement over population exposed?

) Adaptive potential, decrease Affiliation rate, increase?3
KE/Population composition Mutation rate, increase, Mutations, Population genetic inference (genetic diversity) 48
increase #185
) Nuclear Genetic diversity, decrease Genetic markers (e.g., mitochondrial), SSRs,
SNPs?3
AO/Population KE/Ecosytem Population size, decrease / Population Standard counts (e.g., bird point counts, track
demography, decrease #997 analysis, motion activated camera traps, etc.)>%13
AO/Population KE/Ecosytem Abundancy, decrease/increase Modelling, Fruit tree numbering (indirect;
pollinator and bird disturbance), Tracks analysis®
13
AO/Ecosystem Pollination, decrease Indirect; pollinator disturbance!#1>
AO/Ecosystem structure Organic matter cycling, increase/ decrease Indirect; litter detritivore numbering!?-13
AO/Ecosystem composition Biodiversity richness decrease All previous parameters/upcoming eDNA methods

lQuevarec et al. 2022, 2Car et al. 2023, 3Shimalina et al. 2020, *Baker et al., 2017, °Car et al. 2022, ®Ellegren et al. 1997, ’Goodman et al. 2022, 8Mgller & Mousseau 2015, °Bonzom et al. 2016,
10Deryabina et al., 2015 *Moller & Mousseau 2007, 12Mousseau et al 2014, 13Mgller et al 2012, 1*Burrows et al 2022, 15Raines et al 2020, 16Sakauchi et al., 2021
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Deposition of Energy,

Level of (MIE 1686)
. Oreanization
Link molecular-, cellular- and organ-level events ,/\\
to adverse outcomes (relevant for population Neacto s Esuesucen |, asoa
dynamics): survival, growth and reproduction
Find common events and differences g oo ctdmmme | e 3| 8
among species, differing in trophic positions, Cell/Tissues g ' vmamicy 7521 3| E
. . . . . % Apoptosis, Increase z
reproductive strategies, life history (lifespan, age E Iy :
. . U I e $ 1 4 4T ___
of reproduction, number/size of offspring) . 5 _
Organ/Organ system Qe:rq‘—afg—L , (KE 1366) nﬂﬁﬁ} j—
__________________ PNPCORY - PNWAPCORY
Compare radiotoxicity with other stressors 3y
Individual 015
. !
Identify knowledgegaps = ———m—————p-—mmmm oo
Population Decrease, (AO 360)
p!r’c::ngs . Nematodes Taxon-specific AOPs Crustaceans Fis‘i"
,i’vf\’ R ( 1/" 4 .

Tollefsen et al., Int J Radiat Biol 2022 \ @ \ N =
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2/3 Broadening Impact Assessments: Frameworks and Opportunities

[ BETTER USE OF AVAILABLE DATA

| AOPs adverse effects at ecosystem (populations and communities)

| modelling for extrapolation to populations
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Changes in toxic effects over time can be
. . .. 3
analyzed using the mechanistic TK-TD approach cconario

In TK-TD models (GUTS, DEBtox), lethal or
sublethal effects are dynamic processes

Internal
concentration

Describe how organism internal concentration
changes over time and how this affects survival
and reproduction through a physiological mode
of action

stress
function

Mode of Action

An approach originally developped for chemical
contaminants, more recently applied to external

gamma radiation in Caenorhabditis elegans h_“tfe
istory

Jager & Zimmer, Ecol Model 2012
Lecomte-Pradines et al., J Toxicol Env Health 2017
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0 0 9] Fip+1 Finax-l  Fin

Population models need to integrate organism-level L. . . . .
effects over a whole life cycle, to mathematically o o P 0 o o o o o
extrapolate to population-level responses o 0 TNl ° ¢ 0 o
0 0 0 0 Pi, 0 0 0 0

. . . 0 0 0 0 0 Pip+s1 O 0 0
Population matrices, a powerfull algebraic tool o o o o o o0 o o
0 0 0 0 0 0 0  Pi,1 =0

Previously used to integrate survival and
reproduction effects and calculate consequences for
population dynamics

|

Integration of organism functional traits to calculate ] Risk of local

consequences for ecological processes (primary extinction

consumption, secondary production...)

Asymptotic population
growth rate lambda

Biron et al., Environ Sci Techol 2012
Alonzo et al., J Environ Rad 2016
On-going GGP-Env Project (with EDF R&D) [Depleted U] (ug L)
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2/3 Broadening Impact Assessments: Frameworks and Opportunities

IRSHN

[ BETTER USE OF AVAILABLE DATA

[ DEFINE INTEGRATIVE METRICS

| Ecosystem services

| EQS (integration man-env...)

| Consider Radiation protection among other stresses (chemicals, climatic change and heat,

habitats transformation...)

ECOSYSTEM APPROACHES IN RADIOECOLOGY — RODOLPHE.GILBIN@IRSN.FR
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&ﬁ-ﬂwuu

Wabrs Tertiary Am o S“DWYOWV p],maal/ Arc Tn\l
Consmer

C onsmer

Appreciation of the interdependency of humankind and the
environment

.. focus on the inherent value of ecosystems, habitats and
organisms

’ {2
L e —
Moss)iPriviary Primary
:

Producer

L i3
Move from a purely anthropocentric view to one that %f
encompasses an ecocentric ethic perspective.

Sustainability needs to address more than physical and = \
economic considerations, recognise societal and cultural “ ”Il

impacts, and acknowledge the dilemmas that can arise from e M
interactions between sustainable development goals. E""“?;‘L‘.’&?t.;.%:zzif:;zzﬁ : i B R
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UN Sustainable Development Goals

NO ER GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY AND WELL-BEING EDUCATION EQUALITY AND SANITATION

tﬂi@’ﬁ

DECENT WORK AND : 10 REDUCED
ECONOMIC GROWTH

INEQUALITIES

A
i L

I CLIMATE 1 LIFE 1 PEACE, JUSTICE PARTNERSHIPS
ACTION BELOW WATER AND STRONG FOR THE GOALS
INSTITUTIONS

¥ |

17 interlinked global Sustainable Development Goals (SDGs) designed to be a "blueprint to achieve a
better and more sustainable future for all".

See Sarah Donaher’s talk O5-01 about ICRP TG125 on Thursday
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UN Sustainable Development Goals

S— Ensure healthy lives and promote well- |-
AND WELL-BEING being for all at all ages

DECENT WORK AND
ECONOMIC GROWTH

Conserve and sustainably use "'
the oceans, seas and marine
resources for sustainable | ;'{fnww,.,m ]5 ON LAND
development

Protect, restore and promote sustainable use of
terrestrial ecosystems, sustainably manage forests,
combat desertification, and halt and reverse land

degradation and halt biodiversity loss

17 interlinked global Sustainable Development Goals (SDGs) designed to be a "blueprint to achieve a

better and more sustainable future for all".
See Sarah Donaher’s talk O5-01 about ICRP TG125 on Thursday
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Ecosystem services (see Sarah Donaher’s talk 05-01 about ICRP TG125 on Thursday)

“the conditions and processes through which ecosystems and species that make
them up sustain and fulfill human life” (Daily, 1997)

“Ecosystem services” as a phrase was popularized by the Millennium Ecosystem
Assessment (2005), although science around from the1980s

Ecosystem services (ES) refer generally to the benefits humankind derives
from the workings of the natural world, i.e., from ecosystems.
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Ecosystem services

Direct products of ecosystems

(e.g., food, drinking water, timber, wood fuel, natural gas,

S o
4&%/ \ p

Supporting

Provisioning

Processes that sustain

ecosystems
(e.g., photosynthesis, nutrient cycling,
soil creation, water cycle)

Non-material

benefits
(e.g., creativity inspired by
nature, recreation)

Regulating

Processes that moderate natural

phenomena

(e.g., pollination, decomposition, water purification, erosion control)
MEA (2005); Martinez et al (2022)

ECOSYSTEM APPROACHES IN RADIOECOLOGY — RODOLPHE.GILBIN@IRSN.FR
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Ecosystem services

" Since the most recent ICRP recommendations, the pace of change in global socio-
economic challenges and environmental degradation has accelerated.

| Itis important that the system RP provides for an appropriate level of protection
without unduly limiting desirable human actions and without adversely affecting
sustainable development or resulting in unintended consequences.

| There has been increasing interest in incorporating ecosystem services monitoring and
assessment in many contexts related to environmental protection and policy making

An ecosystem services approach is not intended to replace any part of the current approach

to environmental radiological protection. Rather, ES has potential as a tool for
communication and decision-support in our goal of robust protection.

I R S “ ECOSYSTEM APPROACHES IN RADIOECOLOGY — RODOLPHE.GILBIN@IRSN.FR
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Ecosystem services

Good quality of life A AN gruse
Human wellbeing
Living in harmony with nature Q
Living-well in balance and S
harmony with Mother Earth n
J i
A A wn o
: ' o o
' . 1o =
/' . e\ r : : : b
Nature's benefits Anthrqpogemc] Direct drivers =
to peopl < assets =
ERRRLE : [ Natural drivers ] E
Ecosystem goods I o otional
. 7 - wn
: 8 o Ic..:: Institutions and Anthropogenic ] S
e g y “—| governance and other o nvers % 5
indirect drivers o £
i o
EAI:
B
4 Nature ) I ‘5
= =
Biodiversity and ecosystems = %
Mother Earth ]
Systems of life g
Intrinsic values
\_ y &
“Local . . . .
N he Intergovernmental Science-Policy Platform on Biodiversity and
ﬂ Changing over time w :osystem Services (IPBES) Conceptual Framework (Diaz et al 2015
Basaline - Trends: Scenafios - PLoS Biol 13(1)) https://doi.org/10.1371/journal.pbio.1002040
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Ecosystem services

| US EPA operationalization

~ An Ecosystem Services Portal

Ecosystem Services Portal

Ecc services t tools help you describe, quantify, and sustain the benefits nature offers humans and weigh the impact of

Y

decisions. This tool portal helps select the best tools for your scenario. Choose a path below and follow the steps to find the tools that

match your needs.

I'm looking for help with...

N
RISK &b

Ecological Risk
Assessments

Choose this path if you are:

= Evaluating the possible impact of
environmental stressors such as
chemicals, disease, or invasive
species.
Predicting the likelihood of future
effects.

= Using an Ecological Risk Assessment
in Remedy Decisions.

s Preparing and/or reviewing Ecological
Risk Assessments.

Choose this path if you are:
= Doing a preliminary assessment or
investigation of a contaminated site.

Planning or engaged in cleanup or
reuse of a contaminated site.

Working with a Contaminated Site
process or model.

Other Decision-
Making Contexts

Choose this path if you are:

« Working towards a goal thatisn't
ecological risk assessment or
contaminated site cleanup (for
example, natural resource
management, park and recreation
planning, habitat restoration, and
stormwater management).

+ Have a general interest in ecosystem
services.

Ecosystem Services Portal (US EPA)
https://www.epa.gov/eco-research/ecosystem-services-portal#/paths
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US EPA operationalization
An Ecosystem Services Portal

FEGS [final ecosystem goods and services]

Focusing on direct beneficiary (person,
industry, organization) and how they interact
and/or appreciate their environment

Final ecosystem goods that are clearly
understood

Discrete ecosystems with operational
boundaries

UROPEAN RADIOECOLOGY ALLIAN

US EPA has identified 200 potential
metrics for 45 beneficiaries across 7
ecosystems

Selected biophysical metrics of FEGS
must meet four criteria: measurability,
interpretability, applicability, and
comprehensiveness

Metrics are not “contaminant” specific,
rather specific to the ecosystem and
beneficiary in question; largely used in
the context of impact of “deltas” or
changes in policy



Ecosystem services

Table 11. Available FEGS Metrics for Beneficiaries of Agricultural Systems

Available

SoilSubstate | Soil qualy Generic Productvty Index | USDA & MSU Yes | Yes

Fauna Pollinafing fauna | Poputation of wild bees National Websites | Yes | Yes

| Weksr sty Contamination of water | State Websites
§§ Site appeal Natural Amenifies Index USDA
8

Water

HEE
glg

o Risk of flooding (Flood Maps " v
Extreme events for 100 year flood risk) FEMA Yes Yes

 Almosphere | Air quality Air monitoring data State Websites | No No
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Environmental quality standards

EQS = min (stater_eco' stediment' stiota_sec pois’ stiota_hh' QSdw_hh)

EQS L
Drinking water

limits
. Ecotoxicity metricN QSg., =

for predatory
animals

Seafood limits

~
7 "'» C’*Sbiota_hh
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2/3 Broadening Impact Assessments: Frameworks and Opportunities

| BETTER USE OF AVAILABLE DATA

: DEFINE INTEGRATIVE METRICS

: ACQUIRE KNOWLEDGE ON ECOSYSTEM PROCESS AND BIODIVERSITY
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P5-15 (Q Lembert, IRSN): "Soil trophic interactions under radio contamination: an in-situ study in the Fukushima
Prefecture cedar forests” investigates ecological functions such as organic matter recycling and how biodiversity
and soil functionality are affected by radio-cesium contamination.

P5-07 (F Alonzo, IRSN): "Population modelling to compare risks for fitness and function in a secondary consumer
exposed to radionuclides over multiple generation” uses population-level risk assessments to link fitness traits
to ecological functions, focusing on Daphnia species.

05-08 (DP Techer, IRSN): "An integrative study of ionizing radiation effects on fitness and ecological function of a
keystone planktonic secondary consumer" evaluates the ecological role of secondary consumers under ionizing
radiation.

P5-12 (S Frelon, IRSN): "lonizing radiation of Gammarus fossarum affects their reproduction but not their food
consumption” highlights how radiation impacts reproduction, and links between population dynamic and
ecological functions like detritus processing.

05-14 (L Dasque, IRSN, France): "Environmental radioactivity impacts bioenergetics in tree frog of Fukushima"
investigates the effects of radiocontamination on energy metabolism and physiological processes in Dryophytes
japonicus.

P5-14 (L Camoin, INSERM, France): "Protein expression patterns and activities of two metabolic enzymes (CS and
LDH) highlight a disturbance in the metabolic pathways of tree frogs living in the Chernobyl Exclusion Zone"
explores metabolic alterations linked to radiation exposure in amphibians.
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Conclusion and
Call to Action

IRSIN W




=» Developing an integrated approach for risk
assessment and evaluation from
environmental exposure to ionising radiation

Journal of Environmental Radioactivity -

77;‘5 volume 237, October 2021, 106657

An updated strategic research agenda for the
integration of radioecology in the european
radiation protection research

Rodolphe Gilbin pei = , Thuro Arnold, Nicholas A. Beresfard, Catherine Berthomiesu,
G

Justin E. Brown, Govert de Wit

Mohammed Merroun, Boguslav Michalik, Maarit Muikku, Sin

Pedro Nogueira, Almudena Real, Susanne Sachs, Brit Salbu, Karolina Stark, Martin Steiner
Jordi Vives | Batlle

To Predict Human and Wildlife Exposure in a Robust Way by Quantifying Key Transfer Processes:
Process-based transfer and exposure models (physical, chemical and biological interactions, kinetics)

To Determine Ecological Consequences under Realistic Exposure Conditions: Effects at higher levels of
organization (population dynamics, trophic interactions, indirect effects at the community level,

ecosystem functioning)

To Improve Human and Environmental Protection by Integrating Radioecology: Inteqgrate human and
environmental protection frameworks & Multi-criteria perspective for an optimised decision-making
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One health concept

Communication

Collaboration O Coordination

Capacity building Rural, urban, mobile communities

Indusmty equity
and access

Healthy humans

Working together for the health of humans, animals, plants, and the environment. One Health
See Sarah Donaher’s talk O5-01 about ICRP TG125 on Thursday Joint Plan of Action. (FAO, UNEP, WHO, and WOAH 2022).
https://doi.org/10.4060/cc2289en
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= Integrating Ecosystem Science: Enhancing radioecology  Matarese etal. (2024) Radiation Research 202(2)
by incorporating ecosystem-level endpoints to provide
a holistic understanding of radiological impacts.

= Beyond Individual Metrics: Transitioning from

ICRP 91 (2003)

organism-based assessments to ecosystem-wide MaisiRidiin IeRE 103 or

. . Unveiled v Eoosystam
analyses to capture complex interactions and long-term 5?**:1 Oyparmice A
effects. i ‘..\

” '\.
= Research Needs: Identifying causal links between @

radiological exposure and ecosystem functions, ,
supported by robust statistical models and O
interdisciplinary approaches.

= Policy Implications: Strengthening regulatory B,Qta;mdd,a:i:m Afmd::flrgpt]t oo et
frameworks through ecosystem approaches, aligning I
environmental protection with biodiversity
conservation, climate change mitigation, and the
Sustainable Development Goals (SDGs).

’
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Thank you for your
attention
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