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works with its Member States and multiple partners worldwide to promote
the safe, secure and peaceful use of nuclear technologies.

3 main areas of work underpin the IAEA's mission:
Safety and Security Safeguards and Verification  Science and Technology
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Environmental issues S| Labortories
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Ocean are increasingly threatened

e Historical chemical contamination (metal, nutrient, organics)
* Emerging new compounds
e Other pollutants (plastics)

* Change of abiotic conditions (pH, Temp and O,)



14 I[.lIEIFUW WATER

7 £\
N & Environment

s Laboratories

TARGET

14-1

TARGET

14-3

TARGET 14>A

REDUCE MARINE
POLLUTION

REDUCE OCEAN
ACIDIFICATION

INCREASE SCIENTIFIC
KNOWLEDGE,
RESEARCH AND
TECHNOLOGY FOR
OCEAN HEALTH




LIFE _auy, AR
14 sEiowwnren ~“ ’&, O ‘@@% "} | Environment
.M <\__V. s Laboratories
| o | IAEA
tw ~ 2021 United Nations Decade
o &

of Ocean Science
2030 for Sustainable Development

Important role of Science and Technology
in order to understand risks and to improve situation

This includes Nuclear and Isotopic techniques (NIT)
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Nuclear and Isotopic techniques (NIT):

r Any techniques that are using the characteristics of radio-isotopes

and isotopes

e
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Different isotopes of the same element have the same number of protons in
their atomic nuclei but differing numbers of neutrons.

.
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Different isotopes of the same element have the same number of protons in
their atomic nuclei but differing numbers of neutrons.

<
B

Same > chemical element, number of protons (thus same atomic number)

Different > number of neutrons (thus different mass number)
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They can also be defined as atoms that contain an unstable combination of
tutrons and protons, or excess energy in their nucleus.

Radioisotopes are radioactive isotopes of an element.




Understanding the environment applying isotopic and
nuclear techniques

* to study environmental processes in time and space; u><3)i
e to study pollution and its temporal evolution; g

* to recognise and identify polluters by their typical isotopic pattern;
* to contribute to climate change studies;

* to conduct radioecological studies and assessments;



Marine radioecology

Marine radioecology examines how radioactive substances interact
with marine environment and the various mechanisms and
processes that influence radionuclides migration in the marine

ecosystem

The field of study includes aspects of field sampling, design of the
field and laboratory radiotracer experiments, the development of
predictive simulation models, dose assessments to humans and

biotas

From Scott W. Fowler
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Carbon Cycle



Seafood Safety - Harmful Algal Blooms (marine toxins)

Toxic Microalgae WESTPAC/IOC/UNESCO

ed. by Yasuwo Fukuyo (ufukuyo@mail.ecc.u-tokyo.ac.jp)
Species Responsible for Paralytic Shellfish Poisoning

Pyrodinium bahamense|
var. compressum

Gymnodinium
catenatunm

& " Dinophysis
Species Responsible for e oandaa
Neurotoxic Shellfish Poisoning . :

Gynmodinium breve

Species Responsible for
Amnesic Shellfish Poisoning

Pseudonitzschia spp.
Species Responsible for and implicated in Ciguatera Fish Poisoning
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Pollution studies, monitoring, coastal zone management

La Habana Bay: government implemented
corrective actions in the 1990s
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Main categories and interest (Marine Envnronment)«”@%
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* Asacontaminant (334Cs, 13/Cs, ®9Co, Po, Americium)

* Asanelement of interest (essential or not):
- e.g. Ag, Pb, Cd, Hg, Ni, Ca, Zn, Co, Mn, Se, C

* To label a contaminant or molecule of interest (e.g. 1*C organics, 3H-petides)

* As a proxi to highlight physiological effect of another stressor
(e.g. plastics, Global and local, toxins,...)
to understand environment such as water masses or geochronology
(natural and anthropogenic radionuclides)



Main categories and interest (Marine Environment)(: ) | ...
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* Asacontaminant (334Cs, 13/Cs, ®9Co, Po, Americium)

* Asanelement of interest (essential or not):
- e.g. Ag, Pb, Cd, Hg, Ni, Ca, Zn, Co, Mn, Se, C

* To label a contaminant or molecule of interest (e.g. 1*C organics, 3H-petides)

* As a proxi to highlight physiological effect of another stressor
(e.g. plastics, Global and local, toxins,...)
to understand environment such as water masses or geochronology

(natural and anthropogenic radionuclides)
Stable isotopes
* As a proxi to characterize ecosystem dynamics or physiological effect of another stressor

Equipment/ Analytical techniques

Nuclear magnetic resonance (metabolites), IRMS (isotopes) FTIR (Plastics), X-ray spectrometry
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Radioecology Laboratory

Experiments using NA for understanding:

Contamination, Biology, Ecology, Risk

Mimicking or predicting environmental conditions



Laboratories

Radiotracers used in experimental radioecology @@

Gamma emitters:
51Cr, 54Mn, 57Co, 65Zn, 73 As, 110mAg 109C(d, 134Cs,203Hg, 210pp
Beta emitters:
14C 3H, 45Ca, 63Nij
Surfactants, Pesticides, PCB

- Bioaccumulation of contaminants
- Physiological endpoints after exposure (proxy)
- Sourcing main uptake pathway



A Unique Tool in Ecotoxicological Studies

* Radioanalysis of live organisms (gamma)

* Experiments conducted under realistic exposure conditions

* Relative contribution of different contamination pathways

See review of Warnau & Bustamante 2007
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L' ACIDIFiCATION DES OCEANS : UNE REELLE. MENACE.

« It seems that worse comes to worst » « Why are you saying that ? »

AC'D REEFS. N°3 QCB‘!&?E "u :,x




Radiotracers and Ocean Acidification
Calcification

Ca‘ca
N

— &

Ca

Use of radiotracer (B-emitter) to measure impact of
OA on calcifiers

Production of commercial species (mussel, oyster, sea
urchin, squid,...)

High-value ecosystem such as coral reefs (high
biodiversity, tourism,...)

Accumulation
(multiple stress)

:> M@

Use of radiotracer (y-emitter) to measure impact of
OA on pollutants availability

Possible toxic impact on organisms

Concentration in seafood for human risk assessment



Biogeosciences, 17, 887-899, 2020
https://doi.org/10.5194/bg-17-887-2020

© Author(s) 2020. This work is distributed under BIOgEOSCIEﬂCeS
the Creative Commons Attribution 4.0 License.
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Intercomparison of four methods to estimate coral calcification
under various environmental conditions

Miguel Gémez Batista', Marc Metian?, Francois OberhiinsliZ, Simon Pouil’, Peter W. SwarzenskiZ, Eric Tambutté®,
Jean-Pierre Gattuso™>, Carlos M. Alonso Hernandez!, and Frédéric Gazeau®

Total alkalinity anomaly (TAA) vs calcium anomaly vs #°Ca incorporation vs 13C incorporation

RZ=0.98

RZ=0.99

Intercept = 0.0892 + 0.05
Slope = 0.952 £ 0.02
P =492

*1R2=0.33
Intercept=0.77 £0.71
s, Slope=0.49 £0.22
P =0.0506

Intercept = 0.0882 + 0.04
Slope =0.939 +0.02
P=3.9%2
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Coral Reefs (2020) 39:1635-1647
https://doi.org/10.1007/s00338-020-01991-x

Ocean acidification effects on calcification and dissolution
in tropical reef macroalgae

C. McNicholl™*® - M. S. Koch' - P. W. Swarzenski” - F. R. Oberhaensli* -
A. Taylor® - M. Gémez Batista® - M. Metian®

Ca45 --> Gross calcification
Total alkalinity anomaly (TAA) --> Net calcification = gross calcification minus gross dissolution







Effect on the chemistry (not only on arbonate chemistry)

SPECIAL ISSUE FEATURE

Example with metals

ANK J. MILLIRO, RYAN WOOQSLLY, BENJAMIN DITROLID, AND

Effector
Ocean Acidification on

the Speciation of Metals
in Seawater

Table 1. The fraction forms of metals in seawater as a function of pH and time (Caldeira and Wickett, 2003) at 25°C
and salinity of 35. Species contributing less than 5% are not included. All the calculations are made on the free pH scale.

oR
Cu?* 7.67 9.64 12.04 14.92 1832 2226 26.75 3176
CuOH* 470 4.70 4,66 459 447 430 412 3.88
CuCo, 66.98 68.51 69.25 69.14 68.14 66.25 63.50 59.96
Cu(CO,)% 1834 1526 12.49 10.05 7.95 6.18 4.70 3.55
CusO,
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IAEA
Pb in mussel soft tissue
5001 Kruskal-Wallis, p = 0.12
0.032
[ |
0.16
Marine Pollution Bulletin 156 (2020) 111203 [
0.043
Contents lists available at SclenceDirect . 400 [ |
Marine Pollution Bulletin
journal homepage: www.elsevier.com/locate/marpolbul
L
@)
Influence of pH on Pb accumulation in the blue mussel, Mytilus edulis 1) 300+
Murat Belivermis™*, Marc Besson”, Peter Swarzenski”’, Francois Oberhaensli”, Angus Taylor”, i
Marc Metian”
200 ‘
7.2 7.4 7.6 7.8 8

pH



SPECIAL ISSUE FEATURE

Effect of
Ocean Acidification on
the Speciation of Metals
in Seawater

MAJOR SPECIES

Pb?* 2.89 3.29 3.70 413 4.56 4.99 5.39 5.77
PbOH* 424 3.83 3.40 3.03 2.66 2.31 1.98 1.68
PbCO, 59.03 54.53 49.72 4471 39.64 34.65 29.88 25.43
PbCI* 13.09 14.86 16.74 18.68 2063 22.54 24.37 26.07

PbCl, 14.09 16.00 18.02 20.10 2221 24.60 26.23 28.06
PbCl;3 6.40 7.27 8.19 9.14 10.09 11.03 11.93 12.76
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RESEARCH ARTICLE

Trophic transfer of essential elements in the
clownfish Amphiprion ocellaris in the context
of ocean acidification

Hugo Jacob'2, Simon Pouil'*, David Lecchini®**, Frangois Oberhansli’,

Datar Quiarzanclkil Mar~ Matianl#

* - No effect of low pH (High pCO,) on assimilation

* Assimilation efficiency varies among elements



OA and temperature on element bioaccumulation

3 pH & 2 temperatures — waterborne - oysters
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Belivermis et al. ICES J Mar Sci 2016



Journal of Environmental Radioactivity 192 (2018) 10-13

Contents lists available at ScienceDirect

——

Journal of Environmental Radioactivity g

5%

FI SEVIER journal homepage: www.elsevier.com/locate/jenvrad

The absence of the pCO-, effect on dissolved '**Cs uptake in select marine )
organisms =

Thomas Lacoue-Labarthe™"", Francois Oberhinsli®, Jean-Louis Teyssié”, Marc Metian®”

* International Atomic Energy Agency, Environment Laboratories, 4a Quai Antoine ler, Monaco
® Littoral Environnement et Sociétés (LIENSs), UMR 7266 CNRS, Université de La Rochelle, 2 rue Olympe de Gouges, La Rochelle, France



Next step in our lab ... alkalinization.

Desalination plant
+ electrochemical
weathering Alkaline solution
into seawater

Ocean
E carbon uptake increases
& acidity decreases
Lime kiln j

(oven)

Artworc pita Ervem GEM®

Carbon capture
and storage

COz Published: 24 February 2016

Alkalinization . ve .
Reversal of ocean acidification enhances net coral
reef calcification

Rebecca Albright &, Lilian Caldeira, Jessica Hosfelt, Lester Kwiatkowski, Jana K. Maclaren,

Benjamin M. Mason, Yana Nebuchina, Aaron Ninokawa, Julia Pongratz, Katharine L. Ricke, Tanya

Rivlin, Kenneth Schneider, Marine Sesboiié, Kathryn Shamberger, Jacob Silverman, Kennedy

Wolfe, Kai Zhu & Ken Caldeira

Nature 531, 362-365 (2016) ‘ Cite this article



Environmental variable or issues
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Assimilation of Cs in Turbots :
Influence of salinity
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Bioaccumulation of elements in mussels:
Influence of dissolved O, decrease
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Marine Plastics




Plastics — development of tools & research “Ii@ij{ oo
Nuclear and isotopes techniques a D Frasic parico

Radiolabeled chemical

To complement other techniques | |  Radiolabeled chemical

' >, \-») sorbed to plastic
- 4

w9 Radiolabeled plastic
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Behavior and fate of marine plastics A
IAEA
T =6 hours 8 days after exposure

Environment
Laboratories

Uptake phase Depuration phase

scallops exposed to radiolabelled nanoplastics

Al-Sid-Cheikh et al. 2018.
Environ. Sci. Tech.



NMR Assimilation

Hormonal &
enzymatic
profiles

Histology
O Cortisol

Ghrelin
Leptine

MicrObiome Stable isotopes AcetylcholineE
profile

lacob et al (2021) Aaua Tox



mercury
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Radioisotopic approach: use of 293Hg () | enomn

Hg accumulation in the encapsulated egg of the common cuttlefish Sepia
officinalis

A

eggshell

Lacoue-Labarthe et al., 2009



Radioisotopic approach: use of 293Hg

Influence of food (ciliate and phytoplankton) in the trophic transfer of mercury (Hg and

CH;Hg) in the Pacific cupped oyster Crassostrea gigas

Metian et al. (2019) Env Pol
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Radioisotopic approach: use of 2°3Hg

New development with radio - Hg

. @
| 203Hg OR . % 203Hg

| 2°3Hg

Me203Hg



Uptake and loss of **C-LAS in shrimp

BCF (L kg™

BCF (L kg™
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[Li] water

* Listable isotope ratios in tissues correlate positively with water Li concentrations

* Presence of a threshold Li ratios above which mussels shift their metabolism

Thibon et al. (2021) ACS Earth and Space Chem



¢
m@w Environment
\\Q bl/ nvironmen

More info ... m.metian@iaea.org |



mailto:m.metian@iaea.org

