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Questioning chemical mechanisms

in radioecology
RN transfer

Seawater : 96.5 % of total water on earth
71 % of the earth surface

Radioecology

Speciation

e ————————————————

Radioecology : A branch of ecology concerned with the problems of irradiation,
radioactivity and contamination due to radioactive dispersion.

Rodhes et al., Science of the Total Environment740 (2020) 140031
. Desmet et al., Science of the Total Environment100 (1991) 105



ult-technique approach combining analytical
ols with spectroscopic tools and modeling
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Spike at day 1

Sentinels species : demonstrate the
presence of bioavailable contaminants
and the extent of exposure()

Doping ’1;1“

Duration of the experiment

Water samples

Monitoring the uptake
Concentration of RN in

seawater

Living species @ o ICP-MS

Concentration of RN 0 Y spectrometry
in the organs i o %
Speciation — o
Imaging ,/ Q@ 9 @%@

concentration in organism (mg.kg~1,dw)

Concentration Factor CF = —— 1
concentration in seawater (mg.kg=1)

cCarthy, L. R. Shugart, Biomarkers of Environemental Contamination, CRC Press, 201!



hrotron based X-ray Spectroscopy
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aloubie et al., Dalton Trans (2015), 44, 5417
Beccia et al. J. Env. Rad. 2017), 178-179, 343
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Echir‘lod_ermsf_‘

Arkarua + (1)
I Helicoplacus +
Edrioasteroidea +
« Pelmatozos = Crincidea (=4 llies and Testher stars) Sea urchin Paracentrotus Lividus
b Blaistoidea +
Ophiuroidea (brittle-stars and basket-starg)
asterozoa Asteroidea (seastars and cushion stars)
Eleutherozoa Somastercidea +
Echinozoa Helothuroidea (sea cucumlbers) ~ An ideal blologlcal model
m Echinoidea (sea urching and sand dollars)

~ Have sedentary habits and well-known
sensitivity to pollutants )

Tube -
digestif

gonads

/ spines

Aristotle’s lantern digestive tube
Tree of Life project http://tolweb.org
ualili et al. ] Mar Sci 2008), 65, 132.
arnau et al Journal of Sea Research (1998), 39, 267.



2thodology

Total =10 L, 750¢g of sand
T=16°C

U distribution (mass)

Sea urchin Sand : 3.22 +
:0.021 + 0.18 %

0.001 %

Water : 96.7 + 0.2 %

T, spikel =47.6 mg d'U
T, 24h spike2 =47.6 mg d’'U

1 spike/day

" 10 days
j (U] = 1.9 x 10-*M
0
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Comparison : Paracentrotus lividus, Calvi®

Test 44 ng/eg 3.8 ugl/g

Gonads 47 nglg 161 ug/g

Digestive tubes 139 ug/g 70 ng/g

Reeves et al. ES&T, 2019), 53, 7974-7983
. Warnau et al. The Sci. Total Environ. 1995), 171, 95
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XANES, Ly edge

1 pixel =50 um

XRFmap, Ka of Sr (17100 eV)
before and after U edge (17166 eV)



---- Liebigite input form
---- gonades

EXAFS, Ly, edge

About 50 ppm of U

mamy  Change of speciation.
Complexation by major protein ?

Wavenumber (A™) o | Toposome
STXM, Nyy edge - Over 30% of the amino acids
of the protein are carboxylic-
based®
Low contrast in the cell wall Contrast image before and after the edge Ny,

tellano 1. et alSci. Rep. 2018, 8 (1), 4610 of uranium (E =725 eV et 738 eV respectively)



pOsome
Comparison, gonads, intestinal tract, toposome(!)
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- On the average, presence of monodentate carboxylate groups

eeves et al. ES&T 2019), 53(14), 7974



Mytilus Galloprovincialis

~ Widely used as a bioindicator for
monitoring of coastal water pollution :
mussel watch programs®

yer et al. Marine Environmental Research130 (2017) 338
Tree of Life project http://tolweb.org

.



T, spikel =150 ppb U
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ussels from the Villefranche area

(n=28)
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Mussels from Toulon naval base highly
polluted with heavy metals (n=24)
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XRFmap, U L;; contrast image R >R =~
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Summary

Shift from global approaches to “mechanistic radioecology” )

From “tracer scale” to “spectroscopic scale”

Marine
sentinel
species

arget protein or enzyme




