Risks and benefits of water on a
uranium territory; the need to cross
knowledge
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What is a Zone Atelier (ZA)?

The Zones Ateliers form a vast network of interdisciplinary research
in relation to societal issues

The ZAs study the interactions between an environment and all
those who occupy and exploit it.
Long-term research programs are developed (renewal every five
years on the basis of a report evaluated by the CNRS);
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Some basic information
Where are we now?

Where are we going?



Some basic information



H. Béquerel

Cet élément émet des « rayonnements uraniques » de
maniere spontanée

Irene & Frédéric Joliot
— Curie

les « rayons uraniques » ne
sont pas émis par le seul
uranium et sont une propriété
générale de la matiere - le
terme « radioactivité » nait

On peut transformer la matiere et
produire des isotopes radioactifs!
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Radioactivity and the origin of life?

The 1st multicellular
organisms were discovered
30 km from natural nuclear
reactors in Oklo (Gabon);
multicellular life already
existed 2.1 billion years ago

El Albani et al, Nature 2010

3/12/2021



health risk
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Acute radiation poisoning - death within weeks

Typical dose received by Chernobyl nuclear plant workers
who died within one month of accident

Survival rate approximately 50 percent

Vomiting, hair loss within 2-3 weeks

Allowable short-term dose for emergency workers taking
life-saving actions

Peak radiation level recorded inside Fukushima plant four
days after accident

Exposure level used as criterion for relocating residents after
Chernobyl accident

Allowable short-term dose for workers controlling 2011
Fukushima accident

Lowest level linked to increased cancer risk
Average limit for nuclear industry workers
Full-body CT scan
Person’s typical exposure to background radiation
Dental x-ray

Sources: |AEA, World Nuclear Association

What is the short- and long-term risk of low-dose to

humans,
ecosystems?

biodiversity

and ecological

3/12/2021
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The Rophin site

1940 1952 1958 1967 1990 2011
. Leu cogranite Experimental ad o,f g
. chemical b seLvIness " First site Second site
Variscan oro geny extraction ég?;ijg}i‘;i_; rehabilitation rehabilitation
1950 1955 o 1981-1985 2002
Mining storage site I} ?g J"‘f 4 & o—s
1949 1957 2010
Start of Shutdown of Enclosure
mineral ore washing with fence
’ processing = plant
1900 1946 1954 1960 1974 1983 1993 2004 2009 2015

O Underground exploitation: from 1948 to 1957
O Only mechanical processing

O Storage : 30000 t of mine tailings (and waste rocks)

Zones
Ateliers
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Radioactive mineral sources

U The territories of thermalism are a socio-ecosystem where the water
conveys a " positive " signal for the health/well-being

dThe thermal water has e.g. a proven anti-inflammatory power for the
digestive system (case of Chatel Guyon, Plombieres les Bains);

the role played by radioactivity in the curative power associated with
thermal waters is not known

334 Int. J. Low Radiarion, Vol. 1, No. 3, 2004
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One century of radon therapy

Klaus Becker

Vice-President, Radiation Science & Health,
Boothstr 27, D-12207 Berlin, Germany
E-mail: prof.dr klaus.becker @t-online.de Article

Abstract: Supplementing a recent review ‘Health effects of high radon LI . .
Covronmensn Conl g s o o LT s 1) s Beneficial Effects of Natural Mineral Waters on Intestinal
review of medical radon applications (in particular for the treatment of painful

degenerative joint and spine diseases) covers mainly the first century of . . L4 .

large-scale use and scientific studies on this subject since the discovery of Inﬂammatlon and the Mucosa-Assoclated Mlcroblota

radon. Most of the studies and experiences originated in Europe, in particular

Germany, Austria, and the former USSR. They have in common that they are

not well known in the anglophonic scientific literature, where radon therapy is

still frequently considered a placebo-type ‘traditional medicine’, and not be

COMPEre wit] € drugs such as I'IOI'I*SlSI'DF antirheumatics. OWEVET, DaSse i i i i i i i i i i i i
compared with the d h id antitheumatics. H based Nicolas Barnich 1**, Michael Rodrigues !, Pierre Sauvanet %, Caroline Chevarin !, Sylvain Denis ,
on the substantial experiences as reflected in more than one thousand papers, . 3 . 4 . 5 . . 6 . . 7
mostly in peer-reviewed scientific journals, on this subject, radon therapy by Olivier Le Goff *, Danielle Faure-Imbert *, Thierry Hanh °, Christian F Roques °, Benoit Chassaing
inhalation or baths has been established as an evidence-based effective

treatment not only by empirical experience in different times and cultures, and Monique Ah'ic 3l+

but also in randomised clinical double-blind studies. It should be further

explored as an effective alternative to the use of pharmaca. Unlike radon,
drugs cause serious side effects, with more than ten thousand annual casualties.
The benefits in the adequate use of low-dose radon exposures far exceed the
hypothetical lung cancer risk attributed to the inhalation of low radon

concentrations. Further research could provide better understanding of the Z X zones

mechanism of the stimulating radon effects on the body's defence systems.
. LTSE ICE TERRITOIRES li NIFERES

Keywords: radon therapy; medical radiation benefits; history of radiation

effects and applications; radon balneology. 3/1 2/20 2 1



Two complementary research axes

NOR*

These are basically non-anthropic
environments

But there is a possible stress

(channelization....) - how to
preserve sustainability?

*(Technology-enhanced)- naturally occurring radionuclides
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Isolated site where the vegetation
grew with an history of almost 70

years!
How the environment has adapted to
recent human-induced stress

(resilience) and how can we move
towards sustainability

12



Where are we now?



A long way to go!

“My” scientific question

Disciplinary field

“The” issue

of the ZA

3/12/2021
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A first step, crossing the knowledge
between “sciences of the matter”
(physics, chemistry, biology)

2,; Zones
= . Ateliers



The Rophin site

...............................

Zones
. Ateliers

Tk TERRITOIRES LIRANIFERES

. £
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50 - 100 :
100 - 200
200 - 300
300 - 400
400 - 500
500 - 1000
1000 - 2000
2000 - 3000

Emprise miniére (1954) i
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Bassins de décantation (1954) ¢

fra Cel
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—

Zones
Diffuse contamination in the wetland ko ot g

The whitish material is related to the discharge from the settling ponds at the time of mining; it is
a second "source term”

Martin A. et al., Science of the Total Environment, 747 (2020)
3/12/2021 17



Zones l

What about the mobility of radioelements (U, Ra, Po...) and | ke
trace metals (Pb, Cu, As...)?

3/12/2021 18



A first version of a reactive model at the wetland scale 7)) Zones

Ateliers
. 1 TERRITOIRES URANIFERES

Reactivity of RNs
Labile/inert part

Geochemistry Solution/interface speciation

Mineralogy
Water composition

Transfer of RNs to plants

Description of the site:
= Hydrodynamics

= Representation of
soil/sediment layers

Colloids
= |dentification

= Reactivity with respect to
RNs

Integrative model
describing the
behaviour of RNs (A
focus on Uranium)

Behaviour

prediction? Works realized within the framework of 4
thesis and 3 post-docs




...and the effect on living organisms?

A focus on chickadees

[ Zone_humide

= Cours d'eau

[ Marécage

[ 1cPe

[ Résidus miniers
Mine (1954)
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Mineral springs
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32 mineral sources with variable gradients of radioactivity and different

physico-chemical conditions.
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Rn activity = 9+0.5 Bg/I,

Montagne 1

Montagne 2

Rn activity = ~ 4000 Bq/L

21



Zones l

A recent result: Correlation of deformation fo diatoms with ! Ateliers
radioactivity (radon content)

La Montagne 1

Dec
Sept Feb
Aug I I

La Montagne 2

March
I Sept | |M arch

Sampling month for each site

Mariol

' Ot pec Jan

I'I March
L Il

© Aude Beauger

3/12/2021
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Fanny Millan et al. Botany Letters, Volume 167, 2020

22



Biological data
Type of diatoms,
diatoms/bacteria ....

Chemical data

Interaction of RNs with diatoms

(surface/incorporation)

Integrative model
(Géant 4 DNA)
Biophysical model =
chemical data +
physical data +
biological data

Predicting effects in
sources

In-natura validation
(observable to be
defined)

Zones

" . Ateliers
. 1 TERRITOIRES URANIFERES

Physical data
Irradiation experiments
under controlled conditions
(energy, type of particles);
effect vs (low doses)

Modelling (Géant 4 DNA)

four thesis in progress!



From understanding RN mobility and effects on
living organisms in the environment to
qguantifying the exposure to RISK?

Crossing academic knowledge is not enough! We do not
work on regulatory issues
Since 2019, a strong link with IRSN

ZA Zones ¢
7 . Ateliers



RadoNorm

Managing risks from radon and NORM

o coordination & Cajj Manag,
WP : .

Dosimetry
MTA-EK

Recommendations
Implementation

Societal
aspects
SCK-CEN

3/12/2021
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What about risk perception?

The cloud from the Techernobyl
accident stopped at the border

Fukushima, an unanticipated accident which raised
guestions about the future of nuclear power

3/12/2021
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A second step, to cross the knowledge
between “sciences of the matter” and
human and social sciences



An issue that has been addressed since the
creation of the ZATU around the mining sites

Systematic cross-site analysis

O Socio-historical understanding of the mining
legacy

O Geography of risk

O Low doses in an open environment

O Regulation methods - Mining and
environmental law

Zones l

")
2 Ateliers
. LTSER FRANCE TERRITOIRES URANIFERES

A Site de stockage de résidus radioactifs
issus des activités d'extraction d'uranium

B, Site d'activité miniére d'uranium

Vendée Mining
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A project that starts around the mineral springs s

SOURCE DU SOURCE DU
PETIT SALADIS CORNET
Les Martres-de-Veyre au Puy-de-Corent

(Puy-de-Ddme) (Puy-de-Déme)

par N9 au sud de Clermond-Ferrand puis D225

Ces deux sources se sont trouvées associées dans les
recherches effectuées par deux médecins auvergnats, les
docteurs Bruyére et Cacan, qui sont parvenus & mettre au
point une posologie de leurs eaux.

Le Petit Saladis ! n’est pourtant pas de ces sources ol
P'on irait volontiers se ‘désaltérer. Un peu sale et légére-
ment colorée, I'eau stagne dans une mare i canards : elle a
I’étonnante propriété d’étre radioactive.

The miraculous water from the Saladis spring

Rophin Creek water in the wetland

E. Pezé, Les nouveaux lieux miraculeux 3/12/2021 -



Where are we going?



A long way to go!

“My” scientific question

Disciplinary field

3/12/2021

? Conservatoire

.,»y d'espaces naturels
Auvergne

The territory and its
sustainable development
The socio-ecological system

Trans- disciplinary

31



Zg Zones
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A new project created this year oo s

It is centered on the crossing of academic knowledge with
intuitive/empirical knowledge (doctors, local population,...)

It is inscribed on the scale of the territory with the ambition of
an internationalization of the research program

It leads us, among other things, to the knowledge of the first
nations....



Radioactivity & local Knowledge

Confronting the Angry Rock: American
Indians’ Situated Risks from Radioactivity

Richard W. Stoffle & Richard Arnold

University of Arizona, Tucson & Las Vegas Indian Center, Nevada, USA

ABSTRACT Numic people in the western United States are co-adapted with their
traditional lands and these lands are spiritually and physically co-adapted with these
people. This relationship has been documented through studies funded by the De-
partment of Energy, Nevada Operations.' Elders from twenty-six Indian tribes parti-
cipated in two studies in order to explain why the transportation of radioactive waste
boses serious threats. Key in their interpretation is the perception that radioactive
material is an angry rock. Indian knowledge and use of this rock goes back for thou-
sands of years. As a powerful spiritual being the angry rock constitutes a threat that
can neither be contained nor controlled by conventional means. It has the power to
pollute food, medicine, and places, none of which can be used afterwards by Indian
people. Spiritual impacts are even more threatening, given that the angry rock would
bass along highways where there are animal creation places, access to spiritual beings,
and unsung human souls. A most troubling concern is that radioactivity would be
transported along the path to the afterlife. The juxtaposition of the angry rock and
human spirits being sung to the afterlife is unthinkable.

KEYWORD Radioactive waste, risk perception, US Department of Energy

« the Angry Rock »

Barbra E. Erickson
Department of Anthropology
California State University, Fullerton

Toxin or Medicine?
Explanatory Models of Radon in Montana Health Mines

Environmental protection and public health agencies in the United States and else-
where label radioactive radon gas a toxic environmental bazard and a major cause
of lung cancer. Paradoxically, in Europe and Japan radon gas is also used as an anal-
gesic and anti-inflammatory, as one choice in the spectrum of conventional medical
care. Although it is possible to find radon therapy in the United States, it exists only
as an unconventional practice in Montana “radon bealth mines.” In this article,
I examine the use of radon therapy by Americans despite intensive public bealth
education media campaigns. Using the notion of explanatory models as an analyt-
ical framework, I argue that American health mine clients adjust or replace “toxic
models™ of radon with new kinds of explanatory models that allow radon to be
redefined as a healing substance. The manner of this adjustment varies according
to peoples’ individual needs, their own preexisting cultural models and experiences,
and their individual personalities; the source of authoritative knowledge accepted by
each person is a strong influence. Through these altered explanatory models, mine
clients are able to view their use of radon therapy as a rational course of action.

Keywords: [radon, explanatory models, health care choices, environmental toxins]

« the kiss of god » (radon)

3/12/2021
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Another way of looking at the future - how to
maintain sustainability in relation to mining

SeNionde

In Australia, an Aborigine prevents Areva's uranium mining
projects (Orano)

"J'ai dit non aux mines d'uranium a Koongarra, car je crois que
la terre et les croyances propres a ma culture sont plus
importantes que l'exploitation miniéere et I'argent. L'argent va et
vient, mais la terre est toujours la, subsiste toujours si nous
nous en occupons, et s'occupera toujours de nous."

Se trouvent a Koongarra de I'art rupestre aborigene, des sites
sacrés, des roches ocres et de la brousse "

3/12/2021
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lci et Allleurs

Quand les savoirs

questionnent

saence

Peuples premiers, peuples radnes
FRAFDERICA, il M IMNGEN _‘.‘.

3/12/2021
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A new cross-diagnosis planned to assess the territorial health of
the “bassin Iémanique et du Rhone »; a second step with the

perspective of contributing to the sustainable development of
this territory

21-22/10: about 50 scientists and
representatives of the civil society
met in Geneva to prepare this
event

https://youtu.be/eNDEJz74IT8

3/12/2021
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https://youtu.be/eNDEJz74lT8

Challenge: From risk to the « health »
of a territory?

In short, to evaluate the “health” of a territory from a holistic point of
view, it is important to cross the scientists' view with the “local”
knowledge but also the knowledge of the first nations

A possible way to go towards sustainability by
“caring” for the territory?



| thank my colleagues who helped me prepare this presentation

Clarisse
biologist, our link with the
living in these « extreme »

Nathalie Michel, physicist, our
link with the Kogis people and

the TranceScience
Institute

environments

Sylvia Becerra, sociologist, who takes us to new
territories in Ecuador (country of thermalism) and
in Peru (country of thermalism with an important
pressure around the exploitation of Li and U)

Malet, micro- Patrick Chardon, specialist in nuclear

metrology, co-leader of ZATU, who is
interested in thermalism in Auvergne

Research

3/12/2021
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Dépots sec et humide
Atmosphere

we can refine the

parameters introduced in
. Drainage
the operational models Dépt \migation | Migration
for a better evaluation of —
. T fert
the risks (Tf, Kd...) racinaires
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Bridge to cross (step 3)

. Ateliers
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From observatory sites to the territory?

constraints

e"‘mmal

SOCIAL TENPLAIE (S

3/12/2021
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Radioactivity and the origin of life?

The 1st multicellular
organisms were discovered
30 km from natural nuclear
reactors in Oklo (Gabon);
multicellular life already

£l Albani et al, Nature 2010 existed 2.1 billion years ago

First signs of terrestrial life in hydrothermal spring

deposits (Australia); Life has been present on Earth
for nearly 4 billion years!

3/12/2021 41
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