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IRSN (Institut de radioprotection et de sûreté nucléaire) is an independent public body, 
leader in scientific expertise and research for nuclear safety and radiological protection.

Budget
€ 240 millions
approximately.

Authorities
Ministries responsible for Ecology, Industry, 

Defence, Health and Research.

IRSN sites
Agen, Angers, Avignon, Cadarache, Cherbourg-Octeville,
Clamart, Fontenay-aux-Roses, Le Vésinet, Orsay, Papeete,
Pierrelatte, Saclay, Toulon.

Technical means
Specialized laboratories, research reactors, crisis technical
centers, metrological equipment, intervention vehicles, air
and water radioactivity monitoring networks, models and
calculation codes… 

Human means
IRSN brings together over 1500 specialists engineers,
researchers, physicians, agronomists, veterinarians and
technicians, experts competent in nuclear safety and
radiological protection, and control of nuclear and sensitive
materials.

Working areas
Nuclear defence expertise,

Environment and emergency operations,
Prevention of major accidents,

Radiological protection and human health,
Reactor safety,

Safety of plants, laboratories, transports and waste.

About IRSN
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Introduction

10h30 Scientific opening - Radiological protection of the 
environment : where are we now and where are we going ?
(B. Howard)

Session 1 - part 1 - Speciation and bioavailability

11h Invited paper - Why is it necessary to incorporate the 
bioavaibility concept into radioecological risk ? 
(J. Garnier-Laplace)

11h30 Application of probabilistic quantitative ecological risk 
assessment to radiological dose. (D. Copplestone)

11h50 Chronic uranium exposure and growth toxicity for phytoplankton.
Dose-effect relationship : first comparison of chemical and radio
logical toxicity. (R. Gilbin)

12h10 Effect of chronic selenium exposure on the freshwater bivalve 
corbicula fluminea. (E. Fournier)

14h15 Chronic exposure to radionuclides and heavy metals in the Loire 
river : environmental risk assessment. (P. Ciffroy)

14h35 Specification needs in relation with environmental and bio 
logical purposes. (V. Moulin)

14h55 Health risk from radioactive and chemical environmental 
contamination : common basis for assessment and safety 
decision-making. (V. Demin) 

Session 1 - part 2 - Speciation and bioavailability

15h15 Invited paper - Importance of soil physicochemistry and 
speciation on uranium availability to plants. (H. Vandenhove)

15h45 Biogeochemical behaviour of radionuclides in soils : comparison 
of static and dynamic approaches to assess mobility. 
(A. Martin-Garin)

16h35 Radioactive particles released from various nuclear sources.
(B. Salbu)

16h55 Root uptake of uranium by a higher plant model (phaseolus 
vulgaris) - Bioavaibility from soil solution. (L. Laroche)

17h15 Use of mycorrhizal fungi for the phytostabilisation of radio-
contaminated environment (European project MYRRH) : overview
on the scientific achievements. (H. Dupré de Boulois)

17h35 Bioavaibility of anthrogenic radionuclides in mussels along the 
french mediterranean coast. (H. Thébault)

SCIENTIFIC PROGRAM

Monday September 6th

ORAL PRESENTATIONS
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Session 1 - part 2 - Speciation and bioavailability

8h30 Uranium uptake by the freshwater bivalve corbicula fluminea : 
links between speciation, bioavailability and effects. (C. Adam)

8h50 An improved understanding of the effects of physico-chemical 
factors on in situ kd for radiocaesium, radiostrontium and 
technetium. (G. Shaw)

9h10 Effect of solution composition on the adsorption and desorption 
of 137cs on forest soils. (S. Staunton)

Session 2 - (Eco)toxicology of low doses and
multi-pollutant exposures

9h30 Invited paper - Impacts of low dose rate irradiation on the 
fertility, fecundity and hatchiling survival of japanese rice fish 
(Medaka, Oryzias Latipes). (T. Hinton)

10h30 Impact of chronic, low level ionising radiation exposure on 
terrestrial invertebrates. (J. Hingston)

10h50 Towards uranium dose-effects relationships for biomakers of 
oxidative stress in fish. (A. Buet)

11h10 The european programme BORIS (Bioavailability of radionuclides 
in soils) : a global analysis of results. (C. Tamponnet)

11h30 Plants ecotoxicology. A case of low doses and multi-pollutant 
exposure. (S. Geras'kin)

11h50 Impacts of species introductions on the health of fish 
communities receiving chronic radionuclide inputs. (T. Yankovich)

12h10 Effect of uranium chronic exposure on the moult in crayfish. 
(O. Simon)

14h15 Measurement of oxidative parameters in aquatic organisms 
submitted to chronic uranium exposure. (C. Pradines)

14h35 Uptake of selenium by the unicellular green alga chlamydomonas
reinhardtii - effects induced by chronic exposure. (H. Morlon) 

Session 3 - Radionuclides fluxes in, and their
effects on, continental ecosystems

14h55 Invited paper - Ecosystem modelling of carbon, nutrients and 
radionuclides in lake Eckarf Järden, Sweden. (L. Kumblad)

15h25 Aged anthropogenic iodine in a boreal peat bog. (S. Maillant)
15h45 Radionuclides in an artic terrestrial ecosystem affected by 

atmoshperic release from the kraton-3 accidental underground 
nuclear explosion. (V. Ramzaev)

16h50 Forest (re)vegetation impact on uranium cycling in mining area. 
(Y. Thiry)

17h10 Improving weapons fallout time series on a global basis using 
precipitation data. (S.E. Palsson)

Tuesday September 7th
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Session 3 - Radionuclides fluxes in, and their 
effects on, continental ecosystems

8h15 Validation of the global model for 90Sr migration from the waste 
burial in the Chernobyl exclusion zone. (L. Dewière)

8h35 Soil-to-plant transfers or uranium series radionuclides in natural 
and contaminated settings. (S. Sheppard)

8h55 Evanet-terra - Evaluation and network of EC - decision support 
systems in the fields of terrestrial radioecological research. 
(D. Tarsitano)

9h15 Long-lived radionuclides in the environment : on the 
radioecology of iodine-129. (R. Michel)

Session 4 - Radionuclides fluxes in, and their  
effects on, marine ecosystems

9h35 Invited paper - Radionuclides in seal from swedish coastal 
waters. (E. Holm)

10h35 Hunting the 'missing' plutonium : intertidal radionuclide
inventories in the NE irish sea, UK. (D. Jones)

10h55 Organic carbon sedimentation rates in asian mangrove coastal 

ecosystems estimates by 210Pb chronology. (Y. Tateda)
11h15 Biological transfer of radionuclides in marine environments - 

Identifying and filling knowledge gaps for environmental impact 
assessments. (J. Brown)

11h35 Diagenetic reactivity of the plutonium in marine anoxic 
sediments (Cumbrian mud patch - Eastern irish sea). (A. Gouzy)

11h55 Natural radionuclides in bauxitic tailings (red-mud) in the gulf of 
corinth, Greece. (G. Papatheodorou)

14h00 Radio elements transfer from water to atmosphere through 
degassing processes in the Loire estuary : the flore project. 
(M. Fontugne)

14h20 Study on radioecology and tracer of iodine-129. (X. Hou)
14h40 Hydrodynamic modelling of short-term dispersion in a macro-

tidal sea, validation by high-resolution radionuclide tracer 
measurements. (P. Bailly Du Bois)

15h00 Importance of spatial factors and temporal scales in 
environmental risk assessment in marine ecosystems. 
(A. Grebenkov)

Wednesday September 8th
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All sessions are in Cezanne Amphitheatre
All posters are in Exhibition Hall

8h30 -   9h30 Registration and welcome coffee

9h30 - 10h30 Welcome allocutions

10h30 - 11h00 Introductive paper

11h00 - 12h30 Session 1 Part 1

12h30 - 14h15 Lunch

8h30 -   9h30 Session 1 Part 2 (continuation)

9h30 - 10h00 Session 2

10h00 - 10h30 Coffee break

10h30 - 12h30 Session 2 (continuation)

12h30 - 14h15 Lunch

8h15 -   9h35 Session 3 (continuation)

9h35 - 10h05 Session 4

10h05 - 10h35 Coffee break

10h35 - 12h15 Session 4 (continuation)

12h15 - 14h00 Lunch

9h00 - 10h10 Session 6

10h10 - 10h50 Coffee break

10h50 - 11h10 Session 6 (continuation)

11h10 - 12h00 Session 7

12h00 - 14h00 Lunch

8h50 - 10h00 Session 8

10h00 - 10h30 Coffee break

10h30 - 11h30 Session 8 (continuation)

11h30 - 12h00 Conclusion 

Sunday 05/09

Monday 06/09

Tuesday 07/09

Wednesday 08/09

Thursday 09/09

Friday 10/09

PROGRAM   
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16h00 - 19h00 Registration

17h30 - 19h00 Breaking Ice party

14h15 - 15h15 Session 1 Part 1 (continuation)

15h15 - 16h05 Session 1 Part 2

16h05 - 16h35 Coffee break

16h35 - 17h55 Session 1 Part 2 (continuation)

20h00 Scientific and Organisation 

committees diner

14h15 - 14h55 Session 2 (continuation)

14h55 - 16h05 Session 3

16h05 - 16h50 Coffee break

16h50 - 17h30 Session 3 (continuation)

17h45 - 19h30 Aix-en-Provence downtown visit 

(departure from the congress center)

19h30 - 21h00 Cocktail party (Palais Vendôme)

14h00 - 15h20 Session 4 (continuation)

15h20 - 15h50 Session 5

15h50 - 16h20 Coffee break

16h20 - 18h00 Session 5 (continuation)

18h15 - 20h00 IUR Meeting

14h00 - 15h20 Session 7 (continuation)

15h20 - 15h50 Coffee break

15h50 - 16h50 Session 7 (continuation)

18h45 precisely Bus departure from the "tourism office" 

for the Evening party

19h45 Gala evening party at the 
"Sofitel Palm beach Marseille"

Trip back departure : Midnight

14h00 - 18h00 ERICA WORKSHOP (beginning)

Posters sessions 1, 2 and 3 from Monday morning till Wednesday noon
Posters sessions 4, 5, 6, 7 and 8 from Wednesday afternoon till Friday noon

   ECORAD 2004
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Wednesday September 8th

Session 5 - Nuclear facilities and environment

15h20 Invited paper - Arguments for revising the radioecological 

transfer factors : how to improve and extend current syntheses. 

(P. Santucci)

16h20 Application of ecological risk assessment to establish non-human 

environmental protection at nuclear generating stations in 

Ontario, Canada. (F. J. Bajurny)

16h40 Application of biosphere models in the biomosa project : a 

comparative assessment of five european radioactive waste 

disposal sites. (R. Kowe)

17h00 Ecosystem description of a drainage area - a strategy in biosphere

descriptions during site investigations for a repository of spent 

nuclear fuel. (T. Lindborg)

17h20 Modelling tritium and carbon 14 in the environment : a bio mass-

oriented approach. (C. Tamponnet)

17h40 The IAEA standards for the radioactive discharge control : present

status and future development. (M. Balonov)

Session 6 - Post-accident management and 
remediation of contaminated sites

9h00 Invited paper - Remediation strategies for sustainable 

development of contaminated environments - a need for an 

integrated approach. (G. Voigt)

9h30 Amelioration of soils contaminated with radionuclides : exploiting

biodiversity to minimise soil to plant transfer. (N. Willey)

9h50 Evaluation of the effectiveness of countermeasures in 

contaminated forests. (S. Fesenko)

10h50 Management of the post accidental situation applied to 

Nogent-sur-Seine nuclear power plant environment : first results 

of the "Decontamination of soil and food chain" working group. 

(N. Reales)

Thursday September 9th
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Session 7 - Ecological risk assessment and 
regulatory guidance

11h10 Invited paper - Problems posed by non-targeted radiation 
effects for development of environmental regulatory policies. 
(C. Mothersill)

11h40 Assessment of the radiological conditions in areas of Kuwait with 
residues of depleted uranium. (T.Cabianca)

14h00 A system of dose-effects relationships for the northern wildlife : 
radiation protection criteria. (T. Sazykina)

14h20 Impact assessment of ionising radiation on wildlife : meeting the 
requirement of the EU birds and habitat directives. 
(D. Copplestone)

14h40 SR-CAN - A safety assessment of a repository of spent nuclear 
fuel; canister performance and effects on the biosphere. 
(U. Kautsky)

15h00 The symbiose project : an inteprated framework for performing 
environmental radiological risk assessment. (M.A. Gonze)

15h50 Development of an in vivo assay for non-targeted radiation 
effects based on response rather than dose. (C.Seymour)

16h10 Regulation and decision-making in environmental radiation
protection. (C.M. Larsson)

16h30 Model ecosystem approach to estimate community level effects 
of radiation. (M. Doi)

Session 8 - Interactions between environmental protection
and social, ethical and philosophical issues

8h50 Invited paper - The limits of technical knowledge in radiation 
protection. (D. Oughton)

9h20 Radiation protection of the environment : anthropocentric and 
ecocentric principles. (R. Alexakhin)

9h40 Some subjects in developing the system of environmental 
radiation protection in Japan. (N. Sugiura)

10h30 Stakeholder involvment in the management of effluent 
discharges from nuclear installations in France. (T. Schneider)

10h50 Local stakeholder involvement in the perspective of nuclear 
waste management : lessons from the COWAM network. (S. Gadbois)

11h10 The case against protecting the environment from ionising 
radiation. (J. Smith)

Forum and conclusion

11h30 - 12h00 (J.C. Barescut)

Thursday September 9th

Friday September 10th
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ACCESS TO THE CONGRESS 
CENTER AND MAIN PLACES
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Legend
Hotels
Restaurants
Parkings
Congress Places

P

1 Aquabella Hôtel 2, Rue des étuves

2 Hôtel du globe 74, Cours Sextius

3 Hôtel le Manoir 8, Rue d'Entrecasteaux

4 Hôtel de France 63, Rue Espariat

5
Grand Hôtel Negre 

Coste
33, Cours Mirabeau

6 Hôtel Cardinal 24, Rue Cardinale

7 Hôtel des 4 Dauphins 54, Rue Roux Alphéran

8 Mercure Paul Cézanne 40, Av. Victor Hugo

9 Hôtel la Rotonde 15, Av. des Belges

10 Citadines Gambetta 15, Cours Gambetta

11 Hôtel le Mozart 49, Cours Gambetta

12 Hôtel Kyriad 3, Bd Grande Thumine Jas de Bouffan

13
Hôtel Grill Campanile 

Jas de Bouffan
80, Rte Valcros Jas de Bouffan

14
Hôtel Grill Campanile 

Beauvalle
1, Rue Jean Andréani Pont de l'Arc

15 Villages hotel Avenue de l'Arc de Meyran

16 Hôtel Olympe 2, Rue des Granges

A
Brewery            

" les 2 garçons "
53, Cours Mirabeau

B
Restaurant         

" la bastide du cours "
45, Cours Mirabeau 

C
Restaurant          

" la brocherie "
5, rue Fernand Dol 

Hotel / Restaurant Adress
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ECORAD 2004 

 

Organized by Institut de Radioprotection et de Sûreté 
Nucléaire (IRSN)  
With the collaboration of :  

   

Conference Objectives:  
Under strong social pressure driven by current environmental concerns, all environmentalists 
are called to construct scientific knowledge, concepts and principles suitable to ensure 
acceptable mastering of ecological risk. Environment Protection against radioactivity is 
certainly the new challenge for radioecology. Originally, radioecology has evolved with the 
primary goal of assessing the impact of radioactivity on man, and as such, was focused on 
transfer to man through the environment. Now, following a trend that is already underway for 
other toxicants, the environment itself is also considered as a target requiring protection. As 
compared to the past, this new focus of radioecology is even more “science demanding”, 
particularly for basic understanding in biology and ecology. In addition to the knowledge on 
acute effects of high “doses” of radioactivity on small human critical groups, it is needed to 
know what happens to large ecosystems when loaded with small, but long-lasting, amounts 
of radiotoxicants. In addition to “simple” direct transfer, it is needed to take into account 
complex interaction processes and cycling that may lead to the redistribution of 
radionuclides, and eventually to their bioconcentration. In addition to “classical” situations 
like external irradiation, inhalation and wounding, it is necessary to study more thoroughly 
the effects of internal contamination following trophic chains. In addition to the most studied 
physical transfer and dispersion phenomena, it is mandatory to clarify how the many 
differentiating processes at work in the biosphere are acting on bioavailability, a feature that 
is overlooked in the current homogeneous approach of simplistic models. For all these 
reasons, today’s radioecology has to deepen its roots in the main stream of environment 
protection and the most advanced, or actively evolving, associated set of sciences. Practical 
implications of radioecology are huge. International organisations are already thinking of 
future regulations. It is hence of paramount importance to ground a strong scientific basis 
such as to avoid the development of inappropriate regulations.  

This congress will therefore be devoted to reviewing the state of art on all aspects of 
radioactivity interactions with the environment and to promoting innovative research 
approaches.  

In following its predecessor event, ECORAD 2004 will be a science-oriented congress. It 
will offer a meeting place for fruitful exchanges across the radioecology community and all 
environmental specialists sharing the same concerns. Regulators, stakeholders and all users 
of radioecology are welcome.  



Conference location:  
The conference will be held at the International Congress Center at Aix-en-Provence, France. 
6 to 10 of september 2004  

Conference Secretariat: (For conference correspondance, 
registration, logistics, general informations.)  
Name (s) and address  
Jean-Claude BARESCUT  
Chef du département de protection de l'environnement  
IRSN/DPRE  
BP17 92262 FONTENAY-AUX-ROSES CEDEX FRANCE  
tel 33 1 58 35 79 06  
fax 33 1 58 35 72 90  
mailto:ecorad.2004@irsn.fr  

 

Posters sessions 1, 2 and 3 

• Speciation and bioavailability  
• (Eco)toxicology of low doses with multi-pollutant exposures  
• Radionuclides fluxes in, and effects on, continental ecosystems 

from Monday morning till Wednesday noon 

Posters sessions 4, 5, 6, 7 and 8 

• Radionuclides fluxes in, and effects on, marine ecosystems  
• Nuclear installations and environment  
• Post-accident management and remediation of contaminated sites  
• Ecological risk assessment and regulatory guidance  
• Social, ethical and philosophical background of environmental protection 

from Wednesday afternoon till Friday noon 

  

name firstname Schedule Title 

    05/09/2004 
00:00:00 SUNDAY 

    05/09/2004 
16:00:00 registration open until 19:00 

    05/09/2004 
17:30:00 Breaking ice party 

    06/09/2004 
00:00:00 MONDAY 

mailto:ecorad.2004@irsn.fr


    06/09/2004 
08:30:00 registration 

    06/09/2004 
09:30:00 Congress opening 

HOWARD Brenda 06/09/2004 
10:30:00 

Radiological protection of the environment: 
where are we now and where are we going? 

GARNIER-
LAPLACE Jacqueline 06/09/2004 

11:00:00 

Why is it necessary to incorporate the 
bioavailability concept into radioecological 
risk 

COPPLESTONE David 06/09/2004 
11:30:00 

Application of probabilistic quantitative 
ecological risk assessment to radiological 
dose. 

GILBIN Rodolphe 06/09/2004 
11:50:00 

Chronic uranium exposure and growth 
toxicity for phytoplankton. dose-effect 
relationship: first comparison of chemical and 
radiological toxicity 

FOURNIER Elodie 06/09/2004 
12:10:00 

Effect of chronic selenium exposure on the 
freshwater bivalve corbicula fluminea 

    06/09/2004 
12:30:00 LUNCH 

CIFFROY Philippe 06/09/2004 
14:15:00 

Chronic exposure to radionuclides and heavy 
metals in the loire river: environmental risk 
assessment 

MOULIN Valérie 06/09/2004 
14:35:00 

Speciation needs in relation with 
environmental and biological purposes 

DEMIN Vladimir 06/09/2004 
14:55:00 

Health risk from radioactive and chemical 
environmental contamination: common basis 
for assessment and safety decision-making 

VANDENHOVE Hildegarde 06/09/2004 
15:15:00 

Importance of soil physicochemistry and 
speciation on uranium availability to plants 

MARTIN-GARIN Arnaud 06/09/2004 
15:45:00 

Biogeochemical behaviour of radionuclides 
in soils: comparison of static and dynamic 
approaches to assess mobility. 

    06/09/2004 
16:05:00 PAUSE 

SALBU Brit 06/09/2004 
16:35:00 

Radioactive particles released from various 
nuclear sources 

LAROCHE Laetitia 06/09/2004 
16:55:00 

Root uptake of uranium by a higher plant 
model (phaseolus vulgaris) – bioavailability 
from soil solution 

DUPRÉ DE 
BOULOIS Hervé 06/09/2004 

17:15:00 

Use of mycorrhizal fungi for the 
phytostabilisation of radio-contaminated 
environment (european project myrrh) : 
overview on the scientific achievements 

THEBAULT Hervé 06/09/2004 
17:35:00 

Bioavailabilty of anthrogenic radionuclides in 
mussels along the french mediterranean coast

    06/09/2004 END 



17:55:00 

    07/09/2004 
00:00:00 TUESDAY 

ADAM Christelle 07/09/2004 
08:30:00 

Uranium uptake by the freshwater bivalve 
corbicula fluminea: links between speciation, 
bioavailability and effects 

SHAW George 07/09/2004 
08:50:00 

An improved understanding of the effects of 
physico-chemical factors on in situ kd for 
radiocaesium, radiostrontium and technetium

STAUNTON Siobhán 07/09/2004 
09:10:00 

Effect of solution composition on the 
adsorption and desorption of 137cs on forest 
soils. 

HINTON Thomas 07/09/2004 
09:30:00 

A case AGAINST Biomarkers---as they are 
currently used 

    07/09/2004 
10:00:00 PAUSE 

HINGSTON Joanne 07/09/2004 
10:30:00 

Impact of chronic, low-level ionising 
radiation exposure on terrestrial invertebrates

BUET astrid 07/09/2004 
10:50:00 

Towards uranium dose-effects relationships 
for biomarkers of oxidative stress in fish. 

TAMPONNET Christian 07/09/2004 
11:10:00 

The european programme boris 
(bioavailability of radionuclides in soils) : a 
global analysis of results. 

GERAS'KIN Stanislav 07/09/2004 
11:30:00 

Plants ecotoxicology. a case of low doses and 
multi-pollutant exposure 

YANKOVICH Tamara 07/09/2004 
11:50:00 

Impacts of species introductions on the health 
of fish communities receiving chronic 
radionuclide inputs 

SIMON Olivier 07/09/2004 
12:10:00 

Effect of uranium chronic exposure on the 
moult in crayfish 

    07/09/2004 
12:30:00 LUNCH 

PRADINES Catherine 07/09/2004 
14:15:00 

Measurement of oxidative parameters in 
aquatic organisms submitted to chronic 
uranium exposure 

MORLON Hélène 07/09/2004 
14:35:00 

Uptake of selenium by the unicellular green 
alga chlamydomonas reinhardtii - effects 
induced by chronic exposure. 

KUMBLAD Linda 07/09/2004 
14:55:00 

Ecosystem modelling of carbon, nutrients and 
radionuclides in lake eckarfjärden, sweden 

MAILLANT sophie 07/09/2004 
15:25:00 

Aged anthropogenic iodine in a boreal peat 
bog 

RAMZAEV Valery 07/09/2004 
15:45:00 

Radionuclides in an arctic terrestrial 
ecosystem affected by atmoshperic release 
from the kraton-3 accidental underground 
nuclear explosion. 2001-2002. 

    07/09/2004 PAUSE 



16:05:00 

THIRY Yves 07/09/2004 
16:50:00 

Forest (re)vegetation impact on uranium 
cycling in mining area 

PALSSON Sigurdur 
Emil 

07/09/2004 
17:10:00 

Improving weapons fallout time series on a 
global basis using precipitation data 

    07/09/2004 
17:30:00 END 

    07/09/2004 
17:45:00 Downtown visit 

    07/09/2004 
19:30:00 Cocktail diner (palais Vendôme) 

    08/09/2004 
00:00:00 WEDNESDAY 

DEWIERE Lionel 08/09/2004 
08:15:00 

Validation of the global model for 90sr 
migration from the waste burial in the 
chernobyl exclusion zone. 

SHEPPARD Steve 08/09/2004 
08:35:00 

Soil-to-plant transfers of uranium series 
radionuclides in natural and contaminated 
settings 

TARSITANO Davide 08/09/2004 
08:55:00 

EVANET-TERRA ― evaluation and 
network of EC – decision support systems in 
the field of terrestrial radioecological 
research 

MICHEL Rolf 08/09/2004 
09:15:00 

Long-lived radionuclides in the environment: 
on the radioecology of iodine-129 

HOLM Elis 08/09/2004 
09:35:00 

Radionuclides in seals from swedish coastal 
waters 

    08/09/2004 
10:05:00 PAUSE 

JONES David 08/09/2004 
10:35:00 

Hunting the ‘missing’ plutonium: intertidal 
radionuclide inventories in the ne irish sea, uk

TATEDA Yutaka 08/09/2004 
10:55:00 

Organic carbon sedimentation rates in asian 
mangrove coastal ecosystems estimated by 
210pb chronology 

BROWN Justin 08/09/2004 
11:15:00 

Biological transfer of radionuclides in marine 
environments - identifying and filling 
knowledge gaps for environmental impact 
assessments 

GOUZY Aurélien 08/09/2004 
11:35:00 

Diagenetic reactivity of the plutonium in 
marine anoxic sediments (cumbrian mud 
patch - eastern irish sea) 

PAPATHEODOROU George 08/09/2004 
11:55:00 

Natural radionuclides in bauxitic tailings 
(red-mud) in the gulf of corinth, greece 

    08/09/2004 
12:15:00 LUNCH 

FONTUGNE Michel 08/09/2004 
14:00:00 

Radio elements transfer from water to 
atmosphere through degassing processes in 



the loire estuary: the flore project 

HOU Xiaolin 08/09/2004 
14:20:00 

Study on radioecology and tracer of iodine-
129 

BAILLY DU BOIS Pascal 08/09/2004 
14:40:00 

Hydrodynamic modelling of short-term 
dispersion in a macro-tidal sea, validation by 
high-resolution radionuclide tracer 
measurements 

GREBENKOV Alexandre 08/09/2004 
15:00:00 

Importance of spatial factors and temporal 
scales in environmental risk assessment in 
marine ecosystems 

SANTUCCI Pascal 08/09/2004 
15:20:00 

Arguments for revising the radioecological 
transfer factors: how to improve and extend 
current syntheses. 

    08/09/2004 
15:50:00 PAUSE 

BAJURNY Frank J. 08/09/2004 
16:20:00 

Application of ecological risk assessment to 
establish non-human environmental 
protection at nuclear generating stations in 
ontario, canada 

KOWE Raymond 08/09/2004 
16:40:00 

Application of biosphere models in the 
biomosa project: a comparative assessment of 
five european radioactive waste disposal sites

LINDBORG Tobias 08/09/2004 
17:00:00 

Ecosystem description of a drainage area - a 
strategy in biosphere descriptions during site 
investigations for a repository of spent 
nuclear fuel 

TAMPONNET Christian 08/09/2004 
17:20:00 

Modelling tritium and carbon 14 in the 
environment: a biomass-oriented approach 

BALONOV Mikhail 08/09/2004 
17:40:00 

The iaea standards for the radioactive 
discharge control: present status and future 
development 

    08/09/2004 
18:00:00 IUR meeting (members only) 

    08/09/2004 
20:00:00 END 

    09/09/2004 
00:00:00 THURSDAY 

VOIGT Gabriele 09/09/2004 
09:00:00 

Remediation strategies for sustainable 
development of contaminated environments - 
a need for an integrated approach 

WILLEY Neil 09/09/2004 
09:30:00 

Amelioration of soils contaminated with 
radionuclides: exploiting biodiversity to 
minimise or maximise soil to plant transfer 
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ENVIRONMENTAL RADIOPROTECTION: MAIN LESSONS LEARNT FROM THE 
ENVIRHOM PROGRAMME 

GARNIER-LAPLACE J., ADAM C., GILBIN R., SIMON O., TRAN D., MASSABUAU J.C., 
FORTIN C., DENISON D., PRADINES C., FLORIANI M., HENNER P. 

Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear Safety, 
DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, France, 
jacqueline.garnier-laplace@irsn.fr 

Within the field of chronic low-level exposure of ecosystems to radionuclides where data are 
critically sparse, the ENVIRHOM research programme launched two years ago at the Institute for 
Radioprotection and Nuclear Safety, proposes to acquire the needed knowledge for Ecological 
Risk Assessment specific to bioaccumulation of alpha and beta emitters in living organisms. 
Gaps of knowledge within this field constitute a strong limitation to our capability to make a 
reasonable risk estimate. Internal doses cannot be accurately calculated and potentially associated 
biological effects at any organization level remain fairly unknown. As a result, derivation of 
ecologically relevant and knowledge-based predicted no-effects concentrations becomes a critical 
issue in ERA. The scope of this presentation is to illustrate the relevance of the development of a 
greater depth of understanding of radionuclide fate and biological effects at several hierarchical 
levels to support quantitative risk assessments with defined and acceptable uncertainty bounds. 
The following crucial issues are discussed and exemplified for uranium and other alpha or beta 
emitters. First, radionuclide bioavailability is a key knowledge to an accurate assessment of both 
exposure and effect and media quality criteria are needed. Second, specificities of chronic 
exposures have to be taken into account to obtain accurate dose estimates and induced effects, as 
exposure conditions (concentration and duration) strongly modify the radionuclide internal 
distribution at various biological scales. Lastly, considering different scales for biological effects 
(from early to delayed, from subcellular to high organisation level) is crucial to evidence 
ecologically relevant indicators. A global overview of operational data from ENVIRHOM – 
media criteria to assess exposure, dose-effects relationships at various biological scales – that 
constitute primary data to introduce radionuclides in ERA methods in a consistent manner with 
regards to chemicals, will be presented. 



EFFECT OF SOIL PARAMETERS ON URANIUM AVAILABILITY TO RYEGRASS  
 
VANDENHOVE H., VAN HEES M., WANNIJN J. AND WANG L. 
 
Belgian Nuclear Research Centre, Department of Radiation Protection Research, 
Radioecology Section, 2400 Mol, Belgium, email: hvandenh@sckcen.be 
 
Abstract. When wishing to assess the impact of radioactive contamination on biota or on an 
ecosystem, knowledge on the physico-chemical conditions governing the radionuclide availability and 
speciation in the exposure medium and hence its bioavailability and incorporation is indispensable. 
The present study explores the dominant soil factors (18 soils collected under pasture) ruling uranium 
mobility and availability to ryegrass and intents to define and assess the extent of the effect. The soils 
were selected such that they covered a wide range for those parameters hypotised as being potentially 
important in determining U-availability (pH, clay content, Fe and Al oxide and hydroxide content, 
CaCO3, organic carbon). Statistical analysis showed that there were no single soil parameters 
significantly explaining the uranium concentration in the soil solution, nor the uranium 
concentration in the plants. Soil pH and iron-oxi-hydroxides explained for 60 % the uranium 
concentration found in the soil solution (which varied with factor 100). Plant U-concentration was 
mostly affected by the concentration of U in the soil solution, pH and total inorganic carbon content 
(R²=0.71). Observed U-uptake was highest when pH was below 5.3 or around 7 or higher. The next 
step was to assess the uranium speciation in the soil solution with a Geochemical Speciation 
Model. Uranium speciation was found important in explaining the U-uptake observed: apparently, 
uranyl, UO2CO3

-2 and (UO2)2CO3(OH)3
- were the U-species being preferentially transported. 

 



APPLICATION OF PROBABILISTIC QUANTITATIVE ECOLOGICAL RISK 
ASSESSMENT TO RADIOLOGICAL DOSE. 
 
Twining, J., Ferris, J. Copplestone, D. & Zinger I. 
 
Australian Nuclear Science & Technology Organisation,  
Environment Division, PMB 1, Menai, 2234, Australia 
jrt@ansto.gov.au 
 
Probabilistic ERA is becoming increasingly more accepted and applied in evaluations of 
environmental impacts worldwide. In a previous paper we have shown that the process can be applied 
in practice to routine effluent releases from a nuclear facility. However, there are practical issues that 
need to be addressed prior to its regulatory application for criteria setting or for site-specific ERA. 
Among these issues are a) appropriate data selection for both exposure and dose-response input, 
because there is a need to carefully characterise and filter the available dose-response data for its 
ecological relevance, b) A coherent approach is required to the choice of exposure scenarios, and c) 
there are various questions associated with treatment of exposure to mixed nuclides.  
 
In this paper we will evaluate and discuss aspects of these issues, using an illustrative case study 
approach. 



CHRONIC URANIUM EXPOSURE AND GROWTH TOXICITY FOR PHYTOPLANKTON. 
DOSE-EFFECT RELATIONSHIP: FIRST COMPARISON OF CHEMICAL AND 
RADIOLOGICAL TOXICITY 

 
GILBIN R., PRADINES C. & GARNIER-LAPLACE J. 
 
Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear 
Safety, DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, 
France, rodolphe.gilbin@irsn.fr 
 
The bioavailability of uranium for freshwater organisms, as for other dissolved metals, is closely 
linked to chemical speciation in solution (U aqueous speciation undergoes tremendous changes in the 
presence of ligands commonly found in natural waters e.g. carbonate, phosphate, hydroxide and 
natural organic matter). For the studied chemical domain, short-term uranium uptake experiments have 
already shown that the free uranyl ion concentration [UO2

2+] is a good predictor of uranium uptake by 
the green algae Chlamydomonas reinhardtii, as predicted by the Free Ion Activity Model. In 
agreement with these results, acidic pH and low ligands concentrations in water enhance uranium 
bioavailability and consequently its potential chronic effects on phytoplankton. Moreover, uranium is 
known to be both radiotoxic and chemotoxic. The use of different isotopes of uranium allows to 
expose organisms to different radiological doses for the same molar concentration: e.g. for a given 
element concentration (chemical dose), replacing depleted U by U-233 obviously leads to an enhanced 
radiological delivered dose to organisms (x104). In this work we established relationships between 
uranium doses (depleted uranium and 233-U ) and effect on the growth rate of the green algae 
Chlamydomonas reinhardtii. Uranium bioaccumulation was also monitored. Growth rate was 
measured both in classical batch (0-72hrs) and continuous (turbidostat) cultures, the latter protocol 
allowing medium renewal to diminish exudates accumulation and speciation changes in the medium. 
The differences in effects will be, if possible, related to the development of defence mechanisms 
against the formation of reactive oxygen species (forms of glutathione) and the production of 
phytochelatins (small peptids rich in cystein that play an important role in the homeostasis and the 
detoxication of metals in cells). 
 



 
 

 
EFFECT OF CHRONIC SELENIUM EXPOSURE ON THE FRESHWATER BIVALVE 
CORBICULA FLUMINEA 

 
FOURNIER E., ADAM C., MASSABUAU J.C.  & GARNIER-LAPLACE J. 
 
Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear 
Safety, DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, 
France, elodie.fournier@irsn.fr 
 
 
Selenium is essential for most of living organisms. In oxic to moderately oxic freshwaters, Se exists 
predominantly in the (+VI) and (+IV) oxidation states as selenate (SeO4

2-) and selenite (SeO3
2-) 

respectively, whereas in the biota it is incorporated as Se(-II) into selenoproteins or amino-acids, or as 
elemental selenium Se(0). At low concentrations, it acts against oxidative damages mainly as the 
glutathione peroxidase seleno-dependant, but it may be toxic at higher levels (for example, by 
replacing sulphur in important biomolecules). In filter feeders, such as the freshwater bivalve 
Corbicula fluminea, selected as biological model, the ventilation activity is a primary limiting step that 
controls the water influx and therefore the delivery of contaminants. Consequently, a series of short-
term experiments were performed to study the effects of different dissolved Se concentrations and 
forms (selenite; selenate; selenomethionine) on the ventilation activity of Corbicula fluminea and Se 
tissular distribution. The modification of the ventilation activity of the Se-exposed groups, in 
comparison to this of reference groups (not exposed to Se) varied greatly according to the form and the 
concentrations of the Se used. Se concentrations in tissues indicated that selenite was the less 
bioavailable form whereas selenomethionine displayed the opposite trend. On the basis of this set of 
experiments, a limited number of conditions have been selected to provide highly contrasting 
ventilation flow rates and selenium bioaccumulation levels, in order to study the effects of long term 
exposures, i) at the molecular level, by measuring biomarkers of oxidative stress (forms of glutathione, 
glutathione peroxidase, glutathione reductase, superoxide dismutase, catalase,…) and biomarker of 
genotoxicity (comet assay), ii) at the (sub)cellular level by analysing Se microlocalisation in target 
organs and iii) at the individual level by monitoring the variation in the ventilatory flow rate. 



Chronic exposure to radionuclides and heavy metals in the Loire river: environmental 
risk assessment  

 
 
CIFFROY P., SICLET F., LUCK M., DUBOUDIN C. 
 
EDF R&D, Département Laboratoire National d’Hydraulique et Environnement, 6 quai Watier, 78401 
Chatou, France (e-mail: philippe.ciffroy@edf.fr) 

 
 
 
Nuclear power plants situated along the Loire river release in freshwater radionuclides (54Mn, 58Co, 
60Co, 110mAg, 134Cs, 137Cs, …) and also heavy metals (Cu and Zn released by corrosion of brass 
condensers of the power plant cooling system). In this context, a study was undertaken to assess 
environmental risks of such releases. 
In a first step, radionuclide  and metal concentrations in the dissolved, particulate and sedimentary 
forms were evaluated using the CRESCRENDO model, which simulates the following processes: 
hydraulic transport, deposition and resuspension of particles, radionuclide or metal exchanges at the 
water-particles interface. 
In a second step, for heavy metals, dissolved concentrations were compared to a Predicted Non Effect 
Concentration (PNEC) calculated by a statistical analysis based on laboratory ecotoxicological tests. 
In a third step, for radionuclides, internal and external doses were calculated according to the 
methodology presented in the British Environment Agency Publication 128.  
In this paper, the methodologies used for radionuclides and chemicals respectively will be described 
and compared, at each step of the environmental risk assessment. 



SPECIATION NEEDS IN RELATION WITH ENVIRONMENTAL AND BIOLOGICAL 
PURPOSES 
 
MOULIN V., ANSOBORLO E., BION L., DOIZI D., MOULIN C., COTE G., MADIC C. & VAN 
DER LEE J. 

 
CEA, Nuclear Energy Division/DDIN, CEA-Saclay, 91191, Gif-sur-Yvette, France, 
valerie.moulin@cea.fr 
 
Radionuclides can occur in the environment either through chronic releases of nuclear facilities, or due 
to incidents or accidents. In order to study their behaviour in the environment (migration, retention, 
transfer, …) and in human organisms (metabolism, retention, excretion), it is of prime importance to 
know their solution chemistry, and more particularly thermodynamic constants, which will allow to 
determine their speciation. In fact, speciation governs the migration, the bioavailability and the 
toxicity of elements. Moreover, this knowledge is also of great interest for decorporation or 
decontamination purposes. In this framework, a CEA working group on speciation has been created in 
order to share data both on thermodynamic constants and on speciation analytical methods, interesting 
chemists, environmentalists and biologists. It has been focused, in a first time, on actinides, namely 
Th, U, Pu, Am, Np, taking into account their most important oxidation states occurring in 
environmental or biological environments: Th(IV), U(IV, VI), Pu(III, IV, VI), Am(III), Np(IV, V). A 
particular attention was devoted to the choice of ligands (inorganic and organic) for being the most 
representative of environmental and biological media. The thermodynamic database used is BASSIST 
for Base Applied to Speciation in Solution and at Interfaces and SolubiliTy (developed by CEA), in 
interaction with the code JCHESS. Different examples will be then presented on the selection of data 
(thermodynamic constants, ligands of interest) through benchmark exercises (case of U(VI), Am(III), 
Pu(IV)) which will show the lacks or weakness of knowledge. Speciation diagrams will support these 
discussions. Moreover, analytical methods to determine thermodynamic constants or direct speciation 
will also be presented and discussed. 



HEALTH RISK FROM RADIOACTIVE AND CHEMICAL ENVIRONMENTAL 
CONTAMINATION: COMMON BASIS FOR ASSESSMENT AND SAFETY DECISION-

MAKING 
 
DEMIN V. 
 
RRC “Kurchatov institute”, Kurchatov sq. 1, 123182, Moscow, Russia; demin@nsi.kiae.ru 

 
To meet the growing practical need in risk analysis in Russia health risk assessment 
tools and regulations have been developed in the frame of few federal research programs. 
RRC “Kurchatov Institute” is involved in R&D on risk analysis activity in these 
programs. One of the objectives of this development is to produce a common, unified 
basis of health risk analysis for different sources of risk.  Current specific and different 
approaches in risk assessment and establishing safety standards developed for chemicals 
and ionising radiation are analysed.  Some recommendations are given to produce the 
common approach. A specific risk index R has been proposed for safety decision-making 
(establishing safety standards and other levels of protective actions, comparison of 
various sources of risk, etc.). The index R  is defined as the partial mathematical 
expectation of lost years of healthy life (LLE) due to exposure during a year to a risk 
source considered. The more concrete determinations of this index for different risk 
sources derived from the common definition of R are given. Generic safety standards 
(GSS) for the public and occupational workers have been suggested in terms of this 
index. Secondary specific safety standards have been derived from GSS for ionizing 
radiation and a number of other risk sources including environmental chemical 
pollutants. Other general and derived levels for decision-making have also been proposed 
including the “de-minimus” level. Their possible dependence on the national or regional 
health-demographic data is shortly considered. Recommendations are given on methods 
and criteria for comparison of various sources of risk. Some examples of risk comparison 
are demonstrated in the frame of different comparison tasks. The paper has been 
prepared on the basis of the research work supported by International Science and 
Technology Centre, Moscow (project # 2558). 
 



BIOGEOCHEMICAL BEHAVIOUR OF RADIONUCLIDES IN SOILS:  COMPARISON OF 
STATIC AND DYNAMIC APPROACHES TO ASSESS MOBILITY. 
 
MARTIN-GARIN A.  FEVRIER L. & ARDOIS C. 
 
Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear Safety, 
DEI/SECRE/LRE, Cadarache, Bld 186, B.P. 3, 13115 St-Paul-lez-Durance Cedex, France, 
arnaud.martin-garin@irsn.fr 
 
 
From an operational point of view, the prediction of radionuclides fate in the terrestrial ecosystem is 
based on simple mathematical equations, which want to mimic the distribution of RN among the 
different compartments of the biosphere. The inputs parameters of such models are usually constituted 
by transfer and distribution coefficients that, occasionally, take into account the specificity of soils, 
plants and the nature of the element, or in most cases are just generic or default values. It is of major 
concern to choice and/or to determine ‘representative’ values to improve our capability to estimate a 
risk to human beings and to the environment, due to the presence of RN within the different 
components of the biosphere. Moreover, these parameters have to be associated to a characteristic 
applicability domain and to a set of dominant factors that should balance their use. In the laboratory, 
the background remaining questions are linked to the selection of ‘the best representative method’ to 
determine these values and to the extrapolation of such values when considering the up-scaling effects 
(ex. from batch to field). These critical points often lead to strong divergences between experimental 
values accordingly to the various experimental approaches. In that framework, we present here a 
critical comparison of distribution coefficient values obtained by static (close reactor) and dynamic 
(column and flow through reactor) methods for Cesium, Strontium, Americium, Selenium and 
Technetium. Advantages and disadvantages of each approach are discussed in terms of applicability 
and relevance of the determined values for each radionuclide.  
 
 
 
 
 
     



 
Radioactive Particles released from various Nuclear Sources 
 
B. Salbu and Ole Christian Lind 
Isotope Laboratory, Department of Plant and Environmental Sciences, Agricultural 
University of Norway, N-1432 Aas, Norway. 

Brit.Salbu@ipm.nlh.no 
 
Abstract 
Radionuclides released to the environment may be present in different physico-
chemical forms, ranging from ionic species to colloids, particles and fragments. 
Following releases during nuclear events such as nuclear weapon tests or use of 
depleted uranium munitions, and from nuclear accidents associated with explosions or 
fires, radionuclides such as uranium and plutonium are predominantly present as 
particles, mainly fuel particles. Similarly, radioactive particles are present in effluents 
from reprocessing facilities, and radioactive particles are observed in sediments in the 
close vicinity of radioactive waste dumped at sea. Thus, releases of radioactive 
particles occur more often than earlier anticipated.  
 
Soil and sediments can act as a sink for colloids, particles and fragments, while 
contaminated soil/sediments may also act as a potential diffuse source, depending on 
particle characteristics and processes influencing particle weathering and mobilisation 
of associated radionuclides. To assess long-term impact from radioactive particle 
contamination, information on the source term is essential, i.e. activity concentrations 
and isotopic ratios as well as the particle size distribution, crystallographic structures 
and oxidation states influencing particle weathering rates and the subsequent 
mobilisation and biological uptake of associated radionuclides. The activity 
concentrations and the isotopic ratios will be source dependant, while particle 
characteristics will also reflect the release scenario, dispersion processes and 
deposition conditions. The present paper will summarise present knowledge on 
radioactive particles released from various nuclear sources and differences in particle 
characteristics observed when using advanced techniques such as electron microscopy 
and synchrotron radiation based X-ray micro-techniques. 



ROOT UPTAKE OF URANIUM BY A HIGHER PLANT MODEL (PHASEOLUS VULGARIS) 
– BIOAVAILABILITY FROM SOIL SOLUTION 
 
LAROCHE L., HENNER P., CAMILLERI V. and GARNIER-LAPLACE J. 
 
Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear 
Safety, DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, 
France, laetitia.laroche@irsn.fr 
 
 
 
 
Uranium behaviour in soils is controlled by actions and interactions between physico-
chemical and biological processes that also determine its bioavailability. In soil solution, 
uranium(+VI) aqueous speciation undergoes tremendous changes mainly depending on pH, 
carbonates, phosphates and organic matter. In a first approach to identify bioavailable species 
of U to plants, cultures were performed using hydroponics, to allow an easy control of the 
composition of the exposure media. The latter, here an artificial soil solution, was designed to 
control the uranium species in solution. The geochemical speciation code JCHESS using a 
database compiled from the OECD/NEA thermochemical database project and verified was 
used to perform the solution speciation calculations. On this theoretical basis, three domains 
were defined for short-duration well-defined laboratory experiments in simplified conditions: 
pH 4.9, 5.8 and 7 where predicted dominant species are uranyl ions , hydroxyl complexes and 
carbonates respectively. For these domains, biokinetics and characterization of 
transmembrane transport according to a classical Michaelis Menten approach were 
investigated. The Free Ion Model (or its derivated the Biotic Ligand Model) was tested to 
determine if U uptake is governed by the free uranyl species or if other metal complexes can 
be assimilated. The effect of different variables on root assimilation efficiency and 
phytotoxicity was explored: presence of ligands such as phosphates or carbonates and 
competitive ions such as Ca2+ at the 3 pH.  
According to previous experiments, uranium was principally located in roots whatever the pH 
and no difference in uranium uptake was evidenced between  the main growth stages of the 
plant. Within the 3 studied chemical domains, results from short-term kinetics evidenced  a 
linear correlation between total uranium concentration in bean roots and that in exposure 
media, suggesting that total uranium in soil solution could be a good predictor for uranium 
bioaccumulation level in bean roots. 
 
 
 
 



USE OF MYCORRHIZAL FUNGI FOR THE PHYTOSTABILISATION OF RADIO-
CONTAMINATED ENVIRONMENT (EUROPEAN PROJECT MYRRH) : OVERVIEW ON THE 
SCIENTIFIC ACHIEVEMENTS  

DUPRE DE BOULOIS H., LEYVAL C., JONER E. J., JAKOBSEN I., CHEN B., ROOS P.,  
THIRY I., RUFYIKIRI G., DELVAUX B. & DECLERCK S.    

Université catholique de Louvain, Mycothèque de l’Université catholique de Louvain (MUCL), Unité de 
Microbiologie, 3 place Croix du Sud, 1348 Louvain-la-Neuve, Belgium, dupredeboulois@mbla.ucl.ac.be  

Because plants significantly affect radionuclides (RN) cycling and further dispersion into the biosphere, it 
is important to understand the biological factors influencing RN plant uptake, accumulation and 
redistribution. In this respect, mycorrhizal fungi which are intimately associated with plant roots and 
constitute an active continuum at the soil-plant interface are of particular interest. The European project 
MYRRH (Use of MYcoRRHizal fungi for the phytostabilisation of radio-contaminated environment) was 
aimed to highlight the role of these soil micro-organisms. Both ectomycorrhizal (ECM) and arbuscular 
mycorrhizal (AM) fungi were considered and experiments were performed using naturally or artificially 
contaminated substrates with radiocaesium (Cs) or uranium (U) under pot culture or in vitro conditions. 
Results obtained under in vitro conditions demonstrated that AM fungal hyphae could take up and 
translocate Cs and U towards roots. However, this translocation was low for both elements. In particular, 
for Cs, uptake and translocation were not even perceptible using a classical pot culture system, but these 
contrasting results should be related to the growth conditions (e.g. concentration of potassium) used. The 
efficiency of translocation (rate of translocation per unit area) of both elements under in vitro conditions 
was higher than the one of roots. The in vitro studies also showed that the intraradical AM fungal 
structures might contribute to Cs and U accumulation within mycorrhizal roots. Under pot culture 
conditions, AM fungi appeared to significantly reduce root to shoot translocation of U. Under the same 
conditions, ECM transport of Cs was demonstrated, and appeared to be dependent on the fungal species. 
As we established that mycorrhizal fungi could influence RN plant acquisition, accumulation and 
redistribution, a better estimation of the potential use of mycorrhizal fungi for the phytoremediation of 
RN-contaminated areas is now available and will be further discussed. 
 
 
 



BIOAVAILABILTY OF ANTHROGENIC RADIONUCLIDES IN MUSSELS ALONG THE 
FRENCH MEDITERRANEAN COAST 
 
THEBAULT H., ARNAUD M., CHARMASSON S., ANDRAL B., DIMEGLIO Y., BARKER E. 
 
Laboratoire d’Etudes Radioécologiques Continentales et de la Méditerranée, Institut de 
Radioprotection et de Sûreté Nucléaire. IFREMER, BP 330, 83507, La Seyne-sur-Mer 
herve.thebault@ifremer.fr 
 
Within the framework of the Water Management Masterplan, a bioindicator network (RINBIO) was 
deployed all along the French Mediterranean coast (1,800 km), using man-made cages containing 
mussels (Mytilus galloprovincialis) to assess contamination by heavy metals, persistent organic 
products and radionuclides. The caging technique compensated for the scarcity of natural shellfish 
stocks in significant parts of the coast and enable comparison between sites regardless of their 
physicochemical and trophic caracteristics. Among the 103 stations of the entire program, 40 were 
selected for the measurement of anthrogenic radionuclides by high-efficiency gamma-spectrometry. 
Biometrics parameters of the each mussel samples, including ‘condition index’ as an indicator of soft 
part growth, will be correlated with radionuclides activities, allowing to correct raw data from 
differences in bioaccumulation between the various sites in relation to their trophic levels. A 
comprehensive picture of the distribution of radionuclides at a such a large spatial scale will be 
provided and the contribution of the Rhone river input, so far the main source for the coastal zone, will 
be investigated. 



URANIUM UPTAKE BY THE FRESHWATER BIVALVE CORBICULA FLUMINEA: LINKS 
BETWEEN SPECIATION, BIOAVAILABILITY AND EFFECTS.  

ADAM C., TRAN D., SIMON O., FOURNIER E., DENISON D., MASSABUAU J.C., GARNIER-
LAPLACE J. 

Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear Safety, 
DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, 
France,christelle.adam@irsn.fr 

Within  the framework of ENVIRHOM research programme, dealing with the chronic low-level 
exposure of ecosystems to radionuclides, a set of experiments was conducted to investigate the 
links between speciation, bioavailability and effects of uranium in the bivalve Corbicula 
fluminea. Short-term uptake experiments were performed to link speciation to bioavailability, 
while evaluating the competitive effect of cations (Ca2+, Mg2+ and H+) and the influence of 
uranium ligands in solution. Longer-term experiments were also performed to gain knowledge on 
distribution and uptake mechanisms. The effect of uranium on the bivalve behaviour was studied 
through (1) the valve movement activity, recorded by means of impedance measurements taken 
with two electrodes sticked on each shell of the bivalve, the measured current varying according 
to the distance between the electrodes and (2) the ventilation rate, whose measurement is based 
on the calculation of the volume of water cleared of algae per unit time in a transiently closed 
system. Effect Concentrations giving a closure response for p percent of the bivalves (ECp), can 
be calculated from experiments of valve movement activity via a logistic regression model. The 
main results of these studies will be presented, with a focus on their potential use for operational 
applications such as monitoring programmes. 



EFFECT OF SOLUTION COMPOSITION ON THE ADSORPTION AND DESORPTION OF 
137Cs ON FOREST SOILS.  

STAUNTON S., WELLS C. & SHAW G. 

UMR Rhizosphère & Symbiose, INRA, place Viala, 34060 Montpellier, France, plassard@ensam.inra.fr 

There is ongoing debate as to the pertinence of measurements of soil-liquid distribution coefficients in 
dilute suspension to the understanding and the prediction of the mobility of radionuclides in soil.  This 
debate is particularly active in the case of radiocaesium.  Several factors could cause significant 
discrepancies between measured and effective in situ distributions of radiocaesium. 1. Differences in 
solution composition, notably ionic strength and concentration in cations such as potassium and 
ammonium; 2. Differences in soil:solution ratio; 3. Time dependent reactions; 4. Reversibility of the 
adsorption reaction; 5. Concentration dependence of adsorption. 
We have attempted to assess the importance of some of these factors by studying 137Cs adsorption on soils 
sampled from different horizons of a forest soil.  Kd was measured in suspension.  Soil:solution ratio and 
initial 137Cs concentration and concentration of potassium and stable Cs in solution were varied.  
Adsorption and desorption Kd values were measured under similar conditions and compared. 
Kd values were in the lower range of values reported in the literature (5-30 l/kg).  Samples from surface 
layers showed no concentration dependence at trace additions of 137Cs, whereas some decrease in Kd was 
observed with increasing 137Cs concentration on the Ea horizon.  Data obtained at different soil:solution 
ratios all fell on the same adsorption isotherms as those obtained by varying initial 137Cs concentration.  
Stable caesium and, to a lesser extent, potassium inhibited 137Cs adsorption.  This effect was greater in the 
Ea horizon than the surface soils, probably due to the mineral content.  For all samples the desorption Kd 
was greater than the adsorption Kd in the same solution, indicating a small but significant degree of 
irreversibility. 
 
Acknowledgements :  This study received funding from the EC 5th Framework Programme (1998-2002), 
Nuclear Fission and Radiation Protection Contract N° FIGE-CT-2000-00071. 
 



UPTAKE OF SELENIUM BY THE UNICELLULAR GREEN ALGA CHLAMYDOMONAS 
REINHARDTII - EFFECTS INDUCED BY CHRONIC EXPOSURE. 
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79Se  is a long-lived radionuclide present in radioactive waste storages. The stable isotope 
selenium is an essential micro-nutrient that can act against oxidative damage. It is however 
well known for its biomagnification potential and chemical toxicity to aquatic life. One of its 
particularity is to form oxyanions in freshwater ecosystems, which leads to specific 
behaviours towards biological membranes. Our study deals with the interactions between 
selenite -Se(IV)- and Chlamydomonas reinhardtii, a unicellular green alga representative of 
the freshwater phytoplankton community. Cells were exposed  to selenite marked with Se75 in 
well-known simple inorganic media. Short-term experiments (about one hour of exposure) 
were performed to better understand selenite transport (uptake kinetics and levels) and 
identify main factors influencing absorption (nutrients concentrations, pH). Long-term 
experiments (4 days of exposure) were performed (1) to evaluate the bioaccumulation 
considering environmentally relevant time scales, (2) to localize the intracellular selenium 
using EDAX-TEM and (3) to assess the toxicity of selenium as measured by  growth 
impairment, ultrastructural changes, starch accumulation, and loss of pigment.   
Short-term experiments revealed a time-dependent linear absorption with an estimated 
absorbed flux of about 0.25 nmol.m-2.nM-1.h-1. The absorption was proportional to ambient 
levels, except at very low concentrations (ca. 0.5 nM), were it was proportionally higher, 
suggesting that a specific but rapidly saturated transport could be used at those low 
concentrations. Selenite uptake was not dependent on phosphate nor carbonate concentrations. 
It was nevertheless inhibited by sulphate and nitrate, indicating that selenite could share 
common transporters with those nutrients. The accumulation was found to be maximum for 
intermediate pH around 7. EDAX-TEM analysis after long-term experiments revealed the 
presence of selenium in electron-dense granules. At end, ultrastructural changes, loss of 
pigmentation and starch accumulation were observed in cells exposed to selenium.  
 
 
 



CAPABILITY OF KD MODEL TO PREDICT RADIONUCLIDES BEHAVIOUR AND 
TRANSPORT IN UNSATURATED COLUMN UNDER STEADY FLOW CONDITIONS 
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In the frame of the IRSN Chernobyl Pilot Site Project, a waste trench containing hot particles was 
instrumented to study the fate of radioactive pollutants. Results have shown the formation of a 90Sr 
plume in the downstream aquifer, mainly present in the eolian layer after 15 years. Laboratories 
experiments were performed to analyze the transport of 90Sr and 137Cs in a eolian sand both in 
saturated and unsaturated conditions. Batch experiments were performed to study the chemical 
equilibrium state of the soil/solution system under static conditions. Stirred flow-through reactor 
experiments were performed to study the kinetics and reversibility of sorption reactions at the surface 
of solid particles under dynamic conditions. Column experiments in the structured porous media were 
also performed in saturated and unsaturated flow conditions. Experimental data pointed out a 
nonlinear, instantaneous and reversible sorption process of 90Sr. 137Cs exhibits a nonlinear behavior 
with a partial irreversible sorption process. A suitable cation-exchange model was used to describe the 
solute/soil reactions. The model described successfully the behavior of 90Sr and 137Cs in both saturated 
and unsaturated flow conditions in the range of water content studied.  From these observations, 
propositions can be made to explain the discrepancies observed between the data obtained from static 
(batch) and dynamic (reactor and column) experiments. According to model calculation, effective Kd 
type approach to describe both radionuclides transport properties is discussed. 



ABSTRACT: 
 
A STUDY OF THE BIOAVAILABILITY OF 90Sr, 137Cs AND 239+240Pu IN SOILS AT TWO 
LOCATIONS OF SPAIN AFFECTED BY DIFFERENT RADIONUCLIDES 
CONTAMINATION EVENTS. 
 
BAEZA A.*, GUILLÉN J.*, ESPINOSA  A.**, ARAGON A.** & GUTIERREZ  J.** 
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It is well known that the bioavailability of artificial radionuclides such as 90Sr, 137Cs and 239+240Pu in 
contaminated soils, principally depends on the source term origin of the contamination. Although 
the behaviour of the mentioned radionuclides in the soil is also influenced by the time passed from 
the contamination event and the characteristics of the contamination receiving means. 
 
The objective of the present work is to analyse the different bioavailability and possible chemical – 
physical associations of 90Sr, 137Cs and 239+240Pu in soils located in different Spanish ecosystems 
(Almería and Cáceres counties) by means of the application of a sequential extraction procedure, 
based on the NIST standard sequential extraction protocol. 
 
The resulting fractions obtained by the application of the sequential extraction procedure   a) water 
soluble and exchangeable b)associated to organic matter and c)residual fraction will be studied 
jointly with the polluting sources (deposit of nuclear fallout-50s and 60s, Palomares acident-1966 
and the cesium release by Acerinox-1998) in each ecosystem to interpret the observed behaviour of 
radionuclides. 
 
 
 



ASSESSING RADIOCAESIUM BIOAVAILABILITY IN BIRDS – SEPARATION OF 
URATES FROM FAECAL PELLETS  
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Concomitant analyses of urine and faeces present a methodology whereby the bioavailability 
of dietary radionuclides can be estimated. Whilst the collection of urine from most wild 
animals is impractical, birds excrete urine in a semi-solid state making field collection 
possible. In birds the end product of nitrogen metabolism is uric acid which is combined with 
albumin, calcium and potassium cations as a laminated sphere 0.5 to 15 µm in size. Urate 
spheres are passed as a colloidal suspension in a protinacious fluid composed predominantly 
of water, albumin and electrolytes giving the ‘characteristic white dollop’ to avian guano.  
Some herbivorous bird species (e.g. Lagopus spp.) excrete comparatively dry-pelleted guano 
with distinct urate (white) and faecal (brown) components. These are readily separable as they 
form the predominant constituents of the opposite ends of the cylindrically shaped pellet. This 
raises the hypothesis that the separation and analyses of the faecal and urate component of 
herbivorous bird pellets  presents a possible methodology to estimate the bioavailability of 
ingested radionuclides (i.e. as the apparent absorption coefficient). Preliminary sampling and 
analyses determined that the radiocaesium content of the urate component of Lagopus spp. 
guano was consistently higher than the faecal tip. 
 
The results of a field sampling programme to test this hypothesis are discussed.  Lagopus 
Lagopus scoticus (Red grouse) guano (separated into urate and faecal components), Calluna 
vulgaris (predominant dietary component of L. lagopus) and soil samples were collected over 
a period one year from an upland area in northern England. Comparison of the urate to faecal 
radiocaesium activity concentrations is used to investigate potential changes in the dietary 
radiocaesium of L. lagopus throughout the year. 



NON-LINEARITY IN RADIOCAESIUM SOIL TO PLANT TRANSFER: FACT OR 
FICTION? 
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The basis premise of many radiological assessments is the assumption that the transfer of 
many radionuclides from soil to herbage and hence animal derived food products is a positive 
linear relationship for a given set of ecological conditions. However, a number of authors 
have published results which they conclude demonstrate non-linear transfer of radiocaesium 
to plants and animals with transfer being highest when soil concentrations are lowest. Whilst 
we may expect non-linear transfer of radionuclides under homeostatic control or present in 
comparatively large chemical quantities there appears no credible hypothesis to support such 
an observation for radiocaesium. 

In this paper we review those articles which have reported non-linear radiocaesium transfer 
and also analyse novel data. Mechanisms for the observation as presented in the original 
works are critically assessed. For instance, some authors have speculated that radiocaesium 
root uptake is saturated. We suggest that this is unlikely as whilst saturation of root uptake of 
radiocaesium has been observed above 1.37 mg Cs+ L-1 in growth solutions, concentrations of 
Cs+ in soil solutions are typically <10 µg L-1, and 1 MBq m-2 of 137Cs will add only 0.3 mg 
Cs+ m-2. 

We discuss alternative hypotheses to explain the reported observations and suggest that 
sampling bias, countermeasure application and statistical chance all contribute to the reported 
non-linearity in radiocaesium transfer.  
 
 



ANALYSIS OF TOTAL SELENIUM, SE(+IV) AND SE(+VI) IN WATER AND BIOLOGICAL 
SAMPLES BY HG-QFAAS.  
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Selenium is characterized by a narrow range of necessary and toxic concentrations for most of 
living organisms. It naturally exists in inorganic forms at the valence state –II (selenide), 0 
(elemental selenium), +IV (selenite), +VI (selenate), and in organic forms as aminoacids, proteins 
or volatile methyl compounds. Each form has a proper bioavailability and toxicity. In this 
context, measurements of the different Se chemical forms in natural samples enhance the 
undertanding of the various involved processes in the metalloid bioaccumulation. The hydride 
generation quartz furnace atomic absorption spectrometry (HG-QFAAS) was used to measure 
total Se (organic and inorganic forms) and selenium at the oxidation degrees +IV and +VI, which 
by substracting total and inorganic Se concentrations, allows to quantify also organic selenium 
forms. Volatile SeH2 is formed by mixing HCl and the reducing agent NaBH4. After transport 
and atomization, Se absorbance is measured at 196 nm. Because this technique only reaches 
Se(+IV), oxidation and/or prereduction steps are required to determine total Se or Se(+VI). The 
optimization of these steps was performed and the specificity and sensitivity of the method was 
tested on a certified material (DOLT3 standard, NIST), selenomethioneine, selenite and selenate 
standards, as well as on water and bivalve samples. Total Se measurement was doubled-checked 
by ICP-OES. The certified material was useless for the method optimization because its behavior 
during the oxidation step was completely different of this of selenomethionine or real organic 
samples. The detection limit of the method was 40 ng.L-1, and the preparation of the samples 
allowed to specifically quantify organic Se, selenite and selenate.  



EFFECT OF SOIL AGEING ON RADIONUCLIDE MOBILITY: EXPERIMENTAL APPROACH 
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The behaviour of radionuclides in soil is governed by several mechanisms whose intensity, kinetics and 
reversibility vary significantly according to the specific reactivity of each element, its speciation and the 
intrinsic properties of soils. The prediction of the behaviour of radionuclides (mobility, evaluation of their 
toxicity, speciation) in the terrestrial ecosystem depends on our understanding of the involved dominant 
processes. The purpose of this work, performed under controlled conditions, is to determine if the soil 
organic matter ageing could modify Se mobility in soils. It focuses on the variation with time of the Se 
solid partition between the different soil components (organic matter and minerals) and of the main 
parameters that controlled its distribution. To perform this study, different soils with the same 
mineralogical origin but diverse contents of organic matter are initially contaminated with selenium 
(spiked with 75Se) and incubated at a constant temperature and moisture during three years. The time’s 
effect of incubation is studied by characterizing the evolution of the bio-physico-chemical properties of 
the whole system and the distribution of selenium between phases. In addition, Se availability to transport 
is addressed by carrying out batch and soil column experiments. A set of operational analytical tools is 
developed to relate physical soil parameters (such as the aggregates size and their stability), soil solution 
chemical parameters (dissolved, particulate and solid carbon, major ions and dissolved organic acids) and 
microbiological state of the soil, to the distribution of Se between phases (soil, soil solution and 
atmosphere) and its transport ability. The observed OM transformations are compared with predicted data 
using RothC (organic matter cycle model), and correlated with the evolution of the Se mobility. The 
global experimental approach and results from the first six months will be presented.  
 
 



INFLUENCE OF COW URINE IN THE BIOAVAILABILITY OF PLUTONIUM OXIDE 
PARTICLES IN PALOMARES SOILS 
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ABSTRACT 
The nuclear accident that occurred in Palomares in 1966 caused the release of plutonium weapon grade 
particles into a Mediterranean ecosystem, and consequently, urban and farming areas were contaminated 
with this material. Several studies focussed on the characterization and behaviour of transuranides have 
been carried out in the area. In this work, the solubility evolution of plutonium is analysed for a period of 
more than 30 years, as well as the influence that the incorporation of cow urine into organic fertilizers has 
on the solubility of the mentioned element.  The average value of the plutonium solubility in water 
determined in five samples was 0.008% in 1986.  However, determinations carried out in samples taken in 
1999 and 2000 indicated an increase of the plutonium solubility of 22 to 96 times higher.  In order to 
check the influence of organic fertilizers on the solubility of plutonium, a solubility test was carried out 
using cow urine as extracting solution. The results show that the solubility of plutonium can reach a value 
equal to 14%, which is similar to the one obtained with sodium pyrophosphate acting as extracting 
solution. Thus, these results are a clear warning of what might happen if organic fertilizers are used in 
transuranic-contaminated  soils. 
 



BIOGEOCHEMICAL BEHAVIOUR OF ANIONIC RADIONUCLIDES IN SOIL: EVIDENCE 
FOR BIOTIC INTERACTIONS 
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Among studies on radionuclides, very few have been devoted to the behaviour of long-lived anionic 
radionuclides as 99Tc and 79Se in soils. Yet these two species are supposed to be highly mobile in soils, 
because of their anionic forms. The understanding of their biogeochemical behaviour in soils will 
improve both the ecological and health risk assessment. Very often the interactions between the 
radionuclides and the different components of soil are considered only from a physico-chemical point 
of view. However in surface horizons and more specially in the rhizosphere, the micro-organisms can 
not be ignored as they can affect either directly or indirectly the speciation of most of the chemical 
species, and particularly these of Se and Tc. This study demonstrates the role of the microbial 
compartment in the retention of Se and Tc in soil by comparing experiments with a sterilized soil (no 
microbial activity) to experiments with a soil more or less amended with organic carbon and / or 
nitrate, to stimulate its microbial activity. Kd coefficients for Se and Tc were determined in batch 
experiments, whereas transport of Se and Tc was investigated through column leaching experiments. 
Kd for Se was enhanced for the natural soil without amendment compared to the value obtained for 
the sterilized soil. The retention of Se was higher again in the natural soil amended with glucose and 
nitrate together. In addition, these amendments facilitated the development of a biofilm at the entrance 
of the column, which can directly retain Se. This effect was less obvious for Tc in batch experiments, 
but was revealed by leaching experiments where a high quantity of Tc was retained in the soil column 
when added with glucose and nitrate. These results give evidence that micro-organisms are responsible 
for a greater retention of Se and Tc in soil. 



 

SEQUENTIAL EXTRACTION PROCEDURES TO ASCERTAIN THE ROLE OF ORGANIC 
MATTER IN THE FATE OF IODINE IN SOILS. 
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In the assessment of the radiological impact on man of radioactive substances the fate of the 
long-lived 129I  in soils is of special interest. In order to predict the behaviour of iodine in the 
environment the knowledge of soil parameters which are responsible for its sorption is necessary. 
Sequential extraction techniques were performed to investigate the degree of binding of iodine 
with soil components and more specifically with the different constituents of soil organic matter 
(humic acid, fulvic acid, humin) which are liable to change with time. A  speciation scheme was 
especially developed to study the role of  organic matter in iodine retention and complexation. In 
the first steps, several mineral fractions of iodine were extracted:  water soluble (H2O), 
exchangeable (1M MgCl2 ), carbonate bound (0.01N HCl), bound to Fe-Mn oxides (0.5M 
NH4OH,HCl  adjusted to pH=2 with HNO3). After these preliminary steps, the extraction of 
organic matter was carried out  with neutral pyrophosphate (Na2H2P2O7/ K4P2O7 1/1 0.1M  pH=7) 
to determine iodine bound to organo-mineral complexes and sodium hydroxide (0.5M NaOH) to 
quantify iodine bound to humic substances. For these extracts, the distribution  of iodine between 
humic and fulvic acids was studied. Iodine bound to residual and insoluble organic matter 
(humin) was extracted with H2O2 30% adjusted to pH=2 with HNO3. In the last step, iodine 
bound to the residual soil was extracted  by  wet digestion (H2SO4). In this scheme,  all the 
traditional organic reagents (acetate, acetic acid,..) were removed and replaced by mineral 
reagents to allow the monitoring of organic carbon in the soil extracts. 
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Direct uranium isotopic determination by ICP-MS on sweeps samples have been successful 

tested on interlaboratorial exercises carried out by the US-DOE. However, to determine uranium (238U, 
235U and 234U) and thorium (232Th and 230Th) isotopic composition in environmental samples it is 
necessary to include analytical steps aiming the matrix separation and the pre-concentration of these 
radionuclides. On the other hand, there is a need to reduce the manpower involved on our laboratories. 
Therefore, the use of the flow injection technique coupled to a quadrupole ICP-MS was investigated 
due its potential further automation, 229Th and 233U were applied as isotopic tracers. UTEVA (Eichrom 
Technologies Inc.) cartridges were applied as a tool for uranium and thorium concentration and matrix 
separation. About 10 mL sample solution (3M HNO3) is pumped through the cartridge, follows a 
washing step, also with 3M HNO3, and uranium and thorium are eluted together using a 0.05 M 
ammonium oxalate solution. Based on uranium standard solution (10 ng L-1), the precision achieved is 
better than 3%. 
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Although often considered as a region exhibiting low levels of radionuclide contamination, localised areas 
in the High Arctic exhibiting elevated levels of natural and anthropogenic have been reported in the past. 
This enrichment occurs despite the limited availability of liquid water and climatic conditions that would 
be expected to restrict radionuclide mobility in the terrestrial environment. Implications of such 
radionuclide enrichment on the radionuclide burden of vegetative biota associated with these areas have 
not been studied in the past. The objective of the reported study was to investigate how transfer of 
radionuclides from soil to plant may differ at such an enriched location from transfer patterns exhibited in 
the general area. The study site was located at a latitude of 79oN and was comprised of a localised area of 
organic soil where observed soil radionuclide levels (U series, 137Cs and Pu isotopes) were greater than 
those in the surrounding area by an order of magnitude. Transfer factors for a number of High Arctic plant 
species were calculated and appraised with respect to both the radiological and chemical conditions at the 
site and with respect to species specific factors. Finally, radiological implications for local herbivorous 
biota due to consumption of vegetation from such an enriched location are presented. 



BIOACCUMULATION OF SEDIMENT-BOUND Cr-51, Ni-63 AND C-14 BY BENTHIC 
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Sediments in many areas of the Baltic Sea are highly contaminated with particle-reactive trace metals 
and/or radionuclides. These may be remobilised into aquatic food chains by bioaccumulation into benthic 
organisms. In this study, we examined and compared assimilation efficiencies and bioaccumulation 
kinetics (rates of uptake and elimination) of sediment-associated Cr-51, Ni-63 and organic-associated C-
14 in three common benthic invertebrates from the Baltic Sea (the bivalve Macoma balthica, the 
amphipod Monoporeia affinis and the priapulid worm Halicryptus spinulosus). There were differences 
between animals and radionuclides in both the rate of uptake and elimination and the maximum amount 
accumulated. Understanding how and to what degree different deposit-feeding benthic invertebrates are 
exposed to and bioaccumulate sediment-associated metals are important for both ecological risk 
assessment and management decisions in coastal ecosystems. 
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This paper presents new data on concentration factors (CFs: concentration kg-1 
biota/concentration l-1 seawater) for several marine species-radionuclide pairs, in three 
regions: coastal waters of Ireland, eastern Irish Sea, coastal waters of Norway. The CFs were 
estimated using data from long-term monitoring programmes, obtained for radiological 
protection purposes. The practical constraints of using such data sources are discussed. CFs 
were obtained for Mytilus edulis (mussels), Nephrops norvegicus (Norway lobster/Dublin Bay 
prawn/scampi), Pleuronectes platessa (plaice), Cancer pagurus (edible crab), Littorina 
littoria (winkles) and Fucus vesiculosus, for one or more of the following radionuclides: 99Tc, 
137Cs, 239,240Pu and 241Am.  In general, there was a relatively high degree of variability in the 
values obtained, and it was not possible to discern systematic regional or time-dependent 
differences. However, for two datasets in the eastern Irish Sea (137Cs in winkles and crabs) 
there was a statistically-significant increase in the CF over the 40 year monitoring period. In 
several cases the range of values obtained exceeded the range recommended by the IAEA. In 
2002, the average 99Tc CF for F. vesiculosus from the eastern Irish Sea coastline  was 26, 
significantly lower than the IAEA recommended valve (1 x 103 - 1 x 105).The results are 
discussed in relation to the influence of contemporaneous discharges and the possible impact 
of remobilised radionuclides. 
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The fifth framework EU project BORIS (Bioavailability Of Radionuclides In Soils: role of biological 
components and resulting improvement of prediction models) has three scientific objectives. The first is to 
improve understanding of the mechanisms governing the transfer of radionuclides to plants. The second is 
to improve existing predictive models of radionuclide interaction with soils by incorporating the 
knowledge acquired from the experimental results. The last and third objective is to extract from the 
experimental results some scientific basis for the development of bioremediation methods of radionuclides 
contaminated soils and to apprehend the role of additional non-radioactive pollutants on radionuclide 
bioavailiability. This paper is focused on the second objective. The purpose of the BORIS assessment 
model is to describe the behaviour of radionuclides in the soil-plant system with the aim of making 
predictions of the time dynamics of the bioavailability of radionuclides in soil and the radionuclides 
concentrations in plants. To be useful the assessment model should be rather simple and use only a few 
parameters, which are commonly available or possible to measure for different sites. The model shall take 
into account, as much as possible, the results of the experimental studies and the mechanistic models 
developed in the BORIS project. One possible approach is to introduce in the assessment model a 
quantitative relationship between bioavailability of the radionuclides in soil and the soil properties. To do 
this an operational definition of bioavailability is needed. Here operational means experimentally 
measurable, directly or indirectly, and that the bioavailability can be translated into a mathematical 
expression. This paper describes the reasoning behind the chosen definition of bioavailability for the 
assessment model, how to derive operational expressions for the bioavailability and how to use them in 
the assessment model. 
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Lead-210 and 210Po are naturally occurring long-lived radionuclides in the 238U decay series. These 
nuclides are easily measurable, and have been used as tracers of non-conservative material cyclings in 
aquatic systems because of reactivity with particles in water. To deepen our understandings of the 
behaviors and cyclings of these nuclides in lake systems, it is important to know the existing forms 
(speciations) of these nuclides in the water and seasonal variations of the speciations, including their 
material balances. We report here a detailed study of molecular size distributions and their seasonal 
variations for 210Pb and 210Po in the water column of an oligtrophic lake, Lake Towada in the northern 
area of Japan, Aomori Prefecture. The samples were separated to four fractions; particulate phase 
(>0.45 µm), 0.45 µm – 100 kDa, 100 – 10 kDa and <10 kDa. Dissolved phases (<0.45 µm) were 
separated to the three fractions by using a tangential flow ultra-filtering system. The concentrations of 
particulate 210Pb and 210Po in the eplimnion over thermocline (20 – 25 m) were higher than those in the 
hypolimnion. Fluctuations of total concentrations of both nuclides in water could attribute to 
concentration variation of them in particulate phase. The pattern of seasonal variation of particulate 
210Pb were reverse to that of the <10 kDa fraction in both epilimnion and hypolimnion. However, the 
variation pattern of <10 kDa fraction of the 210Po was similar to that of the particulate phase.   

 



PLUTONIUM SPECIATION AND ISOTOPE RATIOS IN YENISEY RIVER AND OB AND 
YENISEY ESTUARY 
 

SKIPPERUD L., OUGHTON DH., FIFIELD, K., LIND OC. SALBU B. AND BROWN J. 
 
Agricultural University of Norway, Department of Soil and Water Science, P.O. Box 5028, N-1432 
Aas, Norway, lindis.skipperud@ipm.nlh.no 
 
Plutonium isotope ratios are known to vary with reactor type, nuclear fuel-burn up time, neutron flux, 
and energy, and for fallout from nuclear detonations, weapon type and yield. Weapons-grade 
plutonium is characterized by a low content of the 240Pu isotope, with 240Pu/239Pu isotope ratio less 
than 0.05. In contrast, both global weapons fallout and spent nuclear fuel from civil reactors have 
higher 240Pu/239Pu isotope ratios (civil nuclear power reactors have 240Pu/239Pu atom ratios of 
between about 0.2-1). Thus, different sources often exhibit characteristic plutonium isotope ratios and 
these ratios can be used to identify the origin of contamination, calculate inventories, or follow the 
migration of contaminated sediments and waters. Together with activity measurements and isotope 
ratios, knowledge of plutonium speciation in the Ob and Yenisey rivers and processes controlling its 
behaviour in estuarine systems is a prerequisite for predicting the transfer and subsequent 
environmental impact to Arctic Seas. With this in mind, the study had two objectives: first to 
determine whether discharges from nuclear installations in the river catchments areas are having any 
influence on Pu levels in the estuaries; and, second, to investigate the transfer and mobility of 
plutonium in the Yenisey river and estuary. Plutonium 240/239 ratios were determined using 
accelerator mass spectrometry (AMS). The data indicated a clear influence from a low 240Pu:239Pu 
source in surface sediments collected from the Yenisey Estuary, whereas plutonium in the Ob Estuary 
sediments are dominated by global fallout. The results also show an increase in plutonium 
concentration and a decrease in isotope ratio going upstream from the estuary. Sequential extractions 
of sediments indicate that up 70% of the Pu in the Yenisey river is easily mobilized with weak 
oxidizing agents, which indicates that the Pu is organicly bound, while the Pu is more strongly 
irreversible bound further out in the estuaries. This means that the organic bound Pu i the river 
is mobilized in the estuary. 
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ROLE OF SOIL MICRO-ORGANISMS IN THE SORPTION OF RADIONUCLIDES IN 
ORGANIC SYSTEMS 
 
PAREKH N.R., POTTER E.D., POSKITT J.M., DODD B.A. & SANCHEZ A. 
 
Centre for Ecology and Hydrology, Lancaster Environment Centre, Library Avenue, Bailrigg, 
Lancaster LA1 4AP. UK. (nisha@ceh.ac.uk)  
 
Although the fraction of radionuclides linked to soil organic matter and soil microorganisms may be 
relatively small when compared to the amount bound to the mineral constituents, (mostly irreversibly 
bound), this fraction is of great importance as it remains readily exchangeable and is thus available for 
plant uptake. Many studies have measured the uptake of radionuclides by organic soils but the role of 
soil micro-organisms may have been masked by the presence of even small amounts of clay minerals 
occurring in these soils.  We have carried out a series of experiments using a biologically active, 
‘mineral-free’, organic soil produced under laboratory conditions, to determine the potential of soil 
micro-organisms to accumulate radionuclides Cs-134 and Sr-85.  Biological uptake and release was 
differentiated from abiotic processes by comparing experimental results with inoculated and non-
inoculated sterile organic material.  We have investigated the role of different clay minerals, 
competing potassium and calcium ions, and changes in temperature on the sorption of Cs and Sr 
isotopes. The results from studies so far show conclusively that living components of soil systems are 
of primary importance in the uptake of radionuclides in organic material, microorganisms also 
influence the importance of chemical factors (e.g. adsorption to clay minerals) which may play a 
secondary role in these highly organic systems.  In further experiments we hope to define the precise 
role of specific soil micro-organisms in these organic systems. 
 
 
 



REMOBILIZATION OF AMERICIUM IN SOIL COLUMNS UNDER EXPERIMENTAL 
RHIZOSPHERIC CONDITIONS 

PERRIER T., MARTIN-GARIN A., MORELLO M. 
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The biogeochemical behaviour of americium in subsurface soils plays a dominant role on the 
potential migration of this actinide, but is currently poorly known. The identification and 
understanding of these processes is of major concern for this highly (radio)toxic element and can 
allow the determination of its impact on the natural media. This research investigates the relevant 
processes controlling americium biogeochemical speciation in the rhizosphere of an agricultural 
soil. Lixiviation tests were performed on columns packed with a 2mm-sieved calcareous soil 
contaminated with 241Am (500 Bq.g-1), under steady-state unsaturated or saturated hydric flow 
conditions. The columns were percolated with soil solution of varied compositions, containing 
citrate and/or glucose simulating root exudates in non-sterile conditions. The physico-chemical 
parameters of the outlet solution (pH, conductivity, major ions, organic acids) were monitored, as 
well as the microbial activity. Inorganic and organic speciation of 241Am is supported by 
geochemical modeling with JChess, using a thermodynamic database based on NEA database and 
the latest PSI recommendations. The percolation of a solution in equilibrium with the soil 
released small amount of americium (<5 mBq/cm3), as predicted by the high 241Am Kd values.  
10-4 M concentrations of citrate, glucose or both combined did not enhance remobilization either. 
Poor remobilization was also observed at high glucose concentrations (10-2 M), despite an 
effective glucose microbial degradation, the production of ligands such as acetate, and important 
changes in the chemistry of the solution. On the contrary, high concentrations of citrate (10-2 M) 
released 1000 times more americium, which is in accordance with previous studies. Even greater 
releases (10000 times) were observed when 10-2 M glucose was added to 10-2 M citrate. The 
remobilization of americium resulting from the direct and indirect effects of microorganisms as 
well as the complexation by both citrate and glucose degradation products are discussed. 



SCREENING THE IMPORTANCE OF SOIL MICRO-ORGANISMS ON RADIONUCLIDES 
MOBILITY  
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In surface soils, the native physical and chemical properties of the abiotic components mostly control 
the sorption-desorption  processes but micro-organisms can significantly modify the speciation of 
trace elements and/or radionuclides and subsequently determine to a large extent their fate. Micro-
organisms, mainly bacteria and fungi, develop many strategies affecting indirectly or directly the 
behaviour of trace elements. Due to their activity, changes in the pore-water composition: pH, redox-
potential, may occur in relation with organic acid  production or solid phase alteration, reduction or 
oxidation of metallic oxihydroxides, organo-metallic complexes mineralization... Micro-organisms 
may also directly vary the speciation of radionuclides as a result of bio-accumulation in living cells, 
biosorption on cellular components, direct reduction or oxidation, biomethylation... Each of these 
microbial processes may either increase or decrease radionuclide mobility, depending on the element, 
the soil reactivity and the environmental conditions. The resulting effect of the involved processes 
remains still  poorly known. This literature review is intended to give a comprehensive overview of 
the role of micro-organisms on radionuclide mobility. It aims at classifying these elements regarding 
to their potential aptitude to be sensitive to these microbial processes. It summarizes the theoretical 
effect of these mechanisms, resulting in a potential increase or decrease of the the solid-liquid 
distribution. The environmental significance and full impact of such processes on a range of 
biogeochemical cycles still remain to be confirmed by subsequent experiments on the most sensitive 
radionuclides. (This study is part of a research program supported by Andra). 
 
 



TRANSFER OF PLUTONIUM AND AMERICIUM TO GRASS VEGETATION AS A 
FUNCTION OF RADIONUCLIDE SOLID – SOLUTION PARTIONING IN SOIL 
 
SOKOLIK G., OVSIANNIKOVA S., IVANOVA T., LEINOVA S., KIMLENKA I., 
ZAKHARENKOV V., ZAKHARENKOVA N. 
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The aim of investigation is to determine the main parameters influencing the plutonium and americium 
migration in the soil – plant system including concentration factor Cf and distribution coefficient Kd. 
The Cf factor characterising the ratio of radionuclide activity concentration in the plant specie 
(Ap, Bq/kg) and root-inhabited layer of soil (As, Bq/kg) has been used as a measure of biological 
availability of TUE. The Kd coefficient estimating the ratio between radionuclide activity 
concentration in the equilibrium solid phase (As.ph.) and pore solution (Asol., Bq/l) is considered as a 
measure of sorption ability of soil in respect to the radionuclide. The biological availability of 239,240Pu 
and 241Am for different grass species in various mineral and organic soils of natural and agrarian 
systems has been studied. The soils and grass vegetation were sampled in 1994 - 2001 in Bragin, 
Narovla, Khoiniki districts of Belarus (12 - 53 km from ChNPP). Since plant uptake depends primarily 
on radionuclide portion in the pore soil solution the proper solutions were separated from the soil 
samples of root-inhabited layer with the method of high-speed centrifugation. 239,240Pu and 241Am in 
the samples were determined radiochemically using alpha-spectrometer ALPHA-KING 676 A. 
Influence of composition of soil solution on the radionuclide soil – plant transfer has been analysed. 
The interrelationships between the concentration factor (Cf), portion of radionuclide in the soil 
solution and coefficient Kd have been considered. The results of investigations clearly demonstrated 
the dependence of TUE concentration factors for meadow sedge-herbaceous association of soil 
sorbing complex. As a rule, Cf of americium is higher than that of plutonium. Differentiating of soils 
according to the Cf value and the forecast of grass vegetation contamination by TUE in the different 
periods after catastrophe has been done. The levels of various soils contamination to receive the clean 
fodder grasses have been evaluated. 



MODELLING OF 137Cs BEHAVIOUR IN THE SOIL-PLANT SYSTEM FOLLOWING THE 
APPLICATION OF AMELIORANTS 

SPIRIDONOV S., FESENKO S. & SANZHAROVA N. 
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A set of countermeasures aimed at reducing 137Cs uptake by plant products includes agrochemical 
measures based on changes in the soil properties after the application of ameliorants. The dynamic 
models for studying the effect of the application of potassium fertilizers and dolomite powder on 137Cs 
accumulation in plants are presented. Conceptual approaches to the development of models are based 
on the identification of mechanisms governing a complex of physico-chemical processes in soil after 
the use of ameliorants. The following assumptions were used in the development of models: 

• dynamics of 137Cs distribution in each soil layer depends on the sorption processes 
characterized by different time to achieve quasi-equilibrium (exchangeable uptake and 
fixation by clay minerals) as well as on vertical migration process; 

• change in 137Cs content in soil solution results from the radionuclide sorption on selective and 
nonselective exchange sites; 

• uptake of extra amounts of K+ and Ca2+ in soil solution produces effect on processes of 137Cs 
exchangeable sorption and initiate specific processes responsible for 137Cs fixation in the 
crystal lattice of clay minerals; 

• Ca2+ and K+ cations have a competing effect on 137Cs uptake by plants from soil solution, 
which along with the fixation processes, causes lower accumulation of this radionuclide by 
plants during the application of ameliorants. 

The developed models were parameterized for soils of the coniferous forest located in the Bryansk 
region in area suffered from the radioactive fallout after the Chernobyl accident. Effects of ameliorants 
and time of their application on 137Cs behaviour in the soil-plant system are assessed. The contribution 
of soil chemical and biological processes to the decrease in the radionuclide uptake by plants is 
estimated. 



EFFECT OF MYCORRHIZAL INFECTION ON ROOT UPTAKE BY PINE SEEDLINGS AND 
REDISTRIBUTIOIN OF THREE CONTRASTING RADIO-ISOTOPES:  85Sr, 95mTc AND 137Cs.  

PLASSARD C., LADEYN I. & STAUNTON S. 

UMR Rhizosphère & Symbiose, INRA, place Viala, 34060 Montpellier, France, plassard@ensam.inra.fr 

Mycorrhizal infection is known to improve phosphate nutrition and water supply of higher plants.  It has 
been reported to both increase the uptake of potentially toxic pollutant elements and to protect plants 
against toxic effects.  Little is known about the effect of mycorrhizal infection on the dynamics of 
radioactive pollutants in soil-plant systems.  The aim of this study was to compare the root uptake and 
root-shoot transfer of three radio-isotopes with contrasting chemical properties (85Sr, 95mTc and 137Cs) in 
mycorrhizal and control, non myrorrhizal plants. 
The plant studied was Pinus pinaster and the associated ectomycrrhizal fungus was Rhizopogon roseolus 
(strain R18-2).  Plants were grown under anexic conditions for 3 months then transferred to thin layers of 
autoclaved soil and allowed to grow for four months. After this period, the rhizotrons were dismantled, 
and plant tissue analysed. Biomass, nutrient content (K, P, N, Ca) and activities of each isotope in roots, 
shoots and stems were measured, and the degree of mycorrhizal infection assessed. 
The transfer factors decreased in the order Tc>Sr>Cs as expected from the degree of immobilisation by 
soil. No effect of mycorrhizal infection on root uptake was observed for Sr.  Shoot activity concentration 
of Tc was decreased by mycorrhizal infection but root uptake correlated well with mycelial soil surface 
area.  In contrast, Cs shoot activity was greater in mycorrhizal than control plants.  The uptake and root-
to-shoot distribution shall be discussed in relation to nutrient dynamics. 
 
Acknowledgements :  This study received funding from the EC 5th Framework Programme (1998-2002), 
Nuclear Fission and Radiation Protection Contract N° FIGE-CT-2000-00071. 
 



RELATIVE EFFECTS OF SLOW ADSORPTION OR FIXATION AND CHANGING SOIL 
PROPETRIES ON THE IMMOBILISATION OF 137Cs IN SOIL.  

STAUNTON S. & WANG G. 
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It is generally accepted that 137Cs undergoes an initial rapid adsorption reaction with soil, followed by a 
slower long term reaction.  With time adsorption increases and the reversibility of adsorption decreases, a 
phenomenon known as fixation or aging.  However most experimental studies do not distinguish between 
ongoing reaction of 137Cs with soil and changing soil properties that may influence soil affinity for 
caesium.  We have incubated soil at two moisture contents (flooded, to induce anaerobic conditions or 
moist) for up to 4 months.  During this period changes in pH and Eh have been monitored and samples 
destructively sampled to follow the disappearance of 137Cs from soil solution and the extractability of 
adsorbed 137Cs.  The evolution of exchangeable and solution phase potassium and ammonium and the Cs 
adsorption properties of initially non contaminated soil, incubated under the same conditions is also 
reported. 
Flooded soils became rapidly reducing, with little change in pH and an increase in ammonium content.  
The137Cs activity concentration in flooded soils remained larger than in aerated soils.  There was good 
general agreement between Kd values calculated from soil solution extracted by centrifugation and by 
extracting 137Cs in CaCl2 solution, indicating that adsorption is largely reversible.  There was no marked 
change in reversibility over time.  Kd calculated from soil solution data was underestimated at short 
incubation times (<1 week) probably due to slow access of 137Cs to adsorption sites within soil aggregates.  
The Kd values of 137Cs on soil incubated prior to contamination then air-dried also increased with time, 
particularly for flooded soils, indicating increasing affinity of the soil for 137Cs.  Decreasing 137Cs activity 
concentration in soil solution cannot therefore be attributed to ongoing adsorption alone. 
 
Acknowledgements :  This study received funding from the EC 5th Framework Programme (1998-2002), 
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According to our recent investigation from 2000 to 2003, radiocesium concentrations of foods in 

Japan imported from various foreign countries were low levels (<1 Bq/kg) the same as those of 

Japanese food products, yet only several saprophytic mushrooms showed higher 137Cs concentrations. 

And also, we obtained the data that wild mushrooms collected from four points of Japanese forests in 

2002 had been still contaminated by 137Cs (<0.47 - 958 Bq/kg). The pH values of these soils were 4.2 – 

6.5. Since the fact of these results and the previous reports, it is important to continue clarifying the 

characteristic and the speciation of radio/stable cesium in mushrooms. We assumed that the transfer of 
137Cs to mushrooms is both a direct path way from soil and an indirect path way from the cells of soil 

microorganisms. We performed the culture experiments of the saprophytic edible mushroom 

(Pleurotus otsreatus) mycelia and one of the representative soil microorganisms isolated from wild 

mushroom substrata, using several stable elements. On the isolation of soil microorganisms from 

mushroom substrata, the appearance frequencies of planktonic bacteria and filamentous actinomycetes 

were affected by pH of isolation medium. Cs tolerance of the planktonic bacteria and the filamentous 

actinomycetes showed considerable difference; as far as tested 13 soil samples, planktonic bacteria 

being able to grow in the presence of 50mM CsCl were present in all the samples at a higher density 

but no filamentous actinomycetes could grow in the presence of 50mM. Accumulation of Cs in 

filamentous actinomycetes (Streptomyces sp. K202) were two to eight times higher than those in 

bacteria when they were incubated in the presence of 5 mM CsCl.    



BIOAVAILABILITY OF RADIOCAESIUM IN SOIL: PARAMETERIZATION 
USING SOIL CHARACTERISTICS. 
 
SYSSOEVA A.A., KONOPLEVA I.V. 
 
Russian Institute of Agricultural Radiology and Agroecology, 249030 Obninsk, RUSSIA  
E-mail: ansys@mail.ru 
 
It has been shown that radiocaesium availability to plants strongly influenced by soil 
properties. For the best evaluation of TFs it’s necessary to use mechanistic models that predict 
radionuclide uptake by plants based on consideration of sorption-desorption and fixation-
remobilization of the radionuclide in the soil as well as root uptake processes controlled by 
the plant. The aim of the research was to characterise typical Russian soils on the basis of the 
radiocaesium availability. The parameter of the radiocaesium availability in soils (A) has been 
developed which consist on radiocaesium exchangeability; CF -concentration factor which is 
the ratio of the radiocaesium in plant to that in soil solution; KDex - exchangeable solid-liquid 
distribution coefficient of radiocaesium. The approach was tested for a wide range of Russian 
soils using radiocaesium uptake data from a barley pot trial and parameters of the 
radiocaesium bioavailability. Soils were collected from the arable horizons in different soil-
climatic zones of Russia and artificially contaminated by 137Cs. The classification of soils in 
terms of the radiocaesium availability corresponds quite well to observed linear relationship 
between 137Cs TF for barley and A.  KDex is related to the soil radiocaesium interception 
potential (RIP), which was found to be positively and strongly related to clay and physical 
clay (<0,01 mm) content. The 137Cs exchangeability were found to be in close relation to the 
soil vermiculite content, which was estimated by the method of Cs+ fixation. It’s shown 
radiocaesium availability to plants in soils under study can be parameterized through 
mineralogical soil characteristics: %clay and the soil vermiculite content. 
 



ABSORPTION BEHAVIOR OF TECHNETIUM AND RHENIUM THROUGH PLANT 
ROOTS 
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The absorption behavior of technetium (Tc) and rhenium (Re) through plant roots was studied 
using nutrient solution culture. Radish samples, grown in culture solutions for 20-30 days in a green 
house, were transferred into plastic vessels containing nutrient solutions contaminated with multitracer 
solutions including Tc-95m and Re-183. The plant samples were grown individually for 1-7 days 
under laboratory conditions. The activities of radionuclides in nutrient solutions and oven-dried plant 
parts (roots, fleshy roots and leaves) were measured with Ge detecting systems. The concentrations of 
Tc-95m and Re-183 in the nutrient solutions after harvesting the plants were almost the same as those 
in the initial solution. Possibly, the radionuclides were taken up with water through plant roots. The 
distributions of Tc and Re in the plants showed no differences, thus, soluble Tc and Re absorption by 
plant samples were the same. It is suggested that Re could be used as a geochemical tracer of Tc in the 
soil environment. 



 
SENSITIVITY AND UNCERTAINTY ANALYSIS OF A RADIOCAESIUM UPTAKE 
MODEL. 
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This paper aims to highlight the need for more specific guidelines for the assessment of model 
performance. An approach for this is outlined together with an application to a terrestrial 
radioecological model.   
The estimation of model performance is traditionally based purely on the agreement between 
the model prediction and a set of empirical independent data. However this type of approach 
does not take into account the possibility that a model can produce accurate results due to 
error compensation, particularly in models where a deterministic output is produced.    
The method presented evaluates model implementation through the analysis of several aspects 
of model design, such as level of complexity, model detail, comparison between conceptual 
and constructed model and finally accuracy of model prediction. 
A soil-plant radiocaesium uptake model has been tested for output uncertainty and sensitivity 
to input parameters. These tests are part of the comparison between the conceptual and 
constructed model.    
A Monte Carlo simulation method has been applied to evaluate the uncertainty on the transfer 
factor, which ranges between 0.25 and 38.10 at 75% of confidence, presenting a Skewed 
distribution.  
The uncertainty is due to the strong sensitivity of the system to a specific parameter and 
model relationship.  
A model refit has been performed, in order to obtain a better estimation of the empirical 
parameters. Leading to a considerable restriction in TF variance, which ranges between 0.016 
and 0.720 at 75% of confidence.  
  

   

 

  



EFFECT OF LONG-TERM SOIL AMENDMENTS ON SPECIATION OF FALLOUT 90Sr AND 
STABLE Sr IN A CULTIVATED SOIL  

TSUKADA H., TAKEDA A., UEMURA T., HISAMATSU S. & INABA J. 
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The present study examined speciation of fallout 90Sr and stable Sr in a cultivated soil with different soil 
managements for three plots over 60 years: (1) F-plot, (2) FC-plot and (3) FCL-plot, where F, C and L 
represented chemical fertilizers, compost and lime, respectively.  Four fractions of 90Sr and stable Sr in the 
soil samples were individually extracted by means of 1M CH3COONH4 (E2, exchangeable ions), 0.04M 
NH2OH·HCl in 25% CH3COOH (E3, E2 + bound to Fe-Mn oxides), H2O2 oxidization and then added 
3.2M CH3COONH4 in 20% HNO3 (E4, E3 + bound to organic matter), and 6M HCl after igniting at 450ºC 
(E5, E4 + residue).  The pHs of the water extractant in the F-, FC- and FCL-plots were 4.1, 4.7 and 6.2, 
respectively, and acidification of the soils in F- and FC-plots was enhanced by long-term applications of 
chemical fertilizers without liming.  The 90Sr concentrations of E5 fraction (total content) in the F-, FC- 
and FCL-plots were 0.21, 0.89 and 1.8 Bq kg-1, respectively.  The 90Sr contents in the four fractions 
decreased with acidification, and the application of compost inhibited the desorption of 90Sr in the soil.  
The 90Sr concentrations in the fractions increased in order of E2<E3<E4 for the F- and FC-plots, however, 
those in the E3 and E4 fractions in the FCL-plot were similar to the E5 fraction.  Consequently, the 
concentration of 90Sr in the cultivated soil varies with the type of soil amendments, and the distribution of 
the 90Sr concentration in the fractions is also changed.  The concentration of 90Sr in each fraction had a 
good correlation with that of stable Sr, and the ratio of 90Sr to stable Sr in the fractions will be discussed.  
This work was supported by a grant from the Aomori Prefectural Government, Japan.   
 
 



TRANSFER FACTORS OF RADIONUCLIDES AND STABLE ELEMENTS FROM 
SOIL TO RICE AND WHEAT 
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It is important to obtain local transfer factors (TFs) of long-lived radionuclides for 
assessment of radioactive waste disposal, because climates, soil types and vegetation can all 
affect TFs. The global fallout 90Sr and 137Cs are good tracers to obtain the TFs under natural 
conditions. However, the radioactivity levels of these radionuclides in plants are extremely low. 
To close the gap, we measured the concentrations of stable Cs and Sr elements in soil and rice 
and wheat plants by ICP-MS. We focused on rice and wheat, because the consumption of 
cereals are very high in Japan and Asian countries. The obtained TFs of Cs and Sr for rice and 
wheat were compared with the TFs of 137Cs and 90Sr. About 30 other elements, including U and 
Th, were also measured in both plant and soil samples. The TFs obtained for both 
radionuclides and sstable elements are compared and discussed. 



ELUCIDATING KEY FACTORS AFFECTING RADIONUCLIDE AGING IN SOILS  
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Mechanistic studies allow at present to describe the processes governing the short-term interaction of 
radiostrontium and radiocaesium in soils. The initial sorption step can be described through the 
estimation of the soil-soil solution distribution coefficient from soil parameters, as cationic exchange 
capacity, radiocaesium interception potential and concentration of competing ions in the soil solution. 
After the initial soil-radionuclide interaction, a fraction of radionuclide is no longer available for 
exchange with the solution, and it remains fixed in the solid fraction. At present, the initial fixed 
fraction of a radionuclide in a given soil cannot be predicted from soil properties. Besides, little is 
known about soil and environmental factors (e.g., temperature; hydric regime) provoking the increase 
in the fixed fraction with time, the so-called aging process. This process is considered to control the 
reduction of food contamination with time at contaminated scenarios. Therefore, it is crucial to be able 
to predict the radionuclide aging in the medium and long term for a better risk assessment, especially 
when a decision has to be made between relying on natural attenuation versus implementing 
intervention actions. Here we study radiostrontium and radiocaesium aging in a set of soils, covering a 
wide range of soil types of contrasting properties (e.g., loamy calcareous; podzol; chernozem, 
organic). Three factors are separately and simultaneously tested: time elapsed since contamination, 
temperature and hydric regime. Changes in the radionuclide fixed fraction are estimated with a 
leaching test based on the use of a mild extractant solution. In addition to this, secondary effects on the 
radiocaesium interception potential in various soils are also considered.     
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The prediction of the radionuclide mobility in terrestrial ecosystems needs of specific information on 
radionuclide speciation and interaction in soils. Radionuclide transfer in the food chain is the result of 
a multifactorial process in which, from the soil standpoint, sorption and desorption steps in the solid 
phase govern the amount of radionuclide that can be available for root uptake. One of the lessons 
learnt from the Chernobyl accident was that any soil scenario could be contaminated. Therefore, data 
on radionuclide interaction in various types of soil/climate must be available. Moreover, 
environmental decision support systems may become useless when extrapolated to other conditions 
than those used in their construction. The significance of considering the specificity of the scenarios is 
due to the distinctive interaction in every radionuclide-soil combination. Although relevant 
information is available for a certain number of radionuclides in soils from temperate areas, there are 
still gaps of data for significant scenarios, such as those affected by the Mediterranean conditions. The 
potentially distinctive characteristics of the soils in this area (high carbonate and clay content; low 
organic matter content; dry seasons followed by potential flooding periods) justify further studies to 
adapt or verify conclusions and ranges of values for the most significant parameters derived from 
previous experiments performed in other environmental conditions. Here we present radiostrontium 
and radiocaesium sorption-desorption data (mainly soil-soil solution distribution coefficient and 
reversibly sorbed fraction) of soils coming from areas representative of the Spanish territory, including 
soils from areas close to radioactive facilities. Data obtained are compared with sorption-desorption 
data previously obtained by the authors in areas affected by the Chernobyl accident and common 
default data used in prediction models.      
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One manner to assess the bio-geochemical behavior of radionuclides in soils is the integration of 
experimental methods results obtained in the laboratory with results obtained in field experiments. In 
this work was used an alternative sequential chemical extraction protocol to evaluate mobility of 
radionuclides as a function of some physico-chemical conditions operationally defined: Slightly 
acidic phase: CH3COOH + CH3COONa 1:1, pH 4.7, shacked at room temperature; Easily reducible 
phase: NH2OH.HCl (0.1 M), pH 2, shacked at room temperature;Oxidizable phase: H2O2 (30%) + 
HNO3, pH 2, CH3COONH4 (1M);shacked at room temperature; Alkaline phase: NaOH (0.1 M), pH 
12, shacked at room temperature; Resistant phase: Aqua regia heated to 50°C/ 30mim. The results 
obtained experimentally indicate the vulnerability of some Brazilian soils due to the higher 
radionuclide transfer to plant. Although it seems clear that it is difficult to identify which soil 
property will determine a given TF, the results of geochemical partition for 137Cs, 90Sr and 60Co 
obtained in slightly acidic phase were very consistent with the TF data for reference plants or with 
some of the soil properties recognized in the specialized literature as related with mechanisms of 
sorption of Cs (e.g. exchangeable K, organic matter and iron oxides content), Co (e.g. manganese 
oxide) and Sr (pH and exchangeable Ca). The 137Cs distribution in soil showed that Fe oxides are the 
main sink for this element in all type of soil and 16 years after contamination the 137Cs the TF 
remains almost the same in Goiania soil. The 60Co distribution in soil showed that Mn oxides are the 
main sink for this element in all type of soils and in the Nitisol, 5 years after contamination, the 60Co 
was not detected as bioavailable (in the slightly acidic phase) neither detected in plant or were 
detectable with values very close to the detection limit. In the Nitisol, it is possible that reduction in 
137Cs transfer is also associated with fixation in the internal facies of 2:1 clay mineral type, but for 
90Sr, the lower TF obtained in this soil need more investigation, since an important activity of 90Sr 
was detected as bioavailable (in the slightly acidic phase) . 
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Figure 1. Geochemical partitioning of 137Cs, 90Sr and 60Co in tropical soils. 
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Due to the operation of the Mining-and-Chemical Combine (Krasnoyarsk-26), which has been 

manufacturing weapons-grade plutonium for several decades, the Yenisei River is contaminated with 
transuranic elements (including 241Am). 241Am was found in the riverside soil, sediment and in the 
biomass of aquatic plants (Bolsunovsky et al., 1999, 2002). Aquatic plants are an important link in the 
migration of radionuclides in an aquatic ecosystem. In laboratory experiments, we investigated 
accumulation of 241Am by the submerged macrophytes from the Yenisei River: the pondweed (Elodea 
canadensis) and the aquatic moss (Fontinalis antipyretica), and release of 241Am from the biomass. 
The content of 241Am was measured on a Canberra (USA) gamma-spectrometer. The experiments 
showed that specific accumulation and concentration factors of 241Am in the plants were in inverse 
proportion to their biomass. We obtained new data on release of 241Am from the biomass of 
macrophytes. Americium-241 was more firmly fixed in the biomass of the aquatic moss. In 12 months, 
the biomass of the aquatic moss released about 30% of the initial americium activity into the water. To 
compare, the biomass of the pondweed released into the water medium up to 64% of the initial 241Am 
activity in 1.5 – 4 months. The release rate was dependent on the decomposition rate of the plant 
biomass. The experiments showed that submerged macrophytes of the Yenisei River can accumulate 
considerable activities of 241Am and retain americium for long periods of time in biomass.  
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A renewed international interest in the effects on biota from low dose rate irradiation has recently 
occurred.  Much of that interest is centered on the relevance of previously accepted dose rate guidelines 
(e.g. 10 mGy d-1 for aquatic biota) suggested by the ICRP and IAEA.  All parties concerned seem to agree 
that additional data are needed on population level impacts from chronic low-level exposures to 
radionuclides.  Using a Low Dose Rate Irradiation Facility (LoDIF), we conducted an experiment on the 
fecundity, fertility and hatchling survival of Japanese Rice Fish (medaka, Oryzias latipes).  Fish were 
exposed externally to 137Cs from juvenile through adulthood at mean dose rates of 3.5, 35 & 350 mGy d-1.  
Fish were bred at maturity and the following endpoints were examined: 1) the number of eggs produced; 
2) the percent of eggs that hatched; and 3) the survival of hatchlings 20-days post hatch.  The influence of 
gender was examined by breeding irradiated males with control females; control males with irradiated 
females; irradiated males with irradiated females; and control males with control females.  The data 
contribute to our understanding the impacts of low dose rate irradiation. 
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There is a need to confirm that the environment is being adequately protected from the mixture of 
contaminants released into it. In the field of environmental radioactivity, tools have been developed to 
assess the impacts of ionising radiation on wildlife.  The scientific data upon which these assessments 
are based is, however, lacking.  New documentation has been produced by the UK Environment 
Agency to provide guidelines on structuring experiments (using environmentally relevant doses) and 
select suitable non-human species and endpoints for study.  It is anticipated that this documentation 
will be used to direct future experiments in this field.  This paper presents the results of the first of 
these experiments.  Numbers of the earthworm Eisenia fetida and the woodlouse Porcellio scaber 
were segregated and constantly exposed to one of six radiation doses (background, 0.1, 0.4, 1.5, 4.0 
and 8.0 mGyh-1) for a total of 16 and 14 weeks respectively. The endpoints of mortality, number of 
viable offspring and average weight of an individual were recorded and the results of this study will be 
discussed here. 
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Within the Envirhom program, the bioavailability of uranium, a widely spread metal in 
freshwaters, has been studied in various organisms to gain understanding of metal-organisms 
interactions. Experiments are still in progress to establish a comprehensive basis of early and 
delayed involved toxicological mechanisms. Uranium is known to be both radiotoxic and 
chemotoxic. The cellular damage of radiation, but also of heavy metal exposure, is mainly 
associated with an oxidative injury due to the formation of reactive oxygen species. Moreover, 
the intensity of oxidative damages is dependant on the efficiency of antioxidant defense systems 
of the organism. In this context, short-term experiments were performed with juvenile rainbow 
trout (Onchorynchus mykiss) in order to (1) assess the response of some antioxidant parameters 
and other potential biomarkers and (2) to better characterize the kinetics of the responses in 
relation with U concentrations and exposure duration. Trout were exposed by direct pathway to a 
range of U concentrations in water (low, medium and high : 20, 100 and 500 µg U.L-1 
respectively) during 10 days. Several antioxidant parameters were measured : the rate of reduced 
glutathione (GSH) that plays a major role in cellular detoxification and antioxidant defense, and 
the activities of superoxide dismutases (SOD) and catalase that are involved in the detoxification 
of oxygen reactive species. The activity of glutathione reductase (GR), that restores the pool of 
GSH was measured, as well as the activity of acetylcholinesterase (AChE), a marker of 
neurotoxicity. In parallel, U analysis were performed in gill, skin, muscle, skeleton, intestine, 
liver, kidneys and body residues of exposed trout in order to assess the dependence of biological 
responses with a potential uranium bioaccumulation in fish tissues. 
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Abstract. The ability to predict the consequences of an accidental release of radioactive nuclides 
relies mainly on the level of understanding of the mechanisms involved in radioactive nuclides 
interactions with different components of agricultural and natural ecosystems and their formalisation 
into predictive models. Numerous studies and databases about contaminated agricultural and natural 
areas have been obtained but their use to enhance our prediction ability has been largely limited by 
their unresolved variability. Such variability seems to stem from an incomplete knowledge about 
radioactive nuclide interactions with the soil matrix, soil moisture, biological elements in the soil and 
additional pollutants, which may be found in such soils. 
In this project, we investigated mainly the role of the biological elements (plants, mycorrhiza, 
microbes) in: radioactive nuclide sorption/desorption in soils and radioactive nuclide uptake/release by 
plants. Because of the importance of the chemical nature of the involved radioactive nuclides, we 
followed the bioavailability of three radioactive nuclides: caesium, strontium, and technetium. The role 
of one additional non-radioactive pollutant (copper) has been scrutinised.  
Role of microorganisms (Kd for caesium and strontium in organic soils is much greater in the presence 
of microorganisms than in their absence), plant physiology (changes in plant physiology affect 
radionuclide uptake by plants), the presence of mycorrhizal fungi (interferes with the uptake of 
radionuclides by plants), have been demonstrated.  
Knowledge acquired from these experiments has been incorporated into two mechanistic models 
CHEMFAST (a soil Column Heuristic Model of radionuclide Fixation and Solution Transport) and 
BIORUR specifically modelling radioactive nuclide sorption/desorption from soil matrices and 
radioactive nuclide uptake by/release from plants. These mechanistic models have been incorporated 
into an assessment model to enhance its prediction ability. 
(This research programme has been funded by the 5th European Framework Programme / 
EURATOM). 
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In this report, results of long-term laboratory, “green-house” and field experiments carried out 
on different species of wild and agricultural plants (spring barley, Scots pine, spiderwort, bulb 
onion and others) to study toxic and genotoxic effects of low doses and concentrations of such 
common pollutants as acute and chronic γ-radiation, heavy natural radionuclides, compounds 
of heavy and alkaline earth metals, pesticides are presented for the first time. Special attention 
is paid to ecotoxic effects of chronic low dose exposures, the dose-rate effect, synergistic and 
antagonistic effects of different factors’ combined exposures and biological effects of 
incorporated radionuclides. The results of long-term field experiments in the 30-km 
Chernobyl NPP zone, in the vicinity of the facility for the processing and storage of 
radioactive wastes (Leningrad region), in the vicinity of the radium production industry 
storage cell (Komi Republic), at the site of an underground nuclear explosion (Perm region) 
are discussed. These findings suggest that the further evolution of investigations in this field 
would issue in the development of a theoretical bases and practical procedures for 
environmental protection against radioactivity, taking into account the new experimentally 
confirmed facts about the presence of such essentially important singularities of the biological 
effect of low ionizing radiation doses as the nonlinearity of a dose-effect relationship, 
radiation-induced genomic instability, phenomenon of radioadaptation, increased probability 
of synergetic and antagonistic effects of the combined action of different nature factors. A 
development of a new concept of radiation protection for a human and biota should be based 
on the clear understanding of these effects and their contribution to the response of biological 
objects. 
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There is widespread interest in gaining further understanding of the relative influences of multiple 
stressors on aquatic ecosystem structure and function.  To address this, work has been done to 
evaluate the effects of the introduction of an efficient predator (northern pike) on a fish 
community in a small lake (Perch Lake, Chalk River, Ontario) receiving chronic inputs of 
radionuclides over a 50-year period.  In general, large changes in fish community structure, with 
corresponding changes in fish health, occurred following the pike introduction.  For example, 
several forage fish species were extirpated from the lake and densities of the past top predator, 
yellow perch, became greatly reduced, likely due to predation by northern pike and/or other 
species in the lake.  The reduced perch numbers appeared to alleviate an ecological bottleneck, 
which resulted in significant increases in brown bullhead densities to levels that were much 
higher than observed in other water bodies under typical conditions.  Corresponding changes in 
the health of the Perch Lake fish community could also be detected, and included decreased fish 
diversity, shifts in fish community size structure to smaller body sizes, significant reductions in 
fish condition factors, reduced hepatosomatic indices, depletion of fish internal fat reserves, 
hardening of the gastrointestinal tract, resorption of gonadal material, degradation of muscle 
tissue, emaciation and ultimately, mortality of northern pike and brown bullheads.  Evaluation of 
data indicated that female fishes responded more quickly than did males in terms of condition 
loss, likely due to their higher energetic requirements.  In addition, although pike and bullheads 
were detrimentally affected by the pike introduction, health of forage fish species, such as 
pumpkinseeds, did not appear to be greatly influenced.  No clear relationships existed between 
fish community health and exposure to radionuclides in the lake. 
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Throughout any ecological risk assessment, one can try to establish a link between pollutant 
in the ecosystem and adverse biological effects. A number of methodological approaches are 
based on the development of the use of biomarkers such as the enzyme activity measurements 
(biotransformation enzymes, antioxidant enzymes) and/or bioaccumulation markers (metal in 
target-organs). These data allow obtaining an early-warning signal of exposure and potential 
involved effects and help risk management. However, the effects at higher hierarchical levels 
(organism or population) are not frequently considered because they tend to occur after longer 
exposure periods. On the basis of previous results obtained to quantify uranium biokinetics in 
the crayfish Orconectes limosus and to understand the influence of the exposure pathway, a 
chronic exposure experiment was performed for 100 days at an environmentally relevant 
uranium concentration in water (low level concentration ranging from ?? to 100 nM). The 
main effect studied was focused on the moult; moulted animals being the most sensitive to 
pollutants. Effects on the moult process were assessed in terms of occurrence, delay, and 
success. Preliminary results that indicated no induction of the moult by U exposure and better 
survival rate to uranium exposure must be confirmed. Simultaneously, both enzymatic 
biomarkers of effect quantifying the oxidative status (catalase, superoxide dismutase and 
glutathione peroxidases) and markers of exposure (uranium distribution at organs and cellular 
levels and MET observations) were studied. Results obtained from complementary 
experiments on the uranium fluxes all over moult states were used to discuss the link between 
biomarkers responses and observed effects on the moult. 
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The natural or anthropogenic occurrence of uranium in freshwaters may cause bioaccumulation of this 
element in living organisms composing trophic nets both by direct and trophic pathways. 
Consequently, uranium may induce several damages into exposed organisms due to its radiotoxic and 
chemotoxic properties. Notably, uranium may enhance reactive oxygen species production by water 
radiolysis and chemical process and may be thus responsible for numerous lipid, protein and DNA 
oxidative damages. Oxidative stress parameters are commonly used as early indicators of xenobiotic 
damages. The purposes of this study were (i) to estimate the ability of uranium to generate oxidative 
deleterious effects, (ii) to identify the oxidative stress profile (multi-parameters approach) which could 
be more representative of uranium cytotoxicity, (iii) to connect this result at the molecular scale with 
uranium effects observed at individual and population levels. Several oxidative stress parameters were 
investigated such as lipid peroxidation level, and the evaluation of antioxidant responses. These 
defence mechanisms are widely represented in living organisms and include enzymatic (catalase, 
superoxide dismutase, glutathione peroxidase and glutathione reductase) and non-enzymatic (oxidized 
and reduced glutathione levels) antioxidant systems. The study was led on vertebrates (fish), 
invertebrates (crayfishes and clams) and on phytoplankton. 
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Within the Envirhom research program, key advances have been obtained in uranium 
bioaccumulation and underlying mechanisms understanding in various biological models at the 
individual level. However, considering different scales of biological effects (from early to delayed 
ones, from low to high level of organization) is crucial to provide ecologically relevant indicators. 
Organisms counteract stress induced by pollutant exposure through a wide range of physiological 
responses being both dose and time dependent. Effects at higher hierarchical levels are always 
preceded by early changes in biological processes, from subtle biochemical disturbances to impaired 
physiological functions, increased susceptibility to other stresses, reduced life-span… Within this 
global context, preliminary experiments were carried out on adult zebrafish (Danio rerio), to assess 
early changes after short-term uranium exposure. Among the subsequent primary subcellular damages 
oxidative stress and genotoxicity (characterizing both chemotoxicity and radiotoxicity) are relevant 
endpoints, thus requiring the knowledge of dose-effects relationships as a first operational approach to 
provide useful tool in predicting possible effects of U exposure. Zebrafish has been selected due to its 
small size (facilitating its maintenance) and its extended use in ecotoxicological studies. Moreover, its 
short life-cycle will allow to carry out chronic exposure experiments (along the whole life-cycle). Four 
uranium concentrations (0, 20, 100 and 500µg.L-1) and five sampling times (0, 0.5, 1, 5 and 10 days) 
were selected. Catalase, glutathione peroxidase (GPx) and superoxide dismutase (SOD) activities were 
measured as oxidative stress biomarkers . DNA damage level was assessed in zebrafish erythrocytes 
using the comet assay. Uranium bioaccumulation  was concurrently studied to understand observed 
biomarker responses. Further experiments, dedicated to the assessment of the impact of chronic 
uranium exposure on growth, reproduction and survival, will be performed to highlight the possible 
link between the toxicological involved mechanisms (oxidative stress and genotoxicity) and the 
impairment of these integrated physiological functions. 
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Abstract. 
During the last years an intensive national program was developed to determine the environmental 
radioactivity levels in Venezuela. Gamma dose and the radon concentrations indoors, in drinking water, in 
caves and in artificial cavities including the effect of radon transported to the surface with the earth gas 
have been studied. To continue this project the  oil and other natural energy resource should be 
considered. It is expected that the environmental radiation level is modified in regions where the oil 
industrial activity is more aggressive such as in the Zulia State and the Faja Petrolifera del Orinoco, 
(Central Region). In these regions Venezuela is producing 1.750 thousand barrels of oil from the near-to-
the-surface or deep oil drilling. Petroleum constitutes an important source of energy and as the majority of 
natural source contains radionucleids and their desintegration products, being U, Ra, Pb, Bi, Po and K the 
most often encountered. The combustion of petroleum concentrate in the ashes those radioelements, and 
later enter the environment by different ways producing adverses effects on the quality of man life. The 
concentration of radioelements varies greatly between oil fields, then we still requiring local survey 
studies in this area. Moreover due to the recent national interest in recycling processes, it becomes 
important to take precaution in the selection of materials that may contain by-products of industrial origin, 
including oil. In fact the oil ashes, oil slurry and other mining by-products are thought to be employable in 
the building industry. The concentration of radioactivity in the ash from thermoelectric power plants that 
use petroleum as a primary energy source was determined. The analysis include the two major 
thermoelectric power plants in Venezuela, Ricardo Zuluaga on the northern sea side of Caracas and Planta 
Centro on the litoral of Carabobo State. The study cover different samples: fuel oil No 6, ashes, heavy and 
medium petroleum as well as Fuel Oil No6. Gamma spectrometry was used for measuring 226Ra, 214Pb, 
214Bi, 228Ac, 212Pb, 212Bi, 208Tl and 40K, and heavy metallic cations were determined by ICP-MS which 
allow also the direct determination of 238U. 
In this material (oil ashes) the total activity concentration is above 300 Bq.kg-1. In fact the combustion 
concentrate also heavy metal cations leading to an increasing in its concentrations, as is the case of Pb, Ni, 
Fe, Mn, V and Zn. Finally some recommendations are included for use of oil ashes as an additive for 
building materials. 
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In aquatic ecosystems, sediments function as reservoir for many of the more persistent chemicals that 
are introduced into surface waters. Sediments provide a habitat for various benthic macroinvertebrates, 
which are exposed to sediment-associated chemicals both directly and via food intake. These 
chemicals may be directly toxic to benthic macroinvertebrates and can be integrated into food chain. 
Benthic macroinvertebrates play an important role in the ecosystem structure and functioning. In 
particular, they represent an important component of aquatic food chains. Among the non biologically 
essential metals, data concerning uranium fate and effects on freshwater benthic invertebrates are 
sparse. The present study aimed to estimate effects of a chronic uranium exposure on life-cycle traits 
of Chironomus riparius. To achieve this goal, (i) first instar larvae were exposed to a series of 
concentrations of uranium via the sediment, and (ii) a number of developmental (e.g. growth) and 
reproductive (e.g. emergence, fecundity, viability) endpoints, through parental and into F1 
generations, were evaluated. Within the framework of ecological risk assessment, these data will help 
the derivation of a sediment guideline value for uranium that does not currently exist in France or 
elsewhere due to a lack of toxicity data. 
 
 
 

 

 

 



 

SUBCELLULAR FRACTIONATION ASSOCIATED TO RADIONUCLIDE ANALYSIS IN 
VARIOUS TISSUES: VALIDATION OF THE TECHNIQUE BY USING LIGHT AND 
ELECTRON OBSERVATIONS APPLIED ON GILLS BIVALVES AND URANIUM 

CAMILLERI V., SIMON O., GRASSET G.  

Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear Safety, 
DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, France, 
virginie.camilleri@irsn.fr 

The metal bioaccumulation levels in target-organs associated with microlocalization 
approaches at the subcellular level provide information for the understanding of the metabolic 
metal cycle. These findings could be used to select relevant biomarkers of exposure and to 
focus on specific contaminated organelles to study potential biological effects. Moreover, the 
metal accumulated in the cytosol fraction can be bound to macromolecules in order to be 
eliminated and/or to induce a potential cellular effect. Tissular distribution, transfer efficiency 
from water and subcellular fractionation were investigated on the freshwater bivalve, 
Corbicula fluminea after uranium aqueous exposure. The subcellular fractionation was 
performed while measuring associated uranium to each cellular different fraction as follows: 
cellular debris and nuclei, mitochondria and lysosomes, membranes, microsomes and cytosol. 
In our experimental conditions, the accumulation in the cytosol fraction was low and more 
than 80 % of the total uranium in gills and visceral mass was accumulated in the insoluble 
fraction. Main results presented in this poster come from light and electron microscope 
observations of subcellular fractions (nuclei/debris and lysosomes/mitochondria) in order to 
validate the efficiency of the fractionation technique. An adaptation of the fractionation 
technique is proposed. This set of data confirms high differences of fractionation efficiency as 
a function of fractionation technique and organs/biological model used (gills of bivalves, 
digestive gland of crayfish).  
 
 



 
 



STRUCTURE TRANSFORMATIONS OF ENDOCRINE SYSTEM ORGANS DURING 
ADAPTATION TO INCREASED RADIOACTIVITY 
 
 
OLGA V. ERMAKOVA  
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It is well known that during ecological monitoring of contaminated territories registration of early 
abnormalities in an organism is hampered by man-caused influence of habitat. Under these circumstances 
study of both structural and functional changes in organs and tissues of rodents inhabiting radioactive 
contaminated territories is of great importance. Study of structural features of endocrine glands, hormones 
of which trigger the process of active adaptive changes in an organism, is very important in radio-
ecological surveys. Basing on long-term study of voles we have determined that long-term living by 
rodents on the territories characterized by increased natural and artificial radioactivity (radium 
contaminated fields in the Komi Republic and 30-km zone of Chernobyl APS) substantially influences 
morpho-functional state of endocrine system organs, causing quantitative and qualitative changes. It is 
demonstrated that population processes modify biological consequences of small doze chronic ionizing 
radiation in habitat. We noticed the following: high heterogeneity of histological changes of thyroid gland 
and adrenal gland as a response to radioactive habitat contamination; disorder of interconnection among 
different links of endocrine system; dependence of radiation effects on gender, age, degree and character 
of radiation contamination of a habitat as well as duration of radioactive influence. We have got data on 
morphological characteristics of thyroid gland and adrenal gland during different phases of population 
amount of this kind of rodents. It was discovered that effectiveness of radiation influence is not the same 
during different periods of population cycle. Presence of voles on the territories characterized by 
increased radioactivity causes chronic tension of adrenal cortex (increasing of the organ mass, enlarging 
of thickness of zona fasciculata and zona reticularis). Destructive-necrotic processes combine with 
manifestation of reparative regeneration. This is best marked during peak of population amount. There are 
histo-functional changes in the thyroid gland with hypofunction sign: enlarging .of follicles and flattering 
of thyroid epithelium cells, colloid uptake and induration, proliferation of follicular epithelium into 
follicle lumen. We determined that more considerable structural abnormalities in endocrine system organs 
are discovered during their high functional activity influenced by radiation exposure. 
             Set of morphological changes of thyroid gland tissue and adrenal cortex among voles from 
radioactive contaminated territories on one hand, plays significant role in adaptation, enabling organism 
to cope (to some extent) with negative radiation effect, on the other hand shows signs of premature ageing 
and is a basis for pathological abnormalities. 



GENOTOXICITY AND TOXICITY ASSAY OF MULTIPLE-POLLUTANT EXPOSURE. 
COMPARATIVE ANALYSIS OF WATER FROM NATURAL RESERVOIRS WITH 
CONTRAST LEVEL OF RADIOACTIVE AND CHEMICAL CONTAMINATION  
 
EVSEEVA T., GERAS’KIN S., TASKAEV A. & SHUKTOMOVA I. 
 
Institute of Biology of Komi Scientific Center, Ural Division RAS, 167982, Syktyvkar, Russia 
e-mail: evseeva@ib.komisc.ru 
 
Bioindication (using the anaphase-telophase chromosome aberration assay that was carried out on 
A. schoenoprasum L. meristematic root tip cells) and chemical analysis approaches for comparative 
analysis of water from natural reservoirs located near place of underground nuclear explosion with rock 
outburst (Perm region) and the radium production industry storage cell (Komi Republic) with contrast 
level of radioactive and chemical contamination was used for the first time. 
Even at very low levels of a specific activity both natural (238U, 232Th, 226Ra, 210Po, 210Pb), and artificial 
(90Sr, 137Cs, 230,240Pu) radionuclides contribute significantly (59-91 %) to an induction of genotoxic and 
toxic effects. An alkaline, earth and heavy metals ions, weaken or enhancing an radionuclides exposure 
was changed a spectrum of cytogenetic disturbances. 
Our results clearly indicated that combined exposure of metal ions and radionuclides at levels officially 
adopted as permissible for a population may acted synergistically and result in significant damage on 
different biota species. 
 



SUBCELLULAR LOCALISATION OF RADIONUCLIDES BY TRANSMISSION 
ELECTRONIC MICROSCOPY IN AQUATIC AND TERRESTRIAL ORGANISMS 

FLORIANI M., GRASSET G., SIMON O., MORLON H., LAROCHE L.  
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The global framework of this study is to go further in the understanding of the involved mechanisms 
of uranium and selenium internalisation at the subcellular level and of their toxicity towards several 
aquatic and terrestrial organisms. In this context, the applications and performances of a Scanning 
Transmission Electron Microscope (TEM/STEM) equipped with CCD camera and Energy-Dispersive-
X-Ray (EDAX) analysis are reported. The principal merit of this equipment is the clear expression of 
element distribution with nanometer resolution. The sample for TEM analysis were prepared in 
ultrathin sections of  70-140 nm (thickness) and those for EDAX in sections of 200-500 nm. This 
method offers the possibility of a direct correlation between histological image and distribution map of 
trace elements. For each sample, following TEM analysis, EDAX spectra or EDAX mapping were 
also recorded to confirm the identity of the electron dense material in the scanned sections.  
Demonstration of the usefulness of this method to understand the bioaccumulation mechanisms and to 
study the effect of the pollutant uptake at the subcellular level was performed for target organs of a 
metal (U) and a metalloid (Se) in various biological models: a higher rooted plant (Phaseolus 
vulgaris)) and a freshwater invertebrate (Orconectes Limosus) and a unicellular green alga 
(Chlamydomonas reinhardtii)). TEM-EDAX analysis revealed the presence of U-deposits in gills 
and digestive gland in crayfish, and in vacuoles or in the cytoplasm of different rooted cells bean. In 
the alga, the accumulation of Se was found in electron-dense granules within cytoplasm associated 
with ultrastructural changes and starch accumulation. 



CYTOGENETIC VARIABILITY IN PINUS SYLVESTRIS L. POPULATIONS 
EXPERIENCING ANTHROPOGENIC INFLUENCE 
 
Oudalova A., Geras’kin S., Vasiliev D. & Dikarev V. 
 
Russian Institute of Agricultural Radiology and Agroecology, 249030, Obninsk, RUSSIA 
e-mail: oudalova@riar.obninsk.org 
 
Technogenic pollution has become one of the most significant ecological factors determining bio-
sphere existence and development. An analysis of genetic consequences of the radiation accidents in 
the South Urals and Chernobyl has shown that mutation and recombination processes are considerably 
accelerated in plant and animal’s populations experiencing technogenic influence. This implies that 
there are complicated adaptation processes leading to changes in genetic structure of populations and 
increasing genetic load. Pinus sylvestris L. populations growing at the territory of the ‘Radon’ Lenin-
grad regional radioactive waste reprocessing enterprise and Sosnovy Bor town were monitored 6 years 
(1997-2002) by a set of cytogenetical and morphological tests. Cytogenetic damage levels within 
intercalary meristem of needle as well as in root meristem of seedlings were found to significantly ex-
ceed corresponding controls. A higher radioresistance of the Scots pine seeds analyzed was demon-
strated with an acute γ-radiation that also revealed a selection process directed at an enhancement of 
repair efficiency and resulting in a shift of mean values of radioresistance in populations towards 
higher values. An enlargement of variance of studied cytogenetic parameters was found in the popula-
tions experiencing technogenic influence. This indicates, with an account of phenomenon of the en-
hanced radioresistance, that there are processes of cytogenetical adaptation in the investigated regions. 
An analysis of the structure of ecological-genetical variability was carried out with the purpose of 
separating two components in the interpopulational variability – the first is engaged to the genetically 
determined variability of biological characteristics intrinsic for this species, and the second is respon-
sible for the variability originating from anthropogenic contamination of the natural habitat. Changes 
of these two types of variability were studied in dependence on time and technogenic impact. 



ULTRASTRUCTURAL OBSERVATIONS OF TARGET-ORGANS OF THE CRAYFISH 
ORCONECTES LIMOSUS EXPOSED TO METALLIC POLLUTANTS: APPLICATION TO 
URANIUM 
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Using electron microscopy associated with energy dispersive X-ray microanalysis (EDAX-
TEM), ultrastructure and elemental analysis in subcellular microlocalization can bring 
understanding to both metabolic cycle of a metallic pollutant and its potential effects at the 
subcellular scale. The approach consists in comparing both structures and microlocalization in 
various tissues/organs ultrathin sections (70-140 nm thickness) obtained from control 
organisms (ie not exposed to a given metal) and exposed organisms. However, the 
observations of ultrastructural effects of metal exposure involved robust comparison to  
reference subcellular and cellular organization. Consequently, preliminary developments 
presented in this poster have been performed from the non-contaminated freshwater crayfish 
Orconectes limosus (adult at intermoult state). Studies of ultrastructural images and elemental 
composition of subcellular mineral deposits were carried out on target organs of uranium 
accumulation such as the digestive gland, the gills, the intestine and the antennal gland, 
organs participating in the detoxification, primary accumulation and depuration mechanisms. 
Observations indicated cell-specific architecture (identification of main organelles, frequency, 
length of cells), the range of natural variation of the cell organisation between individuals and 
identification of cellular types. Information will allow then to focus on these identified 
specific organization after metallic exposure. These ultrastructural observations performed on 
reference organisms constitute necessarily a first set of data for the cellular metallic effects 
analysis. 
 



 
 
 
 
 



THE ROLE OF NATURAL RADIORESISTANCE AND ECOLOGICAL SPECIALIZATION 
OF A SPECIE IN RADIOADAPTATION (AS EXEMPLIFIED BY NATURAL RODENT 

POPULATIONS) 
 
GRIGORKINA E., OLENEV G. 
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grigorkina@ipae.uran.ru 
 
The problem of mammal radioadaptation is closely connected with problems of microevolution and 
prediction  of  the fate of irradiated populations. This report gives new materials  on radioadaptation  
of small mammals inhabiting the East Ural Radioactive Trace (EURT)  which has been formed after 
the Kyshtym accident in 1957 year. The EURT zone is a unique area for studing long-term 
consequences of chronic low-dose irradiation of small mammal populations many generations being 
born after the accident. The role of natural radioresistance, ecological specialization and biological 
characteristics of a specie in the development of radioadaptation are discussed. The objects of 
investigation were rodents: 1) Ellobius talpinus is a pecular specialized specie with low ability to 
migrate, burrowing underground way of life and lifespan up to 6 years; 2)  Sylvaemus uralensis, 
Apodemus agrarius, Clethrionomys rutilus –  widespread aboveground species, very active migrators 
with a 1.5 year lifespan. Significant differences  were found among species in natural radioresistance 
to acute gamma-irradiation. LD50/30  is  5.0±0.7 Gy for the Ellobius talpinus, 7.0±0.4 Gy for the 
Sylvaemus uralensis, 10.0±0.2 Gy for the Apodemus agrarius, 12.8±0.2 Gy for the Clethrionomys 
rutilus. Despite the high radiosensitivity the Ellobius talpinus was more tolerant to chronic irradiation 
(over  45 years inhabiting the EURT, soil pollution by 90Sr was 950-1050 Ci/km2 - 35-39 MBq/m2) in 
a complex of morphophysiological, haematological and immunological parameters, than other species 
with active migration activity (the initial pollution of soil by 90Sr was 400-540 Ci/km2 - 15-20 
MBq/m2). This phenomenon is explained by radioadaptation which developed in the Ellobius talpinus 
due to  isolation of their settlement  in the periphery of the area in conditions of radiocontamination. 
Various radioresistance to acute and chronic irradiation, disproportion of registered 
morphophysiological effects and absorbed doses,  the leading role of biological and ecological 
peculiarities of a specie in radioadaptation are shown.  
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In the radiobiological studies of aquatic organisms, fish eggs are the favorite subject for 
experimental work because of easy availability of embryos and the possibility of observing 
the development of embryos within eggs. Data from Russian/FSU publications concerning the 
effects of ionizing radiation on fish eggs were compiled in the EPIC database within the 
framework of the EC Project EPIC. The comparative analysis of radiosensitivity was 
performed for eggs of two representative fish species from different climatic zones: cold-
water salmon (Salmo salar), and pike (Esox lucius), a widespread predatory fish in the 
temperate climate. A special attention was given to data of chronic–exposure experiments 
with incubation of roe in water containing radionuclides. Dose rates on the fish eggs were 
estimated using appropriate dosimetric methodologies. Dose-effects relationships were 
constructed for chronic exposures during the periods of fish eggs development. 
The comparative analysis revealed that effects of ionizing radiation on salmon eggs appeared 
at lower doses than the effects on pike eggs. For example, first effects on survival of salmon 
eggs appeared at dose rate (1-2)*10-4 Gy/day, whereas effects on survival of pike eggs were 
not found at dose rates lower than (5-10)*10-3 Gy/day (chronic exposure); practically total 
death of roe took place at the chronic dose rates 0.13-0.33 Gy/day for salmon and 0.94 
Gy/day for pike. Data on dose-effects relationships for salmon and pike roe defined the range 
of radiosensitivities between fish species from zones of severe and moderate climate. 
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ABSTRAT 

 

 

The care with the environment today is a universal concern. The health of the 

ecosystem is basic for the health of the man, mainly when the use and storage of 

radioactive products or garbage are about, in next regions the nuclear installations.  

 In this work, the Tradescantia Pallida (Rose)  is presented an assay using to verify 

the increase of the production of micronuclei in its cells. The chosen place was the 

permanent deposit of Goiás, where it had the accident with Cs137, in 1982. Water and 

ground of the next areas to the deposit had been analyzed. The results gotten in this assay 

had shown that the T. Pallida offers an excellent alternative in the evaluation of ambient 

monitoring, anticipating it a bigger consequence of effect caused to the environment, 

becoming an excellent mechanism for acquisition of data of simple and fast form.  

 

Keyworks: biomonitoring, Tradescantia Pallida, genotoxity 

 



CELLULAR RESPONSES IN PRIMARY EPIDERMAL CULTURES FROM 
ONCORHYNCHUS MYKISS FOLLOWING THE COMBINED EXPOSURE OF 
IONISING RADIATION AND A HEAVY METAL. 
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Dublin 8, IRELAND,  fiona.lyng@dit.ie 
 
 
Mechanisms of toxicant action on biological systems are difficult to identify when more than one 
contaminant is involved due to potential synergistic and antagonistic effects.  There is a general 
paucity of research into the effect of radiation exposure in tandem with common environmental 
contaminants due to the inherent difficulties involved.   
In vitro cell cultures are particularly suited to the study of toxic mechanisms due to their 
proximity to toxic modes of action and the absence of the multiple defence mechanisms present 
in intact organisms.  Primary cell cultures are particularly beneficial in this area of research as 
they still maintain many of their tissue specific functions.  The objective of this study was to 
distinguish different mechanisms of cell death (growth arrest, apoptosis, primary and secondary 
necrosis and proliferation), following combination exposure to ionising radiation and a heavy 
metal (ZnCl2).  The model system employed was a primary cell culture of rainbow trout 
(Oncorhynchus mykiss) epidermal tissue which has been previously used to study the effects of 
various environmental agents in this laboratory. 
Apoptosis and necrosis were quantified morphologically while proliferation was assessed 
immunocytochemically using an anti PCNA (proliferating cell nuclear antigen) antibody.  While 
radiation doses up to and including 10 Gy had no effect on growth, exposure to ZnCl2 produced a 
significant dose dependent reduction in growth (10, 50, 75, 100 and 200 ppm ZnCl2).  
Preliminary results indicate no significant effect on growth following a combined exposure of 
5Gy + 50 ppm ZnCl2. These results may have important implications for understanding the 
mechanisms underlying cellular responses to multiple contaminant exposures. 



Early biological effects of low doses of ionizing radiation on yeast cells 
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The biological effectiveness of different radiation types for variety organisms requires 
further study. For fundamental studies of this problem it is worthwhile to use the most 
thoroughly investigated biological objects, for example, yeasts. The yeast 
Saccharomyces cerevisiae was used as the test eukaryotic organism which gives the 
experimenter complete control over its chemical and physical environment. 
The aim of the study consisted in comparative analysis of early effects induced by 
low doses of low LET (60Co and 137Cs) and high LET ( α-particles 239Pu, neutrons) 
radiation on eukaryotic cells (cell survival about 100%). 
Biological effects of low doses of ionizing radiation were studied by two criteria: 
1.delay of cell division and kinetics of yeast cells microcolonies formation; 
2.morphology of microcolonies at different temperature. 
The results have shown that only small part of irradiated cell population (~10%) 
divided at the same rate as unirradiated cells. Other part  of cells had a delayed 
division. Unirradiated control cells formed typical microcolonies at the solid nutrient 
media (YEPD) after 10 – 15 h of incubation.  The fraction of cells population (20- 
25%) exposed to low doses of  α-particles or neutrons formed spectrum of untypical 
microcolonies for the same incubation time,  which consisted of small number of 
larger and more elongated cells. Some of these microcolonies had 10 – 50 cells were 
of exotic forms (”spider”), differed from other microcolonies in population. 
Using this method we can reveal an early response of cells at very low doses (survival 
about 100%) and  determine the number nonlethally damaged cells. 
 
 
E-mail presenting author:        imalin@mrrc.obninsk.ru 

 
 



Implications of radiation-induced bystander effects and other non-targeted 
radiation effects for multi pollutant environmental exposures 
 
Carmel Mothersill and Colin Seymour 
Department of Medical Physics and Applied Radiation Sciences, McMaster University, 
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Environmentally relevant low doses of ionizing radiation are now accepted to induce a 
variety of biological effects at levels where it is difficult to implicate direct (targeted) 
DNA damage. These effects include bystander effects, genomic instability, adaptive 
responses and low dose hypersensitivity. The importance of these effects is that all are 
induced at very low doses. Typically one track of high LET radiation or less than 5mGy 
of low LET radiation can trigger these effects. Once induced the level of effect does not 
increase with increasing dose and is persistent. The mechanisms underlying these effects 
are not known but it is accepted that genetic background is crucial in determining what 
the consequences of the exposure will be. This presentation will show  

1. That chemical pollutants (heavy metals and micro-organics) can also induce these 
low dose responses, 

2. That these effects can be induced in vivo as well as in vitro using mouse models 
exposed to whole body doses, 

3. That the mechanism involves persistent elevation of ROS and that the effect can 
persist over many cell generations, 

4. That chronic low dose exposures may actually be more effective than acute doses 
at inducing certain types of response, 

5. That combinations of these inducers (whether radiation or chemical) and classical 
mutagens, can enhance the frequency of mutations due to the mutagen. 

 
There are implications for radiation and environmental protection which at present treat 
radiation as a “stand alone” agent and assume a linear  correlation between radiation dose 
and effect. 



THE EFFECTS OF LOW-LEVEL IONISING RADIATION ON PRIMARY 
EXPLANT CULTURES OF RAINBOW TROUT PRONEPHROS. 
 
OLWELL P, NÍ  SHÚILLEABHÁIN S, MOTHERSILL C,  SEYMOUR C, COTTELL 
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It has long been known that the haematopoietic tissue of mammals is one of the most 

radiosensitive tissues.  In vitro studies on prawn have also shown that low doses of radiation 

has an extremely deleterious effect on cells cultured from this animal’s blood forming tissues. 

This raises the question on the relative effects of radiation between animals from different 

species. One of the most important aquatic animals, from both an economic and ecologic 

point of view, is the fish.  With this in mind, primary cultures of the blood forming tissues of 

rainbow trout were exposed to radiation followed by a morphological comparison between 

control and irradiated cultures. The cultured cells were characterised as macrophages 

following incubation with non-specific fluorescent beads and human apoptotic PMN. The 

cells demonstrated both specific and non-specific phagocytosis, by consuming the non-

indigenous bodies, and were classified as phagocytotic leucocytes.  These cells were found in 

two morphological forms, stretched and rounded. It was shown that there was a 

commensurate increase in the number of stretched cells following application of radiation. 

Radiation was also shown to cause a dose-dependent increase in the amounts of apoptosis and 

necrosis in cells over time. The phagocytotic efficacy of the irradiated leucocytes compared to 

controls was also investigated. 



THE EFFECTS OF DIRECT IRRADIATION AND BYSTANDER MEDIUM ON EPC 
AND CHSE CELL LINES. 
 
OLWELL P, MOTHERSILL C,  SEYMOUR C, COTTELL DC, LYNG FM. 
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Dublin 8, IRELAND, p_olwell@hotmail.com 
 

The majority of studies involving the effects of direct radiation on cell lines use mammalian 

cells and the effects of bystander medium have all exclusively dealt with mammalian cells. 

There is increasing evidence that the effects of radiation differ in severity between different 

species. Two fish cell lines were irradiated in order to establish the radiosensitivity of fish 

cells. These cell lines, fibroblast-like CHSE 214 and epithelial-like EPC, were irradiated and 

compared to non-irradiated controls using three investigative parameters; lactate 

dehydrogenase (LDH) release, surface morphology and reproductive integrity. The same cell 

lines were also incubated with medium from irradiated cells (bystander medium) and 

compared to controls using the same methods as were used for directly irradiated cell lines. 

LDH is released when the plasma membrane of a cell is ruptured indicating non-lethal 

damage. Both cell lines were shown to exhibit less LDH release following direct radiation and 

exposure to bystander medium than mammalian cell lines of the same cell type. The surface 

of CHSE 214 cells showed an increase in surface features following direct radiation and 

exposure to bystander medium. The surface of EPC cells showed no significant surface 

differences following irradiation. Clonogenic studies of both cell lines, which detect effects in 

the cloning ability of cells, showed results similar to those seen in mammalian studies.   The 

results are discussed and compared to studies using mammalian cells. 

 
 
 



ECOLOGO-GENETICAL CHARACTERISTIC OF SEED PROGENY OF THE TARAXACUM 
OFFICINALE S.L. FROM THE ZONE OF EAST-URAL RADIOACTIVE TRACE 
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Levels of soil contamination with 90Sr and 137Cs radionuclides within the zone of Eastern-Ural 
radioactive trace, at the plots differently distant from the place of Kyshtym accident of 1957, exceed 
values of the global level 4-40 times. It was shown that the same coenopopulation from EURT in the 
different years revealed the whole variety of previously described low-level irradiation effects. They are: 
stimulating one (vitality indexes in seed progeny exceed significantly those registered in the background 
samples); the depressing one, marked for high mortality level; and an indifferent effect showing neither 
significant differences from the background plants. Variation scope exceeding the normal one in regard to 
plants’ growth and development rates, as well as high frequencies of chromosome and morphological 
aberrations indicate to the plant genome non-stability caused by chronic low-level irradiation loads. Seed 
progeny also demonstrated the similar ambiguous response to additional irradiation, which is confirmed 
by allozyme analysis results. Standard electrophoretic methods are applicable to the dandelion studies. 
Some enzyme systems (Got, Dia) seem to be more suitable for seedlings, whereas the others provided 
satisfactory results being used for the seed material. In plant coenopopoulations situated in radionuclides-
polluted zone, genomic recombination processes show higher intensity. High enzymatic variability 
provides the material for natural selection and increase the adaptive potential of coenopopulations. 
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WAYS OF ADAPTATION OF THE PLANT POPULATIONS TO CHEMICAL AND 
RADIOACTIVE CONTAMINATION 
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Chemical agents (heavy metals, acids, etc.) and radiation render their influence upon biota being clearly 
distinct in primary mechanisms of action. However, lively organisms demonstrate one and the same set 
[arsenal] of response reactions, and thus it is important to reveal the ways of their realization caused by 
different types of technogenic impacts. Our work was intended to examine the seed progeny of the 
dandelion, Taraxacum officinale, from radionuclides-contaminated coenopopulations (grown at the 
territories influenced by Eastern-Ural radioactive trace, in the Techa-river flood plain) and those situated 
in the nearest impact zone affected by a large metallurgical plant in the Urals. Plots, differently distanced 
from the enterprise, showed heavy metal contamination loads 8-33 times higher than the control site did. 
Radionuclides’ concentrations (90Sr and 137Cs) within the contaminated zone exceeded the background 
values 4-40 times. The study allowed estimation of the seed progeny vitality level for different 
coenopopulations, comparison of their adaptive potential in regard to heavy metals tolerance and gamma-
radiation resistance, estimation of abnormal seedlings [sprouts] frequency values. It was shown [found] 
that under technogenic pollution the dandelion coenopopulations usually demonstrate wider variations of 
different characteristics (vitality, mutability, root and leaf growth rates) as compared to those in the 
background zone. As a general regularity one can regard the phenomenon, that negative effects were not 
marked to be increased by heavier pollution loads, irrespectively of the agents’ nature. 
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DEVELOPING EXPERIMENTAL PROTOCOLS FOR CHRONIC IRRADIATION STUDIES: 
THE APPLICATION OF A GOOD PRACTICE GUIDE FRAMEWORK 
 
WOOD M. D., KNOWLES J. D., WHITTAKER J. H., COPPLESTONE D., MALCOLM H. M., 
BIELBY S. & ZINGER I. 
 
School of Biological Sciences, University of Liverpool, Liverpool, Merseyside, L69 3GS, England, 
mwood@liv.ac.uk 
 
The EC-funded FASSET (Framework for Assessment of Environmental Impact) project collated 
information on the transfer, dosimetry, and effects of ionising radiation on wildlife.  A major output from 
the project is the FASSET Radiation Effects Database (FRED).  A review of the information contained 
within FRED highlighted that information on the effects of low-dose, chronic exposure was, at best, 
fragmentary.  However, these data are required to define the dose effect relationships needed to underpin 
the assessment tools that are being developed.  To address this requirement, a series of four Good Practice 
Guides (GPGs) has been produced as part of a protocol development framework.  This framework aims to 
harmonise experimental approaches, with a view to ensuring that all necessary data on appropriate 
endpoints are collected, so that dose effect relationships can be determined.  The GPGs cover test species 
selection, endpoint selection, radiation exposure and experimental design considerations.  A key is used to 
guide researchers through the GPGs and the decisions made are recorded on an output pro-forma.  The 
completed pro-forma forms the basis of the experimental protocol.  The pro-forma also indicates the 
information that should be included when presenting the results of the experiment.  Standardising 
approaches ensures that results are comparable between experiments and that they are suitable for 
determining dose effect relationships.  This protocol development framework has been adopted by the UK 
Environment Agency as a document upon which future Agency-funded experimental work on the effects 
of chronic, low-level exposure to ionising radiation will be based.  It is hoped that the framework will gain 
acceptance in the wider scientific community and facilitate addressing the knowledge gaps that have been 
identified in order that successful protection of non-human biota can be demonstrated. 
 



ECOSYSTEM MODELLING OF CARBON, NUTRIENTS AND RADIONUCLIDES IN LAKE 
ECKARFJÄRDEN, SWEDEN 

KUMBLAD L., ANDERSSON E., WIJNBLADH E., & KAUTSKY U. 

Department of Systems Ecology, Stockholm University, 106 91 Stockholm, Sweden, linda@ecology.su.se 

 
During the next few years, the Swedish Nuclear Fuel and Waste Management Co (SKB) perform site 
investigations at two sites in Sweden for a future underground repository of spent nuclear fuel. For the 
safety assessment of the repository, methods based on systems and landscape ecology was developed to 
understand the radionuclide flow at the site using site-specific data. In this part of the project a 
mechanistic mass-balance model for carbon and nutrients between the components of the Lake 
Eckarfjärden was developed. The lake has been thoroughly monitored for water chemistry, biota, 
geomorphometry and water flows etc. to enable site-specific process-oriented dose modelling. The 
modelling of carbon and nutrients was based on ecosystem processes such as primary production, 
respiration and consumption. C-14 was modelled in proportion to the circulation of non-radioactive 
carbon in the ecosystem, whereas the modelling of other radionuclides included two radionuclide specific 
mechanisms in addition to the ecological processes. The radionuclide uptake by plants was modelled with 
an uptake function based on conventional uptake factors related to the primary production rate of the 
plants. The transfer of radionuclides from plants to animals in the ecosystem was modelled in proportion 
to the consumption rate of the grazer/predator, the concentration in the plant/prey and a specific 
radionuclide excretion rate related to the rate of carbon and nutrients excreted. The results were compared 
with traditional dose assessment models. We believe that this method has a large potential to be used 
either directly in assessment modelling or to produce site-specific transfer factors for more conventional 
models, which is especially valuable when future changes of the environment needs to be taken into 
account.  
 



AGED ANTHROPOGENIC IODINE IN A BOREAL PEAT BOG 
 

MAILLANT S., SHEPPARD M.I., DENYS S. AND LECLERC CESSAC E. 
 

INPL, Laboratoire Sols et Environnement, 54500 Vandoeuvre-lès-Nancy, France, 
sophie.maillant@ensaia.inpl-nancy.fr 
 
 
Iodine-129 is a radionuclide of major concern in the international safety assessments for deep 
geological storage and disposal of nuclear waste because it migrates quickly through the 
geosphere to the biosphere and then from the soil to humans through the food-chain.  
However, in organic soils the 129I may be immobilized over a long time period, and so these 
soils represent a potential accumulation point in the biosphere. Effects of long residence times 
of iodine in soils are scarce. The present paper gives some insight on the aging of stable 
iodine, under natural conditions. Stable iodine was introduced as KI in 1987 at the base of a 
small natural sphagnum bog to simulate arrival of iodine via a groundwater discharge from 
the geosphere. Previous data revealed the spread of the iodine outwards spatially from the 
basal spike and also recorded its rise towards the bog surface. Fifteen years later, the 
groundwater, the soil and the vegetation have been sampled and analyzed for iodine. The 
results we will present give insight on the mobility of “aged” iodine with time, the retention 
properties of the peat, and provide iodine transfer factors for native boreal plant species. The 
data show iodine: 

• continues to slowly spread from the spike after 15 years, 
• is more strongly retained on the solid phase at the surface than 

at depth,  
• the chemical structure of the peat may influence the retention 

of iodine as shown by NMR analysis, 
• iodine retention has become greater with time, and 
• herbaceous species are the greatest accumulators.  

This study demonstrates bogs present good sinks for iodine and limit the transfer of iodine to 
some of the “wildlife” food-chains.  
 
 



RADIONUCLIDES IN AN ARCTIC TERRESTRIAL ECOSYSTEM AFFECTED BY 
ATMOSPHERIC RELEASE FROM THE KRATON-3 ACCIDENTAL UNDERGROUND 
NUCLEAR EXPLOSION. 2001-2002. 
 
RAMZAEV V., GOLIKOV V., MISHINE A., KADUKA M., BURTCEV I., GEDEONOV A., 
BULATENKOV YU., STRAND P. & BROWN J.  
 
Institute of Radiation Hygiene, Laboratory of external exposure,  197101 St.-Petersburg, Russia, 
V.Ramzaev@mail.ru   
 
Current distributions of artificial radionuclides (ARN) were studied in the main compartments of a 
larch-tree forest lethally affected by a radioactive release from the Kraton-3 peaceful underground 
nuclear explosion (65.9ºN, 112.3ºE; Yakutia, Russia; 1978). Samples of soil, fungi, lichens, mosses, 
grasses, shrubs and trees were obtained at points belonging to four zones categorised by the severity of 
the ecosystem damage. Sampling was supplemented by dose rate measurements in air and mapping. 
The area of forest characterised by 100% lethality to adult larches (Larix gmelinii) and with partial, 
visually-detectable damage of other more radio-resistance species (e.g. lichens, mosses) covers a 
territory of approximately 1.2 km2. Elevated levels of long-lived ARN were found at all sampling 
sites. Maximum registered levels of the ground contamination with radionuclides of Cs, Sr and Pu 
were three orders of magnitude higher than those expected from global fallout. The ratios of 137Cs to 
some other significant radionuclides in the ground contamination were as follows [mean (range)]: 90Sr 
– 0.57(0.02-0.93); 239,240Pu – 44(25-72); 60Co – 470(220-760). Twenty-three years after a discrete 
contamination event, 90-95% of the total deposited radioceasium and plutonium has still remained in 
the lichen-moss on-ground cover and in the top 5 cm organic soil layer. At the same time, vertical and 
horizontal migrations of 90Sr in soil were more pronounced. Strong surface contamination with 137Cs, 
90Sr and plutonium was detected at the twigs and bark of the dead larches.  The young larches that 
grew at the contaminated area following the initial destruction of the forest demonstrated a substantial 
ability to accumulate 137Cs, 90Sr and plutonium via roots, while the bushes selectively accumulated 
mainly radiostrontium. In contrast, some fungi concentrated mostly radioceasium.   The levels of 
gamma dose rate in air and the environmental contamination with 137Cs were found to correspond 
closely to the gradations of ecosystem damage.  
 



FOREST (RE)VEGETATION IMPACT ON URANIUM CYCLING IN MINING AREA  

THIRY Y., SCHMIDT P., VAN HEES M., WANNIJN J., RUFYIKIRI, G. & VANDENHOVE 
H. 

SCK•CEN, Radiation Ptrotection Research Department, 2400, Mol, Belgium, ythiry@sckcen.be 

In modern radioecology, a better understanding of the biogeochemical cycle of radionuclides is 
necessary to improve the determination of risk of radionuclides dispersion into the biosphere, and to 
identify the effective sinks and reservoirs and the source and extent of biota and human exposure. In 
revegetated contaminated area such as former U-mining sites, the long-term vegetation impact on the 
radioactivity dissemination is still few documented. In this study, the processes controlling the 
dynamics of U recycling by 35-years Scots pine developped on an afforested U-mining heap were 
identified and further quantified in terms of annual fluxes. With pine development, emergence of an 
acid humus and further weathering of the alkaline mining debris little affected the U mobility in the 
soil profile. Increased U mobility mainly involved a translocation of U to metal-humus chelates in 
surface layers. The root compartment accounted for 99.3 % of the U budget in tree, thus serving as a 
sink. The current root uptake and transfer of U to upper parts of the tree amounted to about 3 g ha-1 y-1, 
i.e. less than 0.03 % of the current NH4-exchangeable U pool in the soil (0-30 cm). Allocation and 
translocation pattern made it clear that a dominant fraction of the translocated U moves passively with 
the ascent xylem sap, most likely as a soluble complex, and steadily accumulates in the needles. 
Consequently, 97 % of the U annual uptake is returned to the soil through litterfall. 
 



IMPROVING WEAPONS FALLOUT TIME SERIES ON A GLOBAL BASIS USING 
PRECIPITATION DATA 

PALSSON S.E., HOWARD B.J., AOYAMA  M. 

Icelandic Radiation Protection Institute, IS-150 Reykjavik, Iceland, sep@gr.is 

The fallout from the atmospheric weapons tests in the late fifties and early sixties forms the main source 
of man made radionuclides in the terrestrial environment.  It is important to be able to distinguish global 
fallout from other sources of man-made radioactivity, and therefore to have good methods of quantifying 
the level of global fallout in areas where it has not previously been measured. Because global fallout was 
deposited over many years, model validation can require knowledge about deposition time series which 
are not available through direct measurements.  This can be especially important for sparsely populated 
areas with vulnerable ecosystems, where high transfer of radionuclides, particularly radiocaesium, may 
occur. The UNSCEAR reports describe the global data and show how the deposition was dependent on 
latitude.  Others have successfully used a model assuming a proportional relationship between deposition 
and precipitation (e.g. on a regional scale within the AMAP project and on a local scale in some countries, 
such as Iceland and Sweden).  This paper describes a study where different data sets were combined to 
test, at a local scale to a global scale, how well the proportional relationship between precipitation and 
deposition holds and to what degree other effects (e.g. dependence on latitude as in the UNSCEAR model) 
need to be taken into account.  It makes use of the Integrated Global Fallout Database of the 
Meteorological Research Institute of Japan which has been used previously to demonstrate the relationship 
between precipitation and deposition and subsequently to make an estimate of the total fallout amount of 
137Cs in the mid latitudes of the Northern Hemisphere. The study described in this paper provides a fuller 
description of global deposition than the latitude or precipitation based studies alone.  Applied in a simple 
model as presented here, this enable better deposition estimation (including time dependency), especially 
if precipitation time series for the global fallout period are available. 
 
 



VALIDATION OF THE GLOBAL MODEL FOR 90SR MIGRATION FROM THE WASTE 
BURIAL IN THE CHERNOBYL EXCLUSION ZONE. 
 
DEWIERE L., BUGAI D., KASHPAROV V., BARTHES V. 

Institute for Radiation Protection and Nuclear Safety, DEI/SARG/LETS, Route du Panorama, B.P. 17, 
92262 Fontenay aux Roses cedex, France, lionel.dewiere@irsn .fr 

The Institute for Radiation Protection and Nuclear Safety (IRSN) has managed (1999-2003) the 
Chernobyl Pilot Site Project (CPS project) in collaboration with the Ukrainian Institute of Agricultural 
Radiology (UIAR), the Institute of Geological Sciences (IGS) and the Tracer Application Section 
(CEA/SAT). The special focus of the CPS project was environmental behavior and radionuclide 
release mechanisms from dispersed nuclear fuel particles, forming radionuclide migration source-term. 
So, the contaminated environment was used as an open-sky laboratory to develop site characterization 
techniques, better understand and model processes of radionuclides migration in soils and geological 
environment. The CPS project resulted in detailed characterization of site geology structure, 
hydrogeology regime, hydro-dispersion regime in the aquifer and unsaturated zone, radionuclide 
inventory and distribution in trench no.22, focused at 137Cs and 90Sr. The special research program 
using scanning electron microscopy and sequential extraction analytical techniques was devoted to 
characterization of fuel particles and quantification of their dissolution behavior. It was established 
that Chernobyl radionuclides are associated with uranium oxide matrix particles of different degree of 
oxidation, characterized by different dissolution rates, as well as with non-dissolvable zirconium-
containing matrix particles. The multi-component fuel particles dissolution model with empirical 
dissolution rate constants was developed to describe the source-term. The methodology for 
radionuclide transport was based on application of the classical advection-diffusion equation and 
utilization of effective transport parameters. The developed so far modeling methodology is mostly 
suited for producing spatially averaged parameter values (such as radionuclide concentrations in 
trench porous solution, and/or integral radionuclide release to aquifer), and for long-term predictions 
on a scale of years and decades assuming that hydrological and geochemical conditions remain steady 
state. 
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Soil-to-Plant Transfers of Uranium Series Radionuclides in Natural and 
Contaminated Settings 
 
S.C. Sheppard1, M.I. Sheppard1, M. Ilin2 and P. Thompson2 

 
1 ECOMatters Inc., Pinawa, Manitoba, Canada, sheppard@ecomatters.com 
2 Canadian Nuclear Safety Commission, Ottawa, Ontario, Canada 
 
Abstract 
 
Uranium and related decay-chain radionuclides remain important subjects of study for a 
number of reasons.  Uranium has the potential to be chemically toxic near mining and 
processing facilities, and the decay-chain radionuclides can contribute substantially to 
radiation dose.  Establishing an air quality standard for U in Canada has also been 
tentatively based on its accumulation and toxicity in soil.  This paper summarizes two 
studies.  The first investigated the mobility in soil, uptake by plants and ecotoxicity of U 
near a U refining facility.  Because of the presence of co-contaminants, a large number of 
other elements were measured to fully characterize the samples.  In general, the soil 
solid/liquid partition coefficients, Kd, for U were high enough that leaching is not a 
dominant process.  Plant/soil concentration ratios (CRs)were higher than for background 
sites.  The second study measured plant/soil CRs for 210Pb, 210Po, 226Ra, 228Ra, 228T, 230Th, 
232Th and 238U on a series of sites across Canada, with emphasis on background sites with 
possible human food-chain connections.  In addition, a large suite of metals was analyzed 
in the same samples.  The correlation of plant/soil CRs among the various radionuclides 
and stable elements will be investigated, and related to soil and site properties. 



EVANET-TERRA ― EVALUATION AND NETWORK OF EC – DECISION SUPPORT SYSTEMS 
IN THE FIELD OF TERRESTRIAL RADIOECOLOGICAL RESEARCH 
 
TARSITANO D., CROUT N., SHOW G., MONTERO M., SEMIOSCHKINA N. & VOIGT G. 
GSF, Institute of Radiation Protection, Ingolstädter Landstr. 1, 87564 Neuherberg, Germany, 
plxdt@nottingham.ac.uk 
 
The EC 3rd and 4th framework program have produced several models and Decision Support System (DSS) in 
order to assess the radioactive contamination of terrestrial ecosystems. However a critical evaluation of such 
systems had not been undertaken. The EVANET-TERRA network has been established in order to perform 
such a task.   
Results from three scenarios used to test the models will be presented. South Finland (VAMP scenario) and 
Friuli Venezia Giulia (Italy) concerning the rural environment and Bad Waldsee State Forestry (South 
Germany) for the semi-natural ecosystem. 
The accuracy with which the models fitted the known historical data has not been the only factor used to 
assess the models performance. Model detail, complexity, outputs uncertainty and models sensitivity have 
also been taken into account. For example rural models have been tested on two spatial scales: national 
(South Finland) and regional (Friuli Venezia Giulia, Italy), giving the opportunity to establish a relationship 
between the spatial scale used and model complexity.  
Complex and detailed models may give a more accurate prediction than “simpler” models, if applied at a 
local scale, where the uncertainty on the input parameters is relatively low. At greater spatial scales larger 
uncertainty on the input parameters is likely and the complex model may give a prediction which is less 
accurate that of a simpler models. These considerations are an important factor in the discussion on model 
complexity, in relation to operational scale. 
The EVANET-TERRA project has produced a synthesis of the current state of terrestrial radioecological 
models, and recommendations have been made for further research needs. A DSS demonstrator has been 
produced, which applies and summarises the issues raised in the project.         
 
 
 
  
  
  



Long-lived Radionuclides in the Environment:  
On the Radioecology of Iodine-129  
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Atmospheric nuclear weapons tests, nuclear accidents, and emissions from reprocessing 
plants have changed the natural abundances of the long-lived radionuclide 129I (T1/2 = 15.7 
Ma) in a sustainable manner. But still today, the radioecology of 129I is just incompletely 
known. In this paper, we summarize the results of a long-term project aimed on a comprehen-
sive understanding of the abundances of 129I and 127I in Lower Saxony, Germany, and of their 
pathways through the different environmental compartments to man. To this end, accelerator 
mass spectrometry, radiochemical neutron activation analysis, ion chromatography, and ICP-
MS were applied to measure the iodine isotopes in sea-water, air, precipitation, surface and 
ground waters, soils, plants, animals, foodstuffs, total diet, and human and animal thyroid 
glands. For air-borne iodine, the speciation as well as the particle size distribution of aerosols 
was determined. Soil depth profiles were investigated down to depths of 2.5 m in order to 
study the iodine migration as well as individual surface soil samples to allow for the determi-
nation of transfer factors of the iodine isotopes into plants. Also the transfer factors for feed-
milk and feed-meat transfer were determined both for farm and wild animals. 
 
The iodine isotopes are in severe disequilibrium in the different environmental compartments. 
The pre-nuclear equilibrium 129I/127I ratio in the biosphere was determined to be 2.0 × 10-13 
with a geometric standard deviation of 1.39. Today, the environmental isotopic ratios in 
Northern Germany range from 10-6 to 10-10. The highest ratios were found in North Sea water, 
the lowest in deep soil samples and ground water. The North Sea appears as the dominant 
source of air-borne iodine in Northern Germany due to the emissions of European reprocess-
ing plants. A differentiation by about a factor of ten between the iodine isotopes was observed 
for the different air-borne species demonstrating the complexity of the transfer of iodine from 
the sea into the atmosphere and of its atmospheric transport. Time series for iodine in precipi-
tation show a decade long increase of 129I fallout until the 1990ties and an ongoing constant 
input of 129I with deposition densities of ~ 15 mBq m-2 per year with significant contributions 
from both, dry and wet deposition. In surface waters a dilution of the fall-out iodine takes 
place by stable iodine which is just weakly adsorbed in the soils and a considerable run-off of 
iodine must be taken into account. The isotopic ratios in soil profiles and ground waters dem-
onstrate a high mobility and an accumulation of 129I in the water unsaturated soil zones, an 
efficient migration into the water saturated soil layers and an ongoing transfer of man-made 
129I into the groundwater. The 129I/127I ratios in human thyroid glands range from 3 × 10-8 to 5 
× 10-9. The transfer of 129I through the environment to man can only be described taking also 
its interaction with stable iodine into account. In total, the results allow to establish a radio-



ecological model describing the 129I exposure of man following a long-term fallout situation. 
Open questions and the needs for future are discussed.  
 



EFFECT OF FERTILISATION ON RADIOCAESIUM CONCENTRATION IN GENETIC 
HORIZONS OF CAMBIC PODZOL 
 
ARO, L., RANTAVAARA, A. & LEVULA, T. 
 
Finnish Forest Research Institute, Parkano Research Station, Kaironiementie 54, FIN-39700 Parkano, 
Finland, E-mail Lasse.Aro@metla.fi 
 
137Cs accumulation into surface layers of forest soil is well known. Many studies have shown vertical 
migration of radiocaesium in forest soils, and also some results are available from the effects of 
fertilisation on the migration. However, not too many efforts have been done with the soil genetic 
horizons in this context. This study aims at finding out differences in fertilisation effect on 137Cs 
sorption in different genetic horizons of cambic podzol. Soil samples were collected from a mature 
Norway spruce stand, which included five different fertilisation treatments. The spruce stand was 
fertilised in May 1986, just after the Chernobyl fallout in Finland. All soil samples were collected by 
genetic horizons, and classified (FAO classification) and analysed separately enabling also 
examination of spatial variation of radiocaesium in different treatment plots. 
 
 



AN ADAPTATION OF HUMAN FOODCHAIN MODELS TO PREDICTING 
INTERNAL EXPOSURE OF BIOTA: THE FASTer MODEL 

 

AVILA, R., BERESFORD N.A.+ & BROED R.L. 

Address of first author: Facilia AB, Valsgärdevägen 12, 168 53 Bromma, Sweden, email: 
rodolfo.avila@facilia.se 

 

There is an acknowledged lack of available data to derive parameters describing the transfer 
of many radionuclides from soil to wild species. Furthermore, many approaches to estimating 
the internal exposure of biota assume equilibrium transfer from soil to biota. However, as 
environmental impact assessments may need to be conducted for many scenarios (e.g. chronic 
or acute releases to air and ground waters) assumptions of equilibrium soil to biota transfer 
many be neither sufficient nor conservative.  

Much effort has previously been devoted to derive semi-mechanistic models to enable the 
transfer of radionuclides through human foodchains to be predicted dynamically. A logical 
first step to addressing the data gaps in our ability to predict internal activity concentrations of 
biota is to consider adapting these models for wild species. 

Here we describe the development of a semi-mechanistic model to estimate activity 
concentrations in wild mammals by adaptation of existing human foodchain models. 
Interception, weathering, plant uptake and soil migration parameters are derived from 
previously published models or collations such as IAEA Technical Report Series No. 364. 
Allometric relationships dependent on body mass are used to estimate wild animal parameters 
including, for most radionuclides, biological half-life.  

Comparison of predictions with observed data allows limited comment on the validity of 
model predictions. For instance, predicted Cs values are within observed ranges, and an 
increase in Cs activity concentrations from prey-carnivore as observed by many authors is 
predicted. Predicted values for 90Sr, 226Ra and U also appear reasonable whilst those for the 
actinide elements are low compared with the limited available data.  

To date a simple source-grass-herbivore-carnivore foodchain has been considered; the 
potential for further development of the model is discussed.   

 

 



RADIUM BEHAVIOUR DURING FERRIC OXI-HYDROXIDES CRYSTALLIZATION 

BASSOT S., STAMMOSE D. & BENITAH S. 
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In uranium mill tailings, oxides and oxi-hydroxides are responsible of about 70% of the radium 
immobilization, half being associated to amorphous forms (mainly hydrous ferric oxides and hydrous 
manganese oxides). With time, crystallization of these amorphous forms can occur, inducing a 
redistribution of radium between solid and solution. If the amount of mobile radium increases, the impact 
of these tailings on the environment may become significant. The aim of this study is to determine the 
amount of radium released in solution during the crystallization process of hydrous ferric oxide (HFO). 
The transformation of Ra-HFO co-precipitate in crystallized forms (goethite, hematite, …) is studied by 
ageing at 40°C for different solution compositions. Both solids and solutions are sampled for different 
times and analysed.  
The solid evolution is followed by specific area measurements (about 250 m2/g for HFO and about 10-20 
m2/g for crystallized form) and by determination of the amorphous fraction according to a selective 
extraction procedure. The solutions were analysed for 226 radium activity, iron concentration and pH. In 
order to discriminate the part of radium included in the solid and the part of radium fixed on the solid 
surface, radium sorption onto HFO and crystallized forms is studied as a function of pH. 
 The modelling of the sorption curves with JCHESS 2.0 code allow to point out the mechanisms 
responsible of the 226-radium distribution between solid and solution during the crystallization process of 
HFO. 



APPROACHES TO ESTIMATING THE TRANSFER OF RADIONUCLIDES TO 
ARCTIC BIOTA 

 

BERESFORD N.A., WRIGHT S.M., BARNETT C.L., GOLIKOV V., SHUTOV V. & 
KRAVTSOVA O. 

Address of first author: Centre for Ecology and Hydrology, Lancaster Environment Centre, 
Library Avenue, Bailrigg, Lancaster, LA1 4AP, United Kingdom, email: nab@ceh.ac.uk 

 

There is increasing concern over potential radioactive contamination of the Arctic due to the 
wide range of nuclear sources.  Environmental characteristics of the Arctic also suggest that it 
may be comparatively vulnerable to contaminants. Here we review collated data and available 
models for estimating the transfer of radionuclides to terrestrial biota within the Arctic. 

The most abundant data are for radiocaesium and radiostrontium although many data for 
natural radionuclides were available from studies in the Arctic.  For some radionuclides no 
data are available for describing transfer to Arctic biota. 

Allometric-kinetic models have been used to provide estimates of transfer for radionuclide-
biota combinations for which data were lacking. Predicted values were in good agreement 
with observed data for some radionuclides (e.g. Cs, U) although less so for others.  However, 
for some radionuclides where comparison appeared poor there were relatively little observed 
data with which to compare and the models developed were simplistic excluding some 
potentially important transfer pathways (e.g. soil ingestion). 

There are no bespoke models to enable the dynamic prediction of radionuclide transfer to 
Arctic biota.  A human foodchain model is available which includes limited parameterisation 
for Cs and Sr transfer in Arctic ecosystems.  This has been relatively easily adapted to 
estimate 137Cs and 90Sr transfer to some Arctic biota and could be readily adapted to other 
radionuclide-biota combinations.   

There are many factors of Arctic ecosystems which may influence radionuclide behaviour 
including short growing seasons, prolonged freezing of soil, and effects of low temperatures 
on biological rates.  However, these are not included within existing predictive models (for 
human or biota exposure).  If exposure to ionising radiation within Arctic ecosystems is to be 
robustly predicted such factors must be fully understood and properly incorporated into 
models. 
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In recent years, national and international programmes have proposed a number of 
frameworks and methodologies to assess the protection of wildlife from ionising radiations.  
Whilst some of these are now being used by national authorities, there has been little attempt 
to rigorously test their predictions against available data. In part this is because of the lack of 
sites where radiation induced effects can be observed. One such site is the Chernobyl 
exclusion zone for which a considerable amount of data are available for a wide range of 
biota across a gradient of exposure rates. This allows predictions of assessment frameworks, 
from exposure through to effects, to be thoroughly tested.  

In this paper we spatially implement terrestrial radionuclide transfer models developed within 
the EC FP5 project FASSET and test predictions of radionuclide activity concentrations in 
biota against compiled databases. More than 700 measurements of radionuclide activity 
concentrations in wild animals made throughout the exclusion zone between 1988 and 2000 
are available. These include 8 species of predominantly large mammals and 13 bird species. 
This is supplemented by approximately 900 measurements of  plant components representing 
the diets of the herbivorous animals sampled. On the basis of comparisons of predicted and 
observed activity concentrations in this wide range of biota, recommendations for improving 
the existing transfer models are made. 

In a second paper we consider predictions of dose and radiation induced effects and compare 
these to data from the exclusion zone. 
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In recent years national and international programmes have proposed a number of 
frameworks and methodologies to assess the protection of wildlife from ionising radiations.  
Whilst some of these are now being used by national authorities there has been little attempt 
to rigorously test their predictions against available data. In part this is because there are few 
sites where radiation induced effects have been observed. The Chernobyl exclusion zone 
represents a site where assessment framework predictions from exposure through to effects 
can be thoroughly tested.  

In a separate paper, we have tested predictions of  terrestrial radionuclide transfer models 
developed within the EC FP5 project FASSET against available radionuclide activity 
concentration database for terrestrial biota in the exclusion zone. In this paper we use the dose 
conversion factors developed within the FASSET project to estimate internal and external 
doses to biota within the exclusion zone. The estimated doses are then used to predict effects 
at different biological levels of organisation using the FASSET Radiation Effects Database 
(FRED); predicted effects are compared to observed effects within the Chernobyl exclusion 
zone. The observed effects data for the exclusion zone covers organisms from soil biota 
through to fish and mammals. 

Results of the comparison are used to make recommendations for future improvements to 
assessment frameworks. 

 



COMPARISON OF DECONTAMINATION PARAMETERS FOR TWO RODENTS. 90SR AND 
137CS 

BONDARKOV M., GASCHAK S., GORYANAYA JU., MAKSIMENKO A., BARCHUK R., 
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The rate of 90Sr and 137Cs content decrease in the whole body has been estimated for bank vole 
Clethrionomys glareolus and lab strain of mouse Mus musculus (BigBlue) over 50 and 180 days, 
respectively. Before the study the animals were naturally contaminated within the most contaminated area 
of the Chornobyl zone. The initial activity of the whole body ranged as follows: voles – 4–385 kBq for 
137Cs, 0.9–7.7 kBq for 90Sr; mice – 0.62–1.19 and 0.64–2.20, respectively. Methods of beta and gamma 
spectrometry and a specially designed alive counting method were used in the study. The exponential 
decay model of the second order was applied to estimate parameters of the body decontamination from 
137Cs. Both species have similar half-life periods of the fast-excreted fraction — 1.87-2.17d. However, a 
bank vole loses up to 96–97% of initial activity by the fast excreted fraction, while mice – only 67.4%. A 
slow excreted fraction of initially accumulated 137Cs has a half-life period of 55.3d and 9.6d in voles and 
mice, respectively. Thus, bank vole and domestic mouse have evident differences of radiocesium 
excretion, first of all at the early stage of decontamination. Some preliminary data for a yellow-necked 
mouse Apodemus flavicollis show similar parameters of decontamination as for a domestic mouse. The 
excretion of 90Sr was estimated using the exponential decay model of the first order. A mouse has much 
larger part of the excreted radionuclide – 87%, and a half-life period – 49.9d; a vole – 58% and 13.1d, 
respectively. The rest amount of radionuclides was considered as non-excreted over the study term. Thus, 
similar size representatives of two rodent taxons have different parameters of radionuclide excretion. The 
reason for this may be their specific physiology of accumulation and excretion. 
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Caesium-137 (137Cs) is widely used for the determination of soil erosion and sedimentation rates. 
However, in Europe, if the additional inputs of 137Cs fallout associated with the Chernobyl accident 
have given a supplementary mark to know the chronological history of buried sediments in rivers 
or wetlands, they have considerably complicated the interpretation of 137Cs inventories used for 
estimating soil redistribution on slopes. In fact, determination of Chernobyl-derived fallout 137Cs 
is problematic because very few sites have been correctly sampled at the moment of the accident. 
During the ten years after, it was possible to estimate the fallout measuring the 134Cs activity for 
estimating 137Cs (137Cs /134Cs = 2.0 at the time of the accident). But these measurements are 
extremely rare, whereas it should be the more accurate method to resolve this question. The more 
used solution is to use model based on atmospheric circulation and rain precipitation, the main 
part of fallout been due to atmospheric washing by the rain. Other solution is to compare 137Cs 
specific activity of soil samples collected after the accident and older samples. Then, we choose a 
set of soil samples collected on several experimental plots at different places in France, and 
sampled before and after the Chernobyl accident, to determine the part of contamination linked to 
this 137Cs fallout event with a simple comparison of their 137Cs specific activity. In fact, national 
French institutes working on agronomy maintain experimental plots, with varied surface area (1 
m², 10 m² or larger), for monitoring of soil physics and chemistry evolution. Nine sites were 
studied: two of them close to Paris, one 100 km east of Paris, 3 in Loire basin and 3 in south 
west, in the Pyrenees Atlantic. These measurements confirm the influence of the Chernobyl 
radioactive plume over the Paris Basin concerning the 137Cs fallout. The 137Cs specific activity is, 
on average, 25% (from 18 to 35% at Grignon) and 26% (9 to 43% at Versailles) higher in the 
samples collected after the Chernobyl accident (respectively 1993 et 1987) than those sampled 
before (1980 and 1981). On the east of Paris, from an experimental plot (115 m²) of the I.N.R.A. 
at Janvilliers (Marne), the soil sample dating from 1987 presents a 137Cs specific activity twice 
more important than the one collected in 1975. For the other sites (Pyrennees Atlantic and 
Landes as well as Loir et Cher), the increase of 137Cs specific activity is around 10 up to 15%. 
Furthermore, it is confirmed that the soil mineralogical composition does not noticeably affect 
the 137Cs retention. 
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This paper presents a dynamic box model to predict, for average and long time periods, the radionuclide 
behaviour in the main abiotic and biotic compartments of rivers. It is integrated in the operational code 
CASTEAUR, aiming to increase its application domain, limited, up to now, to short-term periods. The 
retained approach for this tool describes the river as a succession of elementary boxes representative of its 
different reaches. Two media are considered, the water column and the bottom sediment, through their 
biotic and abiotic components. In the water column, the abiotic components are the water and different 
classes of suspended particles classified according their deposit kinetics. The biotic components are 
plankton, divided into phytoplankton and zooplankton, and fish, distributed in planktonivorous and 
omnivorous species. The bottom sediment is represented according two layers. The first one, which can 
exchange with the water column, is called the reactive layer. Its abiotic components are the interstitial 
water and the different classes of deposit matter. It also includes a biotic component called macrobenthos. 
The second layer, i.e. the permanent layer, contains only the different classes of deposit matter transferred 
from the previous layer by consolidation process. The main processes linking all these components are 
modelled to assess in each reach the average radionuclide concentrations in the abiotic and biotic targets 
(components) describing the river ecosystem. The calculation are made with a minimum daily time step 
and for periods from several days to several years, taken possibly into account several releases distributed 
in time and space, and characterized by daily kinetics. After the model, an application on a real case is 
presented. 
 



CHARACTERIZATION AND RADIONUCLIDES SORPTION OF SUSPENDED 
PARTICULATE MATTERS IN FRESHWATER ACCORDING TO THEIR SETTLING 
KINETICS 
 
BRACH-PAPA C., BOYER P., AMIELH M. & ANSELMET F. 
 
IRSN, DEI, CE Cadarache, 13115 St Paul Lez Durance, France, christophe.brach-papa@irsn.fr 
 
In freshwater, the transfers of radionuclides depend both on exchanges between liquid and solid 
phases and on mass transfers between suspended matter and bottom sediment. Whereas the former 
ones depend on chemical processes (such as sorption/desorption, complexation…), the latter ones are 
regulated by hydrological and sedimentary considerations (dispersion, erosion, deposit…) closely 
related to the interactions between flow, suspended matter and bed sediment. Some of our previous 
studies highlight the need to consider the matter heterogeneity and its specific sediment dynamics to 
correctly report the inhomogeneity of fluxes in time and in space. These considerations lead us to 
develop experimental methods to distinguish the different matter classes, present in natural water, 
mainly according to their erosion threshold and settling kinetics. In this context, this paper presents the 
experimental protocol TALISMEN to characterize a natural bulk suspension according the 
identification of its main settling kinetics groups. In a first step, this identification is achieved by the 
use of a settling tank, that allows the monitoring of the suspended solid concentration at various 
depths, combined to a vertical mono-dimensional settling model applying a multi-class approach. In a 
second step, the particle groups are isolated and their physico-chemical properties are determined ( i.e 
mineral composition, specific surface area, particulate organic carbon, …) in order to fully 
characterized them. In a last one, the sorption property of each group toward radionuclides is 
determined by the measurements of its distribution coefficients (Kd). The results confirm the interest 
to consider these heterogeneities for the modelling of the radionuclides transfer in freshwater. From 
one group to other, these heterogeneities appear at two levels: 1) their sediment dynamics and 2) their 
radionuclides sorption properties. These conclusions can be equally applying to others xenobiotics as 
heavy metals and organics for that the same methodology can be easily applicable. 
 



SEASONALITY PROCESSES IN DECIDUOUS FRUIT PLANTS 
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The understanding of the processes that affect the behaviour of radionuclides in crops can both improve 
the assessment of the risk to man from ingestion of contaminated food and support policy makers to take 
actions in order to protect environment and to safeguard human health. Even if in the last years various 
studies have been carried out on fruits, this field is still affected by large uncertainty, due to the lack of 
knowledge and poor understanding of processes. Among the factors that affect the fruit contamination at 
harvest, seasonality, i.e. the time of the year when the deposition occurs, has not been object of proper 
attention. In the present paper the processes at short term of 134Cs and 85Sr in fruit plants, following 
deposition at different growing stages, have been studied. More in particular, results from a three-annual 
research on fruit plants - strawberry and blackberry - contaminated via leaves or via soil are used to 
discuss the relative contribution of the different processes - interception, absorption, translocation, 
remobilization, loss - to seasonality. The process of leaf-to-fruit translocation is controlled by the 
metabolic activity of the plant. The highest contamination for the elements mobile in the phloem occurs 
when the process of translocation prevails, while that for the non mobile elements occurs when the process 
of direct deposition prevails. The residual activity in the plant depends on the stage of plant growth. At 
anthesis it is lower for 134Cs than for 85Sr, but not during ripening and pre-dormancy. The removal of 
radioactivity from leaves is lower during dormancy than in Spring or Summer, but a large percentage of 
radioactivity is lost with the dead leaves at the end of Winter. 
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Laboratory experiments and field investigations in the Chernobyl exclusion zone have been 
carried out to determine the behaviour of the radioactive halogens 36Cl and 125I (as a surrogate for 
129I) in the soil-plant system and along human food chains. Their sorption on several soil types 
was quantified : the Kd’s values of chlorine were close to zero, for iodine they ranged between  
20 to 580 L.kg-1. The investigations on the migration in soils of the two radionuclides showed 
that the vertical transport of chlorine was the most rapid : 9 months after the contamination the 
residual fractions of 36Cl  in the 20 cm arable layer varied from 1% to 30% according to soil type. 
For iodine this percentage was less than 3% in any case.  
The soil to plant transfers were quantified for various agricultural crops (cereals, root vegetables, 
leaves vegetables and fruit vegetables) and for several kinds of soils. The root uptake of  36Cl by 
plants was particularly important with concentration ratios (expressed on a dry weight basis for 
plants and soils) ranging between 20 to 380 according to plant types. As a result of this very high 
biological assimilation about 60% of the contamination was extracted from the soils by the plants 
after one vegetation period. For iodine the concentration ratios values are 2 or 3 order of 
magnitude lower than for chlorine.  
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The Pantanal in southwest Brazil is one of world largest freshwater wetlands. This natural ecosystem 
has been affected due to urban contamination, irregular use of the land, tourism without control, 
excessive agricultural defensive utilization, etc. In order to verify possible changes in this 
environment, a study was established in Pantanal da Nhecolândia, Mato Grosso do Sul, Brazil. Two 
sediment cores were collected in 2001 and the elements As, Ba, Br, Ce, Co, Cr, Cs, Eu, Fe, Hf, La, Lu, 
Na, Nd, Rb, Sb, Sc, Sm, Ta, Tb, Th, U, Yb, Zn and Zr were determined by neutron activation analysis 
technique - NAA. The radioactive 210Pb was used to determine sedimentation rates and the sediment 
age. The element concentrations ranged from mg kg-1 to %. The majority of the elements and rare 
earths analyzed showed concentrations lower when compared with shale and earth crust values. 
Factorial analysis, mode R, was applied to the data. Only the elements Br, Hf and Zr showed 
concentrations slightly higher, probably due to variations on water level in flooding periods. A mean 
sedimentation rate of 0.61cmy-1 was found for one core, which is in agreement with data from 
literature for this kind of ecosystem. 
 



 ASSESSMENT OF THE RADIONUCLIDE FLUXES FROM THE  CHEROBYL SHELTER AND 
COOLING POND INTO  PRIPYAT RIVER AND GROUNDWATER  
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The destroyed Chernobyl Unit 4 under the constructed “Shelter” and the Chernobyl Cooling Pond are  
potentially most hazardous object in the Chernobyl zone. The model based assessment of the  
consequences of the Shelter collapse on surface water contamination  was provided in  the frame of the 
Environmental Impact Assessment  of New Safe Confinement (NSC),  designed above the Shelter. For the 
conservative   “worst hydrological scenario”   the wind direction  was taken to deposit the maximum 
amount of radionuclides directly on the Pripyat River surface  and floodplain upstream  the Chernobyl 
NPP.  Assuming the  atmospheric dispersion  of 8 kg of reactor fuel  due to the Shelter  collapse,  it was 
assessed that  2.4 TBq of  137Cs  and 1.1 TBq of  90Sr will be released into the Pripyat River within 3 days. 
The 1-D model RIVTOX was used to simulate the propagation of released  radionuclides  through Dniper 
reservoir cascade. It was shown  that the concentrations of  137Cs  and  90Sr in Dnieper reservoirs  for the 
simulated scenario will not be higher than during last high spring flood 1999.  The impact of the NSC  on 
the diminishing of the surface water  and groundwater contamination was simulated.  Most of the initial 
contamination of the Chernobyl Cooling Pond (CCP)  by long lived radionuclides, such as 137Cs, 90Sr and 
transuranics, has accumulated in its bottom sediments. The water elevation in the CCP  is at 6 m higher 
than in the neighbouring Pripyat  river.    The scenario of a collapse of CCP’s dam,  has been considered,  
which hypothetical cause  can be earthquake, dam score during high flood,  terrorist  attack.  The 
propagation of   contaminated water and sediments from the CPP dam breach  through the  Pripyat River 
floodplain,  downstream river and than through the Dnieper reservoirs  was modelled by the chain of 2-D 
and 1-D models. 
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The activities of several nuclear reprocessing plants (Siberian Chemical Combine (SCC) and Mining, 
Chemical Combine (MCC) and Mayak Production Association (Mayak)) that are placed in the watersheds 
of large Siberian rivers Ob’ and Yenisey may potentially cause contamination of the Arctic Ocean. An 
assessment of the  levels of radionuclide discharges into the Kara Sea from existing and potential sources 
of technogenic radioactivity, located within the watershed of the Ob’ and Yenisey rivers is presented. In 
frame of EU INCO-COPERNICUS  project RADARC  a linked chain of 1D river model RIVTOX and 3D 
estuary model THREETOX was used to simulate impact of the previous and potential releases from the 
nuclear installations in the basins of Ob’ and Yenisey rivers on radioactive contamination of the rivers and  
the Kara Sea. The RIVTOX includes the one-dimensional model of river hydraulics, suspended sediment 
and radionuclide transport in river channels. THREETOX includes a set of submodels: a hydrodynamics 
submodel, ice dynamics-thermodynamics submodel, suspended sediment transport and radionuclide 
transport submodels. The radionuclide transport model simulate processes in water, suspended sediments 
and in bottom sediments.  These models were adapted to the Ob’ river path from Mayak and SCC and 
Yenisey River from MCC. The simulations of 90Sr and 137Cs contamination  for the period 1949-1994 
were carried out for the Ob’  and period 1959-1994 for the Yenisey.   The use of model chain allowed to 
reconstruct contamination of water and sediments along the river path to estimate fluxes into the Kara Sea. 
It was shown strong initial contamination in early 50th the sediments in the Ob’ were sources for 
secondary contamination of river and estuary. Based on chosen realistic scenarios, simulations have been 
performed in order to assess the potential risk of contamination from existing and potential sources of 
radionuclides into the Kara Sea through the Ob’ and Yenisey rivers.  
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  Some 3x109 kg of phosphogypsum (PG) wastes are annually generated by two fertiliser-
production factories in Huelva (south-western Spain). PG has relatively high concentrations of  
226Ra and other radionuclides, with an special concern due to the 222Rn emissions.  These wastes 
could be used to improve the fertility of agriculture soils in a large former marsh area of the 
Guadalquivir river. Thus, it is interesting to study the levels and behaviour of natural 
radionuclides within this system to evaluate the radioactive impact of this amendment. An 
agronomical test is being conducted by one of the authors in an experimental farm in Lebrija 
(Seville). The soils are treated with 13 and 26 t ha-1 of PG, 30 t ha-1 of manure. Each treatment 
was repeated twice and continued for two years with beetroot and cotton plant production. We 
are measuring 226Ra (by alpha counting and gamma spectrometry) and U isotopes (by alpha 
spectrometry and ICP-MS analysis) in drainage waters, soils and vegetal-tissues samples. The 
PG used in the treatment has 620 ± 70 Bq kg-1 of 226Ra. The drainage waters have 226Ra contents 
similar to those from non-contaminated natural waters, but the uranium concentrations are one 
order of magnitude higher. Our results are suggesting that the major uranium input comes from 
the application of phosphate-fertiliser. No significant levels of radionuclides were found in the 
vegetal tissues.   
      
Keywords: Phosphogypsum, natural radioactivity, agriculture soils, fertilisers. 
 
Abbreviations: PG. Phosphogypsum. 
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  Kinetic transfer coefficients are important parameters to understand and reliably model the 

behaviour of non-conservative radionuclides in aquatic environments. This report pertains to a 

series of radiotracer experiments on 239Pu uptake in natural unfiltered waters from the Hueznar 

reservoir (southern Spain). The experimental procedure ensures the preservation of 

environmental conditions and the dissolved Pu activity was measured  by liquid scintillation 

technique. The data suggest that the main pathways for Pu uptake consist of two parallel and 

reversible reactions followed by a consecutive reversible reaction. We studied the effects of 

suspended matter concentrations and the specific surface area on the kinetic transfer 

coefficients.  

      
Keywords: 239Pu uptake, kinetic, aquatic systems, Spain. 
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IMPLICATION ON SAMPLING STRATEGY FOR ENVIRONMENTAL SURVEY 

1FROIDEVAUX, P.; 2POURCELOT, L. 

1Institut Universitaire de Radiophysique Appliquée, 1007 Lausanne, Switzerland, 
(pascal.froidevaux@inst.hospvd.ch), 

 2Radioprotection and Nuclear Safety Institute IRSN, CEA Cadarache Bat153 F-13108 St Paul-lez-
Durance (laurent.pourcelot@irsn.fr) 

 

Contamination of soils of uplands often shows large variability. Estimation of average deposition can be 
difficult due to the presence of enriched soils. In Mercantour National Park  this situation is particularly 
exacerbated by particular geomorphic features and 137Cs deposition can range from 10 kBq m-2 to 300 kBq 
m-2 on a surface as small as 2000 m2. On the same surface, 90Sr grass activities can range from 40 to 160 
Bq kg-1. In this work we studied the impact of this variability on the diary products contamination by 137Cs 
and 90Sr. While 137Cs originates mainly from the Chernobyl deposition and 90Sr from the nuclear weapon 
tests, results show that the higher the 90Sr activity of milk is, the higher the 137Cs activity. This means that 
the mechanism responsible of the enrichment of soil by the Chernobyl deposition already acted 40 years 
ago. Moreover diary products of the Mercantour area show high 90Sr content (in Bq/ g Ca) compared to 
lowlands ones but the variability of the contamination by 137Cs and 90Sr is considerably less than for the 
soils samples, due to homogenisation by “cow tramping”. Using results from studies on diary products 
over different West European countries we evidence a significant correlation between 90Sr activities and 
the altitude of grazing and we propose a mathematical expression to bind activity (90Sr Bq/g Ca) to 
altitude (m) for Western Europe dairy farms products. From these results we propose diary products, 
especially milk, to be the most significant environmental compartment to asses a regional contamination 
by 90Sr and 137Cs. This should be taken into account when designing a program of environmental survey. 
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The comparison of features of different radionuclide accumulation by the terrestrial and aquatic organisms of 
considerable scientific interest in connection with features of migration and distribution in the environment of the 
exchange forms of radionuclides and radionuclides of primary fall-out formed as a result of the Chernobyl NPP 
accident. On the basis of the data of 90Sr, 137Cs, 238Pu, 239+240Pu and 241Am radionuclide content in aquatic and 
terrestrial organisms within the Chernobyl NPP exclusion zone the concentration factors were calculated. These 
factors have been combine into following ecological groups: components of the terrestrial plants with root nutrition 
(wood, needles, leaves, grass); components of plants with atmospheric absorption (moss, lichens, tree bark, ground 
litter); hydrobionts (macrophites with roots and without roots, molluscs, fish). The data were calculated by the 
cluster analysis method. Concentration factor of radionuclides was clustering. Euclidean space as hierarchical 
connection rule – method of complete connection as the measure of similarity was used. Following a hydrobionts 
analysis, 90Sr and 241Am was united into the first cluster; the second cluster was formed by isotopes of plutonium; 
137Cs was formed in a separate – third cluster. As a result of the components of terrestrial plants with root nutrition 
analysis, the isotopes of plutonium were united into one cluster, others three clusters were formed by 90Sr, 137Cs and 
241Am. As a consequence of the analysis of components of plants with atmospheric absorption, the isotopes of 137Cs 
and 238Pu were united into one cluster, others three clusters were formed by 90Sr, 239+240Pu and 241Am. 
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RADIONUCLIDE ENTRAINMENT COEFFICIENTS BY WASH-OFF CALCULATED WITH 
THE FGI DATABASE ON 71 SMALL PLOT EXPERIMENTS NEAR CHERNOBYL (1986-1998) 
 
GARCIA-SANCHEZ L., BULGAKOV A.A. & KONOPLEV A.V. 
 
Institute of Radioprotection and Nuclear Safety (IRSN), Environmental Modelling Laboratory, F-13108 
Saint-Paul-lez-Durance, FRANCE, laurent.garcia-sanchez@irsn.fr 
 
This work aimed at treating the new database on cesium-137 and strontium-90 transfer by wash-off 
collected by IRSN in the framework of the Franco-German Initiative for Chernobyl. It focused on the 71 
runoff plot (from 1 to 400 m2) experiments conducted under artifical rainfalls in the Chernobyl district 
between 1986 and 1998. These data, mostly still unpublished, provide a quantification of wash-off at the 
rainfall scale, still rare for radionuclides. Normalized entrainment coefficients by liquid and solid wash-off 
were calculated for each experiment. Their calculus was based on a step interpolation/extrapolation of the 
measured time series (flux, concentrations) with a 1-minute time step. In average, the liquid entrainment 
coefficient was 10-5 mm-1 for caesium, and 10-3.8 mm-1 for strontium. The solid entrainment coefficient 
was 10-4.1 m2.g-1 for caesium and 10-4.3 m2.g-1 for strontium. These trends and values were found consistent 
with reported values in the literature. These results were integrated in a semi-empirical assessment model 
of radionuclide wash-off from contaminated watersheds. The instantaneous liquid and solid wash-off rates 
were estimated by the entrainment coefficients multiplied by the net advection fluxes (runoff, erosion) at 
the outlet. This approach produces short term flux estimates and accounts for fluctuations of the advection 
fluxes, whereas the literature generally aggregates these factors in first order constants. The validation and 
adaptation of this approach to other sites are further discussed in the paper. 
 
 



CAESIUM-137 CONCENTRATION IN WILLOW GROUSE (LAGOPUS LAGOPUS) AND 
BLACK GROUSE (TETRAO TETRIX) IN NORWAY IN RELATION TO GROUND 
DEPOSITION 

GJELSVIK R., KÅLÅS J. A. & DREFVELIN. J. 

Norwegian Radiation Protection Authority, PO Box 55, NO-1332 Østerås, Norway, 
Runhild.Gjelsvik@nrpa.no 

After the Chernobyl accident in 1986, mid and northern part of Norway was contaminated by radioactive 
fallout. The total fallout of 137Cs in Norway was estimated at 2300 ± 200 TBq. The purpose of this study 
was to find out to what extent radiocaesium is transferred from fallout deposition after the Chernobyl 
accident to willow grouse and black grouse. Cs-137 activity concentration in willow grouse and black 
grouse pectoral muscle will be presented and compared with information on fallout from the Chernobyl 
accident. During the years 2000-2001 at total of 297 samples of willow grouse and black grouse from 67 
localities in Norway were collected. The sample includes 208 adult willow grouse from 56 areas and 89 
black grouse from 20 areas. All sample collection was carried out by local hunters. Levels of ground 
deposition of 137Cs in Norway were taken from two nationwide sampling programs carried out by the 
National Institute of Radiation Hygiene in 1986 and the Norwegian University of Science and Technology 
in 1995. A total of 450 soil samples were collected in 1986 and 455 samples in 1995. To quantify transfer 
of radionuclides from fallout to activity concentration in bird tissue, aggregated transfer coefficient will be 
presented in addition to activity concentration of 137Cs in willow grouse and black grouse. 
 



 
 
 
 
RADIOACTIVE PARTICLES AFTER DIFFERENT NUCLEAR EVENTS IN THE USSR 
(OVERVIEW AND MODERN DATA) 
 
GORDEEV S.K.,     STUKIN E.D.,     KVASNIKOVA E.V. 
 
Institute of Global Climate and Ecology, Moscow, Russia, kv.stuk@g23.relcom.ru 
 
Institute of Global Climate and Ecology participated in all stages of investigations concerning 
spreading of the radioactive particles formed after nuclear explosions. Since 1963 the radioactive 
particles from the surface nuclear explosions on the Semipalatinsk Test Site were investigated. 
Since 1964 the study of the environmental contamination from the underground nuclear explosions 
(including the cratering nuclear explosions) was carried out. Simultaneously the secondaty 
radioactive aerosols released into the atmosphere from ventilated underground explosions were 
investigated. Since 1986 the forming and spreading of the radioactive aerosols from Chernobyl 
accident was studied. An overview of retrospective data will be presented. For example, the 
fragmentation radionuclides 90Sr, 137Cs and 155Eu, radionuclides induced by neutrons 60Co, 152Eu, 
154Eu and transuranium radionuclides 238Pu, 239+240Pu and 241Am were estimated in 15 particles of 
August, 29, 1949 explosion using the semiconductor spectrometry and radiochemical analysis. Data 
collection include the samples taken on local traces of ground and underground excavation nuclear 
explosions, this information will be added by the modern data from soil samples near “1004” 
explosion (lake Chagan), October 2003. The results of comparison of radionuclide fractioation in 
the radioactive particles in slag from cratering nuclear explosions and in melt samples will be 
presented. Main results obtained under the IAEA Research Contract # 11468. 



90SR AND 137CS DISTRIBUTION IN ORGANISMS OF WILD SMALL MAMMALS 
(CHORNOBYL ZONE) 

GORYANAYA JU., BONDARKOV M., GASCHAK S., MAKSIMENKO A., BARCHUK R., 
MARTYNENKO V., SHULGA A. 

Chornobyl Center for Nuclear Safety, Radioactive Waste and Radioecology, International Radioecology 
Laboratory, 07100, Slavutych, Ukraine, gaschak@chornobyl.net  

The distribution of 90Sr and 137Cs content in tissues of small rodent mammals has been studied in detail. It 
was determined that for a vole Microtus the largest ratio values of 137Cs concentration in organs to one in 
muscles are in skin (2.02±0.45) and kidneys (1.57±0.29), in other tissues they are much lower. The 
comparison of 137Cs specific concentration in tissues with their size (mass index) has shown that the major 
portion of the total radionuclide concentration in the animal body is in the bone & muscle tissues 
aggregate (44.1 ± 2.8%) and in skin (24.8 ± 2.5%). The total content of 137Cs in a gastrointestinal tract is 
about 20-25%, but nevertheless, it may be assumed that it is strongly dependent on the radioactivity of 
food. Preliminary data show that other species of genus Microtus can have another pattern of distribution. 
A more detailed research was conducted for the bank vole (Clethrionomys glareolus), 90Sr and 137Cs 
contents in tissues were calculated. 137Cs distribution corresponds with the tissues portion in the animal’s 
body mass (% of total content): the most in muscles – 38.3, gastrointestinal tract – 21.3, skin – 16.7; the 
least in eyes – 0.23, spleen – 0.33, heart – 0.74. The comparison of the activity concentration in each 
tissue with the average concentration of 137Cs in the whole body presented more evident differences 
between the tissues. The highest radionuclide concentration is in skin (1.48), in a slightly less degree in 
spleen (1.22) and eyes (1.20). The 90Sr distribution in the vole body is uneven – up to 83.4% of the overall 
content is in bone tissues, in muscle – 6.8, gastrointestinal tract - 4.2, skin - 3.9, in other tissues - 0.2—
0.5%. In comparison with 90Sr average activity in the body: skeleton – 10.9, eyes – 1.3, spleen – 1.02, and 
their values are much higher than in other tissues and organs.  



TRANSFER AND TRANSLOCATION OF 241Am, 239Pu, 137Cs and 85Sr AFTER PARTIAL 
FOLIAR CONTAMINATION OF BEAN PLANTS 

HENNER P., COLLE C. & MORELLO M 

Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear Safety, 
DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, France, 
pascale.henner@irsn.fr 

Bean plants at the flowering development stage were contaminated by soaking their two first leaves 
for 3 hours in a solution containing one of the actinides 241Am or 239Pu, or both 137Cs and 85Sr. The aim 
of the study was to assess the adequacy of using the values of Cs/Sr for the foliar transfer parameters 
of transuranic actinides, as used for example in the ASTRAL code to calculate the contamination of 
agricultural products after a nuclear accident. Secondly, these experiments were launched to 
tentatively determine specific values for the foliar transfer parameters for Am and Pu, despite technical 
limitations due to high radiotoxicity of these isotopes which prevented the contamination of the whole 
foliage of bean plants. Cs and Sr were used to compare the results with those obtained with other 
modes of contamination, by dry deposition of aerosols for example. Results showed that the soaking 
protocol was adequate to compare the foliar transfer of various radionuclides, although it should be 
difficult to provide specific values because of partial contamination of the foliage. Foliar transfer 
factors, expressed as Bq.kg-1

dw pods/Bq.L-1
solution (2.5x10-2) and translocation factors, dimensionless, 

(2.3x10-3) for Am and for Pu (1.5x10-3 and 7.5x10-5 respectively), compared to those for Sr 
(respectively 3.6x10-3 and 5.9x10-4) and for Cs (respectively 2.9x10-1 and 1.3x10-1), were studied using 
this procedure. Transfer and translocation factors for Am were significantly higher than those for Sr, 
but were smaller than those for Cs. Therefore, Am can be classified as a medium mobile radionuclide 
in plant. Transfer and translocation of Pu were significantly lower than these for Sr and for Am. 
Besides, the transfer and translocation factors of Am and Pu only differed from one order of 
magnitude or less from the one of Sr, which could be in the usual range of variation characterising 
transfer factors.  



A DYNAMIC COMPARTMENT MODEL FOR EVALUATING TRANSFER OF  
RADIONUCLIDE INTO RICE-PLANT AFTER ACUTE RELEASE 
 
KEUM, D.K., LEE, H.S., CHOI, H.J., KANG H.S. & LEE, C.W. 
 
Nuclear Environment Research Department, Korea Atomic Energy Research Institute(KAERI), 

150 Deokjindong, Yuseong, Daejeon, 305-323 Korea, dkkeum@kaeri.re.kr 
 
 

In this paper a dynamic compartment model is presented to estimate the transfer of 
radionuclides deposited on rice-fields after an accidental release. The present model includes a 
surface water compartment and a direct shoot-base absorption from the surface water to the rice-
plant to account for the flooded condition of rice-fields, which are major features discriminating 
the present model from the existing model. In order to test the validity of model, a number of 
simulated Cs-137 deposition experiments were performed while growing rice-plant in a green 
house. For the experiments the radionuclide was indirectly treated in the root zone soil before 
transplanting and on the surface water without a direct contamination of rice-plant after 
transplanting. In the first year of deposition the shoot-base absorption was a predominant 
process for the transfer of radionuclide into rice when the radionuclide was treated on the 
surface water, and from the second year, the root-uptake was dominant. The model calculation 
predicted reasonably well the first year experimental result showing the importance of shoot-
base absorption as well as the concentration of rice-body and grain measured from respective 
rice-plant grown consecutively on the contaminated soils for years.  
 



DATING OF ARTIFICAL RADIOACTIVITY IN SEDIMENTS OF THE RIVER YENISEI 

KLEMT E.1, PARLIACHENKA A.1, SPASOVA Y.1, ZIBOLD G.1, RÖLLIN S.2 & 
 BURGER M.2

1Fachhochschule Ravensburg-Weingarten, University of Applied Sciences, D-88250 Weingarten, 
Deutschland, klemt@fh-weingarten.de 
2Spiez Laboratory, CH-3700 Spiez, Schweiz 
 
 
For many years the Mining and Chemical Combine was producing weapon-grade plutonium in three 
nuclear plants on the banks of the river Yenisei south of the city Krasnoyarsk, Siberia. Artificial 
radionuclides were found in sediments of the river in close distance to the plants as well as over the 
whole length of the river up to the icy Kara-Sea. In order to reconstruct the discharge into the river and 
to understand migration processes dating of the activity in undisturbed sediment cores had to be done. 
Due to vertical advection of water through the sediments the age of sediment layers and the age of the 
activity therein have to be distinguished. The following methods of dating have been analyzed: The 
Pb-210 gamma-spectrometric method which showed to be not applicable, the Eu-152/Eu-154 ratio, the 
Po-210 alpha-spectrometric method, and modelling of the vertical distribution of activity in the 
sediment. Furthermore, ICP-MS analyses of Np, Am and Pu isotopes have been used to perform 
dating analyses. The results of the different methods are compared in order to ensure a proper 
understanding of the history of the activity and of the processes within the sediment. 
 
 



ECOLOGICAL HALF-TIMES OF 137Cs AND 90Sr IN DAIRY MILK IN REGIONS WITH 
DIFFERENT SOIL TYPES 

KOSTIAINEN E. 

Radiation and Nuclear Safety Authority, Research and Environmental Surveillance, B.O.Box 14, FIN-
00881 Helsinki, Finland, eila.kostiainen@stuk.fi  

Long-lived radionuclides 137Cs and 90Sr  have been regularly monitored since the 1960’s in dairy milk in 
Finland. The aim of this work was to study regional differences in long-term behaviour of 137Cs and 90Sr in 
dairy milk including the nuclear weapons tests period and the period after the Chernobyl fallout. In the 
milk production areas soil types vary from clayish to organic soils. Although total 137Cs deposition from 
nuclear weapon testings was about the same in all regions, 137Cs concentrations in dairy milk during the 
1960’s ranged between 5 and 35 Bq/l being highest in regions with high proportion of peat soils. The 
uneven deposition after the Chernobyl accident before the start of the growing season gave rise to 137Cs 
concentrations in dairy milk ranging from 3 Bq/l to 60 Bq/l. The ecological half-times were estimated for 
the decrease of 137Cs and 90Sr after the end of nuclear weapon tests period and the Chernobyl fallout for 
short and longer time intervals. In the milk production areas dominated by organic soils the ecological 
half-times for decrease of 137Cs were twice as long as in the regions with clayish soils. Half-times of 90Sr 
for longer time intervals were considerably longer than those for 137Cs. This long-term data on behaviour 
of 137Cs and 90Sr  in dairy milk can be utilized in testing food chain models.  The incorporation of region 
specific parameters in models will enhance their usefulness in case of a nuclear accident. 
 
 
 



 
 
 
 
CHANGE OF THE RADIONUCLIDE CONTENT OF LANDSCAPES CONTAMINATION 
IN THE SMALL CATCHMENT AT THE BRYANSK-BELARUS CAESIUM SPOT 
 
KVASNIKOVA E.V.*, SHAGALOVA E.D.**, TITKIN G.I.*, ZHUKOVA O.Mikh.*, 
ZHUKOVA O.Mitr.** 
 
* Institute of Global Climate and Ecology, Moscow, Russia, kv.stuk@g23.relcom.ru 
** Center of radiation control and environmental monitoring, Belhydromet, Minsk, Belarus 
 
The results of the joint Russian-Belarus RFBR-BelRFBR project # 02-05-81011 will be shown. 
Information on the spatial redistribution of 137Cs within small catchments and through the 
connected landscapes is an important background for estimating consequences of the Chernobyl 
contamination. 137Cs can be used as a tracer for study the direction and intensity of geo-chemical 
processes in landscapes of small catchments. The experimental data on the modern radionuclide 
content of soil and plant contamination have been received at the expeditions of 2000-2004 in the 
regions situated on distances  50, 150 and 250 km from the Chernobyl NPP on territories of Belarus 
and Russia. Some small catchments in the Dniepr basin have been studied (Braginka, Sozh and 
Moskovka rivers). The content of 137Cs, 90Sr, 239+240Pu and 241Am in soils will be presented. The 
modern variability of contamination levels in each of connected landscapes will be compared with 
the variability estimated immediately after the Chernobyl accident. The high spatial fixation of 
Caesium spots by the Polessye landscapes will be shown. 
 



 
 
 
 
MODERN RADIONUCLIDE CONTENT OF THE UNDERGROUND WATER AND SOILS 
NEAR THE EPICENTRAL ZONE OF CRATERING EXPLOSION AT THE 
SEMIPALATINSK TEST SITE 
 
GORDEEV S.K. & KVASNIKOVA E.V. 
 
Institute of Global Climate and Ecology, Moscow, Russia, kv.stuk@g23.relcom.ru 
 
The investigation wells for a control of the underground water contamination were bored after the 
cratering explosions at the Semipalatinsk Test Site, now they are restored partially. The analysis of 
the retrospective information of the Institute of Global Climate and Ecology (Moscow, Russia) give 
a possibility to choose wells and terrains for the successful study of radionuclide migration with the 
underground water. The epicentral zone, the crater and the territory with radius 1,5 km around the 
underground cratering explosion “1003” were investigated under the ISTC project K-810. 
Underground water and soil samples were taken at the two expeditions of 2003. The chemical 
extraction methods taking into account the water mineral composition, gamma-spectrum methods, 
methods of the liquid scintillation spectrometry and methods of alfa-spectrometry were used. The 
modern radionuclide content (3H, 90Sr, 137Cs, 239+240Pu, 241Am) of the underground water will be 
presented and compare with a radionuclide content of soils around crater. The retrospective 
information will be added by these modern data. The vertical radionuclide distribution in soils will 
be presented. 



SOIL-PLANT TRANSFER OF RADIOCAESIUM IN SLIGHTLY CONTAMINATED 
FOREST ECOSYSTEMS 
 
LAMARQUE S., LUCOT E. AND BADOT P.-M. 

Université de Franche-Comté, Laboratoire de Biologie et Ecophysiologie, EA 3184 MRT USC INRA, 
2, place Leclerc, 25 030 Besançon Cedex, sophie.lamarque@univ-fcomte.fr 
 
During Chernobyl’s accident, large areas of Western European countries, particularly forests, were 
contaminated with radiocaesium fallouts. Soil-plant transfer is often the first step by which 137Cs 
enters the food chains and flows through the biogeochemical cycle. The present work is devoted to 
document the soil-plant transfer of radiocaesium in slightly contaminated forest areas. Twelve sites, 
representative of the various functional features and  great diversity of ecological contexts of Franche-
Comté region (France), were selected to sample soils and forest trees : three species (Picea abies, 
Fagus sylvatica, Corylus avellana) and two organs (leaves or needles and young branches) were 
measured. Radiocaesium activities in soils have been observed to vary in range of 61 to 280 Bq.kg-1 

DW at 0-5 cm depth (8500 to 14280 Bq.m-2). A great correlation exists between organic carbon 
content and soil total radiocaesium concentration (r2 = 0,60). The studied soils have large organic 
carbon contents (2,7 to 28%) and large water pH values (3,1 to 6,1). Radiocaesium activities in leaves, 
needles and branches varied in range of 0 to 128 Bq.kg-1 DW, 0 to 163 Bq.kg-1 DW and 0 to 180 
Bq.kg-1 DW respectively. We reported a large variability of Transfer Factors, TFs (0.02 to 0.58) with 
respect to vegetation type, organ type and soil features. The activity concentration in the leaves and 
needles were generally found to be greater than those measured in the branches. No correlation was 
found between soil radiocaesium activity and vegetation radiocaesium activity. TFs values could be 
related to variations in the radiocaesium bioavailability function of the soil features. 



SELECTION OF BIOSPHERE TRANSFER PARAMETER VALUES FOR RADIOACTIVE 
WASTE DISPOSAL IMPACT ASSESSMENTS, A SITE SPECIFIC APPROACH. 
 
LECLERC-CESSAC E. & JAUBERT N. 
 
Andra, Direction Scientifique/Service transferts, 92290 Châtenay-Malabry, France, 
elizabeth.leclerc@andra.fr 
 
In order to perform radiological impact assessments of radioactive waste disposals, a compartimental 
model taking into account generic data for biosphere transfer parameters values is usually used. To 
improve its performance assessments calculations, Andra (French national radioactive waste 
management agency) decided to adapt this type of biosphere model to its sites conditions. On one 
hand, specific models have been developed such as model for 36Cl based on isotopic dilution and on 
local stable chlorine contents. On the other hand, biosphere transfer factors values are issued from 
experimental studies adapted to Andra context : soil characteristics, climate, agricultural habits and 
species. Local maps of radionuclides mobility have thus been able to be established in terms of soils 
characteristics. These specific data are useful only if main factors controlling mobility have been 
determined previously for each radionuclide, which implicates good knowledge of environmental 
radionuclides behaviour. This site-specific approach allows to reduce uncertainty and range of 
variation of impact calculations and ensure a consistent model. It helps also to achieve scientific 
community approval by showing mastery of radionuclides environmental processes and public 
understanding by focusing demonstration on real local conditions. A methodology in two times is 
presented. The first time is the definition of priority parameters, using a sensibility analysis. The 
second time is the giving of a value to these priority parameter, using all available knowledge about 
the behaviour of elements and about site’s conditions. A few examples for chlorine, uranium, caesium 
and technetium and limits of this approach are given.  
 
(249 words) 



CS-137 TRANSPORT IN THE AQUATIC SYSTEM IN HIGHLY CONTAMINATED 
AUSTRIAN ALPINE AREAS 

LETTNER H., WILFLINGER T., BIENIOK A., HUBMER A.K.H & BOSSEW P. 

University of Salzburg, Institut für Physik und Biophysik, A-5020 Salzburg, Austria, 
herbert.lettner@sbg.ac.at 
 

In this study the transport of 137Cs, most of it deposited by the Chernobyl fallout, from highly 
contaminated alpine regions in Salzburg (Austria) in the aquatic system is discussed. Water and 
sediment-samples were taken from creeks of different size to determine the runoff of dissolved 137Cs 
and the binding characteristics of different sizes of particles in the sediments. The assumption made 
for the specific activity of the sediments depending on the particle size, respectively the surface of the 
particle, could be shown to be correct in principle with some modifications. Changes in mineral 
composition of the sediments in the rivers, deposited and transported as well, has a significant 
influence on the amount of transported Cs. The assumption widely accepted of the concentration in the 
clay fraction to be highest due to a large specific surface per mass, does not hold if larger portions of 
carbonate are present. For the concentration of dissolved Cs in water, the conductivity of the water 
was identified to be a major controlling parameter. Enormous differences and the variation found in 
the concentration of 137Cs in the water can be primarily explained by the conductivity, and with a 
minor dependency on the inventory of the catchment.  
 
 



TERRESTRIAL ECOSYSTEM MODELLING TO ESTIMATE MATTER AND 
RADIONUCLIDE TRANSPORT IN A DRAINAGE AREA 

LINDBORG T. & BRYDSTEN L. 

Swedish Nuclear Fuel and Waste Management Co. (SKB), POB 5864, 102 40, Stockholm, Sweden, 
tobias.lindborg@skb.se 

 
During the next few years the Swedish Nuclear Fuel and Waste Management Co (SKB) performs site 
investigations at two sites in Sweden for a future repository of spent nuclear fuel. Novel methods based on 
systems and landscape ecology is developed to model the radionuclide flow in the biosphere for a safety 
assessment. In this paper our objective was to develop a geometrical model that contained quantitative 
properties for different entities in the terrestrial parts of the drainage area of Lake Eckarfjärden. The 
system was divided into primary producers, consumers and soil metabolism. Each entity in the system was 
given properties that describe their function and the processes involved. By using geographical 
information system (GIS), each property was modelled as a layer and given values spatially distributed 
according to site data. Main interest was given to the properties biomass and production in order to be able 
to calculate the terrestrial input to the flow of matter in the drainage area. The result was a digital grid with 
a number of layers illustrating properties that was used together with the hydrological model to predict 
flow directions and drainage. A model for dispersion of radionuclide contaminated ground water and 
uptake of radionuclide in vegetation was developed using the discharge grid, the flow direction grid and 
primary production data. A hypothetic ground water discharge point was randomly selected within the 
Eckarfjärden drainage area. The discharge of radio nuclides was chosen to 1 Bq year-1 and the 
evapotranspiration was set to the yearly average value 0,0133 dm3 s-1 km-2. Because of the strong dilution 
of the contaminated ground water, the uptake to biota occurs mainly along the first 250 meters of the 
route, and hence the highest concentration of radio nuclides in biota is also found in this area. Thus the 
potential consequences of a release are limited to a rather small area, far less than the area needed for e.g. 
agriculture to feed a family. 
 
 
 
 

 



FOLIAR CONTAMINATION OF PLANTS WITH AEROSOLS OF 137CS, 85SR, 133BA AND 
123MTE: INFLUENCE OF RAIN  

MADOZ-ESCANDE C., BONHOMME T. & PONCET-BONNARD D.  

Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear Safety, 
DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, France  
chantal.madoz-escande@irsn.fr 

Different types of plants (lettuce, radish and grass sward) were contaminated by dry deposition of 
radioactive aerosols (137Cs, 85Sr, 133Ba and 123mTe). Due to the rain efficiency in decreasing radiological 
contamination of crops, a range of rain scenarios was applied on these three types of plants. These 
experiments aimed at improving the prediction of the consequences on agricultural products of a nuclear 
accident occurring on a PWR, and also at improving the understanding of the different processes 
occurring between the contamination and the first harvest. For a plant species at a given stage of its 
growth cycle, interception of the four radionuclides was identical and varied from 68% for radish to 84% 
for grass. The interception of aerosols by lettuce was intermediary with 75% (at the middle of ripeness 
stage) or 78%(at the mature plant stage). By the use of a conceptual model, the predominance between the 
two processes: washing-off the leaves and absorption through the leaves cuticles that allows the 
translocation, was evidenced. For Cs, Sr and Ba,, for the lettuce and the radish the washing-off process on 
the foliar cover of lettuce and radish was the most significant during the first rain. The absorption process 
inside the plant became dominant only from the third rain event. Tellurium had a particular behaviour: it 
was non-mobile and stayed put on the leaves. The values of the washing-off and absorption coefficients 
were estimated. For the grass, during the washing-off, radionuclides had a tendency to accumulate in the 
basal parts of plant first and the root matt later. Moreover, grass cuts came in between the rains. The 
global transfer factor values were dependant on both the radionuclides and the plant species, nevertheless 
the higher value was obtained for the cesium, whatever the plant and the rain (from 0,06 m².kgfresh

-1 for 
radish to 0,1 m².kgfresh

-1 for whole lettuce).  
 



CONTAMINATION OF TERRESTRIAL GASTROPODS HELIX ASPERSA MAXIMA WITH 
137CS, 85SR, 133BA AND 123MTE BY DIRECT AND TROPHIC PATHWAYS. 

MADOZ-ESCANDE C., QUERREC N., BONHOMME T. & PONCET-BONNARD D. 

Laboratory of Radioecology and Ecotoxicology, Institute for Radioprotection and Nuclear Safety, 
DEI/SECRE/LRE, Cadarache, Bld 186, BP 3, 13115 St-Paul-lez-Durance cedex, France  
chantal.madoz-escande@irsn.fr 

Contaminations of terrestrial gasteropod Helix aspersa Maxima by direct deposition or labelled food 
ingestion of 137Cs, 85Sr, 133Ba and 123mTe were carried out in laboratory conditions. This study was 
performed to compare the two pathways of contamination: direct and trophic in terms of individual 
mortality and, radionuclide uptake, depuration and tissular distribution. A first group of 30 snails (2-year 
old) was exposed to radioactive aerosols during a twenty-hour period. These aerosols were supposed to be 
representative of those produced during a nuclear accident occurring on a PWR. A second group of 40 
snails (same ages) was submitted to twice-a-week ingestion of food during 10 days (flour at a feeding rate 
of about 0,2g) contaminated by these same aerosols. During the 21 days observation period, comparison 
among the two groups and a reference group (not contaminated by radionuclides) was performed. No 
significant difference between the three groups was observed neither on the growth nor on the mortality. 
One day after the deposit, the cesium was the most bioavailable element, distributed homogeneously 
within the whole body (from 15 to 25% of total Cs respectively in shell and muscle). The strontium 
accumulated in the shell (about 70%). The barium was found in the muscle (20%) and the shell (65%). 
Tellurium was mainly present in the shell (70%) and in digestive gland (20%), Later, this element was 
mostly present in faeces. As regards the contamination by ingestion, it was mainly accumulated in 
digestive gland. 
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THE INGROWTH FROM PLUTONIUM-241 AS A POSSIBLE EXPLANATION  OF THE 
DETECTION OF AMERICIUM-241 IN SOIL SAMPLES OF PIEMONTE (NORTH-WEST 
ITALY) 
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Abstract 
 
In recent years (2001-2003), the detection, by means of γ spectrometry with HPGe, of traces of Am-241 in 
some soil samples gathered in different part of Piemonte (North-West Italy) during routine environmental 
monitoring, makes some questions rise about its origin. 
Because it seemed unreasonable that these traces were due to recent inputs (at the moment we have no 
information about nuclear or radiological accidents releasing Am-241 into the environment) we have tried 
to interpret the experimental data as the effect of the ingrowth of Am-241 from Pu-241 already present in 
soils. 
In fact, Pu-241 was among the radionuclides largely produced and dispersed, especially in the boreal 
hemisphere, as a consequences of nuclear weapons tests. Moreover, in spite of the fact that weapons 
fallout was roughly uniform in the hemisphere, some considerable differences even at regional scale exists 
and, in some cases, are well known. Thus, assuming that the ratio of the radioisotopes of Plutonium 
injected into the atmosphere (namely Pu-239+240/Pu-241) was constant, we have used the distribution 
pattern of Pu-239+240 in Piemonte, assessed in detail in previous works (Cigna et al, 1987) to derive also 
the pattern of Pu-241. 
In this way, we were able to forecast the ingrowth of Am-241 in the soil of Piemonte and to compare such 
predictions with the observed experimental values. 
We finally propose a method for the assessment of Pu-241 from Am-241, by means of γ spectrometry.   
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The knowledge about biodiversity and about reasons and laws of 
dynamics of decomposer invertebrates has exclusively important 
(rather applied, or theoretical) significance for soil science. 
Earthworms and millipedes are probably the most important members 
of the soil biota and major contributors to total zoomass. Their 
activities are such that they are extremely important in maintaining 
soil fertility in a variety of ways. They play an important part in the 
redistrubution of radionuclides accumulated in the natural 
biogeocenoses and accumulation of radionuclides in their bodies 
depends on their concentration in the habitat. Since radionuclides can 
limit biological activity, studies to estimate the tolerance of 
decomposer community to potentially toxic radiators are needed.  
The effect of radioactive contamination on the soil invertebrates and 
decomposition processes in the different biogeocenoses we intensively 
studied during 17 years after Chernobyl accident. The soil 
invertebrates were collected according to generally accepted method 
by M. Ghilyarov. Soil samples were 0,25 m ² and animals were 
extracted from samples by hand sorting.  
Usually decomposition was affected by the presence of decomposer 
fauna. Considerable differences were found in the species number. 
The species composition of sites differed clearly. The study showed 
that the fauna was poorer under increasing levels of radioactive 
contamination. The higher radionuclide content was found to result in 
suppression of decomposer community. The results showed a vertical 
migration of earthworms to deeper soil layers with increasing of 
radioactive contamination. With the absence of decomposer fauna due 
to migration to the deeper layer and mortality, the layer of litter 
increased. 
The results show that the earthworms were of small size. Cocoon 
production decreased. Radioactive contamination altered the process 
of reproduction and age structure of decomposer fauna. The 
invertebrates collected from the radioactive plots had considerable 
changes in the physiology. 
Based on the results of our study, we have a conclusion – the 
decomposer community exposed to irradiation for a long time reacts 
clearly by a noticeable suppression. Furthermore, the results also 
demonstrated that there was a strong relation between decomposition 
rates and numbers of decomposer fauna present in soil layers. Given 
the important role of decomposer invertebrates in the development 
and maintenance of soil structure, and in the incorporation and 
breakdown of organic residues in the soil, we made conclusion that 
the reduction of density and biodiversity of decomposer organisms in 
the radiocontaminated zone produced long term effects on the soil 
health. 
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The protection of biota from ionising radiations needs reliable predictions of radionuclide 
dynamics in wild animals. Data specific for many wild animals – radionuclide combinations is 
lacking and a number of approaches including allometry have been proposed to address this. 
However, for 14C and tritium, which are integral components of animals tissues and their diets, a 
different approach is needed in the absence of experimental data. Here we propose a 
metabolically based model which can be parameterised predominantly on the basis of published 
metabolic data.  

We begin with a metabolic definition of the 14C and OBT loss rate (assumed to be the same) from 
the whole body and also specific organs, using available information on field metabolic rate and 
body composition. The mammalian body is conceptually partitioned into compartments (body 
water, viscera, adipose, muscle, blood and remainder) and a simple model defined using net 
maintenance and growth needs of mammals. Intake and excretion, and transfer to body water are 
modelled using basic metabolic knowledge and published relationships. The model is tested  with 
data from studies using rats and sheep. It provides a reliable prediction for whole body and 
muscle activity concentrations without the requirement for any calibration specific to 3H and 14C. 
Predictions from the model for representative wild mammals (as selected to be reference 
organisms within international programmes) are presented. Potential developments of a metabolic 
model for birds and the application of our work to human foodchain modelling are also discussed.   
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The need to increase the predictive power of risk assessment for large tritium releases implies a process 
level aproach for model development. Tritium transfer for atmosphere to plant and the conversion in 
organically bound tritium depend strongly on plant characteristics, season, and meteorological 
conditions.In order to cope with this large variability and to avoid also, expensive calibration experiments, 
we developped a model using knowledge of plant physiology, agrometeorology, soil sciences, hydrology, 
and climatology. The transfer of tritiated water to plant is modelled with resistance approach including 
sparce canopy. The canopy resistance is modelled using Jarvis-Calvet approach modified in order to 
directly use the canopy photosynthesis rate.The crop growth model WOFOST is used for photosynthesis 
rate both for canopy resistence and formation of organically bound tritium, also. Using this formalism, the 
tritium transfer parameters are directely linked to known processes and parameters from agricultural 
sciences. The model predictions for tritium in wheat are closed to a factor two to experimental data 
without any calibration. The model also is tested for rice and soya bean and can be applied for various 
plants and environmental conditions. For sparce canopy the model uses coupled equations between soil 
and plants. 
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ABSTRACT 
 

One of the most serious problems occurring during coal extraction in Upper Silesia in Poland 
are inflows of water with very high salinity. These waters often contain also high concentrations of 
natural radionuclides, mainly two radium isotopes, namely 226Ra from uranium series and 228Ra from 
thorium series in chloride rich solution. Due to the chemical properties of such brines, these waters 
contain usually no uranium, no thorium but occasionally elevated concentration of other radioactive 
isotopes as 210Pb and 210Po. Approximately 40% of the total amount of radium carried by this waters 
remains in underground galleries as radioactive deposits. But, in spite of decreasing of hard coal 
industry,  up to  225 MBq of 226Ra and 400 MBq of 228Ra are released daily into surface along with the 
other mine effluents from all Polish coal mines.  As a result of a discharge of radium-bearing waters 
from coal mines into settling ponds and later into rivers a significant increase of radium concentration 
in bottom sediments can be observed. Sometimes there is also a contamination of river beds, soils  and 
biota.  

The paper describes results of investigation of waters and sediments with enhanced natural 
radioactivity, that occur in settling ponds, where mine waters have been dumped.  The results of 
measurements show that these deposits contain mainly 226Ra and 228Ra (in the form of sulphates) and 
their progeny. The influence of bottom sediments with enhanced radium concentration on the natural 
environment in the vicinity of settlement ponds was also studied.   Measurements of  different 
elements of radiological hazard were made such as radium content in soil from ponds’ banks, 
variations of gamma radiation background and radon exhalation coefficient.  Additionally radium 
transfer to vegetation that had transgressed into the ponds has been calculated. The results show 
clearly enhanced gamma dose rate at the territory contaminated by sediments, but no evident 
enhancement was found in the adjacent land. But in the Vistula river, several kilometres downstream 
from the discharge point, bottom sediments with enhanced radium concentrations were found.   

The obtained results showed that mentioned above sources of radiation hazard must be taken into 
account for planning and designing of land reclamation operations for surface settling ponds of 
underground mines. 
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The River Tagus runs for 1370 km through Spain and Portugal, and receives the liquid effluent of three 
Spanish nuclear power plants. In this present work, the spatial and temporal evolution was analysed of the 
levels of Cs-137 and Sr-90 in the water of this river in its passage through various Spanish and Portuguese 
regions. Mathematical time-series techniques were used to analyse the experimental results. Firstly, with 
these techniques analytic expressions were obtained for the temporal trends of the activity levels of these 
radionuclides. This allowed us to calculate the rates of concentration in some cases, and of dilution in 
others, of these radionuclides at the different sampling points. Thus, in the cooling reservoir of the PWR-
type Almaraz Nuclear Power Plant in Spain, we estimated a constant Cs-137 dilution rate of 4.67 
mBq/L.month. In the case of Sr-90, the rates estimated were not constant but time dependent. 
 
A study of the seasonality of the time-series also allowed us to determine that the concentrations of the 
two radionuclides varied cyclically at some of the sampling points. The periods of these oscillations were 
around to 13-14 months for Cs-137 and around 17-18 months for Sr-90. 
 
Lastly, we determined the transit times of both these radionuclides between some of the sampling sites. 
The results indicate that the two radionuclides have similar speeds of displacement, with a mean value 
during the years of the study of 12 km/month. 
 
 



 

PARTIAL TERROIR CHARACTERISATION USING RAPID IN-SITU GAMMA-RAY 
MAPPING 
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The term terroir refers to the multitude of factors that influence the character of wine. One such factor is 
the vineyard soil. Rapid, in-situ measurements of natural radionuclide activity concentrations in vineyard 
soil in the Stellenbosch region were made using a mobile gamma-ray detector system interfaced with a 
GPS device.  Maps of the total detector count rate (200 keV – 3.0 MeV) display significant variation due 
mainly to the 232Th activity concentrations present in the soil. Results from an analysis of the correlation 
between our results and those from traditional chemical analyses of soil samples will be presented. In the 
light of this the potential for rapid (partial) terroir characterisation using gamma-ray mapping, will be 
discussed.    
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ALPHA RADIOACTIVITY OF GROUNDWATERS 
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One of the most widely used methodologies for determination of gross alpha radioactivity levels in natural 
waters, due to its simplicity, is evaporation on a planchet and subsequent counting with a thin end-window 
low-background proportional counter. As the rate of energy loss of alpha particles passing through an 
absorber depends on the speed of the particle and on the absorber density, the count rate is affected by the 
alpha particle energy and by the chemical composition and thickness of the dissolved solids residue which 
is counted. Conversion of the countings rates to gross activity concentration in the sample is made by 
correcting these factor with efficiency calibration curves. The use of 241Am standards (Eα = 5.5 MeV) to 
correct samples containing natural uranium with lower alpha energies (Eα = 4.2 MeV), can affect the 
results, depending on the chemical and radionuclide composition of the sample. Efficiency calibration 
curves for a thin-window, low background, gas-flow proportional counter were determined using 241Am 
and natural uranium standards simulating the chemical composition of the underground water at the 
Institute of Nuclear and Energetic Researches, IPEN, located inside the city of São Paulo, Brazil. The 
counting efficiency ranged from 0.273 ± 0.038 for a weightless residue to 0.015 ± 0.002 for a 15 mg/cm2 
residue for the 241Am standard and from 0.322 ± 0.030 for a weightless residue to 0.023 ± 0.003 for a 14.5 
mg/cm2 for the natural uranium standard. The expected lower efficiencies for the uranium standard were 
obtained only for residue thicknesses below 10 mg/cm2. Measurements of the natural uranium standard by 
high resolution gamma spectrometry showed that the uranium solution reached radioactive equilibrium, so 
alpha emitters like 218Po (Eα = 6 MeV), 214Po (Eα = 7.7 MeV)  and 210Po (Eα = 5.3 MeV) allow higher 
efficiencies that the expected ones.  
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Aerosols dry deposition onto agricultural and forest areas is investigated. A special attention is given to 
highly rough surfaces and sub-micronic aerosols, for which the estimation of the deposition is still 
uncertain. In fact the models used in radiological risk or air quality assessment studies are highly empirical 
and fail to reproduce the results of the most recent measurement campaigns. Therefore a theoretical 
framework, based on a mechanistic description, has been developed. The proposed approach consists in 
two steps. First, the interaction between aerosols and foliar surface is formulated by using a set of 
parameters, which are defined on the local scale of one foliar element. In the second step, the collective 
effect of the foliage is taken into account through statistical distribution of these parameters. The model 
integrates the three main aspects of aerosol dry deposition. These are the local aerodynamic characteristics 
of the flow within the canopy, the aerosol mechanisms governing the deposition, and the structural and 
morphological properties of the canopy. The physical processes considered in the study are inertial 
impaction, gravitational settling, brownian and turbulent diffusion, interception and turbulent impaction. 
The canopy characteristics considered are the spatial distribution, orientation and micro-structure of the 
foliar surfaces. The applicability of this framework is demonstrated in a realistic situation : for a given 
canopy and aerodynamic conditions, the spatial distribution of the aerosol captation by the foliage can be 
quantified. It enables to simulate numerically the distribution of aerosol concentration within the canopy 
and the overall deposition flux. 
 



VERTICAL DISTRIBUTION OF 137Cs IN SOIL ON VARIOUS FOREST SITES AND TIME-
DEPENDENT CHANGES IN HUMAN RADIATION EXPOSURE 
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External radiation in forests after accidental radioactive contamination can be derived from radioactive 
sources in overstorey and understorey vegetation and in surface layers of soil. After accidental fallout the 
external contamination of forest vegetation will decline through weathering during the first weeks and months 
towards the situation where the main fraction of long-lived radioactivity is found in soil. Later, despite the 
slow accumulation of radioactive caesium in overstorey, ground layer will be the main source of external 
radiation in forests. Kerma rates are then derived mainly from time-dependent downward migration of 
radionuclides in soil, and site characteristics explain the different migration rates of long-lived 137Cs and 
thereby also the differences in human exposure on different sites.  In this study, the depth distribution of 137Cs 
in soil on a number of European forest sites, contaminated by the Chernobyl fallout in 1986, was derived from 
experimental data collected in 1987-1999.  A parameter defining the exponential time dependence of the 137Cs 
depth distribution in soil was derived for several forested sites. The sites included forests on mineral soils and 
on peatland, managed and unmanaged forests, and a site which had earlier been arable soil and afforested 80 
years before this study. Both original published information and unpublished data have been used for 
assessment and comparisons of depth distributions. The management effect on depth distribution of 
radioactive caesium was smaller in mature spruce forest on mineral soil than the effect found earlier in 
fertilised pine forest on peatland. The differences between the sites are important to consider in assessment of 
post-accident human radiation doses received in forests. 
 



PROGNOSIS OF RADIONUCLID CONTAMINATION SPREADING ON THE SITE OF 
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In a period between 1943 and 1974 radioactive wastes were temporary buried on a special site on the 
territory of RRC “Kurchatov Institute”. The site used for the temporary waste storage (TWS) has an area 
of about 2 hectares and is situated near the border of the RRC territory that is close today to a city 
residential area. To analyze and control pollution of groundwater about hundred test and observation wells 
were drilled on the site. It was determined that contamination of the ground is mainly connected with Sr90 
and Cs137. The site monitoring held since the end of the 80s showed that contaminants are located not 
only on the surface and in the ground but they have also spread in groundwater. Investigation of 
groundwater pollution showed necessity of a more profound analysis of the nature and possible 
propagation directions of radioactive plume. In this connection in 2002 and 2003 supplementary 
observation wells were drilled outside the institute territory in order to increase the zone of monitoring and 
to determine the boundaries of possible radioactive plume spreading more precisely. Along with these 
field investigations research work on development and creation of a mathematical model of radioactive 
groundwater contamination spreading was started in 2002, this model provided a possibility to evaluate 
the existing plume, to explore contamination transport mechanisms and to predict the plume spreading in 
order to create a base for engineering decision-making for the plume localization. On the basis of the TWS 
site monitoring and the laboratory investigations hydrogeological parameters’ values and geological 
structure of the site were determined. Geoinformation System and three-dimensional numerical models of 
groundwater flow (with MODFLOW) and mass transport (with MT3DMS) were built. The model was 
verified due to field measurements. Analysis conducted on the site gave more precise locations of the 
groundwater contamination sources and revealed some hydrogeological features of the site. Prognosis for 
radionuclid migration from the TWS site performed for periods up 100 years showed the efficiency of 
decisions made for remediation of contaminated territory. The findings will be used for scientific basing 
of the choice of protective measures and engineering systems for protection of adjacent territory from 
radioactive contamination spreading. 



COMPARISON OF THE LOCAL-SCALE ATMOSPHERIC DISPERSION MODEL CEDRAT 
WITH 85KR MEASUREMENTS 

 
M. RENNESSON1, D. MARO2, P. DEVIN1, M.L. FITAMANT3, P. BOULAND4 

 
1 COGEMA, Reprocessing Business Unit - Quality, Safety, Security, Environment Department, 2 rue 
Paul Dautier, B.P. 4, 78141 Vélizy Cedex, France 
E-mail : mrennesson@cogema.fr 
 
2 IRSN/DEI/SECRE/LRC, rue Max Pol Fouchet, B.P. 10, 50130 Cherbourg-Octeville, France 
 
3 COGEMA La Hague, 50444 Beaumont Hague, France 
 
4 SGN, 1 rue des Hérons, Montigny-le-Bretonneux, 78182 Saint-Quentin-en-Yvelines Cedex, France 
 
 
An accurate model of atmospheric dispersion of radionuclides over the complex terrain of the La 
Hague reprocessing plant (North Cotentin, France) has been developed by COGEMA, in partnership 
with Paris VI University. 
This model, called CEDRAT 1.0.1 (operational since October 2002), takes into account areas typically 
outside the validity limits of Gaussian models: relief and building influence, short-distance (beyond 
500 m from the release point) and stable atmospheric conditions. 
The modelling tool is based on an original method: a 2D-meshed model for flow resolution at 
permanent rate in the prevailing wind direction, and a 3D description of the dispersion phenomena, 
taking into account wet and dry deposits, at permanent or transitory rate. 
This leads to an effective compromise between rapidity (45 min on a 6000 nodes grid, with a standard 
PC), robustness and accuracy, coupled with a user-friendly interface. 
Primarily the validation process consisted of a comparison with the 3D complex dispersion reference 
model MERCURE, developed by EDF. Then, MERCURE and CEDRAT results were compared on 
real release scenario basis, for which actual meteorological conditions and tracer data collected at 
monitoring stations around the site were known. 
To enlarge this validation process, a second level of comparison was made in collaboration with a 
IRSN Cherbourg team, through different field experiments, which provided both ground and elevated 
level measurements (collected with a captive balloon), for different stability classes of the atmosphere. 
The plume tracer is krypton 85, an inert gas released from a height of 100 m. 
Thus, the aim of this paper is to present the original method to describe short distance dispersion over 
complex terrain and its validation enrichment for stability conditions and areas not yet observed, 
through wind and crosswind Atmospheric Transfer Coefficients comparisons, at both ground and 
elevated levels. 
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The objectives of this work are to study the behaviour of 238U and its daughters in the continental 
environment and to determine the radiological impact of U mining past activities in the Haute-Vienne 
French department. The distribution of radionuclides among different size fraction was investigated 
upstream and downstream mines to better understand the transport of radionuclides in the Vienne river 
basin. Particulate (>0,45µm), colloidal (0,45µm-10kD) and dissolved (<10kD) fractions were 
separated by filtration and ultrafiltration. Particles collected in traps, sediments, particulate, colloidal 
and dissolved fractions were analysed by gamma spectrometry to measure simultaneously 238U, 234Th, 
226Ra, 210Pb, 228Ra, 228Th, 7Be, 137Cs and 40K activities. A preconcentration step by evaporation was 
elaborated and validated for liquid samples. Results indicate that radiological impact of U mines are 
the enhancement of radionuclides activities and a change of their distribution between particulate, 
colloidal and dissolved fraction. While activity levels depend on the input intensity, the distribution is 
controlled by the mine water treatment witch reduces drastically the contribution of mine 
radionuclides in streams. Analysis of particles from traps and sediments confirms that the distribution 
of mine radionuclides promote their accumulation in lacustrian sediments. Therefore, sediments have 
recorded the U mining history. Nevertheless, the impact of the past activities decreases over time and 
is very limited in space. Indeed, it becomes weak at 10 km downstream the inputs and it is no more 
detectable at 30 km downstream. 
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Experimental measurements realised on the lower Rhône River permit to highlight a spatio-temporal 
organisation of the suspended matter (SM) during floods, depending on river morphology, water mass origins 
and phase of the event. Results indicate that for a discharge up to 3000 m³/s, sedimentary flux is organised in 
laminar or concentric layers and that SM increases from the surface and the center to the banks and the bottom of 
the channel. This structure seems to be independent with the grain-size distribution, which is less organised in 
flood as in modal hydrology. The integration of the sedimentary transit specificity had allowed to increase the 
estimation of the annual suspended load in the Rhône River. 

Particulate fluxes of artificial and natural radionuclides were measured at the water surface, near the 
riverbank, during the exceptional flood events of fall 2002. The aim of the study is to propose a method to 
evaluate radionuclides particulate fluxes which takes into account the spatial and temporal variability of the SM-
fluxes. This method, only based on the relation between river flow, SM and pollutant fluxes, could be improved 
by SM grain-size analysis. Nevertheless, it allowed, for the first time on this huge catchment, to quantify the 
radioactive fluxes in relation with the hydro-sedimentary characteristics of the Rhône River system. 
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The Magela Creek is located in the tropical monsoonal belt of Australia, which is 
characterised by contrasting wet (December to March) and dry (April to November) seasons. 
Magela Creek drains a catchment of which about half of the total area lies upstream of the 
open-cut Ranger uranium mine. The main risk identified for ecosystems surrounding this 
mine site is from dispersion of mine waste waters during the wet season. Monitoring of 
biological indicator organisms, water quality (physical and chemical) and radionuclide 
concentrations in surface water, groundwater and biota is conducted upstream and 
downstream of the Ranger mine to measure possible environmental impacts of mining. Of 
special interest is the radionuclide radium-226, as it is predicted to dominate the effective 
dose to members of the critical group (i.e. the Aboriginal population living downstream of the 
mining site) resulting from any release of waters from the minesite, in particular through 
intake of food items such as freshwater mussels and fish. Receiving water standards for 
radium-226 have been set for the mine on the basis of radiological dose assessments in 
accordance with the recommendations of the International Commission on Radiological 
Protection (ICRP 1996). It is proposed in this paper to compare trigger values based on ICRP 
recommendations with trigger values developed in line with the philosophy of the new 
Australian Water Quality Guidelines (ANZECC & ARMCANZ 2000). Total Ra-226 activity 
concentrations were determined in Magela creek both upstream and downstream of the 
Ranger uranium mine, using alpha spectrometry with a detection limit of about 0.5 mBq/L. 
According to the new Water Quality Guidelines site-specific trigger values for total Ra-226 
activity concentrations were statistically derived from a reference dataset. They are intended 
to provide an early warning system for the management of a pollutant source for the purpose 
of environmental protection of downstream ecosystems.  
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TRANSFER OF RADIOCAESIUM AND RADIOSTRONTIUM TO HORSE AND SHEEP MILK 
AND MEAT 
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Over a period of 40 years the Semipalatinsk nuclear test site (STS) located in the Republic of Kazakhstan 
was the most important site for testing atomic bombs and other civil and military nuclear devices of the 
former Soviet Union resulting in a total of 456 nuclear tests. Until 1989 access to the STS was restricted 
and the area was not used for agriculture, but since closure of the test site agricultural activities have 
restarted. Herds of sheep and horses belonging to collective farms around the STS are grazing without any 
restriction including the areas of Ground Zero, Lake Balapan and the Degelen mountains identified as 
potential high contaminated sites. In the literature there is no information available on the transfer of 
radionuclides from vegetation to meat and milk of horses, representing a major component of the diet of 
the local population of the STS. As a consequence, the transfer of radiocaesium and radiostrontium to 
horse meat and milk has been studied in the laboratory and under field conditions representative for the 
Semipalatinsk test site in Kazakhstan by us to be included in site specific dose calculation models for dose 
estimates. 

The transfer of radiocaesium and radiostrontium to sheep has been well investigated and quantified in the 
consequence of the Chernobyl accident and many laboratory studies mainly in the EC. However, few 
information on the behaviour on these radionuclides in non-European environments is available. In order 
to better and more reliable predict doses received by the local population of the STS experimental transfer 
studies in the field and in laboratory have been conducted. 

In this contribution the results of experiments on site-specific transfer behaviour of two important 
radionuclides to major diet components (sheep and horse milk and meat) to the local population in 
Kazakhstan is presented. 

It has been realized in this work for the first time under field and laboratory conditions. 
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MODELLING  THE BEHAVIOUR OF CARBON 14 RELEASED BY NUCLEAR POWER 
PLANTS IN RIVERS 
 
SICLET F., CIFFROY P. & DAMOIS C. 
 
EDF R&D, Département Laboratoire National d’Hydraulique et Environnement, 6 quai Watier, 78401 
Chatou, France (e-mail: francoise.siclet@edf.fr) 
 
 
Under routine operation, French nuclear power plants of the PWR type release small amounts of carbon 
14 in the environment either as airborne or liquid effluents. With the improvement of nuclear waste 
management, resulting in a significant reduction in corrosion products discharges, carbon 14 currently 
stands out as one of the main contributor to the individual dose to the public. Besides, with the decrease in 
military weapon tests fallout levels, nuclear reactors liquid releases are becoming the dominant artificial 
source of carbon 14 in rivers, downstream of power plants. To properly assess the fate of carbon 14 in 
rivers and to calculate individual doses to critical groups, a time-dependent food chain model was 
developed which considered the migration of carbon 14 in rivers and the transfer to terrestrial 
environments through irrigation with river water. Processes included in the model are: (1) dilution and 
equilibrium between the different forms of dissolved inorganic carbon in water, (2) exchange of carbon 
dioxide between water and atmosphere, (3) transfer to aquatic organisms, (4) transfer of irrigation water in 
the soil profile, (5) loss from the soil through volatilisation, (6) incorporation in plants by way of 
photosynthesis (7) transfer to livestock. This model is implemented on the Loire river and the modelling 
results are compared with the data obtained in radioecological surveys. These elements are then used to 
calculate doses to humans and non-human biota and assess the contribution from natural and industrial 
origins. 
 
 
 
 



RADIOCAESIUM FALLOUT BEHAVIOUR IN VOLCANIC SOILS IN ICELAND 
 
SIGURGEIRSSON M.A., ARNALDS O., PALSSON S.E. & GUDNASON K. 
 
Icelandic Radiation Protection Institute, Division of Environmental Monitoring and Emergency 
Preparedness, Raudararstig 10, IS-150 Reykjavik, Iceland, ms@gr.is 
 

In 2000-2002 the retention of 137Cs in various types of Andosols, which are the most abundant soils in 
Iceland, was investigated. This is the first comprehensive attempt to determine radiocaesium levels and 
retention characterisics of Icelandic soils. Soils were sampled at 29 sites located near meteorological 
stations covering variation in precipitation and environmental conditions. Samples were obtained from 0-
5, 5-10, and 10-15 cm depths. Several physical and chemical parameters were measured, such as organic 
carbon, cation exchange capacity, pH and clay mineral content. The radiocaesium activity is quite variable 
and ranges between 300 and 4800 Bq/m2 and correlates closely to total annual precipitation (r2=0.9). Most 
of the radiocaesium is retained in the uppermost 5 cm of the soil, or 83% on average. The greatest 
penetration was observed for organic Histosols, where 6% of the total 137Cs was found at 10-15 cm depth 
compared to less than 3% for Andosols types. The Icelandic Vitrisols (barren, poorly developed Andosols) 
are coarse grained with low clay content and contain little organic matter (<1%). Yet these soils retained 
74% of 137Cs in the top 5 cm in our study. The results clearly indicate that radioactive fallout caesium is 
strongly retained by colloidal materials characteristic of Andosols, such as allophane and ferrihydrite. 
Winter frost, snow melt, crack flow, and animal activity seem to have little effect on the 137Cs distribution 
at the present sampling sites. However, erosion and aeolian activity can markedly influence the aerial 
activity and vertical distribution of radiocaesium in Icelandic soils. 
 
 
 



KRYPTON-85 AND OTHER AIRBORNE RADIOACTIVITY MEASUREMENTS 
THROUGHOUT IRELAND 
 
SMITH, K.J., MURRAY, M., WONG, J., SEQUEIRA, S., LONG, S.C. & RAFFERTY, 
B.
 
Radiological Protection Institute of Ireland, 3 Clonskeagh Sq, Dublin 14, Ireland, 
Ksmith@rpii.ie 
 
 
In compliance with articles 35 and 36 of the EURATOM Treaty, the Radiological Protection 
Institute of Ireland (RPII) undertakes a comprehensive programme of radioactivity 
monitoring in the Irish terrestrial environment. Radioactivity is present in the terrestrial 
environment due to natural processes, the testing of nuclear weapons in the atmosphere, 
accidents such as the Chernobyl accident and the routine discharge of radionuclides from 
nuclear installations.   
 
The RPII monitors airborne radioactivity concentrations at ten stations throughout Ireland, of 
which, nine are equipped with low volume particulate samplers and one, in Dublin, with a 
high volume particulate sampler. The low volume particulate samples are assessed for total 
beta activity and high volume samples for gamma emitting radionuclides such as caesium-137 
and beryllium-7. In addition, air sampled at the RPII’s laboratory in Dublin, is monitored for 
krypton-85, a radioactive noble gas, released into the environment primarily as a result of the 
reprocessing of nuclear fuel at installations such as Sellafield in the UK and La Hague in 
France. 
 
Since the inception of the krypton measurements in 1993 a trend of increasing atmospheric 
concentrations has been observed. The results of the krypton-85 monitoring, as well as the 
airborne radioactivity concentration measurements, will be presented and discussed in this 
paper.  
 



ECOSYSTEM SITE DESCRIPTION – AN APPROACH TO QUANTIFY TRANSPORT AND 
ACCUMULATION OF MATTER IN A DRAINAGE AREA 

SÖDERBÄCK B., KAUTSKY U. & LINDBORG T. 

Swedish Nuclear Fuel and Waste Management Co. (SKB), POB 5864, 102 40, Stockholm, Sweden, 
bjorn.soderback@skb.se 

 
The Swedish Nuclear Fuel and Waste Management Co. (SKB) presently perform site investigations at two 
sites in Sweden for a future repository of spent nuclear fuel. The safety assessment of a potential 
repository will, among other methods, use an approach where transport and accumulation of radionuclides 
is modelled by quantifying the pathways of carbon/nitrogen/phosphorous in the ecosystem. Since water is 
the most important medium for transportation of matter, the obvious delimitation of an area for 
quantification of matter transport is the drainage area. This study describes how site-specific data on 
surface water chemistry and hydrology, measured at several points along the flow paths of a drainage area, 
can be used to describe and quantify the flow of matter in terms of transport or accumulation. The 
approach was applied to the drainage area of Lake Eckarfjärden, investigated as part of the site 
investigation programme at Forsmark in central Sweden. By using data from inlet and outlet of the lake, 
together with data from the lake itself, we quantified the flow of matter in the drainage area, and also 
developed mass-balance budgets for important elements. The results were used to validate process-
oriented terrestrial and aquatic ecosystem models, developed for the same drainage area in parallel to the 
present study. In conclusion, applying this approach will contribute substantially to our understanding of 
the processes controlling transport and accumulation of matter in a drainage area, and thereby reduce the 
uncertainties in estimating radionuclide flow and consequences to humans and the environment. 



ACCUMULATION OF 137Cs IN WETLANDS AND THEIR IMPORTANCE IN 
RADIOECOLOGICAL RISK ASSESSMENTS  
 
STARK K., NYLÉN T. & WALLBERG P. 
 
Department of Systems Ecology, SE-106 91, Stockholm University, Sweden, 
karolina.stark@ecology.su.se 
 
Wetlands function as nurseries and feeding areas for both terrestrial and aquatic species and are 
habitats for many endangered species such as frogs, salamanders and snakes. Wetlands alter the 
hydrology of streams and rivers, enhance sediment deposition and work as a filter to coastal 
waters retaining nutrients as well as contaminants. Due to the lack of easily identifiable direct 
pathways to humans wetland ecosystems have generally been neglected within radioecological 
research. There is a large diversity of wetlands and some of them can accumulate and function as 
sinks for radionuclides. In Sweden wetlands are among the ecosystems where the highest activity 
concentrations have accumulated after the Chernobyl accident. This paper summarizes factors 
that are important to the accumulation of radionuclides in wetlands. As an example, one wetland 
ecosystem in Sweden contaminated by 137Cs due to the Chernobyl accident will be described in 
more detail. The average activity concentration in this wetland is 1.1 MBq/m2, i.e. 10 times 
higher than in the surrounding areas. Soil and sediment samples were collected and the 137Cs 
activity concentrations were measured. A budget calculation of 137Cs in the wetland area was 
conducted, indicating that the accumulation of 137Cs is still ongoing seventeen years after the 
accident. High activity concentrations are likely to remain in this ecosystem for a long time, 
resulting in long-term exposure for organisms living there. The maximum external 137Cs dose rate 
to frogs was estimated to 96 mGy/year. Hence, identification and consideration of wetlands that 
accumulate radionuclides to a high extent are important in radioecological risk assessments for 
the protection of plants and animals from ionizing radiation. 
 



DYNAMICS OF CARBON 14 IN SOILS: A REVIEW. 
 
TAMPONNET C. 
 
Institute of Radioprotection and Nuclear Safety, DPRE/SERLAB, CADARACHE, B. P. 1, 13108 Saint-
Paul-lez-Durance, CEDEX, France, christian.tamponnet@irsn.fr 
 
Abstract.  
In terrestrial ecosystems, soil is the main interface between atmosphere, hydrosphere, lithosphere and 
biosphere. Its interactions with carbon cycle are primordial. Information about carbon 14 dynamics in 
soils is quite dispersed and an up-to-date status is therefore presented in this paper.  
Carbon 14 dynamics in soils are governed by physical processes (soil structure, soil aggregation, soil 
erosion) chemical processes (sequestration by soil components either mineral or organic), and soil 
biological processes (soil microbes, soil fauna, soil biochemistry).  
The relative importance of such processes varied remarkably among the various biomes (tropical 
forest, temperate forest, boreal forest, tropical savannah, temperate pastures, deserts, tundra, 
marshlands, agro ecosystems) encountered in the terrestrial ecosphere. 
Moreover, application for a simplified modelling of carbon 14 dynamics in soils is proposed. 



DIFFERENCES IN THE DRY DEPOSITION OF GASEOUS ELEMENTAL I-131 TO SEVERAL 
LEAFY VEGETABLE SPECIES  

SHINONAGA, T., HEUBERGER, H. & TSCHIERSCH, J. 

GSF-National Research Center for Environment and Health, Institute of Radiation Protection, D-85764 
Neuherberg, Germany. Present address: IAEA Laboratories, A-2444 Seibersdorf, Austria, 
t.shinonaga@iaea.org 
 
The height of the dry deposition of gaseous elemental 131I to leafy vegetable is quite uncertain because of 
the different habit, surface texture and leaf uptake of the different plant species. There is no comparative 
data on the deposition to various species, but leafy vegetables are taken as reference plants for the 
estimation of the height of contamination of vegetable foods after a nuclear accident. Therefore new 
chamber experiments were performed to determine under homogeneous and controlled conditions the dry 
deposition of gaseous elemental 131I on mature leafy vegetable. The simultaneous exposition of endive, 
head lettuce, red oak leaf lettuce and spinach (spring leafy vegetable) rsp. curly kale, white cabbage and 
spinach (summer leafy vegetable) was arranged. The sample collective of each species was such large that 
for the expected variation of the results a statistically firm analysis was possible. Significant differences 
were observed for the 131I deposition on spring vegetable: the deposition on spinach was roughly 3times 
that on leaf lettuce, 4times that on endive and 9times that on head lettuce. All summer vegetables showed 
differences in deposition. For Iodine, the deposition on spinach was roughly 3times (6times) that on curly 
kale and 35times (100times) that on white cabbage in the 2 experiments. Washing by deionised water 
could reduce the contamination only by about 10% for 131I. 
 
 



DRY DEPOSITION OF PARTICULATE CS-134 TO SEVERAL LEAFY VEGETABLE SPECIES 
AND COMPARISON TO DEPOSITION OF GASEOUS RADIOIODINE 

TSCHIERSCH J., SHINONAGA T. & HEUBERGER H. 

GSF-National Research Center for Environment and Health, Institute of Radiation Protection, D-85764 
Neuherberg, Germany, tschiersch@gsf.de 

The height of the dry deposition of particulate radionuclides to leafy vegetable is quite uncertain because 
of the different habit, surface texture and leaf uptake of the different species. There is no comparative data 
on the deposition to various species, but leafy vegetables are taken as reference plants for the estimation of 
the height of contamination of vegetable foods after a nuclear accident. Therefore new chamber 
experiments were performed to determine under homogeneous and controlled conditions the dry 
deposition of particulate radio-caesium on mature leafy vegetable. The simultaneous exposition of endive, 
head lettuce, red oak leaf lettuce and spinach (spring leafy vegetable) rsp. curly kale, white cabbage and 
spinach (summer leafy vegetable) was arranged. The sample collective of each species was such large that 
for the expected variation of the results a statistically firm analysis was possible. For spring vegetable, 
there was no significant difference observed in deposition of 134Cs between spinach and leaf lettuce, about 
twice the amount was deposited on both species as on endive and 3times as on head lettuce. All summer 
vegetables showed differences in deposition for Caesium, the deposition to curly kale was highest, about 
twice that on spinach and 35times (80times) that on white cabbage. The normalized deposition velocity 
could be estimated, in average it was about 8times lower for 134Cs than for gaseous elemental 131I. The 
influence of the particle size on the deposition velocity was small in the considered size range of 0.58-1.1 
µm (AMAD) of the monodisperse aerosol. Washing could reduce the contamination by about 45% for 
134Cs. 
 



Pitfalls in compartment modelling of transport processes 
⎯ The influence of model structure 
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Compartment models are generally used in radioecological modelling because they have a realistic 
chance to cope with complex biogeochemical processes. Often these compartment models include a 
description of transport processes in aquatic system. This study shows that care must be taken when 
selecting the number of compartments for the spatial representation of such aquatic systems, to get a 
correct representation of solute transport. A field tracer experiment was performed in an artificial dam 
at Ekeby wetland in Sweden. Tritium was used as tracer and injected as a pulse. The experimental 
residence time distribution (RTD) was evaluated with an analytical solution based on compartment 
models with only one mass transfer rate between compartments known as “tank-in-series” model. The 
analytical solution applies for an initial mass release in the first tank in the series.  To explore the 
impact of model structure, a variable number of compartments was used and compared with the 
observations. When four compartments were used in the model, the simulated RTD could fit the 
measured data relatively well. The RTD simulated by the model with one compartment deviates 
significantly more from the observations. With a continuous injection the RTDs simulated by one and 
four compartments will be the same after a long time. Analysis was made by superposing the RTDs 
with a time shift to simulate a continuous injection. The results show that after a time scale of about 10 
days the RTDs obtained by one and four compartments reach equilibrium. The difference between the 
two RTDs is initially significant. Further analyses show that the times reaching equilibrium increase 
with an increase of RTDs. Since RTD for certain radionuclide in ecosystems can be in an order of 
several hundred years or even longer, care should be taken when one selects the model structure to 
describe the transport process.  
 
 
  



TEMPORAL CHANGES IN RADIONUCLIDE TRANSFER TO BIOTA IN CANADIAN 
SHIELD LAKES RECEIVING CHRONIC INPUTS 
 
YANKOVICH T.L. & CORNETT R.J.J.  

Atomic Energy of Canada Limited, Environmental Technologies Branch, Stn. 51A, Chalk River 
Laboratories, Chalk River, Ontario K0J 1J0, Canada, yankovicht@aecl.ca. 

 
Changes in environmental contaminant levels are often assessed using non-human biota as 
biomonitors, due to their ability to accumulate trace elements found at low levels in natural systems 
over time.  This is often accomplished through direct comparisons of contaminant concentrations in 
indicator species with those present in surface waters, in the form of transfer factors; however, 
transfer factors can vary by orders of magnitude between species, between systems, and possibly 
within systems.  In addition, transfer factors are applied under a steady state assumption, whereby the 
relationship between contaminant concentrations in biota tissues and concentrations in abiotic media 
in the surrounding environment are assumed constant through space and time.  As a result, 
quantification of changes in transfer factors of contaminants, such as radionuclides, in aquatic 
systems receiving chronic inputs will provide useful insight as to whether variability in transfer 
factors is related to changes in contaminant fluxes through a lake.   
 
Perch Lake (Chalk River, Ontario) represents an ideal system to address such issues, since it has 
received chronic inputs of 60Co, 137Cs, 90Sr, and 3H that have been changing over a 40 to 50 year 
period.  Changes in transfer of these radionuclides to biota have, therefore, been compared with 
changes in radionuclide source terms over time.  In general, with few exceptions, radionuclide 
transfer factors were fairly consistent over this period, as indicated by strong correlations between 
measured and estimated values.  This conclusion was further strengthened by comparing 
radionuclide transfer factors measured in Perch Lake biota relative to those reported for other 
Canadian Shield lakes, which showed similar values.  Based on findings for these radionuclides, it 
is appropriate to apply generic transfer factors to estimate levels in aquatic biota based on 
concentrations in surface waters of Canadian Shield lakes.   
 



MULTI-ELEMENT ANALYSES OF EARTHWORMS FOR RADIOECOLOGY AND 
ECOTOXICOLOGY 
 
YOSHIDA S., PEIJNENBURG W. & MURAMATSU Y.
 
National Institute of Radiological Sciences, Environmental and Toxicological Sciences Research Group, 
Anagawa 4-9-1, Inage-ku, Chiba-shi, 263-8555, Japan, s_yoshid@nirs.go.jp 
 
Increasing concern about environmental radiation protection has raised awareness that more 
information is required on the transfer and accumulation of radionuclides in the biological 
compartments of ecosystems. ICRP (International Commission on Radiological Protection) selected 
earthworm as one of the reference organisms in their radiation protection recommendations. 
Earthworms play an important role in ecosystems, and might be a good indicator of soil contamination 
and its effect on the ecosystem. The elemental composition of earthworms gives useful information on 
background levels and possible accumulation of metals as well as related radionuclides. In addition, a 
change of the elemental composition itself might be a possible indicator of the effect on the earthworm 
and/or ecosystem. However, data for the elemental composition of earthworms are limited except for 
some specific heavy metals such as Cd, Zn, Pb and Cu. In this study, earthworms and their growth media 
were analyzed for more than 30 elements, including radionuclide related elements such as Cs, Sr, Th and 
U, in order to obtain the basic information on the transfer parameters of the elements. The earthworms 
analyzed were fed in the laboratory or collected in the environment. The concentrations and transfer 
factors of the elements were determined both for laboratory and natural conditions. The controlling 
factors on the transfer parameters such as the bioavailability of the elements in the soils will also be 
discussed.  



ECOLOGICAL HALF-TIMES OF 137Cs AND 90Sr IN FOREST AND FRESHWATER 
ECOSYSTEMS 
 
ZIBOLD G. & KLEMT E. 
 
Fachhochschule Ravensburg-Weingarten, University of Applied Sciences, D-88250 Weingarten, 
Germany, zibold@fh-weingarten.de 
 
More than 200 data sets from the literature of measured time series of activity concentrations and 
transfer factors concerning (1) soil, green plants, mushrooms, and game in forests and (2) water, 
particulate matter, and fish in rivers, reservoirs and lakes in Europe have been analysed. We used a 
sum of up to 3 exponential functions to evaluate ecological half-times Teco.  
In fresh water systems we fitted lognormal distributions of Teco for 137Cs e.g. in water of 32 European 
lakes Teco1 = 0.3*2.2± 1 , and Teco2 = 5.7*3.9± 1 as geometric mean value in years and standard 
deviation. Pronounced seasonal variations were observed in particulate matter of lake Lugano, 
reflecting the bio-mass cycle of this lake. 
In forests ecological half-times Teco for 137Cs can be fitted also by a lognormal distribution. For central 
Europe Teco < 12 years. Extraordinary high 137Cs activity concentrations were observed recently in 
wild boar in Germany. For eastern Europe the physical half-time is decisive and in some components 
of the ecosystem the activity concentration is still increasing.  
Our investigation shows that time-series of at least one decade for Teco2 and another one for Teco3 are 
needed to achieve a thorough description. Such series are not easily accessible in publications, 
especially concerning data from Ukraine, Belarus, Russia and Scandinavia, although this knowledge 
would be very interesting for the public. Main problems concerning data accessibility are the 
following: misfit of old data base electronic formats, lost data, public data bases are in general not up 
dated, non-willingness of some researchers to provide data without money. 
Concerning 90Sr only very few data sets are available. Because of the higher mobility of 90Sr as 
compared to 137Cs such data sets are urgently needed to give advice to the population in order to 
minimise doses from 90Sr. 
 



RADIOCAESIUM AND POLONIUM IN SEALS FROM SWEDISH COASTAL WATERS.  
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aDepartment of Radiation Physics, Lund University, Sweden 
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Radiocaesium,137Cs (T1/2= 30 a) and 210Po (T1/2= 138 d) have been studied in tissues (muscle, liver, 
kidney and gonads/ovaries) from a large number of seals from the Baltic Sea and the Swedish west 
coast during 1995-2002. The Baltic Sea is a marginal sea with long residence time for dissolved 
compounds. Concentrations of radiocaesium increased 10 fold in the Baltic Sea following the 
Chernobyl accident, while concentrations of polonium can be supposed to be in equilibrium except for 
seasonal variations. The major food for seals in the Baltic proper is fish, while at the west coast other 
food stuff such as crustaceans play an important role. By supposing that the seals consume 5% of their 
body-weight per day and by using known data for caesium and polonium in fish the biological halflife 
in seals is estimated to 20 days for Caesium and 35 days for Polonium. 

Radiocaesium is evenly distributed in the organs of the seals and was about 100 Bq kg-1  in the Baltic 
Sea while at the west coast the concentrations were significantly lower, about 5-30 Bq kg-1.  Polonium 
shows the highest concentrations in kidney, about 100-200 Bq kg-1 d.w. in the Baltic sea and higher 
concentrations 100-1000 Bq kg-1 at the west coast. This reflects clearly the differences in food 
choice/availability in the different areas. The estimated maximal doses were 76 µSv per year to muscle 
from 137Cs  and 6.8 mSv from 210Po to kidney.  

Seals constitute a good biomarker for radioactivity in Swedish coastal waters. Concentration factors 
are higher for radiocaesium in the Baltic Sea due to lower salinity and consequently higher 
concentrations in fish compared to other areas, but lower for polonium than in areas where crustaceans 
also constitute an  important foodstuff.  
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HUNTING THE ‘MISSING’ PLUTONIUM: INTERTIDAL RADIONUCLIDE 
INVENTORIES IN THE NE IRISH SEA, UK 
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Only 60-70% of the Pu and Am discharged from the Sellafield into the Irish Sea is accounted for by 
current inventory estimates. At least some of the remaining 30-40% is related to underestimates in 
intertidal sediment inventories. In previous work we produced improved estimates of intertidal 
radionuclide inventories in the NE Irish Sea to a depth of 50cm; the average depth possible using simple 
hand coring to obtain sediment samples. New sampling methods, devised to extend inventories to greater 
depth, provided cores 2-3 times longer than those obtained previously. This was achieved with a 3m 
vibrocorer deployed from a small all-terrain vehicle. Over 50 cores were obtained from the Solway Firth 
and Morecambe Bay. All the cores were logged on the BGS gamma core logger. A basal sample from 
each core was analysed by low background HpGe gamma spectrometry to establish whether 
contamination was present at depth. Selected sub-samples were also analysed to verify the core logger 
data. The logger results showed much greater variation than had been seen in previous shorter sediment 
cores. No detectable 137Cs or 241Am was seen in the basal samples from 7 Solway cores and 12 from 
Morecambe Bay. The cores suggest that the thickness of sediment contaminated by the Sellafield 
discharges is quite variable in detail, with significant differences between different areas. In certain 
relatively nearshore settings less than a metre of contaminated sediment is present, while further from the 
shore there is at least 2-3m. We do not yet have sufficient evidence to define the depth of the 
contaminated zone in detail The data increase the overall estimate of the known 137Cs and actinide 
inventories in the tidal flat sediments by a factor of about four. Final inventory figures may still be higher, 
but await deeper sampling. 
 



ORGANIC CARBON SEDIMENTATION RATES IN ASIAN MANGROVE COASTAL 
ECOSYSTEMS ESTIMATED BY 210PB CHRONOLOGY 

TATEDA Y., WATTAYAKORN G., NHAN D.D. AND KASUYA Y. 

Abiko Research Laboratory CRIEPI, Biology Department, 270-1194, Abiko, Chiba, Japan, 
tateda@criepi.denken.or.jp 

Organic carbon balance estimation of mangrove coastal ecosystem is important for understanding of Asian 
coastal carbon budget/flux calculation in global carbon cycle modelling which is powerful tool for the 
prediction of future greenhouse gas effect and evaluation of countermeasure preference. Especially, the 
organic carbon accumulation rate in mangrove ecosystem was reported to be important sink of carbon as 
well as that in boreal peat accumulation. For the estimation of 103 years scale organic carbon 
accumulation rates in mangrove coastal ecosystems, 14C was used as long term chronological tracer, being 
useful in pristine mangrove forest reserve area. While in case of mangrove plantation of in coastal area, 
the 210Pb is suitable for the estimation of decades scale estimation by its half-life. Though it has possibility 
of bio-/physical- turbation effect in applying 210Pb chronology that is offset in case of 103 years scale 
estimation, especially in Asian mangrove ecosystem where the anthropogenic physical turbation by 
coastal fishery is vigorous.In this paper, we studied the organic carbon and 210Pb accumulation rates in 
subtropical mangrove coastal ecosystems in Japan, Vietnam and Thailand with 7Be analyses to make sure 
the negligible effect of above turbation effects on organic carbon accumulation. We finally concluded that 
210Pb was applicable to estimate organic carbon accumulation rates in these ecosystems even though the 
physical-/bio-turbation is expected. The measured organic carbon accumulation rates using 210Pb in 
mangrove coastal ecosystems of Japan, Vietnam and Thailand were 0.067 – 4.0 t-C ha-1 y-1. 



BIOLOGICAL TRANSFER OF RADIONUCLIDES IN MARINE ENVIRONMENTS - IDENTIFYING AND 
FILLING KNOWLEDGE GAPS FOR ENVIRONMENTAL IMPACT ASSESSMENTS 
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A review on concentration factors (CF) for the marine environment was conducted in order to consider the 
relevance of existing data from the perspective of environmental protection and to identify areas of data 
paucity. Data have been organised in a format compatible with a “reference organism” approach, for 
selected radionuclides, and efforts have been taken to identify the factors that may be of importance in the 
context of dosimetric and dose-effects analyses. These reference organism categories had been previously 
selected by identifying organism groups that were likely to experience the highest levels of radiation 
exposure, owing to high uptake levels or residence in a particular habitat, for defined scenarios. 
Significant data gaps in the CF database have been identified, notably for marine mammals and birds. 
Most empirical information pertains to a limit suite of radionuclides, particularly 137Cs, 210Po and 99Tc. A 
methodology has been developed to help bridge this information deficit. This has been based on simple 
dynamic, biokinetic models that mainly use parameters derived from laboratory-based study and field 
observation. In some cases, allometric relationships have been employed to allow further model 
parameterisation. Initial testing of the model by comparing model output with empirical data sets suggest 
that the models provide sensible equilibrium CFs. Furthermore, analyses of modelling results suggest that 
for some radionuclides, in particularly those with long effective half-lives, the time to equilibrium can be 
far greater than the life-time of an organism. This clearly emphasises the limitations of applying a 
universal equilibrium approach. The methodology, therefore, has an added advantage that non-equilibrium 
scenarios can be considered in a more rigorous manner. Further refinements to the modelling approach 
might be attained by exploring the importance of various model parameters, through sensitivity analyses, 
and by identifying those parameters that contribute the most uncertainty to the analyses.  



DIAGENETIC REACTIVITY OF THE PLUTONIUM IN MARINE ANOXIC SEDIMENTS 
(CUMBRIAN MUD PATCH - EASTERN IRISH SEA) 

GOUZY A., BOUST D., CONNAN O., BILLON G., LEO-VINTRO L., LUCEY J., 
BOWDEN L., AGARANDE M., LESOURD S., LESUEUR P., KLEIN A. & KERSHAW P. 

Institut de Radioprotection et de Sûreté Nucléaire, Direction de l’Environnement et de l’Intervention, 
Service d'Études sur le Comportement des Radionucléides dans les Écosystèmes, Laboratoire de 
Radioécologie de Cherbourg-Octeville, rue Max Pol Fouchet, B.P. 10, 50130 Cherbourg-Octeville, 
France, E-mail : aurelien.gouzy@irsn.fr 

The plutonium discharged into sea, particularly by the nuclear reprocessing plants, has a 
strong affinity for sediment particles. It is now acknowledged that the sediments act as a 
secondary source of plutonium for the water column. Nevertheless, the processes involved in 
the post-depositional behaviour of the plutonium are still to be deciphered. The plutonium 
reactivity during the early diagenesis of marine sediments was studied on sediment cores 
collected in the Cumbrian Mud Patch, off the Sellafield plant. 
The solid partition of plutonium was determined using a sequential extraction procedure 
intended to selectively dissolve the different plutonium carrier-phases: reactive sulphides, 
carbonates, iron and manganese oxides, organic matter and non-reactive sulphides, mineral 
lattice. Particular attention was given to preserving the anoxic character of the sediment, from 
sampling to analysis. Moreover, the re-adsorption of plutonium onto sedimentary phases, 
which it was not initially bound to, was prevented by the use of a chelating agent. 
In the studied anoxic sediments, more than 50% of the plutonium is found to be associated 
with reactive sediment phases: reactive sulphides and carbonates. Consequently, the 
plutonium immobilisation in bottom sediments is likely to be much less effective than former 
works suggested. By coupling these data with knowledge of the diagenetic processes, deduced 
from a number of biogeochemical parameters analysed in pore waters and sediments, we are 
able to propose a description of the behaviour of plutonium during the early diagenesis of 
marine anoxic sediments. 
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A detailed environmental survey was carried out in the central Gulf of Corinth in order to 
determine radionuclides in the bauxite “red-mud” tailings which have been discharged on the 
seafloor by a Bauxite Processing Plant (Aluminio Ellados A.E). The discharge of bauxitic tailings 
via two pipelines at a water depth of 100m, in Antikyra Bay (Northern Gulf of Corinth), has 
resulted in the formation of two red-mud mound-like deposits. The red-mud deposits at the mouth 
of the outfalls, are not stable and very often red-mud masses are detached from the two main 
deposits and are transported to the Corinth central basin, by turbidity currents, at a water depth of 
850m and about 17km away from the main deposits. Thus, at the Antikyra bay, the red-mud has 
formed a surficial veneer (0.5-2.0cm) on the seafloor. On the Corinth central basin floor the red-
mud has formed successive red-mud layers which are interrupted by layers of natural mud. 
Fifteen gravity cores have been selected from the studied area and a number of bauxite samples 
have been collected from mines that supply the bauxite processing plant. Red-mud, natural mud 
and bauxite samples were analyzed for 238U 226Ra, 232Th, 40K, and 137Cs by direct gamma 
spectrometry. The study of radionuclides concentrations has shown that: (a) the enrichment factor 
of radionuclides in the red-mud in the main deposit at the mouth of the outfalls, in relation to 
bauxite samples, is about 2.0, (b) the enrichment factor of 238U, 226Ra and 232Th in the red-mud in 
the main deposit and the central basin, in relation to natural sediments below, is visibly higher 
than 1.0 (2.0-19.0) whilst 40K exhibits the opposite trend, and (c) the enrichment/dilution factor of 
radionuclides in the red-mud surficial veneer at the Antikyra Bay, in relation to the natural 
sediments below, is ranging between 0.4 and 3.5.  
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The behaviour of the toxic substances in the environment covers various fields of investigations 
like contamination by the radioelements, heavy metals and organic compounds. The knowledge 
of the biogeochemical cycles of the radioelements basically their temporal and spatial 
distributions is essential to a better understanding of their biological effects. Estuarine 
environments present a major interest since they constitute accumulation areas of wastes and 
rejections of the majority of the anthropogenic activities. These transition zones between fresh 
waters and ocean, characterised by the change of the physico- chemical properties (pH, salinity, 
turbidity) allows a redistribution of the radioelements by their speciation or phase change thus 
modifying their bio-availability. The Loire River estuary receives the rejections of radioelements 
being able to come from various sources like the nuclear thermal power stations (fourteen 
engines with discharges of carbon-14, tritium), the hospital complexes (rejections of iodine 131). 
The aims of FLORE program is to study the distribution of these radioelements and processes of 
phase transfer in this estuary especially in the mud plug area where the biochemical activity is 
intense. If most of the processes of transfer are now well established, fluxes of radioelements 
between water and the atmosphere are not quantified. Two oceanographic cruises carried out in 
February and September 2003 on board N/O "Côtes de La Manche" allow to present distribution 
Iodine 131 within the estuary and the first estimation of radiocarbon and tritium fluxes from the 
river water to the atmosphere. 
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Iodine-129 (15.7 Ma) is a naturally occurring radioisotope of iodine. The ratio of 129I/127I was 

estimated to be ~10-12 in the ocean and 10-11 in the territorial environment in pre-nuclear era, 
releases from nuclear weapon tests have increased this ratio to ~10-10. However, a large amount of 
iodine-129 was released from various nuclear facilities, and the greatest releases of 129I are from 
two European reprocessing plants, especially in recent years. By 1998, 2600 Kg and 220 Kg 129I 
have been discharged to the marine environment and atmosphere from La Hague (France) and 
Sellafield reprocessing plants, respectively. This amount is tens times larger than the total 129I 
inventory in the pre-nuclear ocean and weapon test releases. Although there is no significant 
radiation risk for the human health at present level of 129I, the continuously increasing production 
and release of 129I make the accumulation of 129I in the environment, immigration, cycle and long 
term radioecological risk should be give more attention due to its long half-life, high accumulation 
in human thyroid and high mobility. Iodine is a conservative element in the ocean, the large amount 
of iodine-129 discharged to the marine system can therefore be used as a oceanographic tracer to 
study the physical dispersion, mixing and circulative processes of water mass in the ocean. In Risø 
national laboratory, a radiochemical neutron activation analysis method was developed, using this 
method the radioecology and tracer of iodine-129 was studied. Some representative works are 
presented below. 
(1)  Evaluation of radiation exposure of humans to iodine-129. The human and animal thyroids 

collected from different places, such as Tianjin in China, Gemol in Belarus, Ribe in Denmark, 
human urine in Denmark, seafood in China were analysed for iodine-129 concentration and 
129I/127I ratio, the exposure level were compared with other places. 

(2)   Reconstruction of radiation dose from I-131 in the Chernobyl contaminated regions. The 
investigations show a strong dependence of childhood thyroid cancer incidence on thyroid 
exposure dose from short-lived radioiodine isotopes (i.e. 131I, 133I) released from the Chernobyl 
accident.  However, the short half-life of 133I (20.8 h) and 131I (8.02 d) makes the evaluation of 
thyroid dose from these isotopes not easy. Due to the long half-life of 129I, the 129I concentration 
in environmental samples can be used to reconstruct the 131I and 133I dose to thyroids. Soil 
samples from areas in Belarus, Russia and Sweden contaminated by the Chernobyl accident 
were analysed for 129I and 137Cs by gamma-spectrometry. The atomic ratios of 129I/137Cs ranged 
from 0.10 to 0.30, with an average of 0.18.  It confirmed that the 129I/137Cs ratios could be to 
reconstruct the deposition pattern of 131I in these areas.   

(3)   Application of I-129 as an oceanographic tracer. By analysing the time series seaweed samples 
collected from the coast of Denmark, Norway, and west Greenland, seawater samples from 
Baltic Sea, North Sea, Belt Sea, lake water from Denmark and other Baltic Seas for 129I and 127I, 
the transportation, mixing and water mass from North Sea to North Atlantic, Artic and Baltic 
Sea and the origination of I-129 in the Baltic Sea were studied. 

(4) Chemical speciation of I-129. Seawater samples from in the North Sea, Kattegat and Baltic Sea 
were analyzed for 129I and 127I in both iodide and iodate species and total inorganic iodine. The 
possibility of using this method to study the geochemcial cycle of iodine in the ocean was 
investigated.  
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ABSTRACT 
Hydrodynamic models allow simulating dispersion of radionuclides releases in marine ecosystems in 

normal or accidental conditions with a high degree of precision. Unfortunately, comparable field data are 
generally not available; radionuclides released by nuclear plants are exceptional tools to perform such 
validations. This is particularly the case for tritium released by La Hague nuclear fuel reprocessing 
plant: it is strictly soluble in seawater, releases are well known and field concentrations are easily 
measurable. This work aims to validate the dispersion parameters of hydrodynamic models for the short term 
(hour to week), and short distances (100 m - 30 km), by using high precision and high frequency measurements 
of tritium obtained in the release plume. An instantaneous 2D hydrodynamic model has been developed with a 
mesh size of 110m and an area of 50x50 km. More than 7,000 samples have been collected and measured for 
tritium concentrations in 2002 and 2003. Currents and bathymetric measurements, as well as drifters 
observations complete these measurements. Results confirm the efficiency of the hydrodynamic model, main 
differences being attributable to bathymetry incertitudes. The obtained field database represents an exceptional 
tool for hydrodynamic models validation in realistic conditions of releases, tide and wind, in an area where the 
current dynamic is particularly strong (more than 5 m/s during high tides). The dispersion parameters obtained 
will be applied for other hydrodynamic models covering continental macrotidal seas. Such models will be used 
to simulate soluble pollutants dispersion, with known uncertainties, in realistic chronic or accidental release 
conditions. 
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Coastal areas adjacent to the Black Sea, particularly in Crimea, have suffered from inappropriate 
human activities, poorly regulated industry and former naval bases.  Industrial and municipal 
wastewater pollutants draining into the three major European rivers (the Danube, Dniestr, and 
Dnieper) and dumping in the open sea result in an enormous increase in contamination level of 
ecosystems of the Black Sea.  In spite of this, Crimea and its adjacent waters is still a globally 
important center of biological diversity, with an enormous and exciting range of habitats within a 
comparatively small area.  The problem now is to evaluate economically feasible remediation and 
ecologically sustainable cleanup/reuse alternatives for the most contaminated sites of this area.  One of 
the principal methodological components of such evaluation is a risk-based decision protocol that 
provides support in analysis of ecological value and reuse options for a chosen site.  This paper 
presents the results of development of a spatially explicit risk assessment technique to be implemented 
as a part of the decision-making process and gives an example of its application to contaminated 
marine ecosystems.  The model is suggested that takes into account several principal assumptions: (i) 
spatial heterogeneity of contamination of forage is known and mapped within known location of 
receptor’s habitat, and (ii) the receptor’s movement and timescale are determined by location, volume 
and attractiveness of local habitat and forage resources.  This implies two models: Spatially Explicit 
Exposure Assessment Model that calculates internal exposure resulting from ingestion of 
contaminated feeds, and Probabilistic Receptor Migration Model that generates motivation of 
behaviour of a receptor while feeding.  In the first model, time-dependent accumulation of 
contamination in receptor’s tissue is defined by the differential balance equation that takes into 
account forage consumption rate and excretion rate.  In the second model, the velocity of receptor’s 
migration in each cell is inversely proportional to the forage volume and habitat quality presented.  
The model allows depicting the receptor’s migration traces within habitat area.  The model also gives 
possibility to implement two principal algorithms.  The basic or deterministic algorithm is when the 
receptor migration within habitat area is equiprobable and the concentration fields of contaminants in 
forage resources are averaged all over the migration area.  The semi-probabilistic algorithm reflects 
the probability of the receptor's presence and duration of presence in the given zones taking into 
account habitat quality and attractiveness of various forage resources in these zones.  The spatial 
distribution of concentration of the contaminants in forage resources of habitat area is also taken into 
account.  The later algorithm allows revealing many interesting effects that may specify exposure 
assessment, e.g., some data on incorporated activity and their deviation depends on configuration of 
migration zone.  It was shown in model calibration study that exposure estimates for fish, anthozoans 
and other aquatic populations in areas containing spatially localized contaminants are functions of 
spatial factors, such as the receptor’s average foraging area, the size of the habitat, and the specific 
distribution of contamination.  We present a software prototype that calculates accumulation of 
polychlorinated biphenyls by fishes and their higher order predators, including humans.  This study 
was partially supported by GEF/UNDP and NATO. 
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Radionuclides in the environment require regular monitoring to establish activity concentrations and 
hence make reliable dose estimates. Most monitoring and sampling programmes involving sediments and 
soils are solely based on the analysis of a single sample to characterise an area. Results are usually 
presented with analytical errors although the micro (e.g. 1m x 1m) and meso-scale (e.g. 100m x 100m) 
heterogeneity of contaminant concentrations is rarely considered. This may well compromise the ability to 
determine trends both temporally and spatially and to correctly calculate doses to man. Variability may be 
due to changes in lithology, grain surface area, organic carbon content, distance or time from 
contamination source, radioactive decay and post-depositional diagenetic changes. This study examines 
the variability in selected radionuclide activity concentrations at a variety of temporal and spatial scales 
and assesses the resulting errors in dose estimates. The Ribble Estuary, UK provides an ideal location to 
conduct non-destructive tests (β-dose rate measurements) due to the discharge of 234Th and 234mPa from the 
BNFL fuel fabrication plant at Springfields (Lancashire, UK). This estuary also receives Sellafield derived 
radionuclides after transport through the Irish Sea.  Results indicate that significant errors in external beta 
and gamma dose assessments may result from the use of single sediment activity concentration values to 
represent an area of contaminated sediment. 
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ABSTRACT 
Dissolved radionuclides released by nuclear fuel reprocessing plants are powerful tools for 

calibrating hydrodynamic models. Some radionuclides, such as antimony-125, have only one 
significant source with well-known characteristics, and conservative behaviour in water masses. The 
database for medium- and long-term model validation using 125Sb released by the La Hague 
reprocessing plant, includes 1,400 measurements performed between 1987 and 1994 and data for each 
release since 1982. These data can be used qualitatively and quantitatively to compare the measured 
fluxes with the calculated ones and quantities of tracers in the English Channel and the North Sea. The 
two-dimensional hydrodynamic model called “TRANSMER” simulates radionuclides advection and 
dispersion in seawater as well as transfers to living species and sediments. This model uses a database 
of residual tidal currents calculated using the Lagrangian barycentric method. The area covered by the 
model extends from the Loire estuary (Bay of Biscay) to Denmark, and includes the English Channel, 
the southern North Sea and the Irish Sea with a mesh size of one kilometre. TRANSMER is able to 
simulate dispersion with real releases, tide and wind during decades at a very low computation coast 
(one hour computation to simulate one year). After validation by adjustment of the wind drag 
coefficient, the fluxes of radionuclides and water masses were balanced for the whole period of field 
measurements (1987 – 1994). The correlation factor between the 1,400 individual measurements in 
seawater and calculation results is 0.88 with an average error of ± 54%, the error attributable to the 
measurement process being 15% on average. TRANSMER appears as a robust tool for modelling 
medium- and long-term consequences of releases of soluble pollutants in the marine ecosystem under 
normal or accidental conditions.  
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The quantification of radionuclides by direct Ge gamma-X spectrometry with energy below 100 keV 
requires the elementary composition knowledge of the sample or the development of a device for 
determining the mass attenuation coefficients.  This is especially true for 129I which is characterised by 
a 29.7 keV X-ray and 39.6 keV gamma ray.  An experimental equipment has been developed in order 
to obtain this mass attenuation coefficient as a function of the energy.  The elementary composition of 
a sample could change according to the biological phase of the organism and the sample preparation. 
129I concentrations have been measured in samples of seaweed (Fucus serratus and Laminaria 
digitata) collected monthly during one year nearby La Hague reprocessing plant.  Its quantification in 
different parts of these seaweeds was also performed in order to study the activity distribution. 
This paper will present measurement methodology used for 129I determination and its concentration 
variations during one-year period and the organotropism of 129I in the two seaweeds. 
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Radioactivity in the Arctic environment is a central topic within environmental pollution issues. 
Within the last decade, increased activities were initiated in order to monitor the occurrence of 
radionuclides from discharges into the North Atlantic and Arctic. Of particular interest is the 
radionuclide Technetium-99. This highly soluble, beta radiation emitting, man-made radionuclide has 
been released into the marine environment, from European nuclear reprocessing plants, and has been 
transported towards the Arctic with the Norwegian Coastal Current. Since both sampling and 
measurement procedures are expensive and time consuming, radioecological monitoring has strict 
limitations imposed and therefore needs to be optimized. Within the research project “RADNOR” 
(funded by the Research Council of Norway), time series from measurements and modelling of 
Technetium-99 levels for different locations at the southern and northern coast of Norway and in the 
Arctic (Svalbard) are analysed (spectral and statistical analysis). Most sampling was undertaken 
monthly from coastal locations. The modelling data originate from the hydrodynamic coupled ice-
ocean model “NAOSIM”. By comparing discharge information, measured and modelled time series, 
monitoring approaches will be discussed including the number and positioning of monitoring sites, 
sampling frequency and sampling time. Issues related to the physical processes of ocean current 
transport, character of the source signal and climatic conditions will be considered within the context 
of optimizing monitoring design. 
 



MAJOR AND TRACE ELEMENT RECORDS AT VIRAÇÃO LAGOON SEDIMENTS, 
FERNADO DE NORONHA ARCHIPELAGO, BRAZIL, DATED BY 210Pb  

 
Sandra R. Damatto, Déborah I. T. Fávaro Sonia M.B. Oliveira, Eldemar A. Menor, Alex S. Moraes, 

Bárbara P. Mazzilli 
 
1Instituto de Pesquisas Energéticas e Nucleares, IPEN, – Divisão de Radiometria Ambiental 
- CMRA– Travessa R 400, Cidade Universitária, SP 05508-900, Brazil. damatto@ipen.br 

 
Fernando de Noronha is an isolated group of 21 volcanic islands located in the South Equatorial 
Atlantic, approximately 545 km from Recife, PE, Brazil. This archipelago is a protected and 
isolated habitat with restrict access. Viração Lagoon, at 20 meters above the sea level, is a pristine 
small lake located in the main island. Two sediment cores (27 and 41 cm-long) were extracted in 
order to determine the chemical and mineralogical composition of the sediments, and also the 
sedimentation rates. The sediments are made up of smectite, hematite and Ti oxides. The 
sedimentation rate was determined for the 27 cm-long core using the 210Pb dating method. The 
results allow distinguishing three periods with mean sedimentation rates of 1 cm y-1 (2001-1994), 
0.57 cm y-1 (1994 -1980) and 0.18 cm y-1 (1979-1934). The mean sedimentation rate for the whole 
period is 0.4cm.y-1. As, Ba, Br, Co, Cr, Cs, Hg, Rb, Sb, Sc, Se, Ta, Th, U, Zn and some REE were 
determined by NAA and major elements by XRF. Their concentrations are similar to those reported 
for NASC, except for Fe, Ti, REE, Cr and Zn, which are enriched. There are increasing 
concentrations of Al, Ca, Fe, Mn, P, Cr, Se and REE, and decreasing concentrations of Br and Rb 
with depth. These data suggest that there is a geochemical response to the changes of the 
sedimentation rates. Therefore, they can provide an additional proxy to reconstruct environmental 
changes. 
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Assimilation of observations is powerful tool to improve the predictive capabilities of models for 
radionuclide transport and fate. We describe results of numerical experiments on assimilation of data on 
radionuclide contamination of the Black Sea in the result of Chernobyl accident in the three-dimensional 
model of circulation and radionuclide transport THREETOX. Data assimilation in THREETOX can be 
formulated as procedure that contains two steps: update and forecast. On update step THREETOX is to be 
run from the time of release or the time of deposition to the time of forecast using updated input from all 
the data available at this period to be assimilated. On forecast step THREETOX is to be run from forecast 
time to the end of modeling period using results of update step to produce forecast of radionuclide 
transport. Two data assimilation methods were used: steady state specific Kalman filter (SSKF) and 
method iteration of optimal solution (IOS). These methods have been applied to the assimilation 
observational data of 137Cs concentration in the “Typhoon” surveys for the period June 1986 to September 
1990.  From results of numerical experiments we conclude, that data assimilation can essentially improve 
predictive capability of models for radionuclide transport.  The IOS was more effective than SSSKF and 
computational time for this method is small in comparison with general time for calculation. Results from 
the study will provide a better understanding of the processes of radionuclide transport in the seas. This 
novel approach is implemented in the EU DSS RODOS for a real-time simulation of the radioactivity 
transport in the marine environment. 
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Mussels are worldwide recognized as pollution bioindicator organisms (Mussel watch program of 
CIESM) because they accumulate pollutants in their tissues at elevated levels in terms of 
biological availability in the marine environment. In the present study, the levels of 137Cs, Cr, Cu, 
Mn and Zn were measured in Mytilus galloprovincialis caught from Thermaikos gulf in North 
Aegean Sea – Greece. The samples were collected seasonally from two aquacultures during the 
period 2000 – 2003. Measured and published concentrations of the above elements in seawater 
were used for the evaluation of concentration factors by applying a linear and a non-linear 
regression analysis. The variation in between the two stations and the seasonal evolution of 
bioaccumulation of the examined elements was also investigated. Some data on the 
concentrations of the measured elements in sediments from the area considered were evaluated as 
for determining the pollution conditions of the organism’s habitat.  
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COGEMA La Hague nuclear reprocessing plant is located in the North West of Cotentin 
peninsula near Cherbourg (France). This nuclear plant releases radioelements in atmosphere and 
in the English Channel. About 8.5 TBq.year-1 of radiocarbon are released as the liquid wastes 
through a pipe a few kilometres off sea shore, West of the reprocessing plant (COGEMA data). 
Recent studies in the peninsula show anomalous higher radiocarbon contents in vegetation near 
the coast that have suggested a supplementary marine contribution through the degassing of the 
14C excess supplied by liquid releases of the nuclear plant. Carbon dioxide partial pressure, 14C 
activities were measured in air and sea water in the Bay of Seine and around the COGEMA-La 
Hague nuclear reprocessing plant during three cruises in 2000 and 2002. Results show clearly 
that sea is a source of CO2 and 14C to the atmosphere. Higher 14C concentrations in air and water 
related to the La Hague liquid wastes are clearly recorded. The aim of this paper is to show 
results of these oceanographic campaigns. Flux between seawater and atmosphere are calculated 
in the northwest Cotentin and in Bay of Seine. 
 
 



POST-DEPOSITIONAL REACTIVITY OF THE PLUTONIUM IN DIFFERENT SEDIMENT 
FACIES FROM THE ENGLISH CHANNEL – AN EXPERIMENTAL APPROACH 
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The plutonium discharged into sea (in particular resulting from the activity of the reprocessing 
plants of nuclear fuels) presents a great affinity for the sedimentary particles. In the English 
Channel, the weakness of the plutonium concentrations met in the natural environment makes 
very difficult a direct study of the diagenetic phenomena which influences on the behavior of 
this radionuclide after its incorporation to the sedimentary column. On the scale of the all 
English Channel, the stock of plutonium immobilized in the sediments is significant (some 
TBq), this fact justifies the study of its becoming. 
With this intention, we constructed a set of experiments on series marine sediments with 
various sedimentologic facies, which have been spiked with plutonium. After a one-month 
incubation period, various parameters describing the behavior of plutonium were given: 
(1) distribution of plutonium between the particulate phases and the pore waters; 
(2) quantification of plutonium associated with reactive sulphides;  
(3) distribution of plutonium between the particles and the seawater during a sediment re-
suspension episode. 
 



BE-7 AND TH-234 AS TRACERS OF SEDIMENT MIXING ON SEASONAL TIME AT THE 
WATER-SEDIMENT INTERFACE OF THE THAU POND 
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We report detailed depth profiles of the particle-reactive radionuclides 234Th (24.1 days) and 7Be (53.3 
days) in sediment cores collected at different seasons in the Thau Lagoon, located in the south of France. 
Cores were collected at two selected sites with contrasting characteristics: C4 in the middle of the lagoon 
and C5 nearby oyster farming. Both sites were visited six times between December 2001 and May 2003. 
234Th in excess (234Thxs ; i.e. supplied to sediment by settling particles) and 7Be both show seasonal 
variations in activities and in penetration within the sediment. Uppermost activities of 234Thxs and 7Be 
range between 20 and 72 mBq g-1 at site C4 and between 30 and 166 mBq g-1 at site C5. With their very 
short half-lives and moderate sedimentation rates at both sites (around 0.1 – 0.3 cm per year), 234Thxs and 
7Be should be present only at the water-sediment interface. However all the profiles show penetration of 
both short-lived radionuclides to variable depths, from 1 up to 8 cm, that indicates efficient mixing of 
upper sediments, usually referred as bioturbation. The simplest way to calculate Db from radionuclide 
profiles assumes bioturbation as a diffusive process occurring at a constant rate within a surface mixed 
layer under steady state. For site C4, steady-state bioturbation rates range between 1 and 12 cm2 yr-1, with 
a weak seasonal signal. The mixing of surface sediments at site C5 presents a greater range (1 – 34 cm2 yr-

1) with the highest values observed in summer. Such a time-series of short radionuclides at the water-
sediment is most unusual. It provides the opportunity to develop a non-steady state modeling in order to 
test the significance of bioturbation rates based on steady state assumption. Results of this test will be 
discussed. 
 



DATING OF SEDIMENTS IN THE BISCAY BAY: IMPLICATION FOR POLLUTION 
CHRONOLOGY 
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Important historical informations on the temporal changes of anthropogenic pollution in marine 
environment can be assessed using sediment analysis. Dating is a crucial prerequisite to reconstruct 
pollution events, to calculate fluxes, and thus to allow comparison between different sites. This work 
presents estimates of accumulation rate of sediments in the Bay of Biscay. Fives cores were collected 
during RIKEAU 2002 cruise on board o/v Thalia in order to study temporal changes in PAH and 
organohalogens compounds (PCB, PBDE and PCDD/Fs) content of sediment. We compare 
chronostratigraphic estimates on cores derived from the natural radionuclide 210Pb in excess with estimates 
from the known times of introduction of the artificial radionuclide 137Cs to the environment. 210Pb, 226Ra 
(210Pb in excess = 210Pb – 226Ra) and 137Cs were measured directly by non-destructive gamma spectrometry 
using a well type γ-detector. Total 210Pb and 226Ra activities vary from 30 to 150 mBq g-1, and 20 to 36 
mBq g-1 respectively; 137Cs presents lower levels (< 5 mBq g-1). Profiles of 210Pbxs present a mixed layer 
from 2-3 to 10 cm) in the uppermost sediments, followed by an exponential decrease of activities, suitable 
for the determination of sedimentation rates. Under constant flux and sedimentation rate assumptions, 
vertical accretion rates derived from 210Pbxs present a large range from nearly 0.1 cm yr-1 up to almost 0.6 
cm yr-1. Differences are mainly due to relative position of studied cores regarding the muddy patch. 
Although the moderate level of 137Cs limits the accuracy of this dating method, profiles of 137Cs with depth 
strengthen mean rates derived from 210Pbxs data. The implication of these dating on pollutant inputs in 
sediments of the Bay of Biscay will be discussed. 
 



TECHNETIUM-99 IN THE NORDIC SEAS AND THE ARCTIC OCEAN 1970 – 2002: 
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Technetium-99 (99Tc) is a highly soluble, beta emitting anthropogenic radionuclide with a half-life of 
213000 years. The primary source of 99Tc to the northern marine environment has been through controlled 
discharges from the nuclear reprocessing facilities at Sellafield (UK) and Cap la Hague (France) which 
have taken place over several decades and have seen two periods of peak discharge in the 1970’s and the 
1990’s. In the Nordic Seas, 99Tc is detected along the Norwegian Coastal Current (NCC) and further north, 
in the Barents Sea and West Spitsbergen Current. The further pathways of 99Tc are a recirculation with the 
East Greenland Current in the Nordic Seas and an intrusion into the Arctic Ocean proper with advective 
timescales of up to several decades. In the Norwegian Research Council (NFR) funded research project 
RADNOR, two state-of-the-art numerical models are used to simulate the fate of 99Tc discharges into the 
marine environment: The hydrodynamic coupled ice-ocean model NAOSIM, forced with realistic 
atmospheric data and the NRPA assessment box model which is forced by a fixed circulation pattern, but 
resolves the movement of the radionuclides in several environmental compartments. An intercomparison 
of the NAOSIM and NRPA model simulations of the dispersal of 99Tc will be performed followed by a 
comparison of the model simulations with an observational database. The database encompasses as 
complete as possible the available measurements from the West-European shelf seas northward into the 
Arctic Ocean. Results from this work will help to provide a better understanding of the dispersion 
dynamics of 99Tc in the Nordic Seas and the Arctic Ocean. 
 
 



SCREENING METHODOLOGY FOR DOSE ASSESSMENT TO SEAWATER ORGANISMS 
IN BALTIC SEA 

 
P. KRAJEWSKI, M. SUPLIŃSKA 

 
Department of Radiation Hygiene,  
Central Laboratory for Radiological Protection,   
Warsaw,  Poland, 03-194 PL, Email : krajewski@clor.waw.pl 
 
 Determination of radionuclides in Baltic Sea environment in the frame of MORS programme gives 
opportunity to evaluate doses for aquatic organisms from the Southern Baltic Sea. The avaiable 
environmental data from the last few years included  concentrations of 137Cs (bomb-tests-fallout & 
Chernobyl origin), 226Ra (natural radionuclide) and 239,240Pu (bomb-tests-fallout) in biota, bottom 
sediment and water. 
The doses assessment of 137Cs, 226Ra and 239,240Pu for aquatic animals was performed, based on the 
screening methodology elaborated by U.S. Department of Energy. Baltic Sea fish (cod, sprat, herring, 
plaice) and crustaceans  (sanduria entomon and mytilus edulis) were taken in to consideration and the 
annual doses from 137Cs , 226Ra and 239Pu to organisms were calculated at average concentrations of 
these radionuclides observed in water, concentration of radionuclides determined in bottom sediments 
from two sub-areas (Gdansk Basin and Bornholm Basin) and average concentrations of radionuclides 
in  animal  tissues. The total maximal annual doses for seawater organisms do not exceed a one 
percent of recommended dose limits however, the dominate contribution to the total dose depends on 
analysed radionuclide. For 137Cs  a maximum contribution to the total dose gives external dose from 
bottom sediment (about 0.5 mGy y-1). Only about 1% of the total 137Cs dose is derived from internal 
dose however animal-water ratio obtained from measurements is much lower (in a range 30-300 L kg-

1) comparing with recommended by  DOE Standard value (22000 L kg-1). For 226Ra internal doses for 
fish and mytilus are similar (0.2 mGy y-1, 0.6 mGy y-1 respectively) and they are comparable with 
external doses from sediment (0.3 mGy y-1) whereas internal dose for sanduria is about 10 times 
higher (7 mGy y-1).  A measured animal- water ratios (20 - 500 L kg-1) differs remarkably from default 
DOE Standard value (3200 L kg-1). For plutonium 239Pu the maximum contribution to the total dose 
gives internal dose and external dose from sediment contributes less then 1%. The contribution of 
external dose from water is negligible for all analysed radionuclides. A measured animal-water ratios 
for Mytilus edulis (2600 L kg-1) is much higher then default DOE Standard value (1000 L kg-1) and it 
suggests careful verification parameters used in the screening methodology. 
The default animal-water bioacumulation ratios that are provided by screening metodology can be 
used with caution when they are aplied to dose evaluation for biota. 



TRANSPORT OF LOW 240:239 ATOM RATIO PLUTONIUM IN THE OB AND YENISEY 
RIVERS TO THE KARA SEA 
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Nuclear installations (Tomsk-7, Mayak PA; Krasnoyarsk) are situated in the drainage areas of 
the Ob and Yenisey. The low-level Pu contamination in the two estuaries has been mainly 
attributed to transport of global fallout from atmospheric nuclear tests deposited in the 
drainage areas. The future concern for the Arctic is, however, that a sudden large release may 
occur due to accidents at the nuclear sites etc. Such incidents could lead to the eventual 
transport of released radionuclides to the Kara Sea. Therefore, information on Pu speciation 
and processes controlling the behaviour of plutonium in estuarine systems is a prerequisite for 
predicting the transfer and subsequent environmental impact to Arctic Seas. To obtain 
information on estuarine processes in the Ob and Yenisey River influencing the size 
distribution pattern Pu was studied by at site size fractionation in the river – estuary systems. 
Large samples collected from varying depths at stations along a transect from fresh riverine 
water through the estuary zone and into high salinity sea water were filtered (0.45 µm), and 
ultrafiltered (8 kDa). Filters and filtrates were analyzed by means of AMS obtaining Pu 
concentrations and 240Pu /239Pu atom ratios. Most of the Pu in the surface water samples 
collected in the freshwater endmember of the two rivers appears to be associated with 
particulate material while a majority of the Pu in both estuaries is in a dissolved form. The 
colloidal fraction ranged from 29 – 48% (Yenisey), 29 – 73% (Ob) and 50% (Kara Sea). 240Pu 
/239Pu atom ratios vary within the fractions, being rather low for the dissolved phases and 
significantly higher for the particulate fraction. 240Pu/239Pu atom ratios show that particulate 
Pu is fallout related and that Pu in dissolved form originates from other, low atom ratio 
sources. 
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The oceans, seas, estuaries, and rivers of the planet form a vast sink for many anthropogenic 
substances. Pollutants such as stable metals and radionuclides concentrate at the water-air 
interface. According to their chemical form, artificial radionuclides released by nuclear 
industry into the sea can be transported to the earth not only by marine aerosols, but also by 
degassing from seawater (14C, 131I, 3H…). COGEMA La Hague nuclear reprocessing plant 
located in the north west of Cotentin peninsula near Cherbourg (France) releases 
radionuclides, like 3H, in atmosphere and in the English Channel. For example, about 70 
TBq.year-1 and 10 PBq.year-1 of 3H are respectively released in the atmosphere and in the 
English Channel in 2000. Three campaigns in terrestrial environment with sampling of a bio-
indicator like furze were performed in 1997, 1998 and 1999, and showed anomalous high 3H 
contents in vegetation near the coast (factor 5) that have suggested a supplementary marine 
contribution through the degassing of the 3H released in the liquid waste by the nuclear plant. 
Atmospheric measurements during oceanographic campaigns TE-SEA in 2000 and 
TRANSAT in 2002, confirm this hypothesis. The aim of this paper is to show results of these 
environmental campaigns (terrestrial and marine). The focus will be set on the 3H transfer 
between sea to land by the process of degassing. Flux between seawater and atmosphere are 
calculated in the northwest Cotentin and in Bay of Seine. 
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TRITIUM ALONG THE FRENCH CHANNEL COAST 

M.MASSON*, F.SICLET**, M.FOURNIER***, G.GONTIER**** 
*IRSN/DEI/SECRE/LRC - 50130 Cherbourg Octeville 
 
 
Within the scope of a joint IRSN/EDF research program, it is possible to present a first status of free water tritium 
and organically bound tritium levels in the French coastal marine environment, from Concarneau to Gravelines.  
Seasonal sampling was conducted over two years, 2001 and 2002. The matrices selected for this specific survey 
include water, seaweed, crustaceans and fish. The background concentration of tritium, estimated from the results 
obtained at two sites, Concarneau and Roscoff,  remote from industrial sources, is close to the detection limit of 1.5  
Bq.l-1. Along the Channel coast and the entrance of the North Sea, tritium is released in seawater by four nuclear 
power plants (14 reactors) and mainly by the reprocessing plant of La Hague. The results confirm a dilution factor 
of two between the north Cotentin area and the strait of Dover for soluble radionuclides. The activities are in the 
range of 2 to 10 Bq.l-1 for free and organically bound tritium in biota. Although isotopic fractionation is 
theoretically expected to be slight, the available results indicate a ratio between tritium bound to organic matter and 
tritium in free water greater than one. 
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The Radiological Protection Institute of Ireland has monitored levels of anthropogenic 
radionuclides in the Irish marine environment for over 20 years. While the primary objective 
of the monitoring programme is to assess the exposure of the Irish population resulting from 
the presence of these radionuclides in the marine environment, the programme also aims to 
assess the geographical distribution and temporal variations of the radionuclides. The 
programme involves the routine sampling of and testing for radioactivity in fish, shellfish, 
seaweed, sediments and seawater. The data generated in the course of this programme, as well 
as in a separate study of changing plutonium isotopic ratios in Fucus vesiculosus from the 
west coast of Ireland, are used in this paper to estimate transport times from the Sellafield 
nuclear fuel reprocessing plant to the western Irish Sea and from the Irish Sea to the west 
coast of Ireland. The results obtained are discussed in the paper and the transfer times 
estimated for particle-reactive radionuclides (plutonium isotopes) compared with those 
obtained for more conservative radionuclides (137Cs and 99Tc). Transfer factors (calculated as 
the ratio between observed concentrations in the environment and an average discharge rate τ 
years earlier, where τ is the transport time) are also presented. 
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Three different analytical methods for excess 210Pb were compared using a sediment core of Guanabara Bay, 
a tropical estuary highly polluted with organic matter: total digestion of the sample and the simultaneous 
analysis of 226Ra and 210Pb, HBr leaching with 210Pb determination, and HCl leaching with 210Po 
determination. The sedimentation rates obtained from the first method were 1.0 cm/y, comprising the top to 
the 44 cm layer, and 0,4 cm/y from this to the bottom layer of the core (53 cm). Values of 0.45 cm/y and 
0.57 cm/y were obtained for the second and the third methods respectively, comprising the interval between 
the top layer and the depth of 34 cm. The annual fluxes of 210Pb obtained with the three methods were 13.4 
mBq/cm2y, 2.5 mBq/cm2y, and 5.2 mBq/cm2y respectively. The comparison of these results with values 
available in the literature, for this area of study, showed that the first method was the most appropriate. The 
discrepancy from the results of the two other methods and the literature values was probably due to the fact 
that the leaching procedures may have affected the matrix in a stronger way than it would be expected, with 
the consequent removal of the sediment lattice bound 210Pb. These findings indicate that the leaching 
procedures tested in the present work are not adequated methods for the evaluation of the sedimentation rates 
in this environment.  



 
 
 

EFFECTIVE ECOLOGICAL HALF-LIVES OF CS-137 FOR FISHES CONTROLLED 
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National Research Institute of Fisheries Science (NRIFS) has carried out the long term monitoring 
program for radioactive pollution in marine organisms caught around Japan in order to confirm the safety 
of marine organisms as food source.  Main radionuclide in our monitoring program is Cs-137 because it 
has the relatively high radiotoxicity and the long term physical half-life (about 30.1 y), and tends to 
accumulate in the muscle.  Recently, the effective ecological half-lives have been introduced to estimate 
the recovery time from radioactive pollution, and been applicable to various ecosystems.  In this study, 
effective ecological half-lives of Cs-137 for some fishes were calculated from our long term monitoring 
data.  It is known that fish species have each effective ecological half-lives.  However, it has been unclear 
what change the effective ecological half-lives of Cs-137 for fishes.  Fishes intake Cs-137 through food 
chain and directly from their surrounding sea-waters.  Accordingly, the effective ecological half-lives of 
Cs-137 for some fishes would be controlled by the effective environment half-lives of Cs-137 for their 
surrounding sea-waters.  There is difference in effective environment half-lives of Cs-137 between the 
open ocean and the coastal sea-waters because they have the different input sources of Cs-137.  Some 
fishes move between the open ocean and the coastal areas, and therefore their effective ecological half-
lives of Cs-137 are influenced by the effective environment half-lives of Cs-137 for sea-waters of both 
areas.  Consequently, the differences in effective ecological half-lives of Cs-137 among fish species would 
depend the rate of coastal area in their lives.   
 
 
 
  
 
 
 



SEASONAL VARIATIONS IN ACTIVITY CONCENTRATIONS OF 137CS, 40K, 7BE, 228AC, 
99TC, 90SR, AND 239/240PU IN FUCUS VESICULOSUS AND ASCOPHYLLUM NODOSUM 
FROM THE SOUTH-EASTERN COAST OF NORWAY 
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Brown algae have been proven to be useful indicator organisms for heavy metals and 
radionuclides in the marine environments due to their ability to concentrate elements from the 
ambient water. There is quite a lot of data available on 137Cs in brown algae, especially for 
Fucus Vesiculosus. Fucus Vesiculosus is also commonly used to monitor the impact of the 
releases of 99Tc from the reprocessing plant in Sellafield. There is however a lack of data for 
other long-lived anthropogenic nuclides as 90Sr and Pu, and for natural occurring 
radionuclides. There is also a need for more knowledge about the mechanisms for uptake and 
accumulation of the different elements, and about different factors influencing the uptake. In 
this study activity concentrations of 137Cs, 40K, 7Be, 228Ac, 99Tc, 90Sr and 239/240Pu are 
measured in whole plants of Fucus vesiculosus and Ascophyllum nodosum collected over a 
period of one year from the south-eastern coast of Norway. Significant differences between 
the two species have been found. For 137Cs, 40K, 7Be, 228Ra and 239/240Pu, the activity 
concentrations wre significantly higher in Fucus vesiculosus than in Ascophyllum nodosum, 
whereas for 99Tc the activity concentrations were higher in Ascophyllum nodosum than in 
Fucus vesiculosus. There were great seasonal variations in the concentrations of the measured 
radionuclides. For 99Tc there was also a difference in the temporal pattern for the two species. 
Possible uptake mechanisms will be discussed based on the results and on the known 
physiological differences between the two species.  
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Recently, there has been experimental evidence of redissolution of plutonium and caesium taking place 
from contaminated Irish Sea sediments. Thus, sediments are behaving as a long-term source of waste 
radionuclides to the water column.  The objective of this work consists of studying such redissolution 
process by means of mathematical modelling. In particular, two models with different conceptual and 
numerical approaches will be used. The first is a box model for long-term dispersion from Sellafield to the 
Arctic marine environment in which water fluxes between boxes are obtained from basic oceanographic 
information. Water sediment interactions of radionuclides are described through sedimentation and 
remobilisation processes on the basis of the sediment equilibrium distribution coefficient. The second 
model is a high resolution 3D model in which advective transport is obtained from the calculated current 
fields. Thus, tidal mixing is explicitly computed. Exchanges of radionuclides between the liquid and solid 
phases are described in terms of kinetic transfer coefficients. As a consequence, the model has a general 
applicability and can be used in situations out from equilibrium conditions. Both models have been used to 
simulate the dispersion of instantaneous releases from Sellafield and to simulate the process of 
redissolution of radionuclides from contaminated sediments. Results from both models are comparable, 
being differences in activity levels in water and sediments smaller than should be expected from the 
different modelling approaches. Some general conclusions on the applicability of each modelling 
approach and on how they can be combined to improve predictions can also be extracted from this work. 
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A numerical model has been developed to simulate the input of radionuclides into the Mediterranean Sea 
through the Rhone River plume. The model is fully 3D. It solves the hydrodynamic equations, which 
include baroclinic terms and a turbulence model, together with the suspended sediment equations and 
radionuclide dispersion equations. The suspended sediment sub-model includes four particle sizes, settling 
and deposition. The radionuclide equations include the exchanges of radionuclides between water, 
suspended sediments and bed sediments, described using a kinetic model. The effect of salinity upon 
uptake kinetics has also been included. Computed water circulation, salinity pattern, suspended sediment 
distribution and sedimentation rates are in agreement with observations in the area. The model has been 
applied to simulate the dispersion of 137Cs and 239,240Pu through the plume. Computed specific activities in 
water, suspended matter and bottom sediments are in agreement with the measured distributions. The 
model can also be applied to calculate distribution coefficients. Although some water circulation models 
for the Rhone River plume exist in current literature, this is the first time in which a detailed 
hydrodynamic and suspended sediment model has been applied to simulate the dispersion of radionuclides 
in the plume. 
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Most of Finnish lakes are oligotrophic and hence accumulation of 137Cs in fishes is high. Besides fishes 
from several lakes annually since 1986, water samples from about 20 lakes in 1998 and 2002 were 
analysed for 137Cs. In water of most lakes 137Cs decreased by 10 to 40% from 1998 to 2002, but there were 
some lakes where 137Cs increased by 20% from 1998 to 2002. Variation ranges in activity concentrations 
of 137Cs in fishes and also in lake waters were still large although sixteen years had elapsed since the 
deposition. Correlation of 137Cs in lake water with the original level of the deposited 137Cs was good for 
most of the lakes, but not for all of them. Although fishes get 137Cs mainly via food, correlation of 137Cs in 
fishes with that in lake water was amazingly good based on the results from 1998-2002. Ecological 
halftimes of 137Cs in various lakes and in various fish species since 1986, as well as lake specific 
concentration factors in 1998-2002 will be determined. Since activity concentrations of 137Cs in fishes 
remain high in freshwater ecosystem for a long time after deposition, it results in long-term exposure of 
fishes and other biota in that ecosystem.     
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Assessment of the future radioactive environmental contamination threat by releases from 
the dumped submarine and ship reactors with spent nuclear fuel (SNF) is a project goal. The 
methodology of search and detection of traces of noble gases (85Kr, 222Rn) and 3H (which leaking 
the first from the SNF) on them plume on a bottom in dumpsites of ship nuclear reactors is 
advanced. 

Investigation of releases from the dumped ship reactors with SNF of icebreaker “Lenin” in 
Kara Sea is launched (September 2003). Research has multilane character: experiments with 
SNF, creation of techniques and expeditions. Preliminary observation of current field and 
hydrological characteristics in zone of marked dumpsites on the shelf has been fulfilled. 

For an estimation of a gas fission products release (including Kr-85) from the irradiated 
fuel during the corrosion in conditions a near-bottom layer of the sea in Arctic the special 
installation has been created in the RRC “Kurchatov Institute” hot laboratory. Then the 
following experiment (modeling the conditions a near-bottom layer of the sea in Arctic) was 
made:  

First, samples of irradiated VVER-1000 type reactor fuel (UO2) are loaded into capsules 
filled with pure sea water or sea water with the silt sampled in Kara Sea. The fuel samples have 
been selected due to similarity of its burnup level (62 MWd/kg) and other parameters to the one 
of icebreaker “Lenin” reactor, that had been buried (1965) in Kara sea. The average sample 
activity was about 1 GBq for 137Cs. Second, the capsules and the vacuum system are pumped out 
and checked on tightness by the helium leak tester. Then capsules are filled with the artificial gas 
mixture without traces of 85Kr. Temperature of capsules are maintained in a range 0÷1 °C. 

Each 1-2 month gas samples are taken from the capsules into the previously pumped out 
flask, then capsules are refilled by the gas mixture. The measurements of 85Kr concentration in 
the samples are carried out on low-background installation with the proportional counter in 
Institute for Nuclear Research RAS. At the end of the experiment the fission products inventory 
in water is also measured. 

Installations for extraction and measurements 85Kr in water are developed. They consist 
from two parts. The first part is intended for extraction of 85Kr from 130 l seawater and includes 
170 l tank and system of traps. The 85Kr is extracted from seawater by bubbling with He flux, 
purified from the water by low temperature traps and captured from He flux in low temperature 
traps with charcoal. The bubbler with volume 170 l for full scale installation has been created 
from stainless and tested during expedition (September 2003, Barents and Kara seas) on the 
board of R/V “Akademik Boris Petrov”. 

The second part is intended for fine purification of Kr sample with high temperature getter 
and Toepler pump for transporting the gas sample in to a proportional counter for 85Kr activity 
measuring. The construction of the super miniature proportional counter (volume 1 ml) is based 
on only quartz without any glue, that allows heating it up to 200°C and all the gases absorbed in 
the counter walls can be removed. The proportional counter is placed into anticoincidence 
system from cosmic rays and passive shielding from pure materials (Fe, W, and Hg) for lowering 
the background. On the current stage the counter background is about a few events per hour 
which corresponds the sensitivity of about 3x10-6 Bq/l of seawater (~1300 atoms of 85Kr/l). The 
measurements of the rate of diffusion of 85Kr from SNF and 85Kr concentration in seawater 
samples have been started. Sensitivity of 3H measurement with preliminary enrichment is 0.03 
TE. 



 



SENSITIVITY TEST OF FOOD CHAIN MODEL OF TEMPORAL 137CS DISTRIBUTION IN 
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Because of the criticality accident occurred at JCO Co. Ltd. on September 30th 1999 in TOKAI, Japan, 
short term estimation of released radionuclides behavior will be required for decision-making in emergent 
action. To predict radionuclide concentrations in marine organisms under short term radionuclide 
introduction to coastal water such as accidental situation, models of nuclide transfer both from seawater 
and food chain to marine organisms are studied by TATEDA (1994, 1997), TATEDA et al. (1997, 2001). 
The model was developed for typical Japanese coastal water including benthic food chain and planktonic 
food chain, with transfer parameter data set, such as uptake rate constant, excretion rate constants, gut 
transfer rates, food ingestion rates of 137Cs, those collected by many tracer experiment studies. Using the 
model verified by (calculated equilibrated concentrations)/ (observed concentrations) in biota and 
(calculated decrease curves of 137Cs concentrations)/(observed curves) in biota under the Chernobyl fallout 
introduction in Japan, we estimate the period for decontamination time of 137Cs in organisms of marine 
food chain under several imaginable cases. However, prediction by this model still contains uncertainty 
because of the variation of transfer parameters used in the model. In this study, we tested the model 
sensitivity for the different combinations of varied transfer parameters reported, and predicted the 
temporal and special distribution of 137Cs in biota in the coastal area of future nuclear fuel reprocessing 
plant site at Rokkasho, Aomori, Japan. The result of sensitivity analyses suggested that the effects of the 
variation of transfer parameters to the output of model calculations are within a range of 3 – 10 times in 
temporal 137Cs concentrations in coastal organisms. 
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ABSTRACT 

The development and application of a new system is described for 
autonomously working radioactivity measurements, usable in seawater 
and river environments. The system is based on a ΝaI scintillator with 
specifications for use in the marine environment and for real time 
acquisition. It is simple, stable for long-term monitoring, and of low 
consumption. The sensor was energy calibrated in the laboratory. Many 
tests were made for the linearity and the stability of the electronics. The 
energy resolution calibration of the sensor was performed prior to its 
location into the tank, using various reference point sources. The system 
was deployed in the tank in order to measure background and low 
concentration 137Cs (17 Bq/m3). Appropriate software identifies 
qualitatively the low level 137Cs contribution to the measured spectrum. In 
addition, field measurements at the Ioanian Sea offer very promising 
results concerning the use of the whole system (hardware and software) 
in the marine environment to be operated as continuous monitoring 
and/or alarm system. 
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Within activity of Biomineralogical group of KRI (RFBR # 03-05-65195), dealing with distribution, 
accumulation and relations of radionuclides within shells of freshwater molluscs, a capacity to 
incorporating of 137Cs, 85Sr and 241Am into shells of Dreissena polymorpha, obtained after laboratory 
experiments was studied; and a distribution of Americium-241 in shell is preliminary discussed on the 
basis a cathodoluminescence (CL). Short-term uptake experiments were performed to understand 
difference in accumulation of radionuclides (Cs, Sr, Am) in high concentration which were added in 
the experimental solutions separately as well as in mixtures by molluscs. The data obtained suggest 
greater content of 85Sr than 137Cs and 241Am in all studied samples, thus the mixture of radionuclides 
had no effect on greater accumulation of Sr by the molluscs shell. The concentration of radionuclides 
in shells are following (in Bq/g): 85Sr – 5x104; 137Cs – 1x104; 241Am – 2x104 (with maximum 1x105). 
Present data suggest also on high capacity for incorporating of these radionuclides in molluscs shells 
in laboratory conditions. The cathodoluminescent images on full section of Am-doped shells 
(containing about 0.00005 wt.% of Am) of D.polymorpha along a length of valve was characterized by 
light bands of blue-green color which are parallel to the shell surface and corresponded to different 
shell layers. Maximum intensity is corresponds to the layer boundaries characterised by concentration 
of organic component. However, this result should be treated with care due to the large uncertainty in 
the determination of the americium in organic and mineral components of mollusc shells separately, 
which is a subject of further investigations.  
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The Handbook of parameter values for the prediction of radionuclide transfer in temperate 
environments (TRS 364) was published in 1994 by the IAEA, in collaboration with the IUR. It was 
based on a review of available data up to the end of 1992. It is composed of values for empirical 
transfer parameters commonly used in radiological assessment models. Certain values are based on 
data which are 20 years old. The availability of literature data inevitably improves with time. The 
amount of data, however, will vary for each element since data have been compiled due to a variety of 
reasons, e.g. Chernobyl, waste disposal, or dose reconstruction. A number of good critical reviews 
have been produced in recent years for some of the transfer parameter values which merit 
consideration. When addressing transfers through continental ecosystems, TRS 364 is one of the key 
sources for many models : it is widely used both in the radiation protection and radioecological 
community. In particular, many radiation protection models need to predict transfer of a large number 
of radionuclides. This requires information on transfer of many less mobile radionuclides, which do 
not usually comprise an important component of discharges or dose. Such information is often sparse 
and difficult to collate. It is thus essential that such information is kept up-to-date and that any relevant 
recent literature is included, especially considering the paucity of existing data sources. Moreover, 
since the early nineteen nineties, there has been considerable debate in the scientific community 
regarding the validity of using empirical approaches for determining transfer factors. For instance, the 
identification of single values, when considerable variation is observed and can be explained to 
varying extents, seems a simplification leading to avoidable errors in predictions. This in itself, is a 
strong argument for revision if the information given is now known to be incorrect, inadequate (given 
new available information) and incomplete. This effort is a task of the IAEA-EMRAS programme on 
environmental modelling. 
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A screening ecological risk assessment was performed for regulatory compliance at three Ontario 
nuclear generating station sites to establish design requirements for a routine contaminant 
monitoring program and to address the need for non-contaminant stressor management. Site-
specific assessments went beyond traditional contaminant risk assessment to include stressors 
associated with land-use change, cooling water systems and site storm water runoff.   Valued 
terrestrial and aquatic ecosystem components were selected from species lists after stakeholder 
consultation, and contaminants of concern were selected based on their relative loadings, and 
with respect to regulatory and literature-based benchmarks.  Predictive modeling was used to 
estimate chemical and radionuclide exposures and likelihood of effects.  Adverse effects on 
individual biota were predicted for aqueous emissions of chlorine and storm water but not for 
radionuclides.  Retrospective analyses of past field monitoring were used to determine likelihood 
of effects from non-contaminant stressors.  Individual-level adverse effects were observed for fish 
losses from cooling water withdrawal.  Depending on the site and the biological species, either 
beneficial or adverse effects from thermal discharge and land-use change were observed. Follow-
up studies include monitoring, laboratory study, computer modeling and mitigation.  Field 
monitoring will generate more precise species-level estimates of intake fish losses, magnitude of 
fish response to thermal discharge and chlorine concentrations in near-field discharge waters.  
Laboratory study is determining the effectiveness of intake fish loss mitigation technology.  
Computer fish population models are being used to design field studies and interpret individual-
level effects.  Mitigation includes storm water controls and habitat biodiversity management 
projects to offset past losses from site development and construction.  Routine contaminant 
monitoring is planned to collect necessary information to verify site specific risk assessment 
model predictions and confirm model parameters and assumptions.  The updated contaminant risk 
assessment models will be used to adjust site monitoring programs.  
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Abstract. The BIOMOSA (Biosphere Models for Safety Assessment of Radioactive Waste 
Disposal) project is a part of the EC fifth framework research programme. The main goal of this 
project is the improvement of the scientific basis for the application of biosphere models in the 
framework of long-term safety studies of radioactive waste disposal facilities. Furthermore, the 
outcome of the project will provide operators and regulatory bodies with guidelines for 
performance assessments of repository systems. The study focuses on the development and 
application of site-specific models and a generic biosphere tool BIOGEM (BIOsphere GEneric 
Model), using the experience from the national programmes and the IAEA BIOMASS reference 
biosphere methodology. The models were applied to 5 typical locations in the EU, resulting in 
estimates of the annual individual doses to the critical groups and the ranking of the importance of 
the pathways for each of the sites. The results of the site-specific and generic models were then 
compared. In all cases the doses calculated by the generic model were less than the doses obtained 
from the site-specific models. Uncertainty in the results was estimated by means of stochastic 
calculations which allow a comparison of the overall model uncertainty with the variability across 
the different sites considered. 
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During the next few years the Swedish Nuclear Fuel and Waste Management Co. (SKB) performs site 
investigations at two sites in Sweden for a future repository of spent nuclear fuel. Novel methods based on 
systems and landscape ecology are developed to understand and model the radionuclide flow in the 
biosphere using site specific data for a safety assessment. This work describes the strategy for 
development of a descriptive ecosystem model for the surface ecosystem. The site description is needed 
to: a) perform a safety assessment that describes and analyzes different scenarios for radionuclide releases 
into the ecosystem and possible pathways for dispersal or accumulation radionuclides in the ecosystem, b) 
detect changes caused by the construction of a repository, c) establish a baseline for detecting long-term 
effects of the repository. The description adopts a site-specific approach focusing on the quantification of 
the properties that will constitute the descriptive model. The aim is also to present the methodology for 
determining the properties, to describe the development of the framework for the descriptive ecosystem 
models by integrating use of different properties, and finally, to present vital data from other site 
descriptive models such as those for geology or hydrogeology. The safety assessment will use an 
approach, among other methods, where transport and accumulation of radionuclides will be modelled by 
quantifying biogeochemical pathways of matter. The descriptive ecosystem model applied to the site was 
therefore built to describe and quantify processes affecting i.e. turnover of matter in a drainage area. The 
conclusions from applying this approach was that by have estimating the flow of matter the ecological and 
physical constrains on the system reduces the potential variations in outcome of future states of the 
ecosystem and thus also reduces the uncertainties in estimating radionuclide flow and consequences to 
humans and the environment.  
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Abstract.  
There are many existing models describing the behaviour of carbon 14 and tritium in the environment. 
There are all quite difficult to handle and data consuming because they are based on the precise 
description of the different and complex mechanisms of the carbon and hydrogen cycles.  
A simplified model of transfer in the environment of tritium and carbon 14 is presented. It is based on 
the following assumptions: (a) the modelled radionuclides have an homogeneous repartition inside the 
biological compartments considered; (b) transfer flows of such radionuclides are proportional to the 
biomass changes in all the biological compartments; (c) time evolution of radionuclides isotopic 
equilibrium is discrete.  
Such a dynamic approach is based on the use of growth models of biological systems (plants, 
animals, etc..). From the proposed conceptual model, 2 mathematical models are proposed: a one-
pool model (organic carbon for carbon 14) and a two-pool model (organic tritium and tritiated water for 
tritium). 
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The International Atomic Energy Agency (IAEA) is the organization within the UN family 
with a statutory mandate to establish standards for the protection of health and environment 
against ionizing radiation, and to provide for the application of those standards.  As part of 
these functions, the IAEA periodically reviews the status and continued relevance of the 
standards to the needs of its Member States.  Recent work on the development of standards 
for the radioactive discharge control includes development of practical guidance for setting 
discharge limits, elaboration on methodology for the radiation protection of non-human 
species, and preparation of guidance on environmental monitoring for radiation protection 
purposes. Development of these safety documents is influenced by recent international and 
regional tendencies, based on social initiatives, to reduce radioactive discharges substantially 
below levels justified by radiological criteria. 

The IAEA has developed preliminary guidance on practical aspects of setting discharge 
limits, which included a review of national regulatory experience in this regard.  This review 
suggested that societal pressures and regulatory practicalities results in discharge controls that 
were likely to be more restrictive that those that would be implied by formal optimization 
techniques. Regulatory review of authorizations includes a number of considerations, 
including predicted doses to members of the critical group, but the suitability of abatement 
forms a greater part in the decision-making process than allowed for in previous safety 
guidance. 

The IAEA has, in recent years, established a programme of work specifically addressing the 
development of safety standards on assessing the impact of ionizing radiation on non-human 
species, in co-operation with other relevant international organizations. The main issues 
arising will be summarised in the paper with the main focus on an exploration of the possible 
form of future regulatory criteria; the application of biota dose rate data and derived activity 
concentrations, and their relationship to discharge regulation and derived criteria for human 
protection. 

The new Safety Guide on “Strategies for the Monitoring of Radionuclides in the 
Environment” has been recently developed by the IAEA. Its aim is to establish strategies for 
radiation monitoring at the source and in the environment coherent with contemporary 
radiation protection principles. The strategy of monitoring has been developed in relation to: 
a) control of radionuclide discharges under practice conditions, and b) intervention, such as in 
cases of nuclear or radiological emergencies or past contamination of areas with long-lived 
radionuclides. Practical guidance specific to different facilities and situations is being 
developed in a number of accompanying Safety Reports, both of generic and facility-specific 
nature.  
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Alpha spectrometry is the most commonly used analytical tool for the determination of Pu,  

Pa, U and Th long live radionuclides. Thermal ionisation mass spectrometry (TIMS) and 

acceleration mass spectrometry  (AMS) are also still considered as primary methods for the 

determination of their isotope ratios. Spectrometers with plasma ion sources now offer 

another efficient alternative method with the development of sector field inductively coupled 

plasma mass spectrometry (SF ICP-MS). This paper summarizes the development work 

performed and results obtained using this technique for the analysis of such radionuclides 

involved in studies related to radioecology, radioprotection (Pu, U, Th), and climate changes 

(U, Th, Pa). 

Isotopic ratios and ultra trace levels of man made radionuclides like 239, 240, 241 plutonium, 

but also naturally occurring species like 231 protactinium, 234, 235, 238 uranium and 230, 

232, 230 thorium were determined in different field samples and reference materials. Prior to 

the mass spectrometric measurements these elements were isolated from major elements by 

different selective precipitations and purified by anion exchange in further steps. 

Isotope ratios like 239Pu/240Pu isotope ratios obtained for different field samples collected in 

France are discussed.  230Th/231Pa ratios obtained in this work for marine sediments collected 

in the equatorial Pacific also permitted to discuss climate changes. 

 

Key words: protactinium,  uranium, thorium, ICP-MS 
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The aim of the study was to measure the carbon 14 activity at natural level in air samples 
using classical methods of radiochemistry and beta counting. Three different methods have 
been tested in order to minimise the detection limit. In the three methods, the first step 
consists in trapping the atmospheric carbon 14 into NaOH (1N) using a bubbling chamber. 
The atmospheric carbon dioxide reacts with NaOH to form Na2CO3. In the first method the 
Na2CO3 solution is mixed with a liquid scintillate and is directly analysed by liquid 
scintillation counting (LSC). The detection limit is approximately 1 Bq/m3 of air samples. The 
second method consists in evaporating the carbonate solution and then counting the solid 
residue with a proportional gas circulation counter. The detection limit obtained is lower than 
the first method (0.4 Bq/m3 of air samples). In the third method, Na2CO3 is precipitated into 
CaCO3 in presence of CaCl2. CaCO3 is then analysed by LSC. This method appear to be the 
most appropriate, the detection limit is 0.05 Bq/m3 of air samples. 
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In the frame of IRSN’s French radioactivity observatory, aerosol samples are collected in a ten-days basis 
in different locations and measured by gamma spectrometry.  For some studies, it’s necessary to have the 
average of a radionuclide in aerosol samples, i.e. monthly or annually.  Gamma spectrometry 
measurement of artificial radionuclides such as 137Cs is getting more difficult due to decreasing 
radioactivity levels.  Individual measurements are sometimes below the minimum detectable activity 
(MDA) even when low-background measurement procedures are used.  In these cases, how to take into 
account a MDA in an average computation?  In order to get this mean value, the analysis can be 
performed on the annual spectrum corresponding to a running sum of each individual spectrum.  As for 
the sample, the summing is applied for the background spectrum.  By this way, the 137Cs concentration in 
aerosols corresponding to the annual mean value is obtained.  For aerosols collected in Saint Denis de La 
Reunion, a mean concentration of 0,029 ± 0,010 µBq.m-3 for 137Cs is obtained, when 25 measurement 
results on 26 samples are below the MDA.  For radionuclides always detected, a good agreement between 
summing spectrum results and computed mean value is observed. 
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IPEN, at São Paulo, is the largest institute in the nuclear research field in Brazil, developing 
activities in areas such as application of nuclear techniques in industry, radioisotopes, nuclear 
physics, radiochemistry, nuclear engineering and radiation protection. In order to estimate the 
radiological impact to the environment around IPEN facilities, a monitoring program was 
established. Samples of ground water, rainwater and filters for air sampling in the influence 
area of IPEN were measured by using gamma spectrometry. Results from 1997 to 2003 for 
ground water and rainwater samples, and from 2000 to 2002 for filters used in atmospheric air 
monitoring, are presented and the concentrations of natural (210Pb, 226Ra, 228Ra, 228Th, and 
7Be) and artificial (131I) radionuclides were determined. The highest values obtained for the 
activity concentrations were: (131 ± 20) mBq L-1 for 226Ra, (298 ± 87) mBq L-1 for 228Ra and 
(349 ± 22) mBq L-1 for 228Th in the ground water samples; (399 ± 69) mBq L-1 for 7Be in the 
rainwater samples; (0,37 ± 0,06) mBq m-3 for 210Pb in fiber filters; and (17,7 ± 0,7) mBq m-3 
for 131I in charcoal filters. The results obtained for rainwater suggested that there are higher 
7Be concentrations during the rainy season and an increase in the 210Pb activities in the fiber 
filters during the dry season. In some ground water samples, it was detected 226Ra, 228Ra, and 
228Th, in agreement with the literature. In the charcoal filters it was found 131I, due to the 
normal operation of IPEN facilities.  
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At a nuclear disaster the efficiency of emergency management on-site as well as off-site is closely 
connected to the quality and reliability of the actual status information. Reliability and short response 
time of the data communication path are important in the early phase. In order to protect investment 
and minimize TCO (Total Cost of Ownership) the dose rate measurement systems should also be 
adequate for the later phase emergency management and rehabilitation of contaminated areas. Based 
on four years experience the pros and cons of available GSM / GPRS / UMTS / TETRA (Terrestrial 
Trunked Radio) and satellite based technologies are compared with SkyLINK – a proprietary wireless 
network technology which is fully owned by the supervising authority or a nuclear installation. The 
European Commission’s decision in 1999 to opt for this state-of-the-art technology within the TACIS 
program fulfills highest standards for emergency management networks featuring especially:  
independency of public communication lines, good data availability also in rural areas and in 
emergency scenarios, fast installation, system startup and training, extreme mobility in emergency 
cases, high flexibility for changing tasks, very high degree of autonomy, low operating and 
maintenance costs over a ten year lifetime, long-term reliability of probes and data management 
system. After more than four years of experience with installations around the world especially those 
installed around three Russian nuclear power plants a comparison of this reliably operating technology 
can be done.   
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Environmental subjects are complicated technologically influenced systems with multi-

levelled spatial and temporary inhomogeneity of radionuclides distribution. Their radioactive 
background is a sum of a number of natural and technogenic factors: natural radioactivity, nuclear 
weapon testing, using nuclear technologies in industries, etc. Correct determination of radioactive 
background is in fact a basis for accepting just juridic, economic and social decisions. 

A general procedure of computation of upper borders of radioactive background of 
environmental subjects is offered. It is proved to work in application to soil as a triple system 
consisting of sand, clay and organic matter. There is a reason to believe that it works as well for all 
environmental subjects with components of significantly different radioactivity. 

The procedure is modelling of confident interval of background radioactivity which is 
based upon the different ability of various components of environmental subject to accumulate 
natural and artificial radionuclides.  

 
 



ASSESSMENT OF THE TERRESTRIAL IMPACT OF A NUCLEAR POWER PLANT 
CESIUM  137 AND CESIUM 134 GASEOUS RELEASES 
 
GAZAL S., PRANGÉ R., MEHIER S. & LAROUSSE A. 
 
Conseil Général de Tarn-et-Garonne, Commission Locale d’Information auprès du CNPE de Golfech 
(Tarn-et-Garonne), 82013, Montauban, France, gazal@univ-tlse2.fr 
 
Terrestrial contamination by cesium 137 and 134 since 1986 in France is held to originate in 
atmospheric nuclear weapon tests and/or the releases from the Chernobyl accident. Monthly 
measurements of radioactivity in terrestrial mosses are part of the monitoring protocol carried out by 
the Conseil Général de Tarn-et-Garonne to assess the environmental impact of the Golfech nuclear 
power plant radioactive releases. Since the commissioning of the NPP in 1990, these monthly 
measurements revealed a contamination by cesium 137 and 134 (up to 700 and 60 BqKg-1 DW) in 
both downwind sampling sites. This contamination decreased by a factor about 3 to 6 and 10 
respectively over 1990-1996, and remained fairly constant throughout 1996-2002 (cesium 134 hardly 
detectable). This contamination, as well as the isotopic ratio cesium 137/cesium 134, are significantly 
correlated with the monthly levels of gaseous releases of radioactivity by the Golfech NPP (95%, r2 = 
0.40 to >0.75). These results are discussed in the light of the sampled mosses characteristics (species 
identified, morphological seasonal variations, metabolism), time since radioactive releases and climate 
variations, as well as of the operating and release conditions of/from the Golfech NPP. Some 
discrepancies (concerning cesium 137 and 134, sampling sites contamination, raw and extra-
contamination calculated from the pre-commissioning measurements) are thus examined. These 
preliminary results bear evidence of an impact of the Golfech NPP on the terrestrial environment, 
particularly over the first few years operating. They confirm that specific species of terrestrial mosses 
are particularly sensitive to low levels of atmospheric radioactive cesium contamination and thus 
constitute a good indicator of a radioactive fallout. They suggest that terrestrial mosses may serve to 
elaborate a predictive model of a radioactive release, together with some relevant parameters and in 
the framework of a carefully defined monitoring protocol. 



CHEMICAL AND MINERALOGICAL CHARACTERIZATION OF WASTE GENERATED 
IN THE PETROLEUM INDUSTRY AND ITS CORRELATION WITH 226Ra AND 228Ra 
CONTENTS 

 
GAZINEU M.H.P., HAZIN C.H. & GODOY J.M.O.

 
Universidade Católica de Pernambuco, Departamento de Química, Rua do Príncipe 596, 50050-900 
Recife, Brasil 
Universidade Federal de Pernambuco, Departamento de Energia Nuclear, Av. Prof. Luiz Freire 1000, 
50740-540, Recife, Brasil, helena@truenet.com.br 
 
 

 
Scales and sludge are commonly formed during oil and gas extracting and processing operations. They 
usually appear when injection and formation water with different chemical characteristics come into 
contact. When the produced water is brought to the surface alongside with the oil, the precipitate can 
be deposited on the walls of tubing and equipment, forming the so-called scales. Otherwise they can 
also accumulate in the form of sludge on the bottom of storage tanks, separators, and other equipment. 
Radium is the main radionuclide brought to the surface with oil and produced water and it co-
precipitates with barium forming complex compounds of sulfates, carbonates and silicates. These 
compounds are the main constituents of scale and sludge. The objective of this work was to relate the 
radium content of scales and sludge to their chemical and mineralogical composition. Samples were 
taken from a PETROBRAS unit in the State of Sergipe, in Northeast Brazil. They were collected 
either from the inner surface of water pipes or from containers stored in the waste storage area of the 
unit. Oil was separated from the solid material in a Soxhlet extractor equipment by using aguarras as 
solvent. The concentrations of 226Ra and 228Ra were determined by gamma spectrometry. The 
mineralogical and the chemical composition of the samples were determined by x-ray diffraction and 
x-ray fluorescence, respectively, and used to characterize the samples as scales or sludge. The results 
have shown that scales are mainly formed by BaSO4 and CaCO3 while sludge has a higher content of 
SiO2 and FeO3 than that observed on the scale samples. The measured activity concentrations of 226Ra 
and 228Ra are strongly correlated for both kinds of samples. Based on the 228Th/228Ra ratio, ages 
between one and five years were estimated for the material stored in the waste area. 



Oberved half-lives of 3H, 90Sr and 137Cs in hydrosphere in the Vltava River basin and impact of NPP 
Temelín (Bohemia) 

HANSLÍK, E. J., KŘÍŽOVÁ-JEDINÁKOVÁ, V.*), IVANOVOVÁ, D., SEDLÁŘOVÁ, B., 
ŠIMONEK, P. 
 
T. G. Masaryk Water Research Institute, Podbabská 30, 160 62 Prague 6, Czech Republic, 
eduard_hanslik@vuv.cz 
*)Institute of Chemical Technology, Technická 6, 166 28 Prague 6, Czech Republic, 
krizovav@vscht.cz 

Observation of reference conditions on the Upper Vltava River in the period before construction of 
Temelín Nuclear Power Plant (NPP) was focused on examination of concentrations of artificial 
radionuclides 3H, 90Sr and 137Cs in components of the hydrosphere. Concentrations of these 
radionuclides were observed in water from tributaries to Orlík Reservoir, which will be a receiving 
water body of waste waters from the NPP, and also in the water at  outflow from the reservoir. 
Concentrations of radionuclides 90Sr, 137Cs and 134Cs were examined in samples of sediments, biomass 
of aquatic flora and fish species. Concentrations of 3H were also analysed in samples of precipitation 
water collected at three stations located in the vicinity of the NPP. For ensuring complete information, 
the observation of the radionuclides included also resources of drinking water and sludge from water 
treatment plants sited close to the NPP [1]. The observation has been continued [2]. 

The tritium concentrations were determined by using LSC method on Quantulus device, 
gammaspectrometric method on Canberra device was used for 137Cs and 134Cs, and  90Sr was 
determined by a standard method after radiochemical separation like 90Y.  

The results of the observation were used for derivation of decreasing trends in the concentrations of 
the radionuclides. It was demonstrated that kinetic equation of the 1st order can provide good 
description of the process. Concentrations of 137Cs in surface water exhibited two phases of decrease. 
The first one, which lasted until 1994, was faster. The observed half-life values were in the range 
between 1.1 and 2.2 years. The half-life values during the slower second phase, which began in 1995, 
are between 8.6 and 32.2 years. Concentrations of 90Sr in the water were monotonously decreasing 
with half-lives of 6.8 years in the period 1963 – 1968 and 6.7 years in the period 1993 – 2001.  
Gradient of a decrease in concentrations of 3H in surface water was also decreasing. The half-life value 
was initially 5 years, and subsequently 7.3 years in the period 1990 – 2002 

Observations and analyses of 137Cs and 134Cs concentrations in bottom sediments in Orlík Reservoir 
were focused on a comparison of a time change in a ratio of their concentrations with the ratio which 
was calculated for the so called Chernobyl mixture. The results have shown that the observed values 
of the ratio were in very good conformity with the calculated values.  

The results of the observations and analyses, which are in good harmony with findings of other 
authors [3], will be described in detail in the presentation.  

[1] HANSLÍK, E.: Impact of Temelín Nuclear Power Plant on Hydrosphere. Výzkum pro praxi 
(Research for practice), 35, TGM WRI, Prague, 1997.  

[2] HANSLÍK, E. J., SEDLÁŘOVÁ, B., ŠIMONEK, P.: Temelín nuclear power plant, South Bohemia 
– Reference level of hydrosphere, prediction of impact, results from pre-operation period. 
RADIOPROTECTION, Vol. 37, C1, 2002, Proceeding of the International Congress ECORAD 2001, 
Aix-en-Provence, France, 2001.  

[3] EGOROV, V. N. et al.: Realization of a metrology and quality control for carrying out of 
radioecological monitoring in the Sevastopol bays, the Crimea. Book of abstracts, International 
Symposium on In situ nuclear metrology as a tool for radioecology. I.R.E., Fleurus, Belgium, 2002.  



 
 
DEVELOPMENT OF A SOPHISTICATED INFORMATION SYSTEM INCLUDING A META-
DATABASE AND REGIONAL RADIOECOLOGICAL CADASTRES FOR ASSESSMENT OF 

THE RADIATION IMPACT ON THE ENVIRONMENT AND POPULATION OF  THE NORTH-
WEEST RUSSIA AND KRASNOYARSK REGION 

 
ISKRA A.A.*, BURYKIN A.A.*,  LEBEDEV O.G.**, POPOV V.K.**, CHURAEV R.S.** 
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** Russian Research Center “Kurchatov Institute” 
 

The ISTC # 2097 “RadInfo” project “Development of a Sophisticated Information System Including 
a Meta-Database and Regional Radioecological Cadastres for Assessment of the Radiation Impact 
on the Environment and Population. Evaluation Study of the North-West of Russia and Krasnoyarsk 
Region” launched in July 2002 is based on use and substantial extension of information system created in 
previous five-years period within the framework of the ISTC # 245 RADLEG project, describing  
radiation-hazardous  objects of the FSU nuclear complex. 

The goal of the “RadInfo” project is creation of a meta-database (MDB) and radioecological cadastres, 
geo-referenced information systems being a basic component of those ones, and conducting (using those 
systems) evaluation study of possible pathways of  radionuclides from the radiation-hazardous objects, 
radioactive waste, and contaminated areas, followed by the ranking of threats, for two priority regions of 
Russia selected on the basis of expert interrogation: the North-West of Russia and Krasnoyarsk region. 
In order to achieve the goal the following investigation tools are being created and/or applied for 
evaluation study on the two regions: 

• information datafiles (local databases, publications etc.) on radiation sources, 
radioactive waste, and contaminated areas, as well as on the environment 
characteristics in the studied regions; 

• radionuclide transfer pathways models; 
• sets of local geo-information systems (comprising a basic component of GIS-

cadastres), embracing (scanning) the areas of two regions of interest and 
allowing to assess the dynamics of real and probable migration of radionuclides. 

The RadInfo MDB development is based on use of multi-level architecture of the Web-technologies. The 
multi-level architecture, unlike that of conventional “Client-Server” type, provides more versatility and 
scalability. In this particular case a three-level version is realized. A SQL-server (MySQL) is used as a 
database server. The well-known Apache Web-server is used as an application server. For its part it  
provides execution of scrypts in the PHP language (the scrypts are program extension of the server 
part)With such kind of configuration there is no need in using special software on the client side. Any 
browser (for instance, Microsoft Internet Explorer or Netscape Navigator) can be used as a workplace. 
The configuration is very simple as far as as its installation, adjustment and use are concerned.       
The meta-database and the models of  radionuclide transfer processes prepare a basis for  assessment of 
the radiation impact on the environment and population, and development of recommendations on 
countermeasures (this is virtually the ultimate goal of the radiation legacy study).  
The development of an information system, which would allow to carry out radiation objects, radioactive 
waste, and contaminated areas impact assessment, requires permanent evaluation of completeness and 
verification of collected and entering data, as well as discussions of project works results. Tens of Russian 
and foreign experts are involved in these efforts. In the RadInfo project quarterly workshops and regular 
(1-3 times per month) local discussions of the data in small expert groups (from 5 to 10 pers.) are 
convened. Preparation and publishing of an analytical overview of main sectors of civilian and defense 
nuclear activities, basing on data of radioactive materials (RM) and radioactive wastes (RW) inventorying 
(2000) within the state RM & RW accounting and control system is also planned.  
 
 

 



THE DEVELOPMENT OF SOFTWARE AND FORMATION OF A DATABASE ON THE 
MAIN SOURCES OF ENVIRONMENTAL CONTAMINATION IN AREAS AROUND 

NUCLEAR POWER PLANTS  
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Providing of environmental safety control in the process of nuclear power plants (NPPs) operation, 

environmental protection and rational use of the natural resources is one of the most important tasks of 

the Rosenergoatom Concern. To ensure the environmental safety, trustworthy, complete and timely 

information is needed on the natural resources availability and condition, on the natural environment 

quality and its contamination level. The industrial environmental monitoring allows obtaining, processing 

and evaluating data for making environmentally acceptable and economically efficient decisions. The 

industrial environmental monitoring system at NPPs is formed taking into account both radiation and 

non-radiation factors of impact.        

Obtaining data on non-radiation factors of the NPP impact is provide by a complex of special 

observations carried out by NPPs’ environment protection services. The gained information is transmitted 

to the Rosenergoatom Concern and input to a database of the Environment Protection Division of the 

Concern’s Department of Radiation Safety, Environment Protection and Nuclear Materials Accounting. 

The database on the main sources of environmental contamination in the areas around NPPs will provide 

the high level of the environmental control authenticity, maintenance of the set standards, and also – 

automation of the most labor-consuming and frequently repeating types of operations.  he applied 

software is being developed by specialists from the All-Russia Research Institute of Nuclear Power Plants 

on the basis of the database management system Microsoft SQL Server using VBA and Microsoft 

Access. The data will be transmitted through open communication channels. The geo-referenced digital 

mapping information, basing on the ArcGIS and MapInfo will be the main forms of output data 

presentation.    

The Federal authority bodies, their regional units and the Concern’s sub-divisions involved in the 

environmental protection activities will be the database’s official users. The NPP’s managers and the 

Concern’s leaders will get a tool for evaluation of economic and environmental effects from proposed 

environment protection measures, technological and investment projects, and they will always have at 

their disposal the trustworthy and operative data, concerning environmental aspects of the NPP operation.  
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The analysis  by gamma spectrometry of low-level activity environmental samples requires 
the sample to be placed closest to the detector. In case of a radionuclide with a complex decay 
scheme, the summing effects due to photons emitted in cascade can bias drastically the 
activity calculation (from a few percent up to a few tens percent). 
The presented method enables the user to take into account the whole decay scheme, whatever 
the radionuclide under study, its number of energy level and decay mode. Despite the nuclear 
data related to the scheme, this method requires the knowledge of the full-energy peak 
efficiency curve as well as the total efficiency curve. Its originality relies on a recursive 
approach of the calculation. A complex decay scheme such as the one of Bi-214 is treated in 
less than one hour. The method was validated in the context of an international proficiency 
test, with correction factors up to 40%. 
A derived use of the method allows the analysis of a peak issued from the summation of 
photons for the activity determination of the considered radionuclide, especially in case of a 
well-type Germanium detector. This possibility can also lead to the validation of a detected 
radionuclide and even reduce the minimum detectable activity in case of multiple 
interferences. 
 
 



MODELLING ACCIDENTAL RELEASES OF TRITIUM IN THE ENVIRONMENT: 
APPLICATION AS AN EXCEL SPREADSHEET 
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An application as an Excel spreadsheet of the simplified modelling approach of tritium transfer in the 
environment developed by Tamponnet (2002) is presented. Based on the use of growth models of 
biological systems (plants, animals, etc.), the two-pool model (organic tritium and tritiated water) that was 
developed estimates the concentration of tritium within the different compartments of the food chain and 
in fine the dose to man by ingestion in the case of a chronic or accidental release of tritium in a river or the 
atmosphere. Data and knowledge have been implemented on Excel using the object-oriented programming 
language VisualBasic (Microsoft Visual Basic 6.0). The structure of the conceptual model and the Excel 
sheet are first briefly exposed. A numerical application of the model under a scenario of an accidental 
release of tritium in the atmosphere is then presented. Simulation results and perspectives are discussed. 
 
 



MODELLING ACCIDENTAL RELEASES OF CARBON 14 IN THE ENVIRONMENT: 
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An application as an Excel spreadsheet of the simplified modelling approach of carbon 14 transfer in the 
environment developed by Tamponnet (2002) is presented. Based on the use of growth models of 
biological systems (plants, animals, etc.), the one-pool model (organic carbon) that was developed 
estimates the concentration of carbon 14 within the different compartments of the food chain and in fine 
the dose to man by ingestion in the case of a chronic or accidental release of carbon 14 in a river or the 
atmosphere. Data and knowledge have been implemented on Excel using the object-oriented programming 
language VisualBasic (Microsoft Visual Basic 6.0). The structure of the conceptual model and the Excel 
sheet are first briefly exposed. A numerical application of the model under a scenario of an accidental 
release of carbon 14 in the atmosphere is then presented. Simulation results and perspectives are 
discussed. 
 
 



TRITIUM CONCENTRATION ANALYSIS OF GROUND WATER SAMPLES FROM THE 
ENVIRONMENTAL MONITORING PROGRAM AT IPEN, SÃO PAULO, BRAZIL 
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Environmental Radiometric Division, Instituto de Pesquisas Energéticas e Nucleares, Av. Prof. Lineu 
Prestes, 2242, Cidade Universitária, 04543-120, São Paulo, SP, Brazil, E-mail: bripece@ipen.br 

The Institute of Nuclear and Energetic Researches, IPEN (Instituto de Pesquisas Energéticas e Nucleares), 
located inside the city of São Paulo, Brazil, comprises several nuclear and radiative facilities developing 
activities in the fields of nuclear physics, radiochemistry, nuclear engineering, radioisotopes and 
radiopharmaceuticals production, application of nuclear techniques in industry and radiation protection 
and environmental monitoring. In order to control the releases of radioactive substances to the 
environment under normal working conditions of existing facilities, samples of liquid effluents, ground 
water, rainwater and filters for air sampling in the influence area of IPEN are analyzed on a regular basis 
since 1988 by using high resolution gamma spectrometry. For tritium, a pure beta emitter with a 
maximum energy of 18,6 keV, we established the following procedure for water samples: the sample is 
slowly distilled for removing non-volatile radionuclides and usual quenching materials near dryness, 
assuring complete transfer of tritiated water. A subsample of the distillate is mixed (1:15 ratio) with the 
scintillation solution Insta-Gel XP from Packard Co., USA, in a glass scintillation vial and counted on a 
Packard Tri-Carb 2100 scintillation spectrometer. The spectrometer was calibrated with an Amersham 
standard solution and the efficiency was cca. 47 % for the 3H 18 keV energy. The calculated low-level 
detection limit for the procedure is 18.6 Bq/L, below the EPA tritium concentration limit for drinking 
water of 740 Bq/L. Ground-water bi-monthly collected samples from 6 wells on site since 1995 show 
values below the detection limit, indicating a low background tritium activity at IPEN. 
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The Brazilian phosphate fertilizer is obtained by wet reaction of igneous phosphate rock with concentrated 
sulphuric acid, giving as final product phosphoric acid and dihidrate calcium sulphate or phosphogypsum 
as by-product. Phosphoric acid is the starting material for triple superphosphate (TSP), single 
superphosphate (SSP), monoammonium phosphate (MAP) and diammonium phosphate (DAP). The 
phosphate rock used as raw material is enriched in radionuclides of the U and Th natural series. Taking 
this into account, the main aim of this paper is: to evaluate the fluxes of natural radionuclides and 
radioactive disequilibria involved in the industrial process of phosphoric acid production, and from these 
data to estimate the radioactivity released annually to the environment by this industrial complex; and to 
determine the content of radioactivity in several commercial fertilizers produced by this industry, in order 
to estimate their radiological impact in crop soils. Radiological and elemental characterization of 
phosphate rock, phosphogypsum and phosphate fertilizers was performed by instrumental neutron 
activation analysis and by gamma spectrometry. The fertilizers samples which are derived directly from 
phosphoric acid, MAP and DAP, presented in its composition low activity concentrations for Ra-226, Ra-
228 and Pb-210. As for U and Th, the concentrations found in MAP and DAP are more significant, up to 
374 and 250 Bq/kg respectively. SSP and TSP, which are obtained by mixing phosphoric acid with 
different amounts of phosphate rock, presented higher concentrations of radionuclides, up to 409 Bq/kg 
for U-238, 871 Bq/kg for Ra-226, 1255 Bq/kg for Pb-210, 722 Bq/kg for Th-232 and 717 Bq/kg for Ra-
228. From the results obtained for the radiological characterization of Brazilian phosphate fertilizers and 
the application of a single model, it was concluded that the dilution factor is high and, therefore, no 
environmental radiological impact can be predicted from this practice 
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Phosphogypsum, a waste by-product derived from the wet process production of phosphoric acid, 
represents a serious problem facing the phosphate industry in Brazil. This by-product (mainly calcium 
sulphate dihydrate) precipitates during the reaction of sulphuric acid with phosphate rock and is stored at a 
rate of about 2,500 ton per day on several stacks in Cubatão, Brazil. Contents of natural radionuclides 
from thorium and uranium series were measured in Brazilian phosphogypsum samples from stacks, using 
high-resolution gamma spectrometry. As a complementary study, trace and microelements (Ba, Co, Cr, 
Fe, Hf, Sb, Sc, Ta, Th, U, and rare earths Ce, Eu, La, Lu, Nd, Sm, Tb and Yb) were also determined by 
instrumental neutron activation analysis (INAA). This phosphogypsum stacks present a potential threat to 
the surrounding environment and to the individual occupationally exposed. The most critical pathway 
between phosphogypsum and the public is through water contamination. The aquatic environment near the 
disposal area was assessed by measuring natural radionuclides activity in groundwater, river water and 
sediment samples. As for the individual occupationally exposed, the pathways considered were internal 
exposure due to inhalation of radon emanated from phosphogypsum stacks and inhalation of dust 
particulates, and external gamma and beta exposures due to immersion in the radioactive plume. The 
results obtained in this study show that radionuclides, although present in relatively high concentrations in 
phosphogypsum, do not imply in significant doses for individuals occupationally exposed and for the 
general public.  
 



FROM FIELD STUDIES TO RISK MANAGEMENT : THE SENSIB PROJECT 
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The consequences for the man and the environment of the discharges of nuclear facilities depend on 
the importance and the nature of the discharges, but also on the environment which receives them. 
Thus, the impact of a pollution, which is expressed in term of toxicity, risk or economic consequences, 
varies according to the characteristics of the environment and the use of this environment by the man. 
The radioecological sensitivity can be defined as the response of the environment to a radioactive 
pollution. This response is expressed through various indicators: the activity of a radionuclide at a 
precise moment, a stock of radionuclide in a given environmental compartment or a flux of 
radionuclide ... For a determined discharge, the higher is the response, the more sensitive is the 
environment. If all the ecosystems appear sensitive, their sensitivity does not concern the same criteria 
and it is currently difficult to compare these criteria between them ; is it more hazardous to have a 
stock of radioactivity present in a natural space or to have an important but time-limited concentration 
of radionuclides in a river used for irrigation ? The idea of the SENSIB project is to create a 
standardized tool which makes it possible to represent and to compare with the same scale the 
sensitivity of various ecosystems. The sensitivity indexes, which will be developed during the project, 
aim to represent the intensity of the environmental response. These indicators, which are the result of 
the transfer of the radionuclides in the environment, depend on various intrinsic parameters of the 
ecosystems (climate, soil, agricultural practises ...). The SENSIB project, based on results of field 
studies conducted by IRSN, aims to develop both a methodology to calculate sensitivity indexes and a 
radioecological sensitivity scale usable for risk management. 

 



CAN WE SEPARATE THE ANTHROPOGENIC COMPONENT FROM THE NATURAL 
COMPONENT OF RADON IN THE VICINITY OF A URANIUM MILL TAILINGS STORAGE 
SITE? 

CHEVILLARD A., MERLE-SZEREMETA A. 

Institut de Radioprotection et de Sûreté Nucléaire, DEI/SARG, B.P. 17, 92262 Fontenay-aux-Roses 
Cedex, France 

The European directive 96/29/EURATOM (adapted to the French law, decree 2002-460) limits to 1 
millisievert the annual exposure of the public due to the radioactivity induced by industrial activities (so 
called anthropogenic). A method to distinguish natural from anthropogenic radioactivity has to be 
developed to check that this limit is not reached. Uranium mill tailings storage sites, that induce exhalation 
of radon into the atmosphere, are particularly concerned by this European directive. Radon is a natural 
radioactive gas present everywhere on the earth. Therefore, its measured activity near such a site is the 
sum of two components: a natural one due to the environment and an anthropogenic one induced by the 
site. The exposition of the public induced by industrial activities is assessed with this anthropogenic 
component. In order to separate the anthropogenic component from the natural one, it is necessary to 
measure, as well as the radon-222 activity, the activity of bismuth-214, one of its short-life decay 
products. Indeed, modelisation of atmospheric dispersion (FLUXRAD model) predicts that 10 km around 
the site, the bismuth activity induced by the site is generally negligible in comparison to the one due to the 
environment. The measurement of bismuth activity is used, in association with the atmospheric dispersion 
model PROGENY, to calculate the natural radon component. The anthropogenic component of radon is 
deduced from this calculation and the measurement of radon activity. This method and its application to a 
uranium mill tailings storage French site (Bessines-sur-Gartempe, Haute Vienne) will be presented. 
Attention will be given to the sensitivity of this method to different parameters, such as source description, 
area characteristics, and parameterisation of physical phenomena. 
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In France, the mining and milling of uranium ore and the disposal of uranium mill tailings involved 
nearly 200 sites of very different nature, located in more than 25 departments. Being in charge of both 
the review of remediation reports concerning the disposals for tailings and the routine monitoring of 
the environment around those sites provides IRSN with selective data on most mining sites. This 
information show that, in a certain number of cases, the past operations were responsible for enhanced 
radiological levels in the surrounding environment which are significant from a measurement point of 
view although they may not be significant in terms of public exposure and risks. 
The data collected by IRSN as well as those available from other data sources often remain too 
incomplete to allow conclusive analyses, therefore preventing IRSN from answering some specific 
questions, such as the anthropogenic or natural origin of radioactivity, as it is part of its core mission. 
In order to overcome this difficulty, it was decided, under the aegis of the Ministry of Ecology and 
Sustainable Development, that IRSN should develop a program of investigations organized in two 
parts: Part 1, called "knowledge assessment" is aimed at assessing the amount of information available 
for all the sites and at consolidating this knowledge into a user-friendly computerized database. The 
main goal is to identify the occurrence of significant enhanced radiological levels in the environment 
and to detect any lack of information concerning the various sites. Part 2, called "specific studies" is 
aimed at fixing the gaps in the database that could be identified during the first part by implementing 
new investigations on specific sites. It could lead to changes in networks for the monitoring of 
radioactivity in the environment, in particular concerning the monitoring devices operated by IRSN, in 
order to improve the representativeness of the measurements. 
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The radioactivity monitoring of the agricultural and semi-natural ecosystem components in the PWR-
type South Bohemian nuclear power plant environment before (1994-2000) and after (2001-2003) the 
NPP´s start-up was accomplished and the results are presented in this contribution. Arable and 
meadowy soils, agricultural products (e.g. cereals, colza, corn, pease, apple) and meadow vegetation 
(clover) were chosen as the components for monitoring. Samples were treated and then analysed with 
gamma-spectrometry.  
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The radioactivity monitoring of the Vltava River before (1996-2000) and after (2001-2003) the start-
up of the PWR-type South Bohemian nuclear power plant  was accomplished and the results are 
presented in this contribution. The liquid radioactive effluents are discharged into the Vltava River the 
water of which serves also as a drinking water source in Prague. The monitoring was made by means 
of water plants and freshwater bivalve along the watercourse. Biological samples were treated and 
then analysed with gamma-spectrometry. The activity of natural and man-made radionuclides was 
assessed. 
 



 

RADIOACTIVE CONTAMINATION OF THE YENISEY RIVER IN 1961-2002 
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A.E. SHISHLOV & E.G.TERTYSHNIK  
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The radioactive contamination of water, bottom sediments and fish of the Yenisey river ecosystem over a 
stretch of 2000 km from the site of discharges from the Mining and Chemical Combine is analysed on the 
basis of observational data from many years (1961-2002). Exposures of aquatic organisms in the distant 
zone and the near zone of Mining and Chemical Combine are estimated. Estimated doses and the radiation 
risk for the population consuming fish from the Yenisey river are presented.  
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The present study is the second part of a program of characterization of the site surrounding the SoGIN 
Garigliano Nuclear Power Plant (South Italy). The operation of the reactor was stopped in 1978 and it is 
currently involved in decommissioning activities. In the first phase of the project, the reference groups of 
the population were established on the basis of a socio-economical study of the site.  

The radiological doses due to the assumed radioactive releases during the decommissioning phase were 
calculated in reference to the characterization of the studied area by collection of environmental 
parameters, such as climatological, hydrological, geomorphological ones. The implementation of transport 
and diffusion specific models of some radionuclides in the environment was another step for the dose 
calculation using specific evaluation software: VADOSCA (an Italian software used for Italian NPPs), 
PC-PREAM (by English NRPB), FRAMES (by American NPL). 

The second part of the study focuses on the project of an environmental network designed in order to 
ensure the continuous monitoring of the radioactive release concentrations. All the criteria for the choice 
of grid points, on the basis of specific paths of transfer in the environment, were established for all the 
environmental compartments. 

This study was supported by a field campaign, with the aim to assess the “zero level” due to the natural 
radioactivity and past anthropogenic activities, and by laboratory measurements (gamma detection by 
HPGe for different natural and anthropogenic gamma-emitters), so that the measured radioactive 
concentrations can be compared to the calculated ones.  

This work is an example of applied radioecological study on contaminated sites focused on the project 
of a planned monitoring grid for all environmental compartments (i.e. atmospheric, marine, freshwater and 
terrestrial) that will be used during the decommissioning release activities, but it could also be the basis 
for developing new research activities regarding radionuclides transport and diffusion models or 
biological and physico-chemical techniques of restoration of polluted sites. 
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The radioecological models included in performance assessments to date by the Swedish nuclear 
industry for existing and planned nuclear waste repositories do not explicitly represent the transport of 
radionuclides from bedrock into the near-surface geological environment. It has been argued that 
bypassing the transition zone from the bedrock to the quarternary deposits and the biosphere (the 
geosphere-biosphere interface, GBI) leads to conservative estimates of estimated doses and risk. This 
study demonstrates that this may not always be true. The study is based on an integrated model 
representation of a release of radionuclides from a hypothetical repository, transport through the 
crystalline bedrock and the near-surface deposits to the biosphere. A three-dimensional flow model is 
developed, which has a fairly accurate description of both surface and groundwater hydrology and is 
coupled to radioecological models. The development has great significance for estimation of flow field 
at the repository level as well as for estimation of transport pathways and residence time distributions 
for radionuclides. The modelling approach is based on the characterisation of radionuclide residence 
times in the bedrock and the quaternary deposits, as well as the distribution of radionuclides in 
ecosystems. Simulation examples are presented to illustrate the relative importance of transport 
processes in the quaternary sediments and the hydraulic interaction between the bedrock, quaternary 
deposits and various ecosystems. The modelling results show that, in many cases, taking into account 
the biosphere-geosphere interface leads to a delay of radionuclide arrival to the biosphere. For other 
conditions, the more precise prediction of radionuclide exfiltration locations in the biosphere can result 
in higher environmental concentrations compared with estimates based on diluting radionuclide in a 
large area. An improved representation of these processes will enhance our understanding of the 
biosphere safety functions and provide a better basis for evaluating environmental impact and 
radiological dose consequences. 
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Managing the transfer of radionuclides from soils into plants and thence foodchains is an important 
immediate post-accident challenge for radioecologists.  In the longer term, soil remediation is often 
necessary to eliminate the environmental impacts of accidents.  Until the recent advent of molecular 
phylogenies for flowering plants there was no scientific framework through which to analyse the 
contribution of inter-species differences in radionuclide uptake by plants to these processes.  We have 
already carried out such analyses for a variety of heavy metals and here report new biodiversity 
landscapes across the flowering plant phylum for radionuclides of Cs, Sr, S, Cl, I, Co and Ru that 
identify groups of plants with particularly low and high uptake.  The plant groups are an untapped 
reservoir of biodiversity that might be exploited for minimising foodchain contamination or 
maximising phytoextraction of radionuclides. We have recently demonstrated the importance of 
biodiversity in minimising food chain contamination with 137Cs and exploiting biodiversity has 
recently brought spectacular and unexpected advances in phytoextraction of As. The UK Food 
Standards Agency foodchain model and recent advances in our phytoextraction field trial at Bradwell 
Nuclear Power Station, UK will be used to illustrate for the first time the use of biodiversity 
landscapes for post-accident management and soil remediation.  Biodiversity landscapes of inter-
species differences in radionuclide uptake are also a foundation for a variety of developments in the 
genetic engineering of plant uptake and response to radionuclides.  Results building on recent work we 
have carried out using K transport mutants of Arabidopsis and its implications for transport processes 
and engineering them in flowering plants will be discussed.  Further, novel ongoing genomic and 
proteomic work into the molecular responses of Arabidopsis to ionising radiation and its implications 
for selecting plants from biodiversity landscapes to assess the impacts of radionuclides on biota will be 
discussed. 
 
 
 
 
       



EVALUATION OF THE EFFECTIVENESS OF COUNTERMEASURES IN  
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In many regions subjected to the contamination forest products play an important role in radiation im-
pact on the population. The contribution of mushrooms and berries to the internal doses varies depend-
ing on the time after the accident up to 40-45%. To protect people against additional exposure associ-
ated with forest contamination an appropriate system of countermeasures should be applied. The deci-
sion making framework to optimise implementation of forest countermeasures in the long term after 
the ChNPP accident is described. The approach is based on the analysis of the main exposure path-
ways related to contaminated forest and application of different criteria (reduction of individual dose 
to population and members of critical groups, cost for countermeasures implementation; cost of 
averted dose of 1 man-Sv; secondary ecological effect and psycho-social impact) for the selection of 
optimal countermeasures strategies. Because of diversity of these criteria for selection of optimal 
countermeasures a decision support technology based on a multi-attributive analysis is applied. Re-
sults of the application of the approach proposed for the study area (Novozybkov district, Bryansk re-
gion, Russian Federation) are presented. Applicability of twelve forest countermeasure options is 
evaluated and their effectiveness in terms of cost and dose reduction is estimated for the current pe-
riod. It has been found that limitation on mushrooms or berries collections to the species with low ac-
cumulation of radionuclides and mushrooms processing before consumption (for the population) and 
combined application of Prussian Blue with limitation of tree harvesting to the area with low doses to 
decrease exposure of the critical groups members are most justified for the long term after the accident 
in the most contaminated regions of Russia. The results emphasize the effectiveness of the application 
of a flexible technique to provide the optimization of forest countermeasures taking into account ra-
dioecological, social and economic features of contaminated forests. 
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Abstract 
The Chernobyl reactor accident in April 1986 caused the release to atmosphere of 
substantial amounts of radioactivity.  Precise estimates of the release vary.  The USSR 
State Committee presented information to a meeting of the International Atomic Energy 
Agency in August 1986 indicating a release of some 2.9x105 TBq 137Cs and 2x105 TBq 
90Sr, with a total fission/activation product release of 1.7x106 TBq.  Other commentators 
suggest that up to double this amount may have been released.  Estimates of deposition 
likewise vary, although it is probable that about half the released activity was deposited 
within 20 km of the release point, predominantly following two plume trajectories to the 
north and west.  This resulted in the death of pine trees over 400 ha, the abandonment of 
100,000 to 150,000 ha of agricultural land and the establishment of an exclusion zone 
extending to 30 km from the site. 

High levels of radionuclide contamination continue to prevail within the exclusion zone.  
Nonetheless, over the past fifteen years, recolonisation has been widespread.  Mixed 
deciduous woodlands, with a high proportion of birch (Betula spp.) and willow (Salix 
spp.), have become established in the forest areas, while agricultural land has succeeded to 
tall grassland and scrub.  Field sites established in this study exhibited external gamma 
dose rates varying from 0.1 µSv h-1 to 140 µSv h-1.  Corresponding mean concentrations of 
137Cs in the top 20 cm of soil varied from about 6.102 to 3.106 Bq kg-1 dw. 

This study summarises observations over the period 2001 to 2004.  Sub-surface activity, 
as measured by bait lamina penetration, appears to be inversely correlated with 
concentrations of 137Cs and 90Sr in soil.  Likewise, at the very highest levels of 
contamination, there is some loss of invertebrate diversity; although little associated 
change in overall biomass. 

Between years, population densities and species dominance vary significantly.  This does 
not appear to correlate directly with levels of radiation exposure, but may provide indirect 
evidence for population fragility. 

Preliminary growth and breeding experiments on earthworms in soils from the region and 
matched soils spiked in the laboratory have proved variable.  However, there is some 
(non-statistically significant) indication of depressed growth rates in all contaminated 
regimes compared to control populations. 
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226Ra is a member of the 238U natural decay series, it can be detected by direct – via its α-particle or γ-ray 
emission, and by indirect methods - via its progenies. The γ-spectrometric and the indirect method are 
popular, although radioactive equilibrium is required. The α-particle spectrometry is a direct method, and 
therefore it is not necessary to await the equilibrium of 226Ra with its daughters, and it has high sensitivity, 
which allow to measure low activity concentrations. It has been reported by several investigators that the 
MnO2 coated manganese fibres can be used to pre-concentrate radionuclides from large water samples. 
Polyamide has an ion exchange property by itself; therefore investigators applied MnO2 coated polyamide 
disks for source preparation. In this work the feasibility of the detection of 226Ra in this introduced way 
with a semi-conductor PIPS detector were measured, the applied source preparation method based on the 
226Ra sorption of on MnO2 coated disks. Circumstances of this source preparation method were measured, 
and efforts were made to solve the incidental problems. The executed experiments were showed that the 
method can be applied to detection of 226Ra, however the resolution was weak. It can be caused by the 
surface roughness and by the width the MnO2 coat. Whereas the surface roughness of MnO2 cannot be 
changed more, smooth surfaces could produce in another way, so there were took several surfaces into 
account, like stainless-steel, nickel, copper and chrome plate. 
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Should an important release of radionuclides occur in the environment, one would quickly 
have to assess radionuclide concentration in media and foodstuff, deduce the potential 
exposition of concerned populations to the radiations, predict the evolution of the situation 
and propose different scenarios of managing the contaminated zones. To achieve this, the 
ASTRAL code was created, which can be used by a relatively large group of people 
composing crisis centers or making predictive impact studies. The starting point of the 
assessments is the ground deposit of radionuclides : the atmospheric dispersion phase and the 
cloud exposure are not taken into account here. The calculations achieved concern time 
evolution of radionuclide concentration in compartments of the agricultural and forest food 
chain as well as assessment of doses due to external and internal exposure. These values are 
compared to regulation limits and/or intervention levels. Different simulations of 
contaminated zones management can be led by applying counter-measures, dispositions 
meant to reduce the accident’s impact on environment and populations. The seventy 
radionuclides taken into account in the present version are some of those met in case of 
accidents or during the exploitation of a Pressurized Water Reactor (PWR). They relate to 37 
elements that are : Ag, Am, Ba, Br, Cd, Ce, Cl, Cm, Co, Cr, Cs, Eu, Fe, I, Ir, La, Mn, Mo, Nb, 
Nd, Ni, Np, Pm, Pr, Rb, Rh, Ru, Sb, Sm, Sn, Sr, Tc, Te, Y, Zn, Zr. On a temporal point of 
view, the predictions extend to 3 years after the deposition. The internet technology chosen 
for this version offer important advantages : the spreading and maintenance of the tool are 
very easy, the code may be installed on a portable computer, the access to results is much 
quicker, the interface is very user friendly, so that no training is needed to perform 
calculations. As for any radioecological tool, a large number of parameters intervene in the 
calculations. All parameters can be modified, even though different user profiles grant 
different rights in handling them. 
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Top soils (0-5 cm), soil profiles (0-35 cm), water and vegetation samples collected in several 
locations of Kuwait considered relevant by the local authorities either because fighting took place 
in or around them or important from the public reassurance point of view (residential areas, 
presence of farms or drinking water wells) were investigated for the presence of depleted uranium 
(DU) by inductively coupled plasma mass spectrometry and alpha and beta gamma spectrometry. 
More than 200 samples were collected and analysed. The measurements were subjected to 
rigorous quality assurance and control procedures and the uncertainties carefully evaluated. The 
results indicated that: (a) in the urban areas only natural uranium was present in the soil, (b) in the 
farming areas soil, vegetable and brackish water from wells also contained uranium at 
concentrations of no radiological significance, (c) at the only place where drinking water is 
extracted from a water body at a depth of about 50 m (this is bottled and locally consumed) no 
DU was present, (d) along and around the main road to Iraq, were a long retreating convoy was 
destroyed in 1991, no DU residues are now present, (e) in the oil field south of Kuwait City, that 
were severely hit by DU ammunition, DU penetrators can still be found and there are spots 
(generally just below corroded penetrators) where DU concentration in soil can reach up to 
50,000 or 100,000 Bq/kg, (f) in the places were the many vehicles hit by DU ammunition were 
temporarily stored after the war only one spot containing some DU in soil (41 Bq/kg) was 
identified, (g) at the site where accidentally a fire broke out in 1991 in a US military depot storing 
a large quantity of DU munitions, only a few top soil spots containing low quantities (~ 90 Bq/kg) 
of DU were identified; the low DU concentration is the result of the cleaning conduced 
immediately after the explosion by the US forces and later on by the Kuwaiti authorities, and the 
complete reclamation of the site now in progress. 
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Selected soil samples collected in Kuwait locations where residues of DU ammunition existed as a 
legacy of the 1991 Gulf War, have been investigated by scanning electron microscopy equipped with 
an energy dispersive X-ray fluorescence detector (SEM- EDXRF) with the objective to identify the 
presence of DU particles and characterize their shape and size. The isotopic and total bulk 
concentrations of uranium in the samples were measured by inductively coupled plasma mass 
spectrometry (ICP-MS) and alpha spectrometry. The samples studied by SEM-EDXRF were prepared 
by gently tapping an aluminum stab covered with a doubled-sided adhesive carbon disk, thereby 
ensuring that the physical integrity of the samples was maintained. The results have indicted that soil 
colleted just below (~ 5 cm) corroded DU penetrators contained several DU oxide particles (isotopic 
ratio 235U/238U = 0.0021) ranging in size from 1 to 10 microns (approximate geometrical diameter) 
having an irregular shape. The particles are most likely corrosion products from the DU penetrators. 
Some particles are imbedded in a larger matrix containing aluminum oxide (corrosion product of the 
penetrator jacket) and silica (sand). Swipes collected inside holes in tanks hit by DU ammunition, 
using ultra-pure cotton cloths, have indicated the presence of many small DU particles in the range 1 
to10 microns. In this case the particles were found to contain also small quantities of Fe, probably the 
results on alloying process occurring when the DU penetrators impact with the tank armor. 
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The French-German Initiative for Chernobyl (FGI), implemented by IRSN and GRS from 1997 until 
the end of 2003, included the "Project on the Radioecological Consequences of the Accident". The 
most relevant fields of radioecology and post-accidental aspects have been studied, such as 
radionuclides transfers to plants, to animals, by surface runoff, in the aquatic environment and in the 
urban environment, wastes management and countermeasures. The main goal was to collect and 
harmonise, from Belarus, Russia and Ukraine, the highest possible amount of data and results on 
these different topics. These data have been verified, validated and organized in a common 
georeferenced database REDAC (RadioEcological Database After Chernobyl). For linking the 
different data, maps of initial and present contamination by 137Cs and 90Sr have been drawn up and 
relevant environmental non-radioactive data have been included. The operational database built will 
also allow the management of the wastes disposal sites. Countermeasures used after the accident for 
urban areas, natural and agricultural environment, have been described and classified. A 
methodology for evaluating their effectiveness has been developed. This database constitutes a tool 
for the development and validation of operational, assessment and explicative models. This allows 
the quantification and assessment of radionuclide transfer in the different compartments of 
ecosystems. So the main parameters influencing the transfers can be identified. REDAC should be 
completed by further investigations, for example on transuranic elements and extended to larger 
geographical zones. The database should also be combined with others provided by different 
organisations (IAEA, IRSN, UIR, …) 

                                                 
1 Gesellschaft für Anlagen- und Reaktorsicherheit (GRS) mbH, Wastes Management Division 
2 Chornobyl Centre for Nuclear Safety , Radioactive Wastes & Radioecology – Ukraine 



RADIOECOLOGY OF URBAN AREAS BY THE EXAMPLE OF PRIPYAT AND SLAVUTYCH 
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Peculiarities of urban radioecology have been compared for two towns: 1) the town of Pripyat abandoned 
after the Chornobyl accident, and 2) the town of Slavutych built after the Chornobyl accident within the 
contaminated area and populated now. Both towns were contaminated by radioactive fallouts and then 
decontaminated to varying degrees. Research reports clearly demonstrate that radioactive contamination of 
the urban environment and its further spread has a set of specific features that are not peculiar to natural 
and semi-natural ecosystems. In particular, there is an extremely large variety of biotic and abiotic factors, 
which define adhesion and deflation of radioactive substances, their accumulation and transfer. It is 
caused by the presence of a large number of many-storied constructions, vast areas of asphalt and concrete 
covers, soil properties and hydrological conditions atypical for local natural ecosystems, etc. Specific 
places of radionuclide accumulation, parameters of its migration and bioavailability were identified in the 
towns. The current state of the towns causes certain differences in their radioecology. Pripyat remains a 
heavily contaminated environment (up to tens MBq/m2 in total), and natural factors are the most important 
in radionuclide behaviour. The radiation situation in Slavutych depends on human activities and it is much 
milder than in Pripyat. The doses received by the public are mainly determined by the internal intake of 
radionuclides via ingestion of food. Pripyat represents a large natural laboratory where the influence of the 
urban environment on specific elements of radioactive material distribution and redistribution can be 
studied, and decontamination techniques for contaminated urban areas can be applied in actual practice. 
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Multi-collector Inductive Coupled Plasma Mass Spectrometry (MC-ICPMS) becomes 
increasingly important in monitoring environmental contamination, because it allows 
detection of long-lived radionuclides at ultra trace levels. High sample throughout combined 
with high precision and accuracy, low detection limits for most elements and simultaneous 
detection of up to 9 isotopes makes it prior to most other techniques. For homogeneous 
samples concentration and isotope composition can be determined with a precision and 
uncertainty of usually better than 0.5 % using the isotope dilution method, e.g. isotope 
measurements relative to a well characterized 233U tracer.   

Exposure to low-level radioactive dust released into the environment accidentally or by the 
use of Depleted Uranium (DU) munitions in the military theatre demands precise screening of 
humans and local environment. Sensitive methods are also needed for monitoring and 
understanding the pathway of radionuclides in the biosphere and the human body. Using a 
method recently developed at our department it is for instance possible to detect urinary 
excretion of DU in the low fg/ml range or at fractions below 0.2% of the total urinary uranium 
concentration. This allows monitoring the inhalation of up to a few micrograms of insoluble 
non-natural uranium particles in the lung several months or even years later.  

As example we will show and discuss results from our study of the uranium isotope 
composition and concentration of surface water, topsoil and dust from different sites of 
Baghdad, Basra, and the Suweirah farming area. We also analyzed urine from people living in 
these areas or stayed their for a relative short time. The samples, also including highly 
contaminated ones, such as wipes of tank top debris and penetrator channels, were collected 
from the Uranium Medical Research Centre field team after coalition operation Iraqi Freedom 
in early October 2003. Total soil samples, separated soil fine-fractions (< 100 micrometers), 
dust and evaporated water samples were spiked with an 233U tracer of well-known 
composition and leached in hot aqua regia over more than 12 hours at about 100°C.  

For the uranium-in-urine method about 500 ml were weighted, acidified with nitric acid to a 
pH < 2, and stirred at about 80°C on a hotplate. Uranium was co-precipitated with Ca3(PO4)2 
and the precipitate rinsed several time with ultra pure water, centrifuged and redissolved in 
3:1 HNO3:H2O2 mixture and heated to about 120°C for more than 12 hours in Teflon vessels 
in order to destroy remaining organic material. A 233U tracer were added either during 
weighing of the total urine volume or to a 2 g aliquot, precisely weight to +/- 0.5 mg. To 
minimize sample contamination we used only double-distilled acids, 18 Ohm MQ H2O and 
reagents and beakers, which were thoroughly pre-cleaned before use. A beaker containing 
MQ H2O instead of urine and an in-house urine standard were always processed alongside 
with the samples as procedural blank and reference monitor, respectively.    

Uranium fractions of all samples were purified by ion-exchange chromatography using 
UTEVA resin before analyzing with a double-focusing MC-ICPMS Neptune equipped with a 



retarding potential quadrupole lens and a secondary electron multiplier for ion counting. A 
Cetac autosampler and Aridus desolvating nebuliser were used for sample introduction. 
Reproducibility of the 235U/238U, 234U/238U and 236U/238U (= 4.5 x 10-8) for a 8ppb NBS950a 
solution (n=14) over two days were about 0.1, 0.4 and 5%, respectively. The recovery of U 
after chemical purification was usually better than 80% and analytical blanks for the entire 
soil and the urine method were below 1 and 6 picogram 238U, respectively. Signal sensitivity 
of 0.3 V ng-1ml, negligible 235U1H+ formation and 238U tailing below 3 x 10-8 at m/z 236 
enables precise detection of 236U below 0.5 fg/g at 236U/238U ratios of below 3 x 10-8. Using an 
enrichment factor of about 500 for urine the limit of detection for 236U is about 2 x10-19 g/ml  
(0.2 ag/ml) and for 238U about 1 x10-14g/ml urine. Accuracy and precision were monitored 
using SRM NBL112a and SRM 950a as well as internal urine standards of natural and 
depleted uranium composition. The latter were prepared from natural urine very precisely 
mixed with uranium solutions made of pure metals. Errors were calculated by propagating the 
main error sources, such as uncertainties of all applied corrections and the reproducibility of 
the NBL112a. 
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In 2000, IRSN and GRS initiated a support for collecting, securing and validating of existing data in 
the field of Chernobyl accident consequences and establishing a database including a detailed 
documentation in order to make available all reliable and objective information for decision makers, 
for planning of actions, for information of the public and for further scientific work.  Three projects as 
a part of French/German Initiative (FGI) for humanitarian and technical assistance in favour of the 
Ukraine, Belarus and Russia have been established.  The authors represent subproject 3.9.1, which 
objectives are as follows: (i) develop and replenish the database for the Radiological-Hygienic 
Passports (RHP) and perform additional investigation of the target settlements in Belarus where 
comprehensive information has not been acquired yet, (ii) establish conditions and communication 
infrastructure for database availability, (iii) provide data analysis involving data on individual 
effective dose monitoring and results of countermeasures applied, and (iii) formulate the wider 
recommendations for the target settlements located in contaminated areas, concerning radiation, 
health, sanitary and social protection, countermeasures, industrial infrastructure development and 
reviving the local economy.  During implementation of the project, 96 settlements with total 
population of 25 thousand were investigated and their RHPs were compiled.  Every RHP consisted of 
13 separate forms grouped under three principal headings: Statistics (societal and demographic 
structure of population, housing, land used and predominant soil type); Economical infrastructure and 
public utilities (farms, industries, schools, hospitals, shops, service, etc.); Radiological data and doses 
(total area subdivided vs. level of contamination, Cs-137 content in human body, contamination of 
agricultural products, contamination of households, annual effective dose).  Every RHP was concluded 
with proposals as to the countermeasures recommended and was incorporated in the database 
developed.  It addresses the above settlements and all other critical locations, assists for evaluation of 
radioecological conditions and ranking of contaminated settlements, files data on these settlements, 
recommends and evaluates protection measures, and provides decision-makers with a risk-based 
remedial planning and a feasibility assessment of recommended measures based on a cost-benefit 
analysis.  To support a decision protocol, the database, in addition to informational block, contains 
also a simulation block comprised by the following models: (A) contaminant transfer to basic forage 
resources and food; (B) exposure and risk assessment and prediction; and (C) cost and efficiency 
analysis based on data of available countermeasures.  This study is funded by FGI Programme.  
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Results of development of a sophisticated information system, including a meta-database for 
assessment of radiation impact on the population and natural environment in the Krasnoyarsk 
region of the Russian Federation are presented.  
The radioactive contamination of the Krasnoyarsk region has been formed in a number of 
stages: 

• 1954-1958 – small global fallout from nuclear tests; 
• 1958-1969 – maximum global fallout jointly with the Mining & Chemical Combine 

(MCC) radionuclide air releases and discharges of its single-pass nuclear reactors 
(commissioned in 1958 and  1964) into the Yenisei river; 

• 1969-1986  - MCC releases and discharges after the Krasnoyarsk hydroelectric plant 
dam, controlling the river’s water flow, had been built; 

• 1986-1992 – MCC releases and discharges and long-distance Chernobyl fallout; 
• after 1992 – after ceasing direct MCC discharges into the river (the single-pass reactors 

were shut-down) the formed contamination has been being redistributed due to natural 
processes in the valley and on the catchment. 

   
Primary data from various institutions and agencies of Russia have been analysed and 
compiled into files, corresponding to the different periods. The files are described in the meta-
database.  
The work is beeing carried out under the ISTC # 2097 project.  
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The ISTC # 245 complex ecological project entitled “The development of a sophisticated computer based 
data system for evaluation or the radiation legacy of the former USSR and setting priorities on 
remediation policy and prevention of radiation contamination of the biosphere” RADLEG (with All-
Russia Research Institute of Chemical Technology — VNIICHT of the Minatom of Russia as the leading 
& coordinating organization) was carried out in the time period of 1995-2002 by a large collective body 
of scientists and engineers of the Ministry on Atomic Energy of Russia, Russian Academy of Sciences, 
Russian Research Center “Kurchatov Institute”, Ministry of Defense of Russia, Medbioextrem Federal 
Authority of the Ministry of Health Care of Russia and their subordinated research institutions with 
financial support of the European Union and Sweden. 
The detailed systems analysis of the FSU radiation legacy, the assessment of environmental consequences 
of the Soviet nuclear complex functioning made it possible to integrate various technical and 
environmental data and to create the RADLEG data system, including a public accessible database on 
radiation legacies of the Russian Federation, the CIS and Baltia states with user’s interface both in 
Russian and in English, geo-referenced information systems and cadastres. 
On the basis of a wide international discussion, the following general approach to radiation legacies’ 
management has been outlined: description of radiation sources, pathways to man and the threats ranking, 
environmental and human health impact, countermeasures and decision-making. 
In the time period from 2002 to 2005 a complex RADLEG-RADINFO data system on the FSU states’ 
radiation legacies will be created, including a meta-database, regional and local ecological and 
radioecological cadastres and geo-information systems. The meta-database will contain information, 
concerning local databases formed on the basis of processing of the project-related archive data collected 
in CIS institutions associated.  
The RADLEG-RADINFO data system is intended to be used also for comparative study of environmental 
contamination caused by emissions of nuclear and thermal power plants of the Minatom of Russia.   
Emissions of chemical substances from thermal power plants made more than 70% of all atmospheric 
emissions from stationary sources of all enterprises of the former Minatomenergoprom of the USSR. 
Therefore, it is now of interest to consider the extent of  environmental contamination due to emissions of 
thermal power plants and boiler-houses, which provide power supply to enterprises of the Ministry on 
Atomic Energy of Russia. 
Influence of a nuclear power plant (NPP) at normal operation on radioactive air pollution is known to be 
rather small in comparison with natural radioactivity of the atmosphere. The presence of only trace 
quantities of airborne man-made radionuclides from NPPs has been detected.  
As to chemical pollution of aqueous ecosystems, the impact of nuclear and natural gas fueled power 
plants is shown to be much weaker as compared to coal and black oil fueled ones. Water discharges of 
nuclear power plants practically don’t render any significant effect on water biota.  
As a whole, long-term operating experience of objects of nuclear power shows, that in a normal operation 
mode radioactive pollution in areas around nuclear power plants is insignificant in comparison with the 
natural background and makes no essential contribution to the population and natural biota radiation  
exposure. 
Literature: 
1. Development of a Sophisticated Information System Including a Meta-Database and Regional 

Radioecological Cadastres for Assessment of the Radiation Impact on the Environment and 
Population. Evaluation Study of the North-West of Russia and Krasnoyarsk Region (RADINFO)// 
ISTC # 2097 Annual technical report. - Moscow, VNIIChT, N 34-27/160 25.08.2003. 

2. Laverov N.P. The Nuclear Power Industry: Resources and the Environment.// Report to the 
International Scientific Conference “The Nuclear Age: Science and Humanity” dedicated to the 
Centenary of Academician Igor Kurchatov, 10-11 January, 2003, Moscow 
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The areas of a nuclear industry impact were examined within the Radioecological Inspection Program; 
and an accumulation of radionuclides by some dominanting species of medical herbs were studied. A 
sampling of a soil-plant cover was being made in summer season during 1999-2002 years. The 
samples were taken from the areas located in the 30-km zone of surveylance of the Beloyarsk NPP 
(Sverdlovsk region), the East-Ural Radioactive Trail (Chelyabinsk and Sverdlovsk regions) and the 
flood plain of the Techa River (Chelyabinsk and Kurgan regions). It was shown that a capability of 
plants to concentrate 90Sr and 137Cs is determined by a genesis of radionuclides coming to an 
environment, the physical and chemical forms, in which they are present in soil, and a species of a 
plant. Gas and aerosol discharges from the BNPP (which operates for 30 years) did not make a 
considerable contamination of the soil-plant cover in the 30-km zone, since the content of 90Sr and 
137Cs in the investigated species was close to the level typical for the control sampling (units, tens of 
Bq/kg). In the areas of the East-Ural Radioactive Trail, formed after the nuclear accident at the nuclear 
plant “Mayak” the concentration of the main contaminant (90Sr) in the plants reached a value of 
hundreds of Bq/kg. It was found that the plants in the flood plain areas of the Techa River , 
contaminated with liquid industrial effluent from the above plant, accumulated more 90Sr (thousands 
of Bq/kg), than 137Cs (tens of Bq/kg) at close level of their content in soil. The values of the tranfer 
coefficients of 90Sr and 137Cs into herbs were determined as the content of their mobile and fixed 
physico-chemical forms. 
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Contamination of the environment by transuranium elements as a result of Chernobyl NPP accident is due 
to their presence in hot particle content. At present, a concentration of uranium and transuranium elements 
in hot particles is determined by means of radiochemical method. However, this method is expensive and 
time-consuming. The number of studies in this field is limited by these two circumstances. Development 
of relatively inexpensive, fast and effective method of analysis of uranium and transuranium element 
content in hot particles is highly perspective for solving of many scientific and applied problems in the 
field of radioecology. For the first time, a new simplified procedure for preparing of alpha-spectrometric 
sources is proposed in this work. Some inessential shortcomings of such a procedure can be compensated 
by precision alpha-spectroscopy and correct treatment of alpha-spectra. For this technique the detection 
limit of 234U, 238U, 238Pu, 239+240Pu, 241Pu, 242Pu, 241Am, 243Am, 242Cm and 244Cm is about 0.001 Bq per 
particle. 
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On glacier surfaces sediments accumulate as so-called cryoconites in small depressions, ice pockets, 
crevasses, along ablation edges etc. Cryoconite is generally very fine-grained and therefore able to 
efficiently adsorb pollutants. In samples from glaciers we found 137Cs activity concentrations between 
255 and 136000 Bq/kg d.m. Contribution of global fallout 137Cs is between 0 and 65 % of total 137Cs. 
Further anthropogenic radionuclides detected are 90Sr, 238,239,240Pu, 241Am, 125Sb, 154Eu, 60Co and 94gNb. 
The composition of the radionuclides which can be attributed to Chernobyl appears to be the same as 
in original fallout, indicating that no chemical fractionation takes place between fallout and cryoconite. 
The spatial variability of radionuclide concentrations in cryoconites is very high. We discuss the 
possible role of cryoconites as present and future sources of radionuclide releases into the biosphere. 
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99Tc is an artificial radionuclide which is found in high-activity and long-lived nuclear waste. This 
work was designed to study the phytoextraction of 99Tc in soils that had received aged contamination 
and to monitor the resulting 99Tc concentrations in the soil solution of undisturbed soil cores in a 
greenhouse. Undisturbed soil cores had been sampled previously from a Rendzic Leptosol (R), a 
Fluvic cambisol (F) and a Dystric cambisol (D), using 0.5-m diameter PVC tubing (3 samples/soil 
type) without disturbing soil structure (1). Each core was equipped with two nylon porous cups 
(respectively 20 and 35 cm deep) and a final leachate collector. A 99TcNO3 solution had been supplied 
at the soil surface of each core during the two previous years (4200 kBq in total) in which maize and 
wheat had been successively cropped. These two crops had already removed 30-65% of total 
contamination before the present study. After the second year no more 99Tc was added to the cores. 
Thereafter, Lolium perenne was cultivated for 20 successive months. 99Tc was determined in both 
plant aerial parts and water samples (from both cups and collectors), and the balance of 99Tc in the 
system was established after phytoextraction. Results showed that transfer of 99Tc to plants vary 
among soils: 7% on soil R to 11% on soil D. Concentration of 99Tc in the porous cups dramatically 
decreased in all soils. The plants maintained low and stable concentration levels of 99Tc in the soil 
solution which decreased the potential migration of the radionuclide through the cores: The leaching 
of 99Tc in the final collectors of the R soil cores decreased from 18 to 1.7 Bq mL-1. 
 
(1) Denys S., Echevarria G., Florentin L., Leclerc-Cessac E., Morel J.L., 2003. Availability of 99Tc in 
undisturbed soil cores. Journal of Environmental Radioactivity, 70: 115-126 
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From the beginning of 2002, Troyes prefecture has initiated a reflection about the 
management of a nuclear crisis caused by an accident at the Nogent-sur-Seine nuclear power 
plant. Five workshops have been created, dealing with the following themes: “Administrative 
and economic organization”, “Health risk assessment and the epidemiology”,  “Monitoring of 
environment”, “Movement in the contaminated area” and “Decontamination of soil and Food 
chain”. 
The first results of the “Decontamination of soil and Food chain” working group, which 
involves the District Agricultural and Forestry Department, the Farmer’s Association, the 
Institute for Radiological Protection and Nuclear Safety and the Veterinary Division are 
presented in the poster. 
The scenario that had been developed for the accident considers the release of 3 radionuclides 
(131I, 134Cs and 137Cs) in the environment. The scale of the crisis didn’t require the 
evacuation and the sheltering of the population during the emergency phase.  
The consequences on the local agricultural products (cereal, beetroot, vine, milk, cow meat…) 
have been assessed up to 50 km and different strategies of agricultural countermeasures have 
been studied regarding to the local constraints (soil types, surfaces and quantities concerned) 
and to the consequences of their implementation (waste types and quantities, costs). Then, 
decision-making diagrams summed up the technical results and allowed to deepen the global 
thought. 



e-mail: ecorad.2004@irsn.fr 

PECULIARITIES OF 239,240PU BEHAVIOUR IN FLOOD-PLAIN SOILS OF THE TECHA 
RIVER 

MIKHAILOVSKAYA L.N., MOLCHANOVA I.V., KARAVAEVA E.N. 

The Institute of Plant and Animal Ecology RAS Ural Division, RU-620144, Ekaterinburg, Russia, E-
mail: vera@uraltc.ru 

 
The Techa river was contaminated with the liquid nuclear waste discharged from the nuclear plant 
“Mayak” within 1949-1956 years. In 1999-2002 flood-plain soils of the Techa river were investigated 
and the levels of content, a migration and a vertical distribution of 239,240Pu in the flood-plain soils 
were studied. Reference plots were located in the pre-bed and in central flood plain at different 
distances from the source of contamination (78-240 km). It was shown that in the soils of the pre-bed 
the content of Pu isotopes was decreasing from 10.5 to 2.8 kBq/m2 with the distance from the plant 
“Mayak”. Besides, a non-uniform spatial distribution of 239,240Pu was found in those plots, which were 
at the same distance from the source of the contamination. As a rule, the central flood plain (25-100 m 
from the river-bed) was contaminated with 239,240Pu less than the area in the pre-bed (5-20 m from the 
the river-bed). Thus, in the area of the middle length of the river the density of the soil contamination 
with 239,240Pu of the central flood plain is 0.3 to 0.8 kBq/m2 and that of the pre-bed is 1.0 to 4.7 kBq/m2 
at a maximum migration depth being 25 to 30 cm and 40 to 50 cm, respectively. The determined value 
of the 239,240Pu/137Cs ratio proves that rates of the vertical migration of the Pu isotopes in the flood-
plain soils of the Techa river are comparable and higher (in some cases) than those of 137Cs. 
 



THE IMPROVED LONG-TERM PROGNOSES OF SURFACE WATERS 
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BRYANSK REGION OF RUSSIA 

NOVITSKY M.A. 

SPA TYPHOON, 249030, Obnisk, Russia, novitsky@typhoon.obninsk.org 

The precision of information about the density of contamination by long-lived radionuclides the terri-
tory of Russia was improved repeatedly after the Chernobyl accident. Also has appeared a lot of new 
information on processes of radionuclides migration in a surface layer of soil. Through the modified 
complex of the models with using the updated set of parameters the prognostic calculations for the 
annual concentration of radionuclides in the rivers and lakes of South-Western areas of Bryansk region 
up to twenty years were performed. The performed prognostic calculations show that it is possible to 
expect only decreasing with time annual concentrations of Chernobyl-generated radionuclides in sur-
face waters for the South-Western territories of Bryansk region relative to current levels.Yet, special 
attention should be given to the reservoirs with weak and no outflow in which contamination levels are 
a little higher than the tolerable levels.On this basis, the guidelines on water using in the areas under 
consideration and on the realization of further operations are prepared. 
 
 
 

 



CALIBRATION OF A FOOT BORNE SPECTROMETRY SYSTEM USING THE MCNP 4C code 
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The increased interest for the cycling of radioactive Caesium in natural ecosystems has gained need for 
rapid and reliable methods to investigate the deposition density in natural soils. One commonly used 
method, soil sampling, is a good method that correctly used gives information of both the horizontal and 
vertical distribution of the desired nuclide. The main disadvantage is that the method is time consuming 
regarding sampling, preparation and measurements.  
 
An alternative method is the use of semiconductors or scintillation detectors in the field i.e. in cars, 
airplanes, or helicopters. Theses methods are rapid and integrate over large areas which gives a more 
reliable mean value provided that the operator has some basic knowledge about the depth distribution of 
the radio nuclides and bulk density in the soil. To be effective the systems are often connected to a GPS to 
give the exact coordinate for each measurement. 
 
In a situation where the area of interest is too large to cover by soil samples and measurements by airplane 
not will give a spatial resolution good enough, one feasible method is to use a foot borne gamma-
spectrometry system. The advantage of a foot borne system is that the operator can cover a quite large area 
within a few hours and that the method can detect small anomalies in the deposition field which may be 
difficult to discover with soil samples. 
 
This abstract describes the calibration of a foot borne gamma-spectrometry system carried in a back-pack 
and consisting of a NaI-detector, a GPS and a system for logging activity and position. The detector 
system and surroundings has been modeled in the Monte Carlo code MCNP 4C (Figure 1). The Monte 
Carlo method gives the possibility to study the influence of complex geometries that are difficult to create 
for a practical calibration using real activity. The results of the MCNP calibration model, has been 
compared to foot borne gamma-spectrometry field measurements in a Cs-137 deposition area. A 
validation of the technique will be presented together with some results from a wet land deposition 
anomaly. 
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In the long term after the Chernobyl accident the introduction of systems of countermeasures in 
agriculture must be based on the optimization principle. To implement this principle, a concept was 
used of evaluation of the effectiveness of countermeasures based on a cost-benefit analysis. 
Countermeasure options were developed separately for collective and private sectors of rural 
settlements. For each type of farming a range of countermeasures were defined and the optimal ones 
were identified. The effectiveness of countermeasures was estimated on the basis of integral criteria: 
cost of averted collective dose (1 man-Sv), overall costs needed for countermeasures introduction and 
time for fulfilling legal regulations. Based on the most effective countermeasures, optimal 
combinations (strategies) were developed. An assessment was given of the effectiveness of 
countermeasures aimed at reducing the radionuclide content in animal products from collective farms 
and lowering doses to rural residents affected by the Chernobyl accident, based on a comparative cost-
benefit analysis. A study into the dynamics of 1 man-Sv cost when applying different countermeasures 
in the collective and private sectors allowed an identification of the most optimal measures for various 
time periods after the accident. The situation in the private sector is more critical than in the collective 
one. This is demonstrated by higher costs of countermeasures and costs of potential averted doses in 
the course of their application, as well as difference in times of legal regulations fulfillment. To 
optimize costs of the rehabilitation of agricultural lands, the most optimal in terms of meeting the 
standards strategy was determined, which is an address application of countermeasures. 
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In France, for several years, the Institute for Radiological Protection and Nuclear Safety (IRSN) has been 
working on technical solutions for the rehabilitation of rural, urban and industrial areas, contaminated by 
radioactivity. Then, the complexity of the radioactivity integration’s mechanisms into the environment and 
into the foodchain, but also the important number of concerned actors and the inevitable incompatibilities 
between their respective expectations of the rehabilitation, make the post accidental management a 
challenging question for the responsible organisations at local, national and international levels. The 
involvement of persons in charge of agriculture in a collective reflection on the conditions and means of 
the post accidental situation’s management seemed therefore necessary, in order to allow them to express 
the farmers point of view. On this basis, IRSN is deeply engaged in actions involving these other 
stakeholders, in particular in rural environment, in order to collect their appraisal and to obtain data and 
operational tools for the global evaluation of the countermeasures. The FARMING project, initiated in 
2000 by the European Commission, constituted an interesting initiative in this direction. The French group 
has been constituted around the National Institute for Agronomy of Paris Grignon, which ensures its 
coordination. Within this framework, this group has notably been involved in the evaluation of a rural 
countermeasures compendium, at the request of STRATEGY, another European network on the post-
accidental situation. With the support of a French farmers national association (FNSEA), the French 
FARMING group built up a working group composed of technical specialists of agriculture and radiation 
protection. All these actions facilitated the expression of the specific request for information, coming from 
the agricultural stakeholders, to the actors of radiation protection, and the design of new projects involving 
radiation protection and agriculture specialists in particular within the framework of the continuation of 
the FARMING network, funded by the 6th European PCRD. 
 
 
 



STRATEGIES AND GUIDANCE FOR ESTABLISHING AN INCLUSIVE RADIATION 
MONITORING IN CASE OF LONG TERM RADIOACTIVE CONTAMINATION:  
THE SAGE PROJECT 
 
LEPICARD S. 
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Panorama, BP 48, 92263 Fontenay-aux-Roses Cedex, France, lepicard@cepn.asso.fr 
 
The evaluation of the rehabilitation strategies implemented in the CIS countries affected by the 
Chernobyl catastrophe pointed out the importance to involve the population in the day-to-day 
management of the radiological situation. The ETHOS experience in Belarus has revealed that to be 
effective and sustainable, this involvement must rely on the dissemination of a practical radiological 
protection culture within the population and especially within health professionals. As part of this 
culture, the implementation of an inclusive radiation monitoring system is a key element to allow the 
population and the local professionals to regain control on the day-to-day situation as far as the 
radiological risk is concerned. The SAGE Project, funded by the European Commission, started in 
October 2002 and will last 30 months. The objective is to develop strategies and guidance for 
disseminating such a system in Western Europe, in case of a long-term radiological contamination. 
The partnership of the Project is composed of 5 teams of researchers from the following institutions: 
BB RIR (the Brest Branch of the Research Institute of Radiology - Belarus), BELRAD (the Institute of 
Radiation Safety - Belarus), CEPN (France), GSF (Germany) and NRPB (United Kingdom). The key 
output of the project will be a handbook giving a comprehensive guidance on how to tackle the 
questionings and problems faced by the population. The proposed strategies and guidance are 
developed by national "stakeholders panels" involving representatives from the society (medical 
doctors, radiation protection experts, teachers, representatives from NGOs, …) both in the 
contaminated territories of Belarus and in the abovementioned three Member States. This paper will 
present the methodology of work with the stakeholder panels and the major findings so far, especially 
the elements they have pointed out to be of a particular importance. The preliminary contents of the 
handbook will be presented as well. 



PROBLEMS POSED BY NON-TARGETED RADIATION EFFECTS FOR 
DEVELOPMENT OF ENVIRONMENTAL REGULATORY POLICIES 
 
Carmel Mothersill and Colin Seymour 
Medical Physics and Applied Radiation Sciences Unit, McMaster University, Hamilton, 
Ontario, L8S 4K1, Canada.  email: mothers@mcmaster.ca 
 
In order to regulate exposure to any toxic substance it is necessary to decide on a safe or 
acceptable dose and it is necessary to be able to determine harm. Radiation protection has 
defined harm for practical purposes as excess cancers in humans. The dose is set at a 
level well below where such excess cancers can be detected above the background. 
Chemical  (environmental) protection uses a different approach and defines a NOEL (No 
Observable Effect Level) and a LOEL (Lowest Observable Effect Level) for toxic or 
suspect chemicals. Since “harm” may be to an ecosystem or population or individual, it is 
a loose term usually equating with mutation, breeding problems, numerical decline or sex 
ratio shift. Recently, ICRP has shifted position from one which assumed that protection 
of Man protected all biota, to a position which recognizes that in certain circumstances, 
different parameters may be important for protection of biota. In parallel with this shift, 
has been a paradigm shift in the science of radiation biology and a recognition that a 
simple dose response relationship for radiation induced DNA damage (mutation or 
carcinogenesis) may not in fact exist or may not be the dominant effect at low 
environmentally relevant doses. Thus both pillars of radiation protection have changed 
position. Harm cannot be defined solely on the basis of human epidemiological data 
because the endpoint of cancer in humans does not address the type of harm of concern in 
the environment because of the different mechanisms operating at low chronic doses (see 
associated abstract).  Further, the human data may not be relevant at the doses of concern 
This paper considers the implications of moving to a radiation protection system based 
more on the environmental protection model and applies experimental radiobiological 
data obtained in the laboratory in an environmental risk assessment framework. 
  



ASSESSMENT OF THE RADIOLOGICAL CONDITIONS IN AREAS OF KUWAIT WITH 
RESIDUES OF DEPLETED URANIUM 

T. CABIANCA, P.R. DANESI, G. LINSLEY 

International Atomic Energy Agency, Wagramer Strasse 5, PO Box 100, A-1400 Vienna, Austria, e-
mail: t.cabianca@iaea.org 

The 1991 Gulf War was the first conflict in which DU munitions were used extensively. After this 
conflict, questions arose regarding the possible link between exposure to ionizing radiation from DU 
and harmful biological effects. In view of these concerns, the Government of Kuwait, in February 
2001, requested the IAEA to conduct an assessment to evaluate the possible radiological impact of 
residues of DU munitions from the 1991 Gulf War at 11 locations in Kuwait. For this purpose, the 
IAEA assembled a team of senior experts, who visited Kuwait in September 2001 to carry out a 
preliminary assessment of the sites and to evaluate the available information. In February 2002 
scientists from the IAEA, the Spiez Laboratory (Switzerland), representing UNEP, and the Radiation 
Protection Department of the Ministry of Health of Kuwait, carried out a sampling campaign at these 
sites. Around 200 environmental samples, including soil, water and vegetation, were collected during 
the campaign and subsequently analysed. This study constitutes the first comprehensive radiological 
assessment of compliance with international radiation protection criteria and standards for areas with 
residues of DU munitions conducted under the auspices of the IAEA. The findings of this 
investigation indicate that DU does not pose a radiological hazard to the population of Kuwait. Annual 
radiation doses arising from exposure to DU residues would be of a few microsieverts, well below the 
annual doses from natural sources of radiation and far below the reference level recommended by the 
IAEA as a criterion to help establish whether remedial actions are necessary. DU penetrators can still 
be found at some of the locations visited. Prolonged skin contact with these residues is the only 
possible pathway that could result in exposures of radiological significance. As long as access to these 
areas remains restricted, the likelihood that members of the public could come into contact with these 
residues is low. 

C:\Documents and Settings\SURMONT\Mes documents\ecorad\244.doc 



A SYSTEM OF DOSE-EFFECTS RELATIONSHIPS FOR THE NORTHERN 

WILDLIFE: RADIATION PROTECTION CRITERIA 

Tatiana G. Sazykina 
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The key issue in the assessment system for radiation protection of wildlife is the 
establishment of a set of dose-effects relationships for reference representatives of natural biota, 
based on scientific data from a range of doses and a range of radiation effects. Risks to natural 
populations in particular habitats can be evaluated from a comparison of estimated doses to biota 
with the scale of dose-effects relationships for different types of biota. Within the frame of the 
EC Project EPIC “Environmental Protection from Ionizing Contaminants” (2000-2003), a 
database has been created, which include the published and unpublished data relating to dose-
effects relationships for flora and fauna in the Northern and Arctic areas. The EPIC database 
contains information based exclusively on Russian/FSU experimental and field studies; 
chronic/lifetime exposures were the focus of the work, owing to the fact that such exposures are 
the most typical in radiological assessments for biota. In total, the EPIC database “Radiation 
effects on biota” contains about 1600 records from 440 publications, including datasets on 
terrestrial and aquatic animals, plants, soil fauna and microorganisms. The EPIC database 
information cover a very wide range of radiation dose rates to wild flora and fauna: from below 
10-5 Gy d-1 up to more than 1 Gy d-1. A great variety of radiation effects are registered in the 
EPIC database, from stimulation at low doses up to death from acute radiation syndrome at high 
doses. From data, compiled in the EPIC database, the dose-effects relationships were derived for 
different types of northern organisms. The system of dose-effects relationships forms the scale of 
severity of radiation effects at increasing levels of chronic radiation exposure.   

With its focus on the effects of low-to-moderate chronic exposure, the system of dose-
effects relationships provides a useful tool for scientists and decision-makers to establish safety 
standards for protecting the Northern wildlife from harmful effects of ionizing radiation.  



IMPACT ASSESSMENT OF IONISING RADIATION ON WILDLIFE: MEETING THE 
REQUIRMENTS OF THE EU BIRDS AND HABITAT DIRECTIVES 
 
COPPLESTONE D., WOOD M. D., BIELBY S., JONES S. R., VIVES J., BERESFORD N. A. & 
ZINGER, I. 
 
School of Biological Sciences, University of Liverpool, Liverpool, Merseyside, L69 3GS, England, 
mwood@liv.ac.uk 
 
In the UK, research funded by the Environment Agency/English Nature has provided a tool for calculating 
doses received by biota in coastal, freshwater and terrestrial ecosystems. The approach uses the reference 
organism concept where the organism of interest (feature organism) is equated to a particular reference 
organism (based on its physical geometry and ecology).  The exposure of the reference organism, and 
consequently the feature organism, to different radionuclides and dose rates can be assessed using a 
spreadsheet-based mathematical tool.  This assessment tool was developed in 2001 and provided an 
internationally recognised starting point from which more refined assessment tools could develop.  As the 
need for conducting specific assessments under the UK Habitat Regulations became apparent, it was 
recognised that some targeted refinement of the assessment tool was required.  One of the major problems 
with the tool related to a lack of species-specific data and a lack of information on certain radionuclides 
appearing in discharges that may be impacting on sites/species to be protected.  A second research and 
development project was therefore undertaken to reduce the uncertainties associated with the assessment 
tool by collating additional species-specific data, developing a mathematical system for ensuring that the 
most appropriate reference organism was selected and extending the range of radionuclides included in the 
assessment.  This specific expansion to the assessment tool was directed towards ensuring that species at 
Natura 2000 sites (Special Protection Areas (SPAs) and Special Areas of Conservation (SACs)) were 
adequately protected.  The species targeted (feature species) for this assessment were species protected 
under the EC Habitats Directive and those that are characteristic of habitats protected under the Directive.  
The paper will show how typical dimensions of each feature species are collated and each feature species 
mathematically aligned with the most appropriate reference organism geometry. 
 



SR-CAN – A SAFETY ASSESSMENT OF A REPOSITORY OF SPENT NUCLEAR FUEL; 
CANISTER PERFORMANCE AND EFFECTS ON THE BIOSPHERE 

KAUTSKY U. & KUMBLAD L. 

Swedish Nuclear Fuel and Waste Management Co. (SKB), POB 5864, 102 40, Stockholm, Sweden, 
ulrik.kautsky@skb.se 

 
During the next few years the Swedish Nuclear Fuel and Waste Management Co. (SKB) performs site 
investigations at two sites in Sweden for a future repository of spent nuclear fuel. Parallel an encapsulation 
plant is planned to encapsulate the spent fuel in copper canisters according to the KBS-3 method. The 
purpose of the SR-CAN safety assessment is to show the performance of the canister isolations at different 
sites for a repository at 500 meters depth in crystalline rock. Moreover, SR-CAN provides an example 
how the site specific safety assessment of a deep repository will be made in year 2006-2008. To be able to 
calculate dose and risk for humans and the environment, new assessment methods were developed for the 
biosphere. These methods were based on a system ecological approach and used knowledge from 
landscape ecology to provide an integrated approach with hydrology and geology considering the 
discharges in a watershed and calculating consequences in terrestrial and aquatic (freshwater and marine) 
ecosystems. A range of methods and tools were developed in GIS and Matlab/Simulink to be able to 
model and understand the important processes in the landscape today and during the next few thousands 
of years. In this paper, an overview of the program and the novel methods are presented, as well as some 
examples from performance calculations from a watershed in the Forsmark area considering effects on 
humans and ecosystems. 
 
 
 



THE SYMBIOSE PROJECT : AN INTEGRATED FRAMEWORK FOR PERFORMING 
ENVIRONMENTAL RADIOLOGICAL RISK ASSESSMENT 
 
GONZE M.-A., MOURLON C., GARCIA-SANCHEZ L., BEAUGELIN K., CHEN T. & LE 
DIZES S. 
 
IRSN/DEI, C.E. Cadarache, 13108 Saint-Paul-lez-Durance, E-mail : marc-andre.gonze.irsn.fr 
 
Human health and ecological risk assessments usually require the integration of a wide range of 
environmental data and modelling approaches, with a varying level of detail dependent on the 
management objectives, the complexity of the site and the level of ignorance about the pollutant 
behaviour/toxicity. Like most scientists and assessors did it recently, we recognized the need for 
developing comprehensive, integrated and flexible approaches to risk assessment. To meet these 
needs, IRSN launched the Symbiose project (2002-2006) which aims first, at designing a framework 
for integrating and managing data, methods and knowledge of some relevance in radiological risk to 
humans/biota assessment studies, and second, at implementing this framework in an information 
management, modelling and calculation platform. Feasibility developments (currently completed) led 
to the specification of a fully integrated, object-oriented and hierarchical approach for describing the 
fate, transport and effect of radionuclides in spatially-distributed environmental systems. This 
innovative approach has then been implemented in a platform prototype, main components of which 
are a user-friendly and modular simulation environment (e.g. using GoldSim toolbox), and a 
hierarchical object-oriented biosphere database. Both conceptual and technical developments will be 
presented here. 



DEVELOPMENT OF AN IN VIVO ASSAY FOR NON-TARGETED RADIATION 
EFFECTS BASED ON RESPONSE RATHER THAN DOSE 
 
Colin Seymour and Carmel Mothersill,  
Department of Medical Physics and Applied Radiation Science, McMaster University, 
Hamilton, Ontario, Canada 
 
An adaptive response may be defined as the effect of a small priming dose of radiation 
modifying the anticipated cellular response of the same tissues so as to alter the predicted 
response to a larger dose of radiation. We and others have demonstrated that at low 
radiation doses (less than 0.5 Gy) the lethal and mutational effect of the radiation is 
mainly, possibly entirely, due to the non-targeted effects. This is the dose range for 
priming doses in adaptive response protocols. In an associated presentation from our 
group, we demonstrate that the adaptive response may be explicable as a non targeted 
(bystander) response. In this paper we present data from exposed people, showing that a 
simple assay using blood can demonstrate variation in the extent and type of non-targeted 
effects and that exposure to radiation can modulate the subsequent non-targeted response 
to a later dose. The serum from blood samples of exposed individuals was harvested, 
diluted in tissue culture medium and added to reporter cells. The toxicity or growth 
promoting activity of the serum was measured using a clonogenic assay coupled with 
immunocytochemical measurement of various proteins involved in apoptosis or growth. 
While the assay has only been applied to human blood so far, it is expected that it would 
be useful for monitoring response to low doses in fish or mammals. There is already 
evidence that bystander effects are controlled by both genetic and epigenetic (lifestyle) 
factors. These data could support the development of a simple blood based assay to 
predict overall response of critical species to low doses of radiation taking all the low 
dose factors into account. A key element of the assay is that it allows response to be 
measured and correlates response rather than dose with harm. 



REGULATION AND DECISION-MAKING IN ENVIRONMENTAL RADIATION 
PROTECTION 

LARSSON C-M. 
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The EC-funded project FASSET (Framework for ASSessment of Environmental impacT), which 
completed in 2003, has developed an assessment framework for evaluating the environmental impact of 
ionising radiation on biota in natural ecosystems. The FASSET framework comprises: source 
characterisation and initial hazard analysis; ecosystem description and selection of reference organisms (ca 
30, with defined geometry and life history); exposure analysis, including conversion of input data to 
external and internal radionuclide concentrations, and subsequent conversion to dose rates; effects 
analysis, supported by an effects database; and, guidance for interpretation. The framework provides 
practical and scientific support to the international development of recommendations for radiological 
protection of the environment through the International Commission on Radiological Protection (cf. ICRP 
Publication 91). However, on the basis of experiences from FASSET and other recent developments, it 
can be concluded that there are challenges remaining before environmental radiological protection can be 
seen as a natural component of general environmental protection. The major future challenge is the 
development of an integrated approach where decision-making can be guided by sound scientific 
judgements. This requires, inter alia, filling in gaps in basic knowledge of relevance to assessment and 
protection, through targeted experimental, theoretical (including expert judgements) and real case studies; 
development of risk characterisation methodologies, based on both theoretical and experimental studies; 
development of screening standards, where appropriate; development of user-friendly assessment tools; 
and stakeholder involvement, including development of supporting communication strategies. A new EC-
funded project, ERICA (Environmental Risk from Ionising Contaminants: Assessment and management), 
has recently started. The project has four operational work packages, being devoted to the development of 
practical assessment tools (WP1), risk characterisation (WP2), decision-making involving stakeholder 
dialogue (WP3) and cases studies (WP4). The main conclusions from the FASSET project and its 
contribution to prioritisation within ERICA will be described and discussed.  
 



MODEL ECOSYSTEM APPROACH TO ESTIMATE COMMUNITY LEVEL EFFECTS OF 
RADIATION   

MASAHIRO DOI, NOBUYUKI TANAKA, SHOICHI FUMA, NOBUYOSHI ISHII, HIROSHI 
TAKEDA & ZENICHIRO KAWABATA 

Address of the first author : National Institute of Radiological Sciences, Environmental and Toxicological 
Sciences Research Group, 263-8555, Chiba,  masa_doi@nirs.go.jp 

Abstracts  
  Mathematical computer  model is developed to simulate the population dynamics and dynamic mass 
budgets of the microbial community  realized as a self sustainable aquatic ecological system in the tube.  
Autotroph algae, heterotroph protozoa and saprotroph bacteria live symbiotically with interspecies’ 
interactions as predator-prey relationship, competition for the common resource, autolysis of detritus and 
detritus-grazing food chain, etc.    The simulation model is the individual-based parallel model, built in the 
demographic stochasticity, environmental stochasticity by dividing the aquatic environment into patches.  
 Validity of the model is checked by the multifaceted data of the microcosm experiments.   In the analysis, 
intrinsic parameters of umbrella endpoints (lethality, morbidity, reproductive growth, mutation) are 
manipulated at the individual level, and tried to find the population level, community level and ecosystem 
level disorders of ecologically crucial parameters (e.g. intrinsic growth rate, carrying capacity, variation, 
etc.) that related to the probability of population’s extinction.    



E.D.E.N.: A TOOL FOR THE ESTIMATION OF DOSE COEFFICIENT EQUIVALENTS 
FOR NON-HUMAN BIOTA 
 
K. BEAUGELIN-SEILLER, J. GARNIER-LAPLACE, J .C. GARIEL 
 
Institute of Radioprotection and Nuclear Safety, Direction of Environment and Intervention, 
Cadarache BP 3 13115 St Paul les Durance cedex, France, karine.beaugelin@irsn.fr 
 
Current studies within the field of Environmental Risk Assessments associated with the presence of 
radionuclides in ecosystems tend to implement the usual approach developed for chemicals, that 
includes four steps : (1) pollutants inventory in the sources of exposure,  (2) effect analysis, (3) 
exposure analysis and (4) risk calculation. In the case of ionising radiation, the third stage involves 
radiological dose calculation. For humans, this kind of calculation is internationally codified by the 
ICRP, that provides both models and associated dose coefficients. For non-human biota, this task is a 
new field of investigations and no international consensus exists at the present time. We thus propose 
a computer tool to evaluate the dose rate by which the energy produced by ionising radiations is 
deposited in representative organisms of non-human biota.  This energy depends on several 
parameters, describing the geometry of the relative position of the ionising source and the target, in 
association with the main properties of the latter’s. Concerning the source,  the radiation type (alpha, 
beta or gamma) should be taken into account as well as the energy emissions of the concerned 
nuclides. The target-organism is described by its geometry (assimilated to an ellipsoid characterised by 
its three axes), its chemical composition and its lifestyle (exposure pathways, dietary habits, 
behaviour). E.D.E.N. (Elementary Dose Evaluation for Natural environment) is the operational code 
that we are developing to evaluate the Dose Per Unit of Concentration (expressed in Gy.time-1 / 
Bq.mass-1 or Bq.volume-1) due to internal and external exposures of any non-human organism to any 
radionuclide. A user-friendly interface is provided to build the exposure scenario of interest, 
characterising the target and the sources involved. Several cases are presented to illustrate the 
possibilities of E.D.E.N.    
 
 
 
  



SENSITIVITY ANALYSIS OF MODEL OUTPUT - A STEP TOWARDS ROBUST SAFETY 
INDICATORS? 
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The protection of the environment from ionising radiation challenges the radioecological community with 
the issue of harmonising disparate safety indicators. These indicators should preferably cover the whole 
spectrum of model predictions on chemotoxic and radiation impact of contaminants. In question is not 
only the protection of man and biota but also of abiotic systems. 
 
In many cases modelling will constitute the basis for an evaluation of potential impact. It is recognised 
that uncertainty and sensitivity analysis of model output will play an important role in the “construction” 
of safety indicators that are robust, reliable and easy to explain to all groups of stakeholders including the 
general public. However, environmental models of transport of radionuclides have some extreme 
characteristics. They are, a) complex, b) non-linear, c) include a huge number of input parameters, d) input 
parameters are associated with large or very large uncertainties, e) parameters are often correlated to each 
other, f) uncertainties other than parameter-driven may be present in the modelling system, g) space 
variability and time-dependence of parameters are present, h) model predictions may cover geological 
time scales. Consequently, uncertainty and sensitivity analysis are non-trivial tasks, challenging the 
decision-maker when it comes to the interpretation of safety indicators or the application of regulatory 
criteria. 
 
In this work we use the IAEA model ISAM, to make a set of Monte Carlo calculations. The ISAM model 
includes several nuclides and decay chains, many compartments and variable parameters covering the 
range of nuclide migration pathways from the near field to the biosphere. The goal of our calculations is to 
make a global sensitivity analysis. After extracting the non-influential parameters, the M.C. calculations 
are repeated with those parameters frozen. Reducing the number of parameters to a few ones will simplify 
the interpretation of the results and the use of safety indicators.  



NATURAL RADIONUCLIDES ON NATURAL GAS PIPELINE SCALES 
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Not well known as the scales observed in the petroleum industry, scales are found on gas 

pipelines. Its formation process is different from that of scales from the petroleum industry; redox 
reaction between substances existing in the natural gas and the pipeline walls gives rise to scales, 
sometimes called as “black powder”. The differences between the petroleum industry scales and this 
kind of scales go further than only the formation process and color. While in the “traditional” scale 
barium sulfate and calcium carbonate are the main chemical component, iron and iron sulfite are here 
the main constituents. Also, the associated natural radionuclides are different, instead radium isotopes 
210Pb is the principal radionuclide observed. Since the use of natural gas is ecologically more favorable 
than diesel or gasoline, a large pipeline network (3,000 km) was built in order to increase the 
percentage of the natural gas in the Brazilian energetic matrix from the actual 2.5% to 10% during the 
next years. To reduce the pipeline internal corrosion and, therefore, the scale production, pigging 
operation are carried out on semester or yearly basis. During this operation, black powder residues are 
generated and collected. In order to verify the existence of 210Pb, and also of 226Ra and 228Ra, on such 
kind of deposits, 15 samples were obtained and analyzed for these radionuclides. 210Pb concentrations 
up to 5 kBq/kg were found, but, generally, 226Ra and 228Ra were much lower than the 210Pb 
concentration. As expected, iron and iron sulfite were the main chemical constituents observed.  . 



DEVELOPING METHODOLOGY FOR DESCRIPTION OF BIOSPHERE EVOLUTION AT 
OLKILUOTO DISPOSAL SITE UTILISING FOREST STUDIES AT OTHER LAND UPLIFT 
SITES 

IKONEN, A. T. K. & ARO, L. 

Posiva Oy, 27160 Olkiluoto, Finland, ari.ikonen@posiva.fi 

In Finland, Olkiluoto Island has been selected as the site for final disposal of spent nuclear fuel, in 
addition to the existing repository for low and intermediate level waste. When creating biosphere models 
for safety assessments, local main features and processes need to be taken into account. A special 
characteristic of the site, as well as the coastal area of the Gulf of Bothnia in general, is the land uplift (6-9 
mm/a). This continuously exposes new land to soil-formation processes and provides surfaces for 
colonization by plant communities. The forest vegetation succession on stony, fine-grained till soils starts 
from deciduous shoreline vegetation and ends in almost pure Norway spruce forests. This has enabled to 
study ecological and microbiological processes in soils and forests of different developmental stages, to 
monitor forest condition and the factors affecting it in sites locating close to each other. It has also made 
possible gradient studies of the succession of boreal mire ecosystems without a need to wait thousands of 
years. Applying a methodology described in the full paper, a descriptive model on the evolution of the 
biosphere will be established to indicate possible ecosystem distributions and main characteristics on the 
area on the basis of above-mentioned studies carried out by Finnish Forest Research Institute, and of 
results of the site investigations at Olkiluoto. In future, the evolution description will be used as a basis for 
selection of appropriate ecosystem modules and parameter values in the subsequent coupled assessment 
model systems. 
 
 
 



TENSIT - A SIMULATION TOOL FOR MIGRATION, RISK AND DOSE CALCULATIONS 

JONES J., KAUTSKY U. & VAHLUND C.F. 
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During the next years the Swedish Nuclear Fuel and Waste Management Co (SKB) performs site 
investigations for a future repository of spent nuclear fuel. The repository will be situated in crystalline 
rock at a depth of approximately 500 m. Novel methods based on systems and landscape ecology are 
developed to understand the interacting mechanisms and finally, to model radionuclide migration in the 
biosphere using site specific data. These models and methods are later used as part of the overall safety 
assessment for the repository where also migration in the near field and in the bedrock is considered. In 
the present paper, a newly developed probabilistic simulation package, TENSIT, is presented. The 
package is based on pre-existing codes (Matlab, Simulink and the probabilistic engine @risk) and is 
capable of performing radionuclide migration calculations both for the repository and the biosphere. 
Hence, a platform independent, transparent (well documented and intuitive on a model scale), thoroughly 
supported, efficient and user friendly (graphical interface for the modeller) code can be developed at a 
fairly low cost. Comparisons with other codes used for compartment based biosphere modelling and the 
PSACOIN Level 1B exercise shows on a good agreement on the application scale. Moreover, by basing 
the package on continuously maintained, pre-existing codes, potential risks associated with a less spread 
software may be avoided. In addition to the compartment based models based on transfer factors, TENSIT 
is also able to handle the more complex ecosystem models (based on flow of carbon and nutrients) either 
separately or in combination with the compartment models. Within the project, biosphere migration 
calculations have been performed using TENSIT for a watershed in the Forsmark area (one of the studied 
sites). In this simulation, data from the ongoing site investigation program has been used to define the 
based model. 
 



DETECTION OF IRRADIATION INDUCED CHANGES ON THE ACTIVITY AND 
DIVERSITY OF SOIL ORGANISMS: THE EFFECT OF SOIL TYPE  
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    Whilst non-radiological environmental impact assessments consider impacts on ecosystem function 
by assessing soil health the techniques of doing so have rarely been applied to radiological studies. 
Our aim in the study described was to measure the effects of irradiation treatments on soil 
communities from three different soils.  Undisturbed soil cores from two temperate woodland sites 
(deciduous and coniferous) and a grassland site were irradiated to give a range of cumulative doses 
from 0 – 160 Gy.  All cores were incubated at 15oC and three cores from each treatment sampled after 
<1, 3 and 8 days post irradiation. Soil samples were analysed for the presence and abundance of 
fauna, fungi and  heterotrophic bacteria.  The activity and functional diversity of soil microbial 
communities was also assessed in terms of their potential to utilise a range of carbon sources.  There 
was a small impact on oribatid mites at the highest dose but no significant effect on other soil faunal 
groups. Although significant changes in the numbers of cultivable fungi or fast growing heterotrophic 
bacteria were not observed at any of the treatment doses, the numbers of cultivable Pseudomonas spp. 
declined in all three soil types after irradiation at 80 and 160 Gy.   This decline was greatest in the 
coniferous forest soil.  Microbial communities from this soil also showed a dramatic decrease in 
metabolic activity and in the number of substrates utilised after irradiation at 160 Gy as compared 
with control non-irradiated samples.  Our results show that the affects of gamma irradiation on soil 
microorganisms are more pronounced in the two organic forest soils as compared to the mineral 
grassland soil.  These differences can be related to two factors; variations in the physico-chemical 
shielding properties of the soils and differences in the indigenous communities in terms of radio-
resistant species. 
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“Radioecological assessment and radioprotection of the territory of Moscow” 
                         Oleg G. Polski, Mihail G. Shmonov, Valeri S. Lakaev 
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Moscow is the historical centre of the atom project of the former USSR. The radiation 
situation in  Moscow has been regularly monitored by “Radon” Scientific-and-Industrial  
Association  (Moscow) since 1987. In pursuance of “Conception and  Program  of the 
Environmental  Radiation Monitoring in Moscow” the environmental  activity and monitoring of 
radiation exposure doses in  Moscow area have been carried out. The environmental  radiation 
monitoring includes radiation measuring, classification and  summarization  of the data file, 
creation of the data bank, assessment of the  general and local  radiation  situation and it’s 
forecasting. 

The system for environmental  radiation monitoring consists of  mobile and stationary  
monitoring equipment.  The mobile equipment includes the  automobile,  water and  aircraft means  
for  monitoring. The stationary equipment  includes  means  for periodical monitoring (134 sites), a 
network for  stationary  monitoring of air       (4 sites),  water areas (64 sites) and a network for  
automated monitoring  of radiation background (MRB) ( 19 sites). MRB are disposed at highways, 
railroads,  large enterprises, at  densely  populated localities, taking into  account  the regularity of  
encompassing all administrative  regions. MRB represents a  totally  automated  component  for  
monitoring at the region. It permanently monitors the radiation background in automatic mode, 
providing for  monitoring the preset threshold background  values and informing the data  
processing centre of exceeding the above  preset values. The equipment  monitors  and  reports the  
radiation values twenty four hours a day. The  information is  provided for the  population at 
indication boards. 

  More than 3000 environmental  samples  are monitored and studied; about 2500 km of 
automatic gamma-survey is carried  out annually and 300 thermoluminesent dosimeters have been 
used to monitor the  absorbed  radiation dose. The major  radionuclides monitored  in the 
environmental samples have been the decay products  of uranium and  thorium  series and  40K,  
7Be,  137Cs, 90Sr at average background  values  typical of the  central part of the Russian 
Federation. The decay  products of  radon   progeny  that are  contained  in  air indoors make the 
major contribution to the  radiation dose received by urban population due to the presence of natural  
radionuclides. 

  According to the results of work, the total and local radiation situation at regions under 
investigation is assessed. The trends of its varying have been evaluated and the potential situations 
have been  forecasted. The results of monitoring  are  used for  preparation of annual  Radiation-
Hygiene Passport of Moscow  area. The Passport  contains the  generalized characterization of  the 
major sources of contamination of the  environmental   objects; scheme  of  structural characteristic 
for  population exposure and  calculated  annual  effective  dose are given also. 
 However, the large number of radiation-hazardous enterprises at the megapolis area 
increases the potentiality of radiation accidents. The system for comprehensive radiation monitoring 
of the environment, identification  of  radiocontamination as well as decontamination of low 
radioactiviy contaminations and their burials operated by “Radon” Scientific-and-Industrial 
Association (Moscow) is considered one of  the guarantees for normalization of the radiation 
situation in the Moscow. 
 



 
 
Radiation Protection of the Environment: Anthropocentric and 
Ecocentric Principles  
 
R.M. Alexakhin,  S.V. Fesenko 
Russian Institute of Agricultural Radiology and Agroecology, RAAS, Obninsk 
 
Abstract  
The second half of the XX century was dominated in the field of radiation protection  by the 
anthropocentric concept stated by the International Commission on Radiological Protection (ICRP). 
According to this concept “if radiation standards protect man then biota are also adequately protected 
from ionizing radiation”.  At the end of the XX – beginning of the XXI centuries in the area of 
radiation protection of nature an ecocentric strategy is beginning to develop where emphasis has swung 
to the protection of biota in their environment. Inadequacy of ICRP’s anthropocentric concept is 
reported. Issues are discussed such as ecological dosimetry, nonequidosal irradiation of man and biota, 
criteria for estimating radiation induced changes in biota and man, as well as the need to harmonize 
permissible exposure doses to man and biota. An urgent need is stressed to develop a single (synthetic) 
concept of radiation protection which simultaneously ensures protection of human health and biota 
well-being in their environment.  This concept is to be based on the recognition of the integrity of 
socio-natural ecosystems where man and biota are considered as a unity. 



SOME SUBJECTS IN DEVELOPING THE SYSTEM OF ENVIRONMENTAL RADIATION 
PROTECTION IN JAPAN 
 
SUGIURA, N.; URABE, I. 
 
Research Center for Nuclear Science and Technology, The University of Tokyo, 2-11-16,Yayoi, 
Bunkyou-ku,Tokyo 113-0032,Japon 
sugiura@rcnst.u-tokyo.ac.jp 
School of Engineering, Fukuyama University, Fukuyama, Hiroshima 729-0292, JAPAN, 
urabe@fuee.fukuyama-u.ac.jp 
 
On account of increasing concern about the modification of the natural environment it has become 
important to develop a basic framework for the radiological protection of the environment. In the 
radiation protection, the impacts of ionizing radiation to the environment have to be judged based on 
the change in ecosystem. But it is generally accepted that there have hitherto been no apparent effects 
in plants and animals from the radiation exposure enhanced by human activities except for the nuclear 
accidents. In Japan, it is said that people have not paid much attention to the radiological protection of 
the natural environment. This is not only because they take for granted the safety but also because they 
have not detected any remarkable adverse effects on living organisms in the natural environment 
owing to the successful management of increments in radiation exposure. But when radioactive 
contaminations once occur, even if they are very low, the Japanese people react extremely sensitive to 
the radiological impacts on the natural environment from ethical and political, as well as scientific, 
view points. This attitude may be enhanced by their high risk-perception trend for the radiation and, as 
a result, it may unduly limit the beneficial utilization of radiation or nuclear energy. Therefore, it is 
very important to choose an appropriate reference plant or animal to define detectable effects for 
indicating the variation of the ecosystem characteristic of the region or country. So, the ecological 
variation in some plants and animals in Japan and some results of the investigation (partly already 
published) on the radiation effects on aquatic organisms will be presented here, and the possibility of 
the decision of indicator organisms will be briefly discussed on the basis of the ecological features and 
the behavior of the radioactive materials in the natural environment. 



STAKEHOLDER INVOLVEMENT IN THE MANAGEMENT OF EFFLUENT DISCHARGES 
FROM NUCLEAR INSTALLATIONS IN FRANCE 

SCHNEIDER T., GADBOIS S., HERIARD DUBREUIL G., OUDIZ A.  

CEPN, BP48, 92263, Fontenay-aux-Roses Cedex, FRANCE, schneider@cepn.asso.fr 

The involvement of local stakeholders in the decision-making process regarding health, safety and 
environmental issues is developing in many countries. As far as the management of effluent discharges 
from nuclear installations in France is concerned, members of Local Commission of Information, 
including elected people and NGOs, are playing an increasing role in that respect. To deepen the 
understanding of these risk governance processes, a working group of experts from different institutions 
was set up in 2000 by the Institute of Radiation Protection and Nuclear Safety (IRSN). The aim of this 
working group was to 1) analyse the stakeholder involvement processes already in place in France around 
nuclear and non-nuclear installations; 2) perform case studies of few national and international 
experiences around nuclear installations (notably concerning the revision of creation authorisation decree 
of COGEMA La Hague reprocessing plant, the environmental policy of BNFL Seallafield reprocessing 
plant, the discharges surveillance of EDF Fessenheim nuclear power plant); 3) study the evolution of the 
regulatory context for the stakeholder involvement. Four main elements, contributing to the social trust 
emerge from this analysis: 1) the social dynamics of the consultation process, notably with the emergence 
of "new" stakeholders such as elected people and NGOs; 2) the readability of the plant follow-up from the 
point of view of local stakeholders and their involvement in the decision process (the relay role of these 
"new" stakeholders); 3) the contribution of the institutional and pluralist expertise to the social trust 
(broadening of the range of values taken into account); 4) the issue of the local justification of the plant in 
the prospect of the sustainable development (no risk being acceptable without counter-parts). This paper 
will address these different issues on the basis of the case studies in the perspective of examining the 
radiological risk governance process. 
 



 

LOCAL STAKEHOLDER INVOLVEMENT IN THE PERSPECTIVE OF NUCLEAR WASTE 
MANAGEMENT: LESSONS FORM THE COWAM NETWORK 
 
HERIARD DUBREUIL G., GADBOIS S. 
 
MUTADIS, 3 rue de la Fidélité, 75010 PARIS, FRANCE, g.heriard-dubreuil@mutadis.fr 
 
The management of high level radioactive waste is nowadays recognised as a complex 
decision-making process entailing technical, environmental, ethical, social, political and 
economic dimensions where no solution can be reached solely on the basis of technical 
considerations. While this issue is acknowledged as a problem for the community as a whole, 
waste management remains a global problem looking for a local solution. Starting from this 
view, COWAM network (Community Waste Management), developed under the Fifth 
Framework Programme of the European Commission, addressed the following objectives: 1) 
To empower local actors through a networking process; 2) To gather and discuss the available 
experiences of decision-making processes at the local level within their national context in 
Europe; 3) To set up an arena for balanced exchanges between local actors, NGOs, regulators 
and implementers; 4) To promote new approaches to decision-making in national contexts in 
Europe. COWAM network comprises 230 delegates from 10 European countries, involving in 
priority local communities and NGOs. The emphasis put on the local participation enabled 
members of COWAM network to overcome distrust and to build common lessons and views 
beyond usual stakeholder positions. Through the analysis of case studies different issues were 
identified, among them two relate more specifically to: 1) Expertise — what is the purpose of 
expertise on environmental impact in the decision-making process ? How is this expertise 
linked with other scientific and non scientific issues ? What is the role of stakeholders in 
expertise ? 2) Environmental quality in the long term and sustainable development — how is 
the impact of radioactive waste management facilities on the environment in the long term 
taken into account ? how is this associated with the sustainable development of the hosting 
community ? How are local stakeholders involved in these issues and what is the expected 
benefit from their participation? 
 

 
 



THE CASE AGAINST PROTECTING THE ENVIRONMENT FROM IONISING RADIATION  

SMITH J.T.  

Address of the first author : Centre for Ecology and Hydrology, DT2 8ZD Winfrith Technology Centre, 
Dorchester, UK, jts@ceh.ac.uk  

The objective of this paper is to present the (rarely heard) argument in favour of retention of the present 
system of radiation protection of the environment. There has been a recent trend in the radioecological and 
radiation protection community towards greater regulation of the effects of ionising radiations on biota. In 
particular, the often quoted International Commission on Radiation Protection (ICRP) hypothesis that: If 
humans are protected from the effects of ionising radiation, then flora and fauna are also adequately 
protected has been criticised as being too anthropocentric and not adequate for protection of the 
environment. In this paper I will challenge this view, arguing firstly that this statement is almost always 
quoted out of its proper context, and secondly that the ICRP hypothesis does adequately protect the 
environment from the effects of ionising radiations. In view of the relatively insignificant effect of 
regulated releases of ionising radiation on the environment, the economic cost of further regulation will 
not result in a significant environmental benefit. Whilst empirical research to test the ICRP hypothesis 
should continue, until there is clear evidence against it, this simple and cost-effective approach should be 
retained. This would benefit the environment by directing scarce resources to more urgent environmental 
problems. 
 
 
 
 



 

 

Potato production on private plots contaminated by radionuclides 
 

I. Bogdevitch, S. Tarasiuk 
Belarusian Research Institute for Soil Science and Agrochemistry (BRISSA) 

Kasintsa str., 62 220108 Minsk Belarus 
 
Potatoes is one of the basis food products of man diet, especially in country area. Recent research has 
shown that 137Cs content in potato tubers does not exceed the permissible level at the potato growing 
on radioactive contaminated land in Belarus. However up to 240-300 kg of potatoes is consumed per 
man during year and potato yield determines significant share of the internal dose of radiation.  
Moreover, extra potato yield sold on market is forming the essential part of the rural family budget.  
Therefore the reducing of 137Cs content in potatoes and increasing of potato yield could be allowed to 
improve of quality life of rural inhabitants on contaminated areas. The application of protection 
measures on private plots are restricted by lack of the knowledge and financial deficit. The involvement 
of rural inhabitants in processes of self-rehabilitation and self-development could be a way to improve 
the quality life on radioactive contaminated territory  
There is strong motivation for inhabitants to increase the yield and to reduce the radionuclide 
concentration in potatoes. How to develop the conditions for the sustainable potato production by 
private producers on affected land? There are several factors to consider. Firstly, the rural inhabitants 
should be actively involved as initiators to improve their quality life. Secondly, the potato technology 
should be adopted to the local territory and tested by producers on radiological and economic 
efficiency. Thirdly, the common village initiatives should be developed for supplying by new varieties of 
seeds and fertilizers, selling of yield, consulting, crediting etc. The step-by-step solution of described 
strategy could allow improving and stabilizing the potato production by rural community. 
The training of rural people as an initial step was realized to transfer to the inhabitants the practical 
skills that can be used in their day-to-day life within framework of “ETHOS-II” project. The experimental 
potato technology was developed and tested by stakeholders on 130 plots of Stolyn and Slavgorod 
districts during 2001-2003. The results have shown that potato yield in experiment was increased up to 
35 t ha-1 or in 1.6 times to the control with usual technology. The 1 € invested to the potato experiment 
provided 1.5-2.0 € of net return on the average. The careful testing of technology by some participants 
allowed to reduce the 137Cs and 90Sr accumulation in potatoes up to 50-70% and the nitrate 
concentration in 1.5-2.6 times to the control. Presumably the 90Sr concentration on plots contaminated 
by radionuclide and nitrate concentration in tuber should be permanently controlled.   
 
 

  



THE DERIVATION AND APPLICATION OF A RISK RELATED VALUE FOR 
SAVING A STATISTICAL LIFE 
 
D. JACKSON, D. STONE, G. G. BUTLER AND G. MCGLYNN 
 
Enviros Consulting Ltd, 61 The Shore, Edinburgh, EH6 6RA, UK, 
duncan.jackson@enviros.com. 
 
A risk related value of spend for saving a statistical life (VSSSL) is proposed for cost-benefit 
studies across the power generation sector, and the nuclear industry in particular.  An upper 
bound on VSSSL is set based on the UK government standard of around £1M or, in particular 
circumstances, £2M and the observation that excessive spend (probably of the order of more 
than £5M per statistical life) will actually cost lives.  Above a risk of 10-3 a-1 it is assumed that 
VSSSL approaches maximum sustainable value around £2M, whereas below a risk of 10-9 a-1 
the value of further risk reduction approaches zero.  At risks around 10-6 a-1 it is proposed that 
an appropriate VSSL lies in the range £0.25M to £1M.  With respect to radiological 
protection, it is suggested that where collective doses are dominated by average individual 
doses no more than a few µSv, the detriment arising from a manSv can be valued at about 
£15k to £60k.  It is further suggested that for individual dose contributions below 0.01 µSv 
(representing a risk equivalent to less than 10-9) a low residual VSSSL should be applied in 
cost-benefit analyses based on collective dose exposures. 
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