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Welcome to the 16™ Radiochemical Conference. The conference is held in Marianské Lazné, the second largest Czech spa and
the largest and most beautiful city — garden in the Czech Republic. RadChem 2010 aims at maintaining the 50 year tradition
of radiochemical conferences, dealing with all aspects of nuclear- and radiochemistry, organised in the Czech Republic (or
formerly in Czechoslovakia). We strive to continue in the tradition of organising a fruitful and well attended platform for contacts
between experts working in both basic and applied research in all aspects of nuclear- and radiochemistry.

More than 200 scientists from 45 countries registered for the conference. The verbal sessions, where more than 130 plenary,
invited and contributed presentations are scheduled to be presented, will be complemented by the corresponding poster sessions. In
conjunction with the technical programme, an exhibition covering technologies, equipment, technical and management services in
areas pertaining to the theme of the conference will be held.

The extensive social programme is expected to provide an opportunity for informal contacts and discussions among the
participants. The interaction of all the above activities is hoped to maintain the high standard of this long-lasting series of
conferences and through this contribute to the flourish of our Science.

RadChem 2010 Organising Committee
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PROGRAMME AT A GLANCE
Activity / Session Time Room
SUNDAY 18™ April
Registration 14:00-18:45 | Foyer
Opening Ceremony & Welcoming Reception 19:00-20:30 | Marble Hall
MONDAY 19 ™ April
Registration 07:30-18:45 | Foyer
Plenary Session 1 08:30-10:00 | Mirror Hall
Plenary Session 2 10:30-12:00 | Mirror Hall
Lunch Marble Hall
Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 1 13:30-15:00 | Red Hall
Nuclear Analytical Methods 1 13:30-15:00 | Mirror Hall
Chemistry of Actinide and Trans-actinide Elements 1 15:30-17:00 | Red Hall
Nuclear Analytical Methods 2 15:30-17:00 | Mirror Hall
Poster Session — TAN, REG 17:15-18:45 | Gallery
Concert 20:00-21:15 | Marble Hall
TUESDAY 20 ™ April
Production and Application of Radionuclides 1 08:30-10:00 | Red Hall
Radionuclides in the Environment, Radioecology 1 08:30-10:00 | Mirror Hall
Production and Application of Radionuclides 2 10:30-12:00 | Red Hall
Radionuclides in the Environment, Radioecology 2 10:30-12:00 | Mirror Hall
Lunch Marble Hall
Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 2 13:30-15:00 | Red Hall
Nuclear Analytical Methods 3 13:30-15:00 | Mirror Hall
Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 3 15:30-17:00 | Red Hall
Nuclear Analytical Methods 4 15:30-17:00 | Mirror Hall
Poster Session — NAM, PAR 17:15-18:45 | Gallery
Conference Dinner 19:30-23:50 | Marble Hall
WEDNESDAY 21" April
Conference Excursions 09:00-21:30
THURSDAY 22" April
Chemistry of Actinide and Trans-actinide Elements 2 08:30-10:00 | Red Hall
Radionuclides in the Environment, Radioecology 3 08:30-10:00 | Mirror Hall
Radiation Chemistry 10:30-12:00 | Red Hall
Radionuclides in the Environment, Radioecology 4 10:30-12:00 | Mirror Hall
Lunch Marble Hall
Nuclear Methods in Medicine, Radiopharmaceuticals and Diagnostics, Labelled Compounds 1 13:30-15:00 | Red Hall
Separation Methods, Speciation 1 13:30-15:00 | Mirror Hall
Nuclear Methods in Medicine, Radiopharmaceuticals and Diagnostics, Labelled Compounds 2 15:30-17:00 | Red Hall
Separation Methods, Speciation 2 15:30-17:00 | Mirror Hall
Poster Session — NFC, EDU, RFD, RCH, SEP 17:15-18:45 | Gallery
Singing Fountain Performance 21:00-21:30
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Programme at a Glance

FRIDAY 23 ™ April

Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 4 08:30-10:00 | Red Hall
Nuclear Analytical Methods 5 08:30-10:00 | Mirror Hall
Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 5 10:30-12:00 | Red Hall
Nuclear Analytical Methods 6 10:30-12:00 | Mirror Hall
Education / Coordination 13:30-14:30 | Mirror Hall
Closing Ceremony 14:30-15:00 | Mirror Hall

Coftee breaks : morning 10:00-10:20
afternoon 15:00-15:20

Topics abbreviations:
Plenary Session — PLN

Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management - NFC

Nuclear Analytical Methods — NAM

Chemistry of Actinide and Trans—actinide Elements — TAN
Radionuclides in the Environment, Radioecology — REG
Production and Application of Radionuclides — PAR
Radiation Chemistry — RCH

Nuclear Methods in Medicine, Radiopharmaceuticals and Diagnostics, Labelled Compounds — RFD

Separation Methods, Speciation — SEP
Education / Coordination — EDU

s75




Chem. Listy 104, s76-s262 (2010)

RadChem 2010

Programme of the Conference

PROGRAMME OF THE CONFERENCE

Sunday 18 April 2010

Registration (14:00-18:45)
Opening Ceremony & Welcoming Reception - MARBLE HALL (19:00-20:30)

Monday 19 April 2010

Reg Tolmachevistration (07:30-18:45)

Plenary Session 1 - MIRROR HALL (08:30-10:00) - Conveners: J. John, A. Chatt

08:30

09:00
09:30

PLN.LOI (Id: 122)

PLN.L02 (Id: 370)
PLN.LO3 (Id: 365)

Radiochemical analysis for the determination of radionuclides difficult to
measure for characteristics and decommissioning of nuclear facilities

Speciation analysis of radionuclides in the environment

Accelerator Mass Spectrometry - from archaeology to astrophysics and
human DNA

Plenary Session 2 - MIRROR HALL (10:30-12:00) - Conveners: W. Kutschera, B. Salbu

10:30
11:00

11:30

PLN.LO4 (Id: 288)
PLN.LO5 (Id: 366)

PLN.L06 (Id: 297)

Chemistry of the transactinides

Electrochemical separation of actinides from molten LiCIl-KCl on solid
Al cathodes

Radioactive and gastrin releasing peptide receptor specific gold nanopar-
ticles in molecular imaging and therapy of cancer

X Hou

B. Salbu
W. Kutschera

J. V. Kratz
J. Glatz

K. Katti

Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 1 - RED HALL (13:30-15:00)
Conveners: J-P. Glatz, A. Vokal

13:30

13:45

14:00

14:15

14:30

14:45

NFC.LOI (Id: 92)
NFC.L02 (Id: 164)
NFC.L03 (Id: 295)
NFC.L04 (Id: 279)

NFC.L05 (Id: 191)

NFC.L06 (Id: 35)

Kinetics of reduction of hexavalent neptunium by nitrous acid in soluti-
ons of nitric acid

Electro-fluid analysis of a molten-salt electrorefiner for pyrochemical
nuclear waste treatment

Electrochemical separation of actinides from molten LiCl-KCl on solid
Al cathodes

Advanced ORIENT Cycle - progress on research, with focusing on safety
and engineering

Cobalt bis(dicarbollide) ions with covalently bonded TODGA-like sub-
stituents for actinide and lanthanide extractions

Extraction of radionuclides with solutions of complexing agents in super-
critical fluids and compressed gases

Nuclear Analytical Methods 1 - MIRROR HALL (13:30-15:00) - Conveners: J. Kudera, F. De Corte

13:30

14:00
14:15

14:30

14:45

NAM.LO1 (Id: 201)

NAM.L02 (Id: 211)
NAM.L03 (Id: 190)

NAM.LO4 (Id: 318)

NAM.LO5 (1d: 170)

Simultaneous speciation analysis of arsenic, antimony and selenium in
natural waters by neutron activation coupled to HPLC, solvent extraction
and solid-phase extraction

NAA for life sciences at FLNP JINR: present and future

Use of neutron activation analysis for the characterization of single-wall
carbon nanotube materials

Determination of silicon in beer and beer processing materials by fast
neutron activation analysis. Is beer a possible protective factor in preven-
ting Alzheimer’s disease?

Total and bioaccessible fractions of trace elements in cultivated oyster
tissues by INAA, PIXE and ICP-MS
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Chemistry of Actinide and Trans-actinide Elements 1 - RED HALL (15:30-17:00) - Conveners: L. Havela, A. Tiirler

15:30
15:45
16:00
16:15
16:30
16:45

Nuclear Analytical Methods 2 - MIRROR HALL (15:30-17:00) - Conveners: A. Chatt, M. Frontasyeva

15:30

15:45

16:00
16:15

16:30

16:45

TAN.LO1
TAN.LO2
TAN.LO3
TAN.L04
TAN.LO5
TAN.L06

(1d: 286)
(1d: 282)
(1d: 252)
(1d: 133)
(Id: 172)
(1d: 143)

NAM.L06 (Id: 181)

NAM.LO7 (Id: 193)

NAM.LOS (Id: 225)
NAM.L09 (Id: 368)

NAM.L10 (Id: 210)

NAM.LI1 (Id: 131)

New nucleus *"’Hs: in between two islands of stability

Chemical identification of element 114 at TASCA

Independent verification of element 114

Element 114 chemistry and what is next?

Vacuum thermochromatography - theory and Monte Carlo simulation

Gas phase chemical studies of superheavy elements using the Dubna
Gas-Filled Recoil Separator - stopping range determination

Neutron and photon activation and ion beam techniques in geochemical
characterization of moldavites and other impact glasses

Development of a Radiochemical Neutron Activation Analysis Procedure
for Determination of Arsenic in Biological Materials

NAA for studying detoxification of Cr and Hg by Arthrobacter globiformis

Neutron activation analysis for assessment of beef origin

Elemental concentrations in vegetable species from industrial zones in
Romania determined by INAA

Selected trace elements in pottery of Guarani ethnic group

Poster Session - Chemistry of Actinide and Trans-actinide Elements - GALLERY (17:15-18:45)

TAN.POl (Id: 132)

TAN.PO2 (Id: 209)
TAN.PO3 (Id: 212)

TAN.PO4 (Id: 15)

TAN.PO5 (Id: 64)

TAN.PO6 (Id: 78)

TAN.PO7 (Id: 147)
TAN.PO8 (Id: 321)

TAN.P09 (Id: 155)
TAN.P10 (Id: 156)

TAN.P11 (Id: 163)

TAN.P12 (Id: 219)

TAN.P13 (Id: 220)

TAN.P14 (Id: 117)

Thermochromatographic investigation of ''*In, '**Sb and '*™Te in quartz
columns

Application of coprecipitation for the study of chemistry of Rf

Sorption of Ti, Zr, Hf and Nb, Ta as homologues of Rf and Db from
mixed aqueous—organic HF solutions

Thermodynamic study on the U(VI) complexation with “aliphatic” and
“aromatic” di-carboxylic acids by micro-calorimetry

A study of heterogeneous equilibria in the saturated aqueous solutions of
uranoarsenates and uranophosphates of alkaline and alkaline-earth ele-
ments

Synthesis, structure and properties of synthetic trogerite (UO,);(AsO04), .
2H,0

Investigations on stability and structure of thorium colloids

Structures of hydrated and hydrolyzed thorium(IV) determined by
EXAFS and LAXS

Electrochemical behaviour of curium in chloride melts

Study of reaction of CmO" and CmOCI formation in chloride melt by
spectroscopic method

Kinetics of neptunium(V) conversion in strong nitric acid solutions,
containing potassium phosphotungstate , K10P2W17061.

Electrochemical and spectroscopical investigation of uranium in room-
temperature ionic liquids

Novel U(VI) Schiff base complexes: synthesis, structural characterizati-
on, and extraction studies.

Production and investigation of thin films of metal actinides (Pu, Am,
Cm, Bk, Cf)
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TAN.P15

(Id:

118)

TAN.P16 (Id: 119)
TAN.P17 (Id: 139)

TAN.P18

(Id:

272)
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Radiographic examination of curium alloys with cobalt, iron, and carbon
Formation of ruthenium alloys with curium and technetium
Americium alloys with gold and copper

High-resolution X ray study of electronic state of ions with non-stability
nuclei in solids

Poster Session - Radionuclides in the Environment, Radioecology - GALLERY (17:15-18:45)

REG.PO1

REG.P02 (Id:

REG.PO3

REG.P04

REG.PO5
REG.P06

REG.PO7

REG.P08

REG.P09

REG.P10

REG.P11
REG.P12

REG.P13

REG.P14

REG.P15

REG.P16

REG.P17
REG.P18
REG.P19

REG.P20
REG.P21

REG.P22

REG.P23
REG.P24

(Id:

(Id:

(Id:

(Id:
(Id:

(Id:
(Id:
(Id:
(Id:

(Id:
(Id:

(Id:

(Id:

(Id:

(Id:

(Id:
(Id:
(Id:

(Id:
(Id:

(Id:

(Id:
(Id:

8)

14)

21)

29)

36)
37)

38)
50)
65)
68)

79)
89)

93)

96)

105)

107)

116)
125)
152)

158)
168)

188)

202)
226)

Translocation of radioactivity from substrate to macromycetes in some
mining areas

Radioactivity in soils and horticulture products near old uranium mining
and milling sites

Methods and results of the main negative factors of KOSHKAR-ATA
tailing pond with impacts on environment

Determination of cation exchange capacity of fucoidic sands for Cs" and
Sr** under dynamic column conditions

Origin of 12I in the environment of Slovenia

Background level of radioactive isotopes around a L/ILW disposal facili-
ty before it started operation at Bataapati, Hungary

Testing automatic groundwater sampling unit by the isotope analytical
and dissolved ion tests

Radiocesium activity concentration measurements in game meat as a tool
for monitoring radioactive contamination in wildlife and ensuring radio-
logical safety for consumers

Determination of strontium-90 in foodstuff
Age dating of the hot spring waters in Korea using natural radionuclides
Use of selected chelating agents to mobilize radiocesium from the body

Speciation of "I and '*'I in seawater profiles from the Kattegat and
Baltic Sea

Radiation monitoring method features of contamination fields whitch
getting older in landscape

Distribution of natural radionuclides and *’Cs in the sediments of a
Mediterranean fjord-like embayment, Amvrakikos Gulf, Greece

Natural radioactivity in Tunisian and in some exported phosphate fertili-
zers used in Tunisia

Further results in search of transuranium isotopes in effluents discharged
to air from nuclear power plants

Radioecological situation in areas of uranium legacy of Uzbekistan
Study of "Be concentration in the north of the Spain

Radioactivity concentration in soil samples taken from region of Banja
Luka (Bosnia and Herzegovina)

Speciation of ' and '?’I in soil and sediment samples

Cs, Pu and Am sorption to natural clay and their various components:
laboratory experiments and modeling

Antropogenic radiotracers assessment as a tool to environmental compli-
ance rules and management

Plutonium 241 - importance and ways of determination

Uranium and long-lived decay products in water of the Mulde river
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REG.P25 (Id: 242)

REG.P26 (1d: 250)

REG.P27 (Id: 251)
REG.P28 (Id: 267)
REG.P29 (Id: 277)

REG.P30 (Id: 304)

REG.P31 (Id: 316)

REG.P32 (Id: 325)

REG.P33 (Id: 330)

REG.P34 (Id: 332)

REG.P35 (Id: 333)

REG.P36 (Id: 335)

REG.P37 (Id: 337)
REG.P38 (Id: 340)

REG.P39 (Id: 348)
REG.P40 (Id: 349)

REG.P41 (Id: 248)

REG.P42 (Id: 67)

REG.P43 (1d: 136)

REG.P44 (Id: 339)

REG.P45 (Id: 367)
REG.P46 (Id: 338)
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Leachability of natural radionuclides (mU, 226Ra, 2'°%Pb, 232Th and 228Ra)
in Brazilian phosphate fertilizers and phosphogypsum

Natural and artificial radioactivity in soils from Romanian sites determi-
ned by y-ray spectrometry

Aircraft-carried sampling system for aerial radioactivity monitoring
Investigations on seepage waters of the test site Gessenwiese by TRLFS

Radioecological criteria and norms during remediation of shore in-
frastructure of Russian nuclear fleet

The estimation of radon activity in multistoreyed buildings of industrial
iron-ore region

Fractionation of Sr(II), Th(IV), U(VI) in the natural water samples by
nanocomposite track membranes

Environmental monitoring of nuclear materials for safeguards purposes
before decommissioning of nuclear facilities

Plutonium speciation in the southern Baltic Sea sediments
Naturally existing >'°Po in human and dog hair samples

Polonium ?'°Po and uranium ***U and ***U in phosphogypsum and surfa-
ce water at waste dump in Wislinka from Phosphoric Fertilizers Industry
of Gdansk and their accumulation in plants

Temperature effects on emanation of radon from rock to water and on its
partition between water and air

Microbial activity impact on the change of Pu oxidation states

Current status of gross o/ activity analysis in water samples: A short
overview of methods

State and migratory ability of uranium and radium in the soils of Belarus

Radioanalytical investigations of uranium concentrations in natural
spring, mineral, spa and drinking waters in Hungary

Characteristics of concentration correlations for the pairs of 2U/HCO5’,
BHU/HCO5, 2°Ra/F8U, 2°Ra/*Ra, 2°Ra/HCO;, **Ra/HCO;,

210po 2381 210p 226R g 28T 22T 25Th/ 28R, 25 Th/HCO;” and
219021} in drinking water

Long-term monitoring of radioactivity in environmental of the City of
Moscow

The accumulation of transuranic elements of the Chernobyl emission by
meadow vegetation of the zone Chernobyl NPP

Distribution pattern of NORM in Red Sea shore sediments and their
relation to non-nuclear industries

Specific activity of “’K in drinking water in Slovenia

Radioecological impacts of NORM fractionation in phosphate rock bene-
ficiation processes

Concert - MARBLE HALL (20:00-21:15)
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Production and Application of Radionuclides 1 - RED HALL (08:30-10:00) - Conveners: M. Vobecky, M. Ayranov

08:30

09:00

09:15

09:30

09:45

PAR.LO1

PAR.L0O2 (Id: 9)

PAR.LO3 (Id: 16)

PAR.L04 (Id: 17)

PAR.LO5 (Id: 44)

(Id: 263)

High specific activity '"¢Lu for metabolic radiotherapy: deuteron cyclot-

ron vs. nuclear reactor
Optimisation of the long lived '*'Te contaminant in production of '*I

trough the '**Xe(p,x) route

Determination of the valence state of 27U, obtained in the photonuclear
reaction 2**U (y, n) %’U using nanostructured material.

Radiochemical measurement of cross sections for the production of the
therapeutic radionuclide '**™Pt

PC-controlled radiochemistry system for preparation of NCA *Cu

M.L. Bonardi

A. Hermanne

M. Gustova

M. S. Uddin

R. Adam Rebeles

Radionuclides in the Environment, Radioecology 1 - MIRROR HALL (08:30-10:00) - Conveners: P. Benes, B. Salbu

08:30
09:00
09:15

09:30

09:45

REG.LO1 (Id: 256)
REG.L02 (Id: 112)
REG.L0O3 (Id: 331)

REG.L04 (Id: 169)

REG.LO5 (Id: 11)

Impact of the Chernobyl accident on Norway: Lessons learnt
Tritium in the rainwater around the nuclear power plant of Paks, Hungary

Polonium (*'°Po), uranium (***U, **U) and plutonium (***Pu, **°****°Pu) in
the biggest Polish rivers

Experimental study and modelling of '*’Cs sorption behaviour in the
Baltic Sea and the Curonian Lagoon

Natural radionuclides in sediments and rocks from Adriatic Sea

E. Steinnes
Z. Kollé

D. Struminska-
Parulska

G. Lujaniene

M. Strok

Production and Application of Radionuclides 2 - RED HALL (10:30-12:00) - Conveners: M. L. Bonardi, O. Lebeda

10:30

11:00

11:15

11:30

11:45

PAR.LO6 (Id: 30)

PARLO7 (Id: 99)

PAR.LOS (Id: 101)

PAR.LO9 (Id: 127)

PAR.L10 (Id: 141)

Production of 2°Al, **Ni, *Ti, **Mn and ®Fe from proton irradiated cop-
per beam dump

Fossil fuel CO, detection by atmospheric '“C and CO, mixing ratio mea-
surements in the city of Debrecen, Hungary

Investigation of the dynamics of erosion-accumulating processes using
137Cs and excess 2'°Pb as a marker of soil material displacement

Sorption of tungsten and rhenium on alumina in "*W/'**Re generators

Programming of material’s properties over extended time intervals via
self-irradiation phenomena

M. Ayranov
M. Molnar
O. Zhukova
V. E. Badillo-

Almaraz

V. Luchnikov

Radionuclides in the Environment, Radioecology 2 - MIRROR HALL (10:30-12:00) - Conveners: E. Steinnes, G. Bernhard

10:30

11:00

11:15

11:30
11:45

REG.LO6 (Id: 345)

REG.LO7 (Id: 270)

REG.LO8 (Id: 55)

REG.L09 (Id: 47)
REG.L10 (Id: 276)

Recent trends in radiometrics and mass spectrometry technologies -
synergy in environmental analyses

Radionuclides in drinking water - an overview: The EU directive, analy-
sis, the Austrian standard, geographical distribution, removal and waste
problems

Natural radionuclide concentrations in Austrian mineral waters
Radiological characterization of drinking and mineral waters in Slovenia

Radiation and environmental monitoring at the sites for the RW and SNF
temporary storage in Russia
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P. Povinec

F. Schoenhofer

G. Wallner

L. Benedik
S. Kiselev
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Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 2 - RED HALL (13:30-15:00)
Conveners: M. Precek, V. Babain

13:30  NFC.L07 (Id: 81) Removal of antimony-124 from PWR coolant water R. Harjula

14:00 NFC.L08 (Id: 69) Analysis of Th, U, Pu, and Am in radioactive metal waste using extracti-  A. Shimada
on chromatography

14:15 NFC.L09 (Id: 144)  Micro-scale investigations of U(VI) immobilization by cementitious E. Wieland
materials

14:30 NFC.L10 (Id: 80) New f-element phosphates with langbeinite-type structure D. Mikhailov

14:45 NFC.L11 (Id:23) Determination of **’Np, *Zr and other long-lived radionuclides in S. Osvath

medium - and low-level radioactive waste samples

Nuclear Analytical Methods 3 - MIRROR HALL (13:30-15:00) - Conveners: R. Zeisler, J. Mizera

13:30  NAM.LI12 (Id: 123)  Comments on the correct interpretation of ky-factors and on the proper F. De Corte
use of the SMELS materials

13:45 NAM.L13 (Id: 215)  The ky-based NAA at BARC: Developments, QA/QC and applications A. Reddy

14:00 NAM.L14 (Id: 157)  Native and transplanted lichen and bark as air pollution biomonitors at M. Freitas
three different meteorological conditions

14:15 NAM.L15 (Id: 178)  Standardization of ko-NAA for short-lived nuclides using pneumatic K. K. Swain
carrier facility (PCF) at BARC

14:30 NAM.L16 (Id:253)  The impact of polyethylene vials on reactor channel characterization in F. Farina Arbocco
ko-NAA

14:45 NAM.L17 (Id: 84) Is extraction of Fe from iron based minerals an appropriate method for R. Jacimovic
determining trace elements?

Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 3 — RED HALL (15:30-17:00)
Conveners: N. Evans, P. Bene$

15:30  NFC.L12 (Id: 60) Sorption of Ni and Eu in a multi-element system F. S. Ebong

15:45 NFC.L13 (Id: 63) Sorption of Tc(IV) to geologic materials associated with a geological R. Hallam
disposal facility

16:00 NFC.L14 (Id: 71) Effect of Ca®* on the sorption of uranium(VI) and humic acid on natural C. Joseph
clay

16:15 NFC.L15 (Id: 103)  Sorption of Pd, one long lived fission product, onto synthetic hydro- V. E. Badillo-
Xyapatite Almaraz

16:30  NFC.L16 (Id: 100)  The adsorptive behaviour of cadmium on clays S. Jain

16:45 NFC.L17 (Id:221)  Speciation and surface complexation modelling of Np(V) sorption on T. Reich
montmorillonite

Nuclear Analytical Methods 4 - MIRROR HALL (15:30-17:00) - Conveners: V. Kolotov, M. C. Freitas

15:30  NAM.L18 (Id: 83) Online "C analysis of ultra-small samples with accelerator mass S. Szidat
spectrometry (AMS)

16:00 NAM.L19 (Id: 264) Radon measurements: a way to disseminate scientific culture among F. Groppi
young students in Italy

16:15 NAM.L20 (Id: 31) Determination of 90Sr in Soil, Grass and Cereals C. Landstetter

16:30  NAM.L21 (Id: 150)  Determination of Strontium-90 in raw milk samples G. Bilancia

16:45 NAM.L22 (Id: 236)  Radionuclide profiles of '*C, °°Sr, ***Th and **Th for the purpose of R. Schupfner

dating human bone tissues or ivory
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Poster Session - Nuclear Analytical Methods - GALLERY (17:15-18:45)
NAM.PO1 (Id: 5)

NAM.P02

NAM.PO3

NAM.P04
NAM.PO5

NAM.P06

NAM.PO7
NAM.PO8

NAM.P09

NAM.P10

NAM.P11

NAM.P12

NAM.P13

NAM.P14

NAM.P15

NAM.P16

NAM.P17

NAM.P18

NAM.P20

NAM.P21

NAM.P22

NAM.P23

NAM.P25

NAM.P26
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(Id:
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(Id:

(Id:

19)

27)

42)
48)

56)

72)
75)

82)

88)

94)

104)

153)

154)

165)

183)

192)

196)

198)

203)

205)

208)

214)

217)

The use of sediment-wax pucks in y-ray spectrometry for luminescence
dating: optimized fabrication and properties

Determination of *°Sr and ?'°Pb in deer bone samples by liquid scintil-
lation counting after ionic exchange procedures

Comparative kinetic studies on the corrosion process using two methods
based on the B-rays retention and atomic absorption spectroscopy

Geochemical studies in water bodies of Western Paraguay

Determination of radiostrontium in food and water samples using fuming
nitric acid

Effect of Al coating on loss of light elements in polyethylene naphthalate
foils during MeV proton beam irradiation

Determination of >'°Po and uranium in high salinity water samples

Applicability of ko-based neutron activation analysis using a Compton
suppression y-ray spectrometer

Alpha radiometry of uranium by liquid scintillation counting after pre-
concentration by cloud point extraction

Mercury in Bach Ho crude oil of Vietnam as determined by koy-based
instrumental neutron activation analysis

Alpha radiometric determination of plutonium and uranium isotopes after
separation of the radionuclides by cation exchange and liquid extraction

Pulse shape analysis to reduce the background of BEGe detectors

NORM at indoor environments using aerosols passively collected at
classrooms of Lisbon basic schools

The use of coincidence summing effect in y spectrometry for the deter-
mination of full energy photopeak efficiency and activity of the *°Co-60
point source

Separation, preconcentration of lanthanum from monazite and its deter-
mination by **La using non-destructive y ray

Chemical composition of silica phytoliths. Comparison of different iso-
lation methods

Characterization of Tupiguarani Tradition archaeological ceramics from
Espirito Santo, Brazil, applying neutron activation and multivariate statis-
tical analyses

Measuring of gross a and f activity by means of LSC

Modification of precise technique for determining Pu mass fraction by
automatic coulometric titration method

Determination of magnesium in biological materials by neutron activati-
on and anti-coincidence y-ray spectrometry

Elemental content of indigenous bacteria under different chromium
loadings

Composition analysis of zirconium alloys by ky-based PGAA using
Budapest cold neutron beam facility

Analysis of large and non-standard geometry samples of ancient potteries
and bricks by internal monostandard NAA using insitu detection efficiency

Determination of silver and gold in copper concentrate
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F. De Corte

G. Wallova

A. Cecal

J. Facetti-Masulli
Z. llic

M. Saito

P. Grabowski
D. M. Ho

E. Constantinou
L. Duong

T. Kiliari

R. Gonzdlez De
Orduiia

M. C. Freitas

B. Strbac

A. El-Sayed

J. Kamenik

M. A. Menezes

D. Sas

V. Chistyakov

A. Chatt

1. Zinicovscaia

Z. Revay

K.. B. Dasari

K. Swain
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NAM.P27
NAM.P28
NAM.P29

NAM.P30
NAM.P31
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NAM.P33
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223)
228)
232)

233)
235)
237)

238)

244)

247)

257)

265)

268)
269)

278)

298)

311)

317)

323)

329)
334)

341)

344)

346)

351)

352)

353)

RadChem 2010

Radioanalytical determination of >'’Pb and *'°Po in sea water samples
Metal detection in solution by new mass-spectrometrical method

Applications of nuclear analytical methods in the historical glass in
Thailand

Gross a activity determination in water and *'°Po
Routines of >'°Po determination in fluvial sediments for dating purpose

New kits of radiation sources for the purpose of energy dependent calib-
ration of collimated in-situ-y-spectrometry

Radiochemical trace analytical purification procedures during decommis-
sioning of nuclear facilities: experiences and results

Development of ky-cyclic neutron activation analysis at the Portuguese
research reactor

Assessment of contamination levels and dispersion in a mining impacted
area by INAA and p-PIXE analysis

ko-INAA using comparator and neutron flux monitor at CDTN/CNEN,
Brazil: advantages and disadvantages

Airborne and terrain y spectrometry monitoring of natural and artificial
radioactivity

Isotopic characterization by Q-ICP-MS of some o emitters in Cuban soil

Application of Monte Carlo simulation to design a modular **' Am-Be
neutron irradiator

Development of the method for determination of technetium in environ-
mental and biological samples

Development of radioactive xenon analysis system by diagnostic assess-
ment using mass spectrometry

Rapid and simultaneous determination of neptunium and plutonium in
environmental samples by extraction chromatography using sequential
injection and ICP-MS

A preliminary assessment of air quality in Mangabeiras’ Park, Belo
Horizonte, Brazil, using epiphytic lichens as biomonitor

Characterization of abandoned contaminated Valongo mining area at
Portugal, by INAA

Transfer coefficients from soil to roots of wheat plants by INAA

Determination of selenium in soft and durum wheat (plant and grain)
using the short-lived nuclide

Determination of 25239240241py 2417y 222632440 900G SSpe and ONi
in low and intermediate level operational radwaste

Determination of the impurities of reactor core graphite with neutron
activation analysis, X-ray fluorescence and mass spectrometry techniques
for graphite waste modeling

Tritium content distribution in Jeju island groundwater using Ni-Ni elect-
rolytic enrichment method

Quantitative evaluation of essential and trace elements in nine medicinal
plants by IPAA and XRF techniques

Trace element distribution in human teeth by X-ray fluorescence and
multivariate analysis

Trace element distribution in crops grown under industrial stress: a mul-
tidisciplinary approach
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V. Babain

P. Dararutana

1 Svetlik
T. Novakova

R.. Schupfner

R.. Schupfner

D. Beasley

M. A. Hossain

M. A. Menezes

P. Sladek

M. Mariani

E. Tomarchio

M. Zoriy

J. Lee

J. Qiao

M. A. Menezes

N. Canha

C. Galinha
C. Galinha

G. Lujaniene

A. Puzas

Y. Y. Yoon

C. Oprea

C. Oprea
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NAM.P53 (Id: 174)

NAM.P54 (1d: 292)
NAM.PS5 (1d: 371)
NAM.P56 (1d: 372)

RadChem 2010

Optimisation of neutron flux parameters determination for k, standardi-
zation during irradiation at reactor LVR-15 in Rez

' in Finnish waters
28U in well water - a tool for uranium prospection?

(Radio)Chemistry in AMS - a Servant or a Partner

Poster Session — Production and Application of Radionuclides - GALLERY (17:15-18:45)

PAR.PO1
PAR.P02
PAR.P0O3
PAR.P04

PAR.POS5

PAR.P06

PAR.P0O7
PAR.POS

(Id:
(Id:
(Id:
(Id:

(Id:

(Id:

(Id:
(Id:

115)
146)
151)
159)

200)

213)

239)
354)

Separation of "*'Cs from barium radionuclides
An external cyclotron target system for nanoparticle sample activation
Preparation of *™T¢ radiotracer

Measurement of excitation functions for (d,x) reactions on natural
molybdenum

Preparation and characterization of target for **Cu production on the IBA
18/9 Cyclotron.

Recovery and isolation of hafnium isomers from '7°Yb target irradiated
by “He ions in optimized conditions

Characterization of a Cu selective extraction chromatographic resin

Isotopic effect observed by distillation of '*’I and '*I from irradiated
124Te0, target matrix

Conference Dinner - MARBLE HALL (19:30-23:50)

Wednesday 21 April 2010
Conference Excursions (09:00-21:30)

Thursday 22 April 2010

Programme of the Conference

M. Kubesova

J. Lehto
P. Steier

M. Nemec

S. Khujaev
N. Gibson
M. Fikrle

O. Lebeda

P. Rajec

G . Bozhikov

S. Happel
J. Ralis

Chemistry of Actinide and Trans-actinide Elements 2 - RED HALL (08:30-10:00) - Conveners: L. Havela, I. Zvara

08:30

09:00

09:15

09:30
09:45

Radionuclides in the Environment, Radioecology 3 - MIRROR HALL (08:30-10:00) - Conveners: F. P. Carvalho, P. Povinec
REG.L11 (Id: 266)
REG.L12 (Id: 102)

08:30
09:00

09:15

09:30
09:45

TAN.LO7 (Id: 7)

TAN.LO8 (Id: 97)

TAN.L09 (Id: 128)

TAN.L10 (Id: 177)
TAN.L11 (Id: 296)

REG.L13 (Id: 179)

REG.L14 (Id: 13)
REG.L15 (Id: 32)

Progresses on the structural chemistry of the actinide phosphates

Single crystal X-ray diffraction and Raman characterization of ternary
Ce(IV) and Pu(IV) peroxo-carbonate compounds comprised of rare
dimeric molecular units

A comparitive study of U(III) and U(IV) complexes in a room
temperature ionic liquid system

Structural aspects of uranyl complexes with lipopolysaccharide

Theoretical study on ,,itinerant” properties of yttrium and americium(III)
in the lanthanide series with respect to stability of their complexes

Model compounds to understand bacterial surface functionality

Complexation of U(VI) with nitrogen and phosphorous containing
ligands in aqueous solution

Molecular characterization of the speciation of uranium associated with
the marine bacterium Idiomarina loihiensis MAH

Polonium-210 as a tracer of energy transfer in marine food chains

Impact of U-mill tailings of the former uranium mine at Zirovski Vrh
(Slovenia) on radionuclide accumulation by wetland plants
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K. Popa

L. Sweet

W. Pemberton

A. Barkleit
J. Narbutt

H. Nitsche
B. Raditzky

F. Morcillo De
Amuedo

F. P. Carvalho
M. Cerne
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Radiation Chemistry - RED HALL (10:30-12:00) - Conveners: V. Plaek

10:30  RCH.LO1 (Id:290)  Effects of y irradiation on polyetylene isophthalate G. Consolati
10:45 RCH.L02 (Id:280) Comparison of radiation and thermal ageing simulation procedures for M. Cabalka
NPP cables

11:00 RCH.LO3 (Id: 189)  Photo- and radiation-induced preparation of nanocrystalline copper and J. Barta
cuprous oxide catalysts

11:15 RCH.L04 (Id:305) Radiation stability and extraction properties of thiacalixarenes I Spendlikova
11:30  RCH.LO5 (Id:243)  Effects of dose and dose rate of y radiation on catalytic activity of catalase T. Pavelkova
11:45 RCH.LO6 (Id: 180) Measurement of growth curves of microorganisms influenced by radiation ~ P. Bldha

Radionuclides in the Environment, Radioecology 4 - MIRROR HALL (10:30-12:00) - Conveners: H. Nitsche, N. Evans

10:30  REG.L16 (Id: 90) The sorption processes of Np(V) and U(VI) onto metal oxide phases. The H. Foerstendorf
formation of sorption complexes and mechanistic aspects studied by in
situ ATR FT-IR spectroscopy

10:45 REG.L17 (Id: 194)  Uranium sorption on various forms of TiO, - influence of surface area, M. C. Comarmond
surface charge and impurities
11:00 REG.L18 (Id:28)  Transport of T, *’Cs" and ¥Sr*" in granitoidic rocks and soil S. Paldgyi

11:15 REG.L19 (Id: 62) Sorption behaviour of contaminants in soils: pH and humic acid effects O. Anjolaiya
on sorption of on CEC of clay soils and minerals, and the mobility of Cd,
Cs, Ni and Sr.

11:30 REG.L20 (Id: 98) Vertical and horizontal distribution of '*’Cs in zone of Chernobyl conta- 0. Zhukova
mination in Russia

11:45 REG.L21 (Id:347) Migration ability of plutonium and americium in the soils of Polessie S. Ovsiannikova
State Radiation-Ecological Reserve

Nuclear Methods in Medicine, Radiopharmaceuticals and Diagnostics, Labelled Compounds 1 — RED HALL (13:30-15:00)
Conveners: O. Lebeda, J. R. Zeevaart

13:30  RFD.LO1 (Id:319)  Affibody molecules, a novel class of peptide-based radiopharmaceuticals. V. Tolmachev
Optimising labelling chemistry for the best targeting

14:00 RFD.L02 (Id:24) New amino acid synthons for preparation of ['*FJFDOPA and A. Popkov
o-[''C]methyl amino acids for positron emission tomography
14:15 RFD.LO3 (Id: 140)  Optimisation of the radiosynthesis of 4-['*F]fluoromethyl-L- K. Kersemans

phenylalanine and ["*F]FET via a same Scintomics automated synthesis
hotboxthree module.

14:30 RFD.L04 (Id: 186)  Heterocyclic labelled derivatives of Betulinines M. Vik
14:45 RFD.LO5 (Id: 10) Preparation of [**V]TiO, labelled nanoparticles for biokinetics studies. J. Kozempel

Separation Methods, Speciation 1 - MIRROR HALL (13:30-15:00) - Conveners: V. Babain, V. K¥iZova

13:30 SEP.LO1 (Id:241) Natural organic matter (NOM) characterization in urban- and nuclear- F. Caron
waste impacted waters using multi-response fluorescence

13:45 SEP.L02 (Id: 46) Effect of short chain carboxylic acids on U(VI) sorption on silica and V. Sladkov
rutile studied by the use of capillary zone electrophoresis

14:00 SEP.L03 (Id:313)  Heteronuclear hydrolysis complex of thorium(IV) and iron(I1I) A. Radkevich

14:15 SEP.L04 (Id:229) New polar fluorinated diluents for diamide ligands M. Alyapyshev

14:30  SEP.LOS (Id: 18) Solvent extraction studies for the separation of radioarsenic, radiogerma- M. Shehata
nium and radiogallium

14:45 SEP.L06 (Id:322) Novel solid-phase extractants for radionuclide preconcentration O. Mokhodoeva
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Nuclear Methods in Medicine, Radiopharmaceuticals and Diagnostics, Labelled Compounds 2 — RED HALL (15:30-17:00)
Conveners: V. Tolmachev

15:30
16:00
16:15

RFD.L06 (Id: 216)
RFD.L0O7 (Id: 245)
RFD.L08 (Id: 326)

In vivo generators - recoil and conversion electrons considerations
L 212p 2125 P
In vivo “ “Pb/* “Bi generator using liposomes

Radiometric determination of enzyme activities, exemplified by several
key enzymes of thyroid hormone metabolism

J. R.. Zeevaart
A. Le Du
S. Pavelka

Separation Methods, Speciation 2 - MIRROR HALL (15:30-17:00) - Conveners: J. P. Simonin, B. Myasoedov

15:30

15:45

16:00
16:15
16:30
16:45

SEP.LO7 (Id: 137)

SEP.L0OS  (Id: 302)
SEP.L09  (Id: 20)
SEP.L10 (Id: 171)
SEP.L11 (Id: 204)
SEP.L12 (Id: 300)

Speciation and thermodynamics of lanthanide and actinide ionic solutions
described using the Mean Spherical Approximation (MSA)

Bentonite stability and migration behavior of some critical radionuclides

Speciation of curium(III) and europium(IIl) in human urine samples
Complexation of curium(IIT) with pyoverdin-model compounds
The Pourbaix diagram of astatine in aqueous medium

The influence of the side groups of the BTP and BTBP type ligands on
liquid-liquid extraction of actinides and lanthanides

J. P. Simonin

V. Jedinakova-
Krizova

A. Heller
H. Moll
G. Montavon

T. Retegan

Poster Session - Chemistry of Nuclear Fuel Cycle, Nuclear Waste Management - GALLERY (17:15-18:45)

NFC.PO1 (Id: 22)
NFC.P02 (Id: 283)
NFC.P03 (Id: 142)
NFC.P04 (Id: 145)
NFC.P05 (Id: 167)

NFC.P06  (Id: 222)

NFC.P07 (Id: 291)

NFC.P08 (Id: 342)

NFC.P09 (Id: 34)

NFC.P10 (Id: 85)

NFC.P11 (Id: 134)
NFC.P12 (Id: 138)
NFC.P13  (Id: 185)

NFC.P14 (Id: 230)
NFC.P15 (Id: 255)

NFC.P16 (Id: 284)

Evaluation of dihexyloctanamide as extractant under plutonium rich feed
conditions

Comprehensive investigation of the corrosion state and surface properties
of the stainless steel tubes of steam generators

Pyrochemical and electrochemical separations studies on plutonium (Part 2)

Extraction of Ln/An from highly acidic solutions using cobalt
bis(dicarbollide) functionalized with complexing CMPO group.

Study of properties of extraction-chromatographic material TBP-PAN

Electrochemical behaviour of selected actinides and lanthanides in mol-
ten fluoride salts FLiNaK and FLiBe

EPR measurements on N-bearing ligands used in spent nuclear fuel
reprocessing for An(I1II)/Ln(III) partitioning

Removal of Cs, Sr, Pu and Am from contaminated solutions by inorganic
sorbents

Improvement of radionuclide fixation in cement matrixes during immobi-
lization of liquid radioactive waste

The solubility of Ni(II) and Eu(III) in the presence of cement super-
plasticisers

Immobilisation of cesium and divalent metals into single-phase stuffed
tridymite-based ceramics

Production of artificial metal ruthenium from irradiated technetium
Study of new filter properties '*’Cs vapour capture at high temperature
Radioactive waste destruction using molten salt oxidation

Functionalized latex particles for preparation of colloid-stable nanosized
selective sorbents and composite materials for decontamination of radio-
active wastes

Comparative study of the corrosion and surface analytical effects of the
decontamination technologies
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K. V. Mares
M. Straka

M. Mazzuccato

G. Lujaniene

O. Shmidt

M. Felipe-Sotelo

A. Zaripov

V. Radchenko
A. Aloy
P. Kovarik

V. Avramenko

Z. Németh



Chem. Listy 104, s87-s262 (2010)

NFC.P17

NFC.P18
NFC.P19

NFC.P20
NFC.P21

NFC.P22

NFC.P23

NFC.P24
NFC.P25

NFC.P26
NFC.P27
NFC.P28

NFC.P29

NFC.P30

NFC.P31

NFC.P32

(Id:

(Id:
(Id:

(Id:
(Id:

(Id:

(Id:

(Id:
(Id:

(Id:
(Id:
(Id:
(Id:
(Id:
(Id:

(Id:

285)

49)
6)

52)
76)

111)

121)

224)
301)

33)
40)
86)
87)
294)
39)

74)

RadChem 2010

Observation of efficiency of the decontamination technologies in nuclear
power plants

Study of crystalline ceramics for immobilization of **Tc

The sorption of cesium on Beishan soil under different physicochemical
conditions studied by batch and EDS techniques

Selenium(IV) retention onto illite

Sorption of radionuclides to the cementitious material NRVB under near-
field conditions

Sorption properties and behaviour of '*’Cs and *°Sr on bentonite clays
and magnox sludges

Study of cesium and strontium sorption on Rokle bentonite in different
electrolytes

Sorption behaviour and speciation of neptunium(V) on Opalinus clay

Sorption and diffusion changes of '**Cs, **Tc and '*I radionuclides on
bentonites at various conditions

Evolution of the redox potential in the corrosion system
Study of gas generation in real L/ILW containers

Qualification of low and intermediate level radioactive wastes (L/ILW)
within the framework of the “Demo” project by a Triathler type portable
liquid scintillation spectrometer in Piispokszilagy, Hungary

,,Demo” program in Piispokszilagy, Hungary: Qualification of low and
intermediate level radioactive wastes by a field y spectroscopy system

Impact of hydrogen generated by iron corrosion on compacted bentonite
in deep geological repository

Dissolved gas measurements of the cooling ponds of Paks Nuclear Power
Plant, Hungary

Using natural organic matter as a remediation material in environmental
applications

Poster Session - Education - GALLERY (17:15-18:45)
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Poster Session - Nuclear Methods in Medicine, Radiopharmaceuticals, Labelled Compounds - GALLERY (17:15-18:45)
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Radiosynthesis of 6-['*F]fluoro-3,4-dihydroxyphenyl-L-alanine using
acetonitrile as a solvent

Application of tritium labeled drotaverine and furosemide for estimation
of drug/binding capacity of blood transport system

In vitro study of proteins surface activity by tritium probe

Application of the method of thermally activated tritium for labeling
isoniazide.

Assessment of labelled products with different radioanalytical methods:
Study on '®F-fluorination reaction of p-['*F]MPPF

MIBG - structure revisited

Selectively labelled taraxastane and lupane derivatives

Radioiodination and biodistribution of the monoclonal antibody TU-20
and its scFv fragment

Technology of DTPA conjugatation immunoglobulins and their labeling
with °°Y and '"’Lu radionuclides

Comparison of bifunctional chelates for Ga radioisotopes
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Radiometric enzyme assays: Development of methods for extremely
sensitive determination of types 1, 2 and 3 iodothyronine deiodinase
enzyme activities

'%]-labelled iodothyronines: Useful tools for studies of effects of an
antidepressant drug fluoxetine in the rat

Production and quality control of '”’Lu for labelling

Poster Session - Radiation Chemistry - GALLERY (17:15-18:45)

Radiation and chemical durability of actinide crystalline matrices
Behavior of cadmium(II) in irradiated aqueous solutions

Radiation chemistry approach to the study of sedimentary microenvironments
as models for the protection of bio-organic molecules on the early Earth

Behavior under y irradiation of single crystals of NaCl doped with diva-
lent cations

Radiographic effects during self-irradiation of curium intermetallic com-
pounds

Poster Session - Separation Methods, Speciation - GALLERY (17:15-18:45)

Study of HDEHP-PAN solid extractants for *°Sr determination

Investigation of mobility of plutonium in environmental and nuclear
waste samples using sequential extraction

Solvent extraction of americium by imidophosphates

The liquid-liquid extraction of minor actinides with CyMe,-BTBP in
selected diluents

A TRLFS study of europium speciation with glycolic acid

Complexation of At" and AtO" with inorganic ligands; a combined expe-
rimental and theoretical approach to characterize the formed species

The study of the speciation of uranyl-sulphate complexes by UV-VIS
absorption spectra decomposition

The effect of induced a-radiolysis on the U(IV)/U(VI) ratio in uranium ores

Use of hydrolysis for separation and removal of radionuclides from
solution

Photocatalytic degradation/sorption of radiocobalt from EDTA-Co com-
plexes using cryptomelane-type MnO,

Sequential separation of **Sr from a emitters with mixed solvent anion
exchange and their determination by LSC and o spectrometry

Analysis of *Fe by combination of chromatographic separation and
liquid scintillation detection

Electrodeposition of selected a-emitting radionuclides from oxalate-
ammonium sulfate electrolyte and measured by means of solid-state
alpha spectrometry

Sorbents of heavy metals based on combination of low rank coals and
chitosan

Determination of *°Ni in radioactive wastes

Preparation of samples for a-spectrometry by direct evaporation of ex-
tracted species

Solubility and sorption behavior of monazite chemical components in
humic acid solution

Uptake of arsenic by manganese dioxide from water

Singing Fountain Performance (21:00-21:30)
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Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management 4 - RED HALL (08:30-10:00)
Conveners: T. Reich, E. Wieland

08:30

08:45

09:00

09:15

09:30

09:45

NFC.L18 (Id: 41)

NFC.L19
NFC.L20

(1d: 54)
(1d: 95)

NFC.L21 (Id: 114)

NFC.L22 (Id: 124)

NFC.L23 (Id: 249)

An approach for acquiring data for description of diffusion in performan-

ce assessment of radioactive waste repositories
The complexation of Tc(IV) with organic ligands in radioactive waste

Characterization of Portuguese geomaterials, the clay component of
rafias, as potential liners for low and intermediate radioactive disposal
sites

Long term diffusion experiment (LTD) in Grimsel URL: Comparison of
modeling and in-situ results

The effect of competition from other metals on nickel complexation by
a-isosaccharinic, gluconic and picolinic acids

Migration characteristics of rock samples studied by electromigration
method: methodology: procedure modification

Nuclear Analytical Methods 5 - Mirror Hall (08:30-10:00) - Conveners: X. Hou, Z. Révay

08:30
08:45

09:00

09:15

09:30

09:45

NAM.L23 (Id: 160)
NAM.L24 (1d: 173)

NAM.L25 (Id: 261)

NAM.L26 (Id: 199)

NAM.L27 (1d: 166)

NAM.L28 (1d: 197)

Prompt vy activation analysis as performed in Budapest

Upgrade of the prompt-y activation analysis (PGAA) and neutron indu-
ced prompt-y spectroscopy (NIPS) facilities of the Budapest research
reactor

Prompt y-ray activation analysis for H, B, Bi, Pb and Cd

Development of gamma activation imaging method for studying of ele-
ments distribution in some ores

y-activation digital autoradiography of large samples. Equalization of
activating dose over the microtron-irradiated sample surface

Determination of fluorine in selected reference materials by instrumental
photon activation analysis

A. Vokal

N. Evans

M. J. Madruga

V. Havlova

N. Evans

V. Havlova

Z. Révay

L. Szentmiklosi

S. Sollradl
V. Kolotov

D. Grozdov

1. Krausova

Chemistry of Nuclear Fuel Cycle, Radiochemical Problems in Nuclear Waste Management S - RED HALL (10:30-12:00)
Conveners: R. Harjula, V. K¥iZova

10:30
10:45

11:00
11:15
11:30

Nuclear Analytical Methods 6 - MIRROR HALL (10:30-12:00) - Conveners: A.V. R. Reddy, S. Szidat

10:30

10:45

11:00

NFC.L24
NFC.L25

(1d: 61)
(Id: 113)

NFC.L26
NFC.L27
NFC.L28

(Id: 234)
(1d: 262)
(1d: 299)

NAM.L29 (Id: 231)

NAM.L30 (Id: 240)

NAM.L31 (Id: 43)

Joint determination of **Tc and '®™Ag in L/ILW liquid wastes

Tritium (HTO) as a conservative tracer used for characterization of con-
taminant migration in porous rock environment

Extraction of thorium from the Fen deposit in Norway
Technetium chemistry at the University of Nevada Las Vegas

Recent developments of nuclear forensic signatures of yellow cakes

Characterization of an extraction chromatographic resin for the separati-
on and determination of **Cl

Probability for type I errors in y-ray spectrometric measurements of
drinking water samples

An inter-calibration campaign using various selected Pu spike isotopic
reference materials
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11:15 NAM.L32 (Id: 246)

11:30  NAM.L33 (Id: 109)

11:45 NAM.L31 (Id: 162)

Radioanalytical determination of actinides in refractory matrices by
linking alkali fusion with solvent extraction and chromatography ex-
traction.

Detection of tritium and a-decaying isotopes in L/ILW by helium measu-
rements

Development experience and concept of analytical support complex for
industrial-scale fast reactor fuel production

Education / Coordination - MIRROR HALL (13:30-14:30) - Conveners: J. John, H. W. Giggeler

13:30 EDU.LO1 (Id: 303)
13:45 EDU.L02 (Id: 363)

14:00 EDU.L03 (Id: 364)

A combined nuclear technology and nuclear chemistry master - A unique
initiative at Chalmers University of Technology, Sweden

Education in nuclear chemistry at the Czech Technical University in
Prague

CINCH - Cooperation in education in nuclear chemistry

Closing Ceremony —- MIRROR HALL (14:30-15:00)
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RADIOCHEMICAL ANALYSIS FOR THE
DETERMINATION OF RADIONUCLIDES DIFFICULT
TO MEASURE FOR CHARACTERISTICS AND
DECOMMISSIONING OF NUCLEAR FACILITIES

X1aoLIN Hou

National Laboratory for Sustainable Energy (Riso-DTU),
NUK-202, Technical University of Denmark, DK-4000 Roskil-
de, Denmark

xitho@risoe.dtu.dk

With increasing numbers of nuclear facilities, especially
nuclear power reactors, being closed in recent years and from
now on, a considerable work is going to be carried out all over
the world for decommissioning these nuclear facilities. For this
purpose, characterization of various wastes from decommissio-
ning is required for evaluation of the radioactivity inventory in
various materials and decision making for management of the
produced waste. This is carried out by quantitative determi-
nation of various radionuclides present in the materials. The
neutron activation products of components and impurity in the
materials used in the nuclear facilities, such as *H, '“C, *Cl,
4Ca, Co, >°Fe, ®Ni, **Ba, Eu, **Eu, and some transura-
nics, are the main contributors to the total radioactivity, especi-
ally in the construction materials. But some long-lived fission
products, such as Sr, PTe, 1%L, and '*"Cs, are the major con-
cern for materials contaminated by spent nuclear fuel. Of these
radionuclides, the gamma emitting radionuclides, such as o,
$Ba, "2Eu, "*Eu, or "'Cs, are easily measured by gamma
spectrometry. However, the determination of pure B and a
emitters including 3H, c, %cl, *'Ca, *Fe, ©Ni, *°Sr, PTc, I
and some transuranics is the major challenges, because they
could not be measured without separation from the matrix of
the samples and from all other radionuclides, this entitles them
as the radionuclides difficult to measure. Radiochemical analy-
sis is the only way to complete the determination of the radio-
nuclides difficult to measure by including a complete separati-
on of individual radionuclides from the matrix and other radio-
nuclides before measurement by B counting, a spectrometry, or
mass spectrometry. Although plenty of analytical methods have
been reported for the determination of these radionuclides since
the discovery of radioactivity, the suitable methods are not
always available for the purpose of decommissioning. This is
because a large number of samples are required to be analyzed
during the decommissioning, which needs simple and rapid
methods to provide a good analytical capacity. In addition, the
sample matrix varies very much from concrete, graphite, ex-
change resin, to various metals, which requires different radio-
chemical methods for different sample matrix and target radio-
nuclides. In the past few years, our laboratory developed vari-
ous radiochemical analytical methods aiming at characterizati-

s91

on of various decommissioning waste by determination of
various radionculides difficult to measure. This presentation
gives an overview of these analytical methods with some
examples including (1) rapid determination of tritium and "C
in solid materials, such as graphite, concrete, steel, aluminium,
paint, silica gel, soil, and dust; (2) determination of '*C in high
tritium samples, such as heavy water, waste water, and oil; (3)
determination of **Cl and '®I in graphite, steel, concrete, waste
water, and dust; (4) determination of 41Ca and *°Sr in concrete;
(5) determination of *>Fe and ®Ni in graphite, concrete, steel,
aluminium, sediment, sand, waste water, seawater, and lichens.

PLN.L02 (Id: 370)
SPECIATION ANALYSIS OF RADIONUCLIDES IN
THE ENVIRONMENT

BRIT SALBU

Norwegian University of Life Sciences, N-1432 As, Norway
brit.salbu@umb.no

Naturally occurring and artificially produced radionuclides
in the environment can be present in different physico-
chemical forms (i. e. radionuclide species) varying in size
(nominal molecular mass), charge properties and valence,
oxidation state, structure and morphology, density, complexing
ability eTc. Low molecular mass (LMM) species are believed
to be mobile and potentially bioavailable, while high molecular
mass (HMM) species such as colloids, polymers, pseudocol-
loids and particles are considered inert. Due to time dependent
transformation processes such as mobilization of radionuclide
species from solid phases or interactions of mobile and reactive
radionuclide species with components in soils and sediments.
Therefore, the original distribution of radionuclides deposited
in ecosystems will change over time and influence the ecosys-
tem behaviour. To assess the environmental impact from radi-
onuclide contamination, information on radionuclide species
deposited, interactions within affected ecosystems and the
time-dependent distribution of radionuclide species influencing
mobility and biological uptake is essential. The development of
speciation techniques to characterize radionuclide species in
waters, soils and sediments should therefore be essential for
improving the prediction power of impact and risk assessment
models. The present paper will focus on analytical techniques
which should be utilised for characterizing radionuclide species
in the environment.
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PLN.LO03 (Id: 365)

ACCELERATOR MASS SPECTROMETRY - FROM
ARCHAEOLOGY TO ASTROPHYSICS AND HUMAN
DNA

WALTER KUTSCHERA

Vienna Environmental Research Accelerator (VERA), Faculty
of Physics - Isotope Research, University of Vienna, Austria
walter.kutschera@univie.ac.at

The advancement of Accelerator Mass Spectrometry
(AMS) some 30 years ago opened the possibility to detect
long-lived radionuclides (both natural and man-made) through
isotopic abundance measurements down to a level of ~107'6. Tt
thus became possible to explore our world atom by atom in
almost every section of the environment at large. Worldwide
there are about 80 facilities in operation covering a large range
of applications. The Vienna Environmental Research Accelera-
tor (VERA) is an AMS facility for ‘all’ isotopes, based on a
3 MV tandem accelerator. The principle of AMS will be
described with reference to this facility, and a few selected
examples will be discussed. A well-known application of AMS
is radiocarbon (**C) dating in archacology and other fields,
where the counting of atoms as compared to the classical way
of counting beta decays increased the '*C detection sensitivity
by literally a factor of a million. This allowed us to date small
samples of a very precious skull of the earliest humans in
Europe, excavated some 100 years ago from the Mladec cave
near Olomouc in the Czech Republic', and preserved at the
Museum of Natural History in Vienna. At VERA we also
started to explore areas of the nuclear landscape beyond any
known isotope, such as the one around Z =114, N =186,
where an ‘island of stability’ for Super Heavy Elements (SHE)
has long been predicted. If there are SHE isotopes with half-
lives in the hundred-million-year range, it may be possible to
find traces of them in natural materials left over from the for-
mation of the solar system. We have conducted such an AMS
search and will report on recent results” and future experi-
ments. In the previous experiment we pursued experiments to
find isotopes, which have been synthesized in stars before our
solar system even existed.. The last example deals with events
which happened during the last 50 years. Atmospheric nuclear
weapons testing during the late 1950s and early 1960s led to a
doubling of the '“C content in the atmosphere. After the
Nuclear Test Ban Treaty in 1963, the rapid distribution of the
excess “C (‘'*C bomb peak’) into the biosphere including
humans allows one to study the formation of new cells in the
human body after birth®>. This can be accomplished by ex-
tracting DNA from millions of cell nuclei and measuring the
C content in them. Brain cells, heart cells, and fat cells have
been investigated so far, leading to new insights into cell birth
dates and turnover times, respectively. In addition to the bio-
medical application, the '“C bomb peak provides an important
means to study the dynamics of the CO, exchange between the
atmosphere and the hydrosphere and biosphere, respectively.
This is of utmost importance for a deeper understanding of our
climate on earth.

Refererences:

1. Wild, et al.: Nature 435 332 (2005).

2. Dellinger, at al.: NIM B (2009) on line.
3. Spalding, et al.: Cell 7122 133 (2005).
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PLN.L04 (Id: 288)
CHEMISTRY OF THE TRANSACTINIDES

JENS VOLKER KRATZ

The Johannes Gutenberg University of Mainz, Germany
Jvkratz@uni-mainz.de

Advanced methods that have been developed and applied
to study the chemical properties of the transactinide elements
in comparison with their lighter homologs are presented.These
include thermochromatography, and isothermal chromatogra-
phy in the gas phase as well as ion-exchange and reversed-
phase liquid chromatography in the aqueous phase, liquid-
liquid extraction, and electrodeposition. Latest applications of
these methods to studies of the chemistry of the transactinides
are shown. From a systematic study of the anion-exchange
behavior of Rf, it has been concluded that the properties of Rf
in HCI and HNO; solutions are similar to those of Zr and Hf
(H. Haba, et al. 2002, R. Giinter, et al. 1998, H. Haba, et al.
2007). However, in HF solutions, the fluoride complex for-
mation of Rf is significantly different to that of its homologs
(E. Strub, et al. 2000, A. Kronenberg, et al. 2004, H. Haba, et
al. 2004, Y. Nagame, et al., A. Toyoshima, et al. 2004). In
dilute HNO3/HF, the nitrate ion is the counter ion that removes
the Rf hexafluoride di-anion more effectively from the binding
sites of the anion-exchange resin than the Zr and Hf fluoride
complexes. In strong HF solutions, it is the HF, ion, that re-
moves Rf much earlier from the anion-exchange resin than the
much stronger fluoride complexes of Zr and Hf (H. Haba, et al.
2004, Y. Nagame, et al.). Chloride and fluoride complexation
of Db has been studied in reversed-phase extraction chromato-
graphy with an aliphatic amine (W. Paulus, et al. 1999). Chela-
ting of Db with a-hydroxyisobutyrate was shown to be much
stronger than for tetravalent and trivalent metal ions (M. Scha-
del, et al. 1992). Sg has been eluted from a cation-exchange
column as Sg oxyfluoride complex (M. Schéidel, et al. 1997). In
0.1 M HNOs, hydrolysis of Sg is weaker than that of Mo and
W (M. Schédel, et al. 1998). Successive deprotonation leads to
a cationic species for Sg, while for Mo and W, neutral hydroly-
sed species are eluted from a cation-exchange column. In the
gas phase, Sg was volatilized as SgO,Cl, (A. Tiirler, et al.
1998) and as SgO,(OH), (S. Hiibener, et al. 2001). Elements
107 and 108 were transported in the gas phase as BhO;Cl
(R. Eichler, et al. 2000) and HsO, (Ch. E. Diillmann, et al.
2002). In (A. von Zweidorf, et al. 2004), the highly volatile
HsO,4 was deposited on a thin layer of NaOH in the presence of
water vapor, thus forming a salt in analogy to the formation of
an osmate (VIII). This shows that HsO,, like OsO,, is an acid
anhydride. Most recently, first chemical studies were perfor-
med with elements 112 (R. Eichler, et al. 2007) and 114
(R. Eichler, et al. 2009). Element 112 in its atomic state was
shown to be very volatile, but unlike radon, reveals a metallic
interaction with a Au surface (R. Eichler, et al. 2007). Prelimi-
nary results on the volatility of element 114 in its atomic state
indicate that it is a very volatile element with a weaker metallic
interaction with a Au surface than 112 (R. Eichler, et al. 2009).
This surprising result needs to be confirmed.
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PLN.LO0S (Id: 366)
ELECTROCHEMICAL SEPARATION OF ACTINIDES
FROM MOLTEN LiCI-KCI ON SOLID Al CATHODES

C. NOURRY, P. SOUCEK, R. MALMBECK and J.-P. GLATZ

European Commission, JRC, Institute for Transuranium Ele-
ments, P.O. Box 2340, 76125 Karlsruhe, Germany

To comply with the sustainability goals defined for innovative
reactor systems, a waste minimization through recycling of all acti-
nides is required and can be realised using a so-called Partitioning
and Transmutation (P&T) concept inherent to the reactor systems. It
is obvious that the corresponding fuel cycles will play a central role
because an efficient and selective recovery of the key elements is
mandatory. One of the major goals is to develop and implement
clean waste technologies using a global actinide management. For
this purpose, advanced fuel cycle processes with full actinide fuel
technologies and ultimate waste forms with a minimal content in
actinides (< 0.1%) are required. This necessitates that Am and Cm
can be selectively separated from lanthanide fission products, certa-
inly the most difficult and challenging task in advanced reprocessing
of spent nuclear fuel due to the very similar chemical behaviour of
these elements. The separation can be derived from aqueous or
pyrochemical partitioning processes. Both have advantages and
disadvantages and should be applied in a complementary way. In
Europe, significant progress was made for both routes in internatio-
nal collaborations in the frame of the European research projects
PARTNEW, PYROREP, EUROPART and ACSEPT. Pyrochemi-
cal processes rely on refining techniques in high temperature (around
500 °C) molten salt (e.g. LiCI/KCI eutectic). In nuclear technology,
these processes are mostly based on electrorefining or on extraction
from the molten salt phase into liquid metal. In the electrorefining
process the fuel is anodically dissolved, releasing actinides and
lanthanides mainly as MCl; species into the molten salt electrolyte.
The separation is based on electrodeposition of the actinides on a
cathode leaving the fission products in the bulk. The choice of catho-
de material onto which the actinides are deposited during electrolysis
is essential. Molten Cd and Bi have been widely used because they
are reactive electrodes, i.e they form stable alloys with the actinides.
This alloying inhibits the re-dissolution of the electrodeposited
trivalent actinides by a comproportionation reaction with not deposi-
ted An(IIl) in the salt melt and thus allows an efficient recovery of
An metal. The redox potentials on solid cathodes show a difference
in the reduction potential between actinides and lanthanides which is
about 3 times higher than for liquid cathodes, improving obviously a
separation of these two element groups. Solid Al cathodes unite both
advantageous properties, i.e. the large difference in the electrodeposi-
tion potential and the reactivity to form alloys. Therefore we use Al
electrodes for our electrochemical partitioning studies. In view of a
grouped actinide recycling, foreseen in the fuel cycles of new gene-
ration reactors, electrorefining experiments using a fuel with the
overall composition Ug PupZrpAm,Lns were carried out. The
metallic alloy was anodically dissolved in a LiCI-KCl eutectic and
the actinides were co-deposited on Al cathodes as alloys, leaving
more than 98% of the lanthanides in the salt phase. The results of a
multiple-run electrorefining experiment without changing the salt
bath, are very promising in view of a large-scale development of
pyroreprocessing in advanced nuclear fuel cycles. They demonstrate
that a grouped actinide recovery better than 99.9% are possible and
therefore represent an important step towards achieving the sustaina-
bility goals of future reactor systems.
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RADIOACTIVE AND GASTRIN RELEASING PEPTIDE
RECEPTOR SPECIFIC GOLD NANOPARTICLES IN
MOLECULAR IMAGING AND THERAPY OF CANCER

KATTESH KATTI

University of Missouri, Columbia
kattik@health.missouri.edu

The most recent study involving 77,000 North American
men has shown that regular prostate specific antigen (PSA)
screening did not save a significant number of lives over 10
years. Development of cancer receptor specific gold nanopar-
ticles will allow efficient targeting/optimum retention within
tumors and thus provide synergistic advantages in oncology as
it relates to molecular imaging and therapy of prostate cancer.
Bombesin (BBN) peptides have demonstrated high affinity
toward Gastrin Releasing Peptide (GRP) receptors in vivo that
are over expressed in prostate, breast, and small cell lung car-
cinoma. We have synthesized a library of GRP receptor-avid
nanoplatforms by conjugating gold nanoparticles (AuNPs) with Bombe-
sin (BBN) peptides. Cellular interactions and binding affinities (IC50) of
AuNP-BBN conjugates toward GRP receptors on human prostate cancer
cells have been investigated in detail. In vivo studies using AuNP-BBN
and its radiolabled analog ' AuNP-BBN, exhibiting high binding affini-
ty (IC50 in microgram/nano/pico molar ranges), have provided unequi-
vocal evidence that AuNP-BBN constructs are GRP receptor specific
showing accumulation with high selectivity in GRP receptor rich pan-
creatic acne in normal mice and also in tumors in prostate tumor bearing
SCID mice. The selective uptake of AuNP-BBN peptide analogs have
demonstrated realistic clinical potential in molecular imaging via X ray
CT techniques as the contrast numbers in prostate tumor sites are several
fold higher as compared to the pretreatment groups (AHU = 150 units).
On the therapeutic front, recent results on therapeutic efficacy and clinical
translation efforts of GA-"*AuNP (NBI-29) - a glyco protein matrix-
conjugated radioactive gold nanoparticulate therapeutic agent will be
discussed. Intratumoral administration of a single dose of f-emitting GA-
BAUNP (70 Gy) resulted in clinically significant tumor regression and
effective control in the growth of prostate tumors over 60 days and the
overall reduction in tumor volume reached an unprecedented 82%. This
presentation will include: (a) details on clinical utility of AuUNP-BBN as a
tumor specific molecular imaging agent for X ray CT imaging of prostate
and other GRP receptor positive cancers; (b) details on clinical translation
efforts of GA-""®AuNP (NBI-29) with early Phase I clinical trial results
involving therapeutic efficacy in treating prostate tumor bearing dogs.
The overall oncological implications on how GA-""AuNP and cancer
specific peptide conjugated gold nanoparticles will provide significant
benefits to prostate tu, pancreatic, and breast tumor patient community
will be discussed.
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NFC.LO01 (Id: 92)

KINETICS OF REDUCTION OF HEXAVALENT
NEPTUNIUM BY NITROUS ACID IN SOLUTIONS OF
NITRIC ACID

MARTIN PRECEK and ALENA PAULENOVA

Radiation Center, Oregon State University, Corvallis, USA
precekm(@onid.orst.edu

Extraction of hexavalent and tetravalent actinides with tri-
butylphospate (TBP) from their solutions in nitric acid is the
most industrially mature process for reprocessing spent nuclear
fuel and is the basis for the development of advanced reproces-
sing schemes like UREX and TRUEX. One of the less resolved
issues is the management of neptunium in the extraction sys-
tem, because of not clearly defined redox speciation. Neptuni-
um is present in both pentavalent and hexavalent oxidation
states that differ greatly in their extractability to the organic
phase (hexavalent state being very well extracted by TBP,
whereas pentavalent neptunium is almost not extracted). As a
result, neptunium is distributed in both organic and aqueous
streams of the separation process. Apparently, the most impor-
tant factor determining the redox speciation of neptunium is the
presence of nitrous acid that is formed during the dissolution of
spent fuel and also by radiolysis. Nitrous acid HNO, is relative-
ly well extracted by TBP (log D = 1) and is therefore distribu-
ted from the source raffinate solution in further stages of the
separation system. If present in small quantities, it autocataly-
zes the oxidation of Np(V) by nitric acid, whereas large con-
centration of HNO, leads to reduction of Np(VI) back to the
pentavalent state - the kinetics of this reaction have been cove-
red in detail by many authors. The kinetics of reduction of
Np(VI) by HNO, have so far attracted only little interest and
are the subject of this study. UV-VIS-NIR absorption spectro-
photometry (OceanOpticsTM) in a stirred cuvette was em-
ployed in order to study the reaction: 2Np(VI) + HNO, + H,O
<> 2Np(V) + NO5 + 3H" The reaction progress was recorded
by following the absorbance at characteristic peak of Np(V) at
981 nm and simultaneous observation of the broad absorption
peak of HNO, between 350-400 nm. The reaction orders with
respect to concentrations of Np(VI) and HNO, were found to
be close to one. Increasing the concentration of nitric acid at
constant ionic strength (u=4M H/LiNO;) had a decreasing
effect on the reaction rate with an order of -0.8. The dependen-
ce of the rate constant on the ionic strength and temperature
will be also reported.
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ELECTRO-FLUID ANALYSIS OF A MOLTEN-SALT
ELECTROREFINER FOR PYROCHEMICAL NUCLEAR
WASTE TREATMENT

K.R. KiM?, S. Y. CHOI®, Y. J. JUNG?, D. H. AHN, S. PAEK®,
S. W. Kwon?, J. B. SHIM?, S. H. Kim?*, H. S. LEE?,
B. G. PARK®, K. W. YI” and L. S. HWANG”

“Korea Atomic Energy Research Institute, Daejeon, Korea,
bSeoul National University, Seoul, Korea, ‘Soonchunhyang
University, Asan, Korea

krkiml@kaeri.re.kr

Pyrochemical technologies offer the capability to treat
spent nuclear fuels and were acknowledged to meet the prolife-
ration-resistant principles. These processes could play an im-
portant role in reducing the long-term hazards of a spent
nuclear fuel by separating uranium and transuranic actinides,
which in turn may be transmuted in a fast breeder reactor. The
most effective way to accelerate the development of these
technologies is to formulate physical models of the underlying
electrochemical and transport processes. The multi-physics
computational models can be essential for design and operatio-
nal analysis of advanced processors and offer an efficient ap-
proach to implementing these processes. In this study, the
electrochemical principles and forced convection of molten
eutectic (LiCIl-KCl) electrolyte in a uranium electrorefining cell
are considered to establish an appropriate electro-fluid model
within the 3-dimensional framework of a conventional compu-
tational fluid dynamic model. Diffusional mass transport as a
controlling step is modeled for the surface resistance of charge
transfer between the electrode and molten-salt phase in which a
constant composition is provided by an intense forced mixing
of the bulk solution. The approach in this study is focused on
the mass transport and current arising due to the concentration
and the surface overpotential based on a cell configuration.
This computational platform includes the electrochemical
reaction rate of charge transfer kinetics which is described by a
Hitler-Volmer equation, while mass transport is considered
using an ionic transport equation. The coupling of the local
overpotential distribution and uranium concentration gradient
makes it possible to predict the local current density distributi-
on at the electrode surfaces.
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NFC.L03 (Id: 295)
ELECTROCHEMICAL SEPARATION OF ACTINIDES
FROM MOLTEN LiCI-KCI ON SOLID Al CATHODES

PAVEL SOUCEK, RIKARD MALMBECK, ERIC MENDES,
CHRISTOPHE NOURRY and JEAN-PAUL GLATZ

European Commission, Joint Research Centre, Institute for
Transuranium Elements (ITU), Karlsruhe, Germany
pavel.soucek@ec.europa.eu

An electrorefining process in molten chloride salts using
solid aluminium cathodes is being developed in the Institute for
Transuranium Elements to recover all actinides from metallic
spent nuclear fuel. In this process, actinides are group-
selectively electrodeposited on the cathode in a form of solid
actinide-aluminium alloys. Fission products are anodically co-
oxidised from the fuel together with actinides to the electrolyte.
Without purification of this carrier salt, the process would have
to be stopped after concentration of the dissolved fission pro-
ducts would become too high to prevent selective deposition of
actinides on the cathode. A multiple-steps procedure is conside-
red for cleaning of the salt and a process refered as 'exhaustive
electrolysis' is proposed for the first purification step. Similarly
to the electrorefining process, this technique is based on the
group-selective electrodeposition of actinides on solid alumini-
um cathodes forming actinide-aluminium alloys. On the anodic
side, chlorine gas is produced by electrochemical decompositi-
on of the carrier salt. The presented work was carried out in
order to prove feasibility of the method. Two galvanostatic
electrolyses were realised and the potentials of both electrodes
were constantly followed. Uranium was successfully recovered
from LiCIl-KCl melts containing UCl; and a mixture of UCly
NdCl; and its concentration decreased from 1.7 to 0.1 wt. %
with no co-deposition of neodymium. Although the maximum
applicable current densities were relatively low, the results are
promising, showing high current efficiency and selectivity of
the proposed method. A design and application of a special
chlorine gas producing inert anode is also discussed.

NFC.L04 (Id: 279)
ADVANCED ORIENT CYCLE - PROGRESS ON
RESEARCH, WITH FOCUSING ON SAFETY AND
ENGINEERING

SHIN-ICHI KOYAMA?, KATSUYOSHI TATENUMAb,
KEN OKADA® and MASAKI OZAWA®

“Japan Atomic Energy Agency, Japan, bKaken Co., Ltd.,Japan,
“National Institute of Advanced Industrial Science and Techno-
logy, Japan

koyama.shinichi@jaea.go.jp

A multi-functional separation process is proposed on the
Advanced-ORIENT Cycle (Advanced Optimization by Recyc-
ling Instructive Elements) concept '. The tertiary pyridine-type
anion-exchange resin embedded in silica beads was proposed
for the separation process using spent fuel. In this process,
hydrochloric acid (HCl), mixture of nitric acid (HNO3) and
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methanol (MeOH) are used as eluents. In order to apply this
process to engineering scale, two important subjects should be
solved so as to prove the availability. One is the environmental
aspect for the use of HCI solution, because of its corrosive
property to the material. The other is explication of the reactive
safety between IER (ion exchange resin) and solvent (HNO; -
MeOH). The four candidate metals of Ta, Zr, Nb, Hastelloy-B
(28%Mo-Ni) and SUS316L as a reference were tested. The
conditions of immersion and acid mist-exposure tests were
conducted in 0.5~12 M pure and simulated high level liquid
waste (SHLLW) HCI at room temperature for maximum 7200 h
and at 90 °C for 72~1440 h. In addition, corrosion potential was
evaluated by electrochemistry measurement under the same
conditions. From the result of the corrosion experiment, Ta was
anti-corrosive in HCl media, and Hastelloy-B seemed to be
acceptable at RT, with evidence of low corrosion rate
(<0.1 mm/y) and general type corrosion. Thermal analysis by
DSC was performed to investigate the thermal stability of TPR
itself and the mixtures of TPR/MeOH/HCI or HNOs. Moreover,
the thermal stability of TPR mixtures of TPR and SHLLW-NO;
was investigated and the stability of presence or absence of
coexistent elements was compared. Sudden exothermic heat
and release of fumes were observed with a mixture of TPR-
NO3;/MeOH/HNO; when the temperature of the heater reached
220 °C regardless of the HNO; concentration. The temperature
increased slowly to 175 °C followed by a sudden increase in
temperature. Violent reaction occurred in TPR under high
temperature in the HNO; system. The reaction occurred regar-
dless of HNO; concentration and presence or absence of Me-
OH. However, it was confirmed that the reaction did not occur
when the heating temperature decreased. In this report, outline
of current progress of Adv-ORIENT research as well as detai-
led evaluation results of this safety and engineering study are
described.

Reference:
1. Ozawa M., Suzuki T., Koyama S., Akatsuka H., Mimura
H., Fuji Y.: Progr. Nucl. Energy 50, 476 (2008).

NFC.L05 (Id: 191)
COBALT BIS(DICARBOLLIDE) IONS WITH
COVALENTLY BONDED TODGA-LIKE
SUBSTITUENTS FOR ACTINIDE AND LANTHANIDE
EXTRACTIONS

MARIA LUCANIKOVA®, PAVEL SELUCKY?, BOHUMIR GRUNER"
and MAGDALENA KvVi¢ALOVA”

“Nuclear Research Institute ple Rez, *Institute of Inorganic
Chemistry, Academy of Sciences of the Czech Republic, v.v.i.
luc@ujv.cz

The partitioning and transmutation of long-lived nuclides
such as minor actinides from high level waste (HLW) issued
from nuclear fuel reprocessing is a method how to reduce the
long-term environmental burder of HLW. In recent years,
several HLW partitioning processes using different extractant
agents have been developed. Among them, the tridentate li-
gands like N,N,N’,N’-tetraoctyl diglycolamide (TODGA) are
one of the most promising extractants for the recovery of acti-
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nides and lanthanides in the nuclear fuel treatment. In this
work, the recently developed extractants based on cobalt
bis(dicarbollide) ion(1-), [(1,2-C,B¢H;;)2-3-Co)]- (COSAN)
functionalized with TODGA like substituents were evaluated
for extraction of trivalent actinides and lanthanides from acidic
waste solutions. The extractants under study differed in substi-
tution of the amide nitrogen (e.g., by butyl-, octyl-, tert-octyl-,
dodecyl-, benzyl- groups) and the mode of attachment of two
cobalt bis(dicarbollide) anions (with or without spacer) to
diglycolyl acid platform by amidic bonds. It was found that the
compounds with longer diethyleneglycol connectors between
COSAN cage and diglycolamide group extracted trivalent
lanthanides and actinides very effectively even from highly
acidic nitric acid solutions. Additionally, the extraction effici-
ency of such derivates was significantly higher than that of
comparable organic TODGA molecules without COSANSs. The
most perspective compound from this series corresponds to the
formula X-[(S-CHz-CHzo)z-1,2-C2B9H10)(1’,2’-C289H11)-3,3’-
Co),, where central amidic unit X corresponds to [(n-CgH;7-
NCOCH,),0]. We shall demonstrate that this extractant enables
good extraction of trivalent lanthanides and actinides from
majority of fission products presented in the simulated PUREX
feed. Trivalent radionuclides can be effectively stripped using
complexants. This extractant will be further studied for possible
technological applications.

We thank for partial support from Grant Agency of the Czech
Republic (Project No. 104/09/0668), Radioactive Waste Repo-
sitory Authority (Project 2007/006/Sumb and 2009/002/Su),
and Research Plan AV0Z40320502 from AS CR.

NFC.L06 (Id: 35)

EXTRACTION OF RADIONUCLIDES WITH
SOLUTIONS OF COMPLEXING AGENTS IN
SUPERCRITICAL FLUIDS AND COMPRESSED GASES

ANDREY SHADRIN, DENIS SHAFIKOV, ANDREY MURZIN and
VLADISLAV KAMACHEV

Khlopin Radium Institute RPA, St-Petersburg, Russia
shadrin@khlopin.ru

One of the main advantages of extraction with supercritical
fluids (SCF) or liquid gases (LG) is a possibility of the reagent-
free regeneration of "solvent", which sharply decreases the
secondary waste volume. As a result, in the last 20 years the
researchers in many countries focused their attention on the
supercritical fluid extraction (SFE) of the trace amounts of
radioactive and heavy metals for treatment to remove and
decontamination of various solid objects (including soils) and
on SFE of actinide macroamounts for reprocessing the spent
nuclear fuel of the nuclear power plants (SNF NPP). In this
work we analyze the similarities and differences between the
liquid-liquid extraction of radionuclides and extraction with
SCF and LG and the prospects of extraction using supercritical
and liquid gases in radiochemistry. In the last 20 years the data
on SFE of a series of metals were published in more than 100
papers. The detailed data was presented on SFE of U, Th, rare-
earth elements (REE), Co, Cu, Mn, Pu, Np, and Am. The SFE

RadChem 2010

s96

NFC.L

of U, Th, and REE with tri-n-butyl phosphate (TBP) and its
mixture with B diketones were also extensively studied. Rather
detailed data were presented on SFE of transuranium elements
and fission products using carbon dioxide solutions of TBP, 3
diketones and their mixtures and even on recovery of these
elements from non-irradiated nuclear fuel and from SNF NPP.
SFE of Cs and Sr with solutions of organic acids and polyethers
was also well studied. The detailed data are published of the
extraction of U, REE, Cu, Pb, Zn, Cd, Cr, and As using carbon
dioxide solutions of various acids such as di-2-ethylhexyl

phosphoric,  bis(2,4,4-trimethylphenyl)  phosphoric  (cya-
nex 272),  bis(2,4,4-trimethylphenyl)monothio  phosphoric
(cyanex-302),  bis(2,4,4-trimethylphenyl)dithio  phosphoric

(cyanex-301), and di-2-ethylhexylthio phosphoric acids. Our
analysis showed only slight differences between the extraction
of macro- and microamounts of metal cations with solutions of
complexing agents in liquid and supercritical CO, and liquid-
liquid extraction. At the same time it should be noted that:

e low viscosity and high diffusion rate allows performan-
ce of extraction in CO, without mixing of the phases;
CO, can affect pH of the liquid phase being in equilib-
rium with it;

main difference between the extraction of metal cations
with solutions in liquid and supercritical CO, and
liquid-liquid extraction are observed for microamounts
of metals.

Moreover, it should be mentioned that the technologies of
SNF reprocessing and procedures of deactivation in supercriti-
cal and compressed CO, and Freons are most promising for
radiochemistry. The advantages of these processes are sharp
decrease in the volume of secondary liquid radioactive wastes;
absence of organic solvents and toxic compounds, and rather
low operation temperature (25-80°C). It should be noted that
the use of Freons instead of CO, allows to decrease the working
pressure to 1- 4 MPa.

NFC.L07 (Id: 81)
REMOVAL OF ANTIMONY-124 FROM PWR
COOLANT WATER

RISTO HARJULA®, AIRI PAAJANEN® and RisTO KOIVULA®

“University of Helsinki, *Universirty of Helsinky, Finland
risto.harjula@helsinki.fi

Selective ion media, e.g. inorganic adsorbents and ion ex-
changers, are increasingly used for the removal of key radio-
nuclides such as *°Co, »°Sr and '*’Cs from nuclear waste ef-
fluents due to their radiation stability, high processing capacity
and high decontamination efficiency. The materials used that
are commercially available (e.g. zeolites, titanates, silicotitana-
tes, hexacyanoferrates) are cation exchangers or adsorbents,
which can remove efficiently cationic and neutral radioactive
species. Inorganic anion exchange materials are quite rare and
do not possess high selectivity. Considering radiation doses to
personnel and environment, ***°Co and "Cs are the most
critical radionuclides in nuclear power plant (NPP) waste
liquids and water streams. Improved processing systems have
been able to reduce markedly the discharges of these radio-
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nuclides at many utility sites and further efforts have been
directed to remove other radionuclides such as *'Cr, ''""Ag and
'233b that dominate in solution after cesium and cobalt elimi-
nation. Much attention has been paid recently to '*Sb. It may
exist completely in soluble form in the Floor Drain Waters. In
solution, antimony can exist in two oxidation states (+3,+5) and
in several hydroxyl species (e.g. Sb(OH)s, Sb(OH); (aq),
Sb(OH),"), depending on the pH and redox conditions. This
indicates that antimony is difficult to remove from solution.
Recent tests showed that standard demineralizer resins and ion
selective media are ineffective for the removal of Sb from
liquid radwaste. However, some commercially available inor-
ganic cation exchangers, such as CoTreat, can remove cationic
species of '*Sb from NPP Floor Drain water with good effici-
ency in some cases. Chemical additives coupled with ultra
filtration have been shown to be effective method for '*>Sb
removal in a test program conducted at Duke Power Company's
Oconee plant. Study of other methods such as electro-
deionization and hollow-fibre filtration is underway e.g. in the
EPRI Low-Level Waste program. In Loviisa NPP (PWR, Fin-
land) about 50 % of the radiation dose received by personnel
during the service shut-down period is caused by '**Sb. Imme-
diately after shut-down, 1243b is released from fuel into the
primary coolant water at levels greater than 100,000 Bg/L
(>3x10” uCi/mL). The mixed-bed organic resin demineralizer
system used for activity removal under routine reactor operati-
on is inefficient in removing the released '>>Sb. Loviisa NPP
has thus established a project to study and assess various '2*Sb
abatement technologies. As a part of this project, Laboratory of
Radiochemistry has just initiated a laboratory study to remove
124Sh from the primary coolant water of Loviisa NPP using
novel zirconium oxide (ZrO,) sorbents. Test samples were
obtained from service shut-down of Loviisa Unit 1. Water
samples contained 600,000 Bq/L of soluble '2*Sb after filtration.

NFC.L08 (Id: 69)

ANALYSIS OF Th, U, Pu, AND Am IN RADIOACTIVE
METAL WASTE USING EXTRACTION
CHROMATOGRAPHY

ASAKO SHIMADA®, TOMOKO HARAGA?, AKIKO HOSHI",
YUTAKA KAMEO?, MIKIO NAKASHIMA® and
KUNIAKI TAKAHASHI®

“Nuclear Cycle Backend Directrate, Japan Atomic Energy
Agency, *Nuclear Science Research Institute, Japan Atomic
Enerfy Agency

shimada.asako@jaea.go.jp

Lots of metal waste the surface of which is contaminated
with radionuclides are generated in the decommissioning of
nuclear facilities. For the waste management, characterization
of radionuclides inventory in the waste is required. In this
work, determination method of o nuclides, Th, U, Pu, and Am,
contained in the metal waste was developed. Taking into ac-
count the half-lives of these a nuclides and their expected con-
centration in the waste, inductively coupled plasma mass
spectroscopy (ICP-MS) and a-ray spectrometry were selected
as analytical tools. The determination using these techniques
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requires that these a nuclides in the metal waste were separated
from the large quantities of stable matrix and interfering radio-
nuclides. In our laboratory, we have applied commercially
available extraction chromatographic resin to the analysis of a
nuclides in a dissolved solution of molten products of low-level
radioactive waste; UTEVA resin (for uranium and tetravalent
actinide resin) for the analysis of Th and U, and TRU resin (for
transuranium resin) for the analysis of Pu and Am. In a similar
manner as above, application of these extraction chromatogra-
phy methods to the metal waste was planned. In the case of the
metal waste, we have to take into account the existence of large
amounts of Fe, because Fe(Ill) has significant negative impact
on the sorption of trivalent actinides on TRU resin. Hence, the
effects of Fe(Ill) amount and concentration in the sample solu-
tion on the uptake of Am, representative of trivalent actinide,
on TRU resin were studied in detail with the solution prepared
from Fe(NOs;);. Fortunately, when Fe(IIl) is reduced to Fe(Il)
with ascorbic acid, its effect on the sorption of trivalent actinide
is practically negligible. The amount of ascorbic acid required
to improve the extraction of Am was also studied. Based on this
study of the effect of Fe(Ill) on the extraction of a nuclides on
the extraction resin, the schemes to analyze o nuclides in metal
waste was optimized. The optimized methods were validated
with dissolved solution of stainless steel, SUS304 with added o
nuclides. The recoveries of Th and U from dissolved solution of
SUS304 were 89+4% and 102+5%, respectively, with optimi-
zed scheme using UTEVA resin. The recoveries of Pu and Am
were 96+4% and 89+7%, respectively, using TRU resin. Fur-
thermore, Th, U, Pu, and Am in simulated waste prepared by
dissolving pipe wastes (the surface ®°Co concentration was
about 70 kBq) sampled from a coolant system of nuclear reac-
tor and by adding a nuclides were analyzed with the optimized
method. The %°Co was sufficiently separated from a nuclides.
The recoveries of Th, U, Pu, and Am were 91+3%, 103+4%,
97+4%, and 91+3%, respectively. These recoveries are compa-
rable to that analyzed dissolved solution of SUS304. These
results support the usefulness of the optimized schemes.

NFC.L09 (Id: 144)
MICRO-SCALE INVESTIGATIONS OF U(VI)
IMMOBILIZATION BY CEMENTITIOUS MATERIALS

ERICH WIELAND?, NATHALIE MACE®, RAINER DAEHN?,
XAVI GAONA?, DMITRY PoPOV® and JAN TiTs?

“Paul Scherrer Institute, Villigen, Switzerland, bCEA-
Saclay,France, DEN/DANS/DPC/SECR/L3IMR
erich.wieland@psi.ch

Cement-based materials play an important role in multi-
barrier concepts developed worldwide for the safe disposal of
low- and intermediate-level radioactive waste. Cement is used
to condition the waste materials and for the construction of the
engineered barrier system (container, backfill and liner materi-
als) in deep geological repositories. The cementitious near field
is subject to chemical alteration processes due to the interaction
of cement with groundwater infiltrating from the host rock. A
molecular-level understanding of the interaction of radionucli-
des with cement improves long-term predictions of radio-
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nuclide retention in cement-based repositories with regards to
influences of the heterogeneity of the cement matrix and the
chemical evolution of the cementitious near field with time
caused by cement degradation. In this study the speciation of
U(VI), which is the dominant oxidation state under oxidizing
and slightly reducing conditions in cementitious environments,
was investigated by a combination of wet chemistry and syn-
chrotron-based (micro-)spectroscopic and micro-diffraction
techniques. Wet chemistry experiments were carried out to
quantify U(VI) uptake by cement. Sorption isotherm measure-
ments enabled us to distinguish U(VI) retention by sorption
from solubility-controlled effects. Complementary to wet che-
mistry experiments, we carried out synchrotron-based X-ray
absorption spectroscopy (XAS) studies on U(VI) doped crushed
cementitious materials (bulk-XAS) and micro-X-ray fluores-
cence (micro-XRF), micro-XAS and micro-diffraction studies
(micro-XRD) on U(VI) doped compact hardened cement pastes
(HCP) to obtain information on the U(VI) speciation on the
molecular level. Micro-scale studies provided structural infor-
mation on U(VI) binding mechanisms which are essential for
the development of thermodynamic models of U(VI) uptake by
cementitious materials. To the best of our knowledge, the com-
bined use of bulk-XAS, micro-XAS and micro-XRD tech-
niques for speciation studies on U(VI) doped HCP materials is
novel. The synchrotron-based studies showed that in the cement
samples with low U(VI) concentration, i.e., in the linear range
of U(VI) sorption, U(VI) was predominantly bound onto calci-
um silicate hydrates (C-S-H). The latter phases are among the
most important cement phases governing immobilization pro-
cesses. The coordination environment of U(VI) was found to
resemble that of U(VI) in uranyl silicate minerals under these
conditions. At high U(VI) loadings, however, where U(VI)
immobilization is controlled by a solubility-limiting process, a
second U(VI) species was observed in addition to uranyl-
silicate-like U(VI) coordination. The coordination environment
of this species was similar to that of U(VI) in Ca-uranate. This
study demonstrates that C-S-H are the uptake-controlling phase
for U(VI) in HCP. This finding, in combination with the obser-
ved long-term existence of C-S-H phases in an evolving cemen-
titious near field, implies that safe disposal of U(VI) in a ce-
ment-based repository should be possible over a very long
period of time.

NFC.L10 (Id: 80)
NEW {-ELEMENT PHOSPHATES WITH
LANGBEINITE-TYPE STRUCTURE

ALBINA ORLOVA®, TATYANA SALOMADINA?,
EKATERINA LOGINOVA®, DMITRY MIKHAILOV® and
VIKTORIYA KURAZSHKOVSKAJA”

“Nizhny Novgorod State University, Russia, "Moscow State
Universit,y Russia
albina.orlova@inbox.u

Crystallochemical principles make possible to create new
compounds with expected structure and properties. This appro-
ach was used for "constructing" new f-element phosphates with
langbeinite-type structure (Lb). Formerly, the same approach
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was used for the calculation of compositions of tetrahedral-
octahedral frameworks for NZP and Lb forms !, later some new
phosphates with Lb structure were prepared [2-4], namely:
KzRZI'(PO4)3, R= Pr-Lu,Y; K2R3/2Ta1/ZZr(PO4)3, R= Gd-Yb,Y,
A RZr(PO,4);, A =Rb,Cs; R =Pr,Er; KBaR,(POy);, R =Yb,Er;
CsBaR,(PO4);, R=Dy-Yb; ABaFe, Pr,(PO,);, A=K/Cs,
x =0.25; 0.5; 0.75. As a development of this research we have
calculated the formula phosphate compositions with expected
Lb-type structure with tri- and tetra-valent elements in the
interframework ~ sites:  [A3pRin:  [AssMisl;  [AR]Y;
[A4/3M2/3]4+, A,RM - uni-, tri-, tetra-valent cations, also
f-elements. We were going to prepare the phosphates:
AzpLng pMgZr(POy)s, AzpLngpFey(POy)s and AL-
nMg;,Zr;»(POy4);, where A=K, Rb, Cs; Ln=Pr, Sm, Yb.
Synthesis was carried out by sol-gel technology. The IR, X-Ray
and DSC analyses have been used for samples characterization.
Optimum conditions were as follows: pH =7-9; T =600 and
800°C during 24 h on every stages, quick addition of H;PO,
solution; ultrasonic activation was ineffective. The phosphates
A3/2Ln1/2Mng(PO4)3 and A}/anl/zFez(PO4)3 hlgher presented
with cubic structure, sp. gr. P213 were formed. An attempts to
prepare phosphates with bigger concentration of Ln-cations in
the interframework positions such as ALn or Aj,Lngg was
unsuccessful. The additional X-ray reflections of the monazite
type phases presented on XRD patterns. Monazite phase as an
admixture was also present in all phosphate samples prepared.
The temperature limits of existence of Lb type phases were
established: from 750 - 800 up to 900 - 1150 °C. The thermal
decomposition products were identified as phosphates with
NZP- or monazite-type structures and as phosphate
Cs;Fe;(PO4)30; in the case of iron-containing compounds. The
lanthanide ions in LnO, polyhedra in the structure of new
phosphates are characterized by ninefold coordination in cavi-
ties. In known phosphates with such structure with Ln-cations
located in framework sites the coordination is n= 6 **. Crystal
chemical principle allows to predict new phosphate compositi-
ons with expected Lb-type structure containing lanthanide
cations in sites of both types simultaneously. This may be
realized as the subject of future investigations.
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Hungarian Academy of Sciences, Institute of Isotopes
osvath@reak.bme.hu

The majority of long-lived radionuclides produced in the
nuclear fuel cycle can be regarded as “difficult-to-determine
nuclides” due to the low activities and/or the absence of
y-radiation of medium or high energies in their decay schemes.
Most isotopes of actinoides are o-emitters, **Sr (fission pro-
duct) and »Zr (activation product) emit almost exclusively
B-particles, *™Nb (activation product) decays by isomer transi-
tion or electron capture and emits only X-rays, **Nb (activation
product) emits low intensity y-radiation due to its low activity.
Chemical separation is needed before the nuclear measurement
of all the isotopes mentioned above. A combined radiochemical
separation method had been developed that enables the simul-
taneous determination of 2*°Th, 2**Th, **U, U, 28U, 224y,
28py Mam 22Cm, 2Cm, ¥Sr, “Sr, “™Nb, and *Nb. Re-
cently, this method has been extended for the determination of
Z"Np and **Zr. The main steps of the method are addition of
tracers and carriers, sample destruction, co-precipitation on
iron(Il) hydroxide and calcium oxalate, separation by extraction
chromatography using supported dipentyl-pentylphosphonate
(UTEVA), supported N,N-octylphenyl-di-i-
butylcarbamoylmethyl phosphine oxide (TRU) and supported
bis-(t-butylcyclohexano)-crown(18,6)ether (Sr.Resin), separati-
on on anion exchange resin, a- and [-source preparation,
a-spectrometry, liquid scintillation counting (LSC),
y-spectrometry, measurement by inductively coupled plasma
mass spectrometry (ICP-MS). *'Np and **Zr-93 are pre-
concentrated by co-precipitation on iron(II) hydroxide and
zirconium oxide, and separated by extraction chromatography
using UTEVA. The key parameter of the method is the adjust-
ment of the oxidation state of the actinoides before adding the
sample onto the UTEVA column. This can be done using many
redox agents (for example potassium bromate, sodium nitrite or
ammonium peroxo disulfate). Highest yields were achieved
when ammonium peroxo disulfate was used with silver nitrate
as catalyst. As even traces of isotopes with mass number near
237 or 93 cause considerable interferences during ICP-MS
detection, a purification step by extraction chromatography was
inserted. It was determined by model experiments, that even a
small amount of fluoride anions inhibits the retention of Zr on
UTEVA, but this problem can be eliminated by addition of
boric acid. Analyzing real samples (evaporation concentrates of
a nuclear power plant) 66-97% and 31-66% chemical yields
were achieved for Np and Zr, respectively.
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At present the immobilisation of High Level Waste (HLW)
in vitreous matrices followed by their burial in deep geological
repository systems, composed of natural and engineered
barriers to isolate the long lived radionuclides from the bi-
osphere, is the most preferred procedure. Granitic rock formati-
ons are being considered as host rocks for such geological
repositories '. The study of the sorption of radionuclides onto
geological media is, therefore, an important part of the safety
assessment of deep geological disposal of radioactive waste.
Due to the many combinations of adsorbents, data collection in
multicomponent systems (MCS) is complex; therefore mathe-
matical models have been developed to predict multicomponent
(MC) sorption based on the adsorption properties of each ele-
ment 2. The problem of predicting adsorption based on the
information of single component isotherms is still a challenge
in adsorption studies. Multi-element sorption systems were
examined in the last century, however, none of these studies
dealt with competitive adsorption and only a few dealt with the
selectivity of the sorption processes °. Several isotherm models
have been used to model experimental data obtained from
mixed radionuclide systems. One of the commonest of these
models is shown below.

® Qunix/Qo > 1, the sorption is promoted by the presence of
other metal ions,

® Quix/Qo=1, there appears to be no observable effect
and,

® Qunix/Qo < 1, the sorption is suppressed by the presence
of other metal ions in solution.

Static baTch sorption experiments with 0.2 g of granitic
rocks and different granitic minerals with 40 cm® of non active
Eu and Ni solutions have been performed in systems of single
and multiple elements. Solutions were doped with ®Ni and
152Ey, acting as analogues for di- and tri-valent elements. Equi-
libration periods were between 7 and 10 days, after which
radiometric methods (Liquid scintillation counting and vy
spectroscopy were used to determine the sorption patterns. The
results obtained showed that generally Eu sorption to the 6
granitic materials studied is affected by Ni competition, except
in the case of Adamellite granite. Ni sorption to granitic materi-
als was not affected only in the presence of Eu in solution in the
case of biotite mica.
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SORPTION OF Tc(IV) TO GEOLOGIC MATERIALS
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Technetium-99 is one of the most important isotopes likely
to be disposed of in the proposed UK geological disposal facili-
ty (GDF) for higher-activity radioactive wastes. This is due to
its long half life (2.13x 10° y), fission yield (6%), and its
ability to migrate through soils and other environmental com-
ponents when in its oxidised, pertechnetate, TcO, form.
However, much of the technetium in the GDF is likely to be in
the lower oxidation state of Tc(IV) as TcOy(am) or
TcO(OH),(aq). Therefore, an important aspect of the behaviour
of technetium in the near- and far-fields of a GDF is its sorption
to geologic and cementitious materials in its reduced (Tc(IV))
oxidation state. BaTch sorption experiments on technetium in
both oxidised and reduced forms have been conducted in the
presence of various materials which are associated with a deep
geological disposal facility. These solids can be placed in the
following categories: Single minerals; Sedimentary rocks;
Crystalline rocks; Carbonates; Clays and clay minerals; Con-
cretes and cements. Tc(IV) was produced by electrochemically
reducing a solution of “™Tc, (t,, =60 days) pertechnetate
which was used as a spike added to a carrier solution of redu-
ced Tc pertechnetate solution. Tc(IV) solutions were used at
concentrations from 10 to 10" mol dm™. The results for these
studies show Ry values ranging from 0 - 39 000 mL g depen-
ding on pH and solid material. The results for both oxidised and
reduced technetium in the presence of solids associated with a
geological disposal facility are presented here. It is noticeable
that the Ry is very dependent on the pH. For example, for a 10~
mol.dm™ technetium solution in contact with bentonite at pH 7,
Ry=21 mL.g’l, however, at pH 10 for the same concentration
of technetium Ry =2974 mL g"'. Surface complexation model-
ling of the data generated has been performed, as well as cha-
racterisation of the solids. In general using bidentate constants
give best agreement between model and data, e.g. for bentonite:
Bent-OH + H' < Bent-OH," (LogK=4.5 ') Bent-OH «
Bent-O + H' (Log K =-7.9 ') Bent-OH + Na* < Bent-ONa +
H' (LogK=-0.1) Bent-OH + TcO," + H,0 <« (Bent-
0),TcO(OH) + 3H" (Log K = -0.75)
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Actinide migration in clay formations has been studied by
sorption experiments. Also the influence of humic acid (HA) was
investigated as it is ubiquitously found in natural environments
and can interact with actinides of the nuclear waste. Natural clay
contains HA and fulvic acid like organic matter, which can be
released from the clay '. HA also forms stable colloids. Due to
this behavior HA can influence the mobility of actinides, e.g.
U(VI), in a nuclear waste repository. Opalinus clay (OPA) from
Mont Terri, Switzerland, was studied. BaTch sorption experi-
ments were performed to determine the sorption ability of U(VI)
([U]= 1x10"° M) onto OPA in the absence and presence of HA
([HA] =10 mg/L, 50 mg/L) and of HA in the absence and pre-
sence of U(VI) using synthetic OPA pore water (OPAWA, %, pH
7.6, 1=0.39 M) and NaClO, (pH 3-10, I =0.1 M) as background
electrolyte. During these studies a large influence of calcite on
the sorption behavior of U(VI) and HA was found. Calcite repre-
sents only a fraction of 13% in OPA and its ions occur also in the
OPAWA ([Ca®]=0.03 M, [CO;*]=5x10"* M). In OPAWA,
U(VI) forms with the ions in solution the neutral aquatic complex
Ca,UO,(CO5); °. This complex dominates the speciation with a
fraction of 99%. It was shown that this complex adsorbs weakly
onto OPA. Normalized to the specific surface area of OPA
(BET=41.6 m%/g) the U(VI) sorption was determined to be
0.05+0.002 pg U/m” clay. It was also shown that HA has no
influence on the U(VI) sorption onto OPA. This was proved by
speciation calculations, which showed that also in the presence of
HA the Ca,UO,(COs)s(aq) complex is the dominating species in
solution. In order to interpret the sorption data onto OPA, additi-
onal { potential measurements were performed, where between
pH 0 and 7.5 a negative { potential for OPA was determined. The
HA sorption onto OPA in OPAWA was determined to be
3.57+0.01 pg HA/m* (10 mg/L) and 17.28+0.15 ug HA/m’
(50 mg/L). In the presence of U(VI), a slight increase of HA
sorption (D = 0.3 ug HA/m?) was observed for [HA] = 50 mg/L.
Species calculations showed that Ca®" ions affect also the HA
speciation, because Ca”" is complexed by HA. Ca®" is present in
such a high concentration that it saturates the binding sites of HA.
Thus, only few binding sites, about 0.1% according to speciation
calculations, are available for the complexation of U(VI). Con-
sequently, U(VI) and HA have no effect on each other during the
sorption studies. These experiments show the large effect of the
calcite fraction of the OPA and thus the resulting composition of
the OPAWA on the U(VI) and HA sorption. Thus, calcite should
be taken into account for the safety case analysis of a nuclear
waste repository.
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The chemistry of several B-metals in the +II oxidation sta-
te is of concern for nuclear waste management. Isotopes of
ruthenium (Ru), rhodium (Rh) and palladium (Pd) fission pro-
ducts formed in nuclear spent fuels can have an important
contribution to the long-term radiotoxicity of high level wastes.
The sorption of one long lived fission product, Pd on hydro-
xyapatite (Ca;o(PO,)¢(OH),) has been studied at 25 °C as a
function of pH, from 0.025M Ca(ClO;), and 0.025M
NaH,PO, aqueous background electrolytes, trying to minimize
some types of reactions, such as dissolution of solid and preci-
pitation of metal. The radiotracer palladium, '*Pd, obtained by
the neutron irradiation of Pd(NO;), salt in Triga Mark III re-
search reactor of the ININ (Mexico), has been used to measure
their partition coefficients between aqueous phase and hydro-
xyapatite. In the interpretation of the sorption measurement, we
take into account the existence of active sites at the hydroxya-
patite surface and the aqueous solution chemistry of palladium
as well as the effect of phosphate anions from solid dissolution.
The results can be interpreted as evidence of sorption of the
species PAOH", and of a mixed hydroxo complex of Pd*" fixed
onto Ca-OH surface sites of the hydroxyapatite.
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Heavy metals present in the environment such as cadmium
are considered harmful due to their toxicity. Adsorption-
desorption reactions of metals from aqueous solutions to the
soil play an important role in influencing the accumulation and
transport of metal contaminants. These are affected by the
surface and chemical properties of the soil components. Sorpti-
on and desorption of Cd*" has been examined on a series of
clays bentonite, illite, illite-smectite, kaolin and montmorilloni-
te through y-spectroscopy as a function of pH and ionic stren-
gth. Experimental data acquired for the systems studied have
been used to determine the isotherms. The order of increasing
cadmium adsorption onto the clays in the absence of organic
matter has been found to be:

illite<~ kaolin<montmorillonite<illite-smectite< bentonite
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Further, to gain mechanistic insights to the sorption and desorp-
tion processes NMR and XRD have been used to probe these
systems.

NFC.L17 (Id: 221)
SPECIATION AND SURFACE COMPLEXATION
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The sorption of Np(V) on Na-montmorillonite (STx-1) has
been studied by baTch experiments, spectroscopic measure-
ments, and surface complexation modelling with the aim to
contribute toward a better understanding of the sorption of
Z"Np (t,=2.1 x 10° a) in the near field (bentonite backfill
material) and far field (argillaceous rocks) of high-level nuclear
waste repositories. BaTch experiments were performed in the
absence of inorganic carbon and under air-equilibrated conditi-
ons with 0.1 and 0.01 M NaClO, as background electrolyte, 8 x
102 and 9 x 10° M Np(V), and 3 < pH < 10. At pH > 8 the
presence of inorganic carbon has a strong influence on the
sorption behavior of Np(V) due to the formation of aqueous
Np(V) complexes with carbonate. Neptunium LIII-edge exten-
ded X-ray absorption fine structure (EXAFS) measurements on
Np(V)/montmorillonite samples with Np(V) loadings in the
range of 0.3-3.5 umol/g have been performed to determine the
speciation of Np at the solid-liquid interface. The EXAFS
spectra of samples prepared under ambient air conditions
(pCO, =10-3.5 atm) revealed the formation of Np(V)-
carbonate complexes at the montmorillonite surface. The re-
sults of the baTch experiments obtained under CO,-free condi-
tions could be modeled using the two site protolysis non-
electrostatic surface complexation and cation exchange (2SPNE
SC/CE) model described in '. For modeling the sorption beha-
vior of Np(V) on montmorillonite in the air-equilibrated sys-
tem, the aqueous complexation of Np(V) with carbonate > was
included and the following additional surface complexation
reaction was required: =SOH + NpO," + CO
=SONpO,CO;> + H".
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Repositories for radioactive wastes are sited in the envi-
ronment with very low permeability. One of the most important
processes leading to the release of radionuclides to the envi-
ronment is diffusion and therefore data for its evaluation are
very important for the results of performance assessment of
these repositories. These data are obtained usually from the
evaluation of laboratory through-, in- or out-diffusion experi-
ments, which are evaluated by various mathematical methods
that have to take into account also deficiencies of real experi-
mental equipments. E.g., a very long experimental time is
needed for sorbing radionuclides to achieve stationary conditi-
ons under which the standard evaluation of the through-
diffusion experiment is applicable. In such cases only values of
apparent diffusion coefficients are usually obtainable from
evaluation of in or out-diffusion experiments. A robust perfor-
mance assessment codes, however, require knowledge of ef-
fective diffusion coefficients and equilibrium sorption coeffici-
ents, which cannot be easily obtained by the evaluation of in-
and/or out-diffusion experiments. This fact can lead to the
propagation of uncertainties in performance assessment of
radioactive waste repositories. In this paper a new approach is
proposed for the evaluation of diffusion data for performance
assessment. This approach consist in the following steps:
i) experimental measurements of material diffusion parameters
(tortuosity, transport porosity) under various conditions (e.g.
different density, different ionic strength of water) using non-
sorbing radionuclides such as tritium and chlorine for which it
is easy to reach conditions under which mathematical solution
of diffusion equation is applicable, ii) to measure sorption
isotherms for sorbing radionuclides by baTch methodology, iii)
to calculate diffusion coefficients for sorbing radionuclides
from well-defined diffusion coefficients in free water and de-
termined tortuosity, transport porosity and sorption coefficients,
iv) to carry out the relatively short in-diffusion experiments
with sorbing radionuclides and v) to compare experimental
results with simulated curves using the performance assessment
computer code. We see the advantage of this approach in the
use of the same computer code both for verification of the
laboratory diffusion results and for the performance assess-
ment. The diffusion description uncertainty in performance
assessment is therefore decreased. The relationships between
measured data and parameters used in performance assessment
are discussed on the basis of baTch sorption and diffusion
experiments performed for HTO, **Cl and '*’Cs with different
types of bentonite.
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The preferred option in the UK for the management of
higher-activity radioactive wastes is to store it in a deep Geolo-
gical Disposal Facility (GDF). This may then be backfilled with
a cementitious material. Once closed, the GDF will become
saturated with groundwater and highly alkaline porewater will
develop with an initial pH of ca. 13.4. This will decrease to
12.5 as groundwater flow removes the NaOH and KOH pre-
sent. Mineral phases in the cement will then act as a buffer and
maintain the pH at 12.5 for ca. 105 years. Corrosion of waste-
containing steel canisters will lead to the gradual formation of
reducing conditions. Thus, the behaviour of radionuclides in the
waste must be understood in the context of this chemistry.
Organic complexing agents will be present as inherent compo-
nents of the waste, especially isosaccharinic acid (ISA) and
other polyhydroxylated carboxylic acids which will be formed
by the degradation of cellulose. These are highly complexing
and can cause significant increases in radionuclide solubility at
high pH. The GDF will not be homogenous, there are likely to
be areas of reducing and oxidising potential. This heterogeneity
could mean that both Tc(VII) and Tc(IV) are present within the
GDF. If TcO, migrates into an area in which reducing conditi-
ons exist, the organics may complex with technetium during
reduction to form water-soluble complexes. Also of relevance
is the possibility of increased solubility when organics are in
contact with reduced technetium (TcO,(am)). In other words,
do organics affect the reduction of Tc(VII) to Tc(IV)? Therefo-
re, studies have been undertaken in which TcO4 was reduced
electrochemically, and by Sn(II) and Fe(II), in the presence and
absence of ISA, gluconic acid, EDTA, NTA and picolinic acid,
to determine whether they caused an increase in Tc solubility
when TcOy(am) was contacted with them. In the presence of
ISA and gluconic acid a lowering of [Tc(aq)] took place on
reduction, showing such ligands did not prevent some reduction
occurring. If this reduction was to Tc(IV), then the final aque-
ous concentration should be the same as that produced by the
addition of the same ligands to Tc(IV) solution at steady state,
i.e. the Tc(IV) complexes would again be formed, but by 2
different routes. However, the final [Tc](aq) in the system
where reduction took place in the presence of ISA and glucona-
te was higher than when starting from TcO,(am). This indicates
that Tc(VII) may not have been reduced to Tc(IV) but an in-
termediate oxidation state complex such as Tc(V) may have
formed. This concept is well known in **™Tc radiopharmaceuti-
cals, where polyhydric complexes of Tc(V) can be formed by
the reduction of pertechnetate in aqueous solution of excess O-
donor ligand, although in pharmaceuticals this is not carried out
at high pH.
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Safety assessment of low and intermediate level waste re-
positories requires the understanding of radionuclides sorption-
desorption mechanisms, mainly the degree of interaction be-
tween radionuclides and mineral surfaces with the aim to analy-
se processes that can affect the safety of the repository at both
near- and far-field zones. Among the different radionuclides
that are part of the radwastes’ inventory produced by industrial,
medical, teaching and research activities carried out in Portu-
gal, *’Cs is one of the most important nuclides from the radio-
logical point of view due to its half-live (30 years) and high
radiotoxicity. The clay component of natural geomaterials
named rafias, originated from an area located in the NE Main-
land of Portugal, were studied for their potential as effective
barriers to avoid or reduce the impact of radionuclides migrati-
on. Characterization of these geomaterials is the first step to-
wards identification of the adsorption/desorption mechanisms
involved. Cationic exchange capacity (CEC), specific adsorpti-
on capacity on frayed edge sites (FES), and radiocesium inter-
ception potential (RIP) for potassium ion, using y spectrometry
were determined for three selected grains-size fractions
(<63 pm, <36 pm and <20 um). Organic content and pH were
also determined. The selected fractions were mineralogically
analysed by X-ray diffraction and by Instrumental Neutron
Activation Analysis for chemical elemental composition.
Smectite, illite and chlorite-smectite mixed-layers were identi-
fied in the clay fractions analysed. The overall values obtained
for CEC ranged from 184.9 + 11.7 to 349.5 + 22.1 mmol kg™,
while FES values were scattered between 0.55+ 0.06 and
1.55+0.16 mmol kg”'. The RIP values, defined by a clear
plateau at higher potassium concentrations, varied from
1.77 £ 0.05 mmol kg’ to 2.90+0.11 mmol kg'. However,
these values are clearly overestimated since they are 3 to 8
times higher than the correspondent exchangeable RIP values.
A possible explanation for this deviation could be the fixation
of cesium in non-specific sites during the procedure. The ionic
capacity of FES is related to the sample granulometry. The
values obtained for the FES were shown to decrease for higher
grain-size fractions. Also, the presence or absence of an expan-
ded mixed-layer (hydrous) phyllosilicates (i.e., one-or two-
layers smectite) in the fractions analysed was found to increase
or decrease the radiocesium adsorption. Preliminary results
concerning the characterization of these specific geomaterials
with regard to the behaviour of radiocesium are very promising
in terms of a possible application as lining materials in a hypo-
thetic LILW repository. Further studies involving the sorption,
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fixation and selective coefficients onto clay minerals related to
rana deposits, are currently under progress.

NFC.L21 (Id: 114)

LONG TERM DIFFUSION EXPERIMENT (LTD) IN
GRIMSEL URL: COMPARISON OF MODELING AND
IN-SITU RESULTS

VACLAVA HAVLOVA®, JIiti LANDA®, ANDREW MARTIN® and
JOoST EIKENBERG!

“Nuclear Research Institute Rez ple., bNuclear Research
Institute ReZ ple, Czech Republic, ‘NAGRA, Switzerland, paul
Scherrer Institute Switzerland

wl@ujv.cz

Phase 1 (2005 - 2008) of the long term diffusion experi-
ment (LTD) project has taken place in the Grimsel underground
research laboratory (GTS, Switzerland) in a joint effort between
NAGRA (Switzerland), University of Bern (Switzerland), NRI
ReZ (Czech Republic), HYRL (Finland), JAEA (Japan) and
AIST (Japan). The project aim was to study matrix diffusion of
radionuclides relevant to performance assessments of deep
geological repositories (DGR) of nuclear waste, and confirm
the role of matrix diffusion for radionuclide retardation within
the repository. Work Package 1 of Phase 1 focused on the study
of radionuclide diffusion from a single borehole into the undis-
turbed rock matrix. Within this framework a radionuclide
cocktail was injected into a defined borehole interval sealed by
packers (8 m depth from Grimsel URL tunnel) in June 2007.
The cocktail consisted of a conservative tracer CH), a weakly
sorbing cation (**Na), a non-sorbing anion (**'I), and a strongly
sorbing cation ('**Cs). The injection was preceded by series of
preliminary modeling studies. The predictive studies were
performed using different codes, namely; a FORTRAN based
code, created in NRI, a code based on SW GoldSim with radio-
nuclide migration module integrated (NRI, JAEA), Crun-
chFlow (UniBern), Nflow (CSCI, Spain). Compiled results
predicted *H migration up to 30 cm depth from the borehole
wall, ?Na and "'I migration up to several cms and '**Cs sorp-
tion within the first centimeter of the rock. A significant decre-
ase of radionuclide activity level in the circulation water was
predicted only for '**Cs. In reality, the radionuclide cocktail
was left in contact with the undisturbed rock matrix under real
crystalline rock conditions in GTS for 26 months (June 2007 to
August 2009). The radionuclide activity level in the circulation
water was checked by regular sampling of small aliquots of
contact solution and by activity measurements at PSI. As ex-
pected, significant activity decrease in in-situ circulation water
was determined only for **Cs. The activity decreased rapidly
within 100 days down to the 35% of original level, which was
far faster than predicted. Meanwhile short lived "'T (T,
8 days) decayed during the first few weeks, *H and **Na activi-
ty levels decreased down to 80% and 85%, respectively, of the
original activity over the 2 year period. Only the results of in-
situ reservoir sampling can be compared and re-evaluated with
the simulated results. The real extent of radionuclide migration
into the rock matrix will be detected after borehole overcoring,
followed by core sampling and activity measurements by the
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end of October 2009. The NRI FORTRAN based code, develo-
ped specially for LTD, was used for re-evaluation calculations.
This is a 1-D model with cylindric coordinates, that is solved
with a finite difference method. Translator G77/GFORTRAN
was used for calculations, implementing the results of laborato-
ry and analytical results.

NFC.L22 (Id: 124)

THE EFFECT OF COMPETITION FROM OTHER
METALS ON NICKEL COMPLEXATION BY
A-ISOSACCHARINIC, GLUCONIC AND PICOLINIC
ACIDS

NICHOLAS EVANS, PETER WARWICK and SILVIA ANTON-
GASON

Loughborough University, Loughborough, Leics, United King-
dom
n.d.m.evans@lboro.ac.uk

The UK has an underground repository concept with a
combination of engineered and natural barriers. Cementitious
materials will produce high pH conditions for at least 1 Ma and
surfaces for sorption which will greatly reduce the solubility of
many radionuclides. Likely to be in the repository are many
organic ligands, as inherent components of wastes or due to the
degradation of organics, e.g. cellulose. It has been shown that
cellulose degradation products, e.g. a-isosaccharinic acid (ISA),
can substantially increase the solubility of radionuclides. Pico-
linates are in some waste-streams due to the use of picolinic
acid in decontamination. Gluconic acid is structurally similar to
ISA, a strong ligand useful for comparison purposes and may
occur in a repository as a cement additive. From pH 11.5 to
13.5, Ni is fairly insoluble. The 3 ligands increase its solubility
by forming aqueous complexes - a process that is fairly well
understood. The purpose was to investigate the effects on Ni
complexation, of competition from other metals. A repository
will also contain Fe metal so experiments were performed in its
presence and absence. Predictions of Ni solubility were made
for each system to aid the interpretation of competitive effects.
Measured [Ni] in the absence of other metals showed good
correlation with calculated values. There was evidence for
slight sorption of Ni to Th and Eu phases formed. There was no
significant effect due to other metals and/or solid phases being
present. In general, the calculated [Ni] trend was followed with
picolinate. Th and Hf had little effect on Ni solubility in the
presence of picolinate, Co reduced [Ni], which might be expec-
ted as it complexes in a similar fashion, above pH 13 all metals
caused a significant reduction in [Ni]. This may have been due
to sorption to solid phases, or coprecipitation, with Ni being
scavenged out as the lowest inventory metal. All the Ni was
complexed by gluconate. Eu had no significant effect at the
highest Ni concentration. Hf, Co and Th reduced [Ni] across
the pH range, probably due to complexation with gluconate. Eu
had a marginally greater effect at a [Ni] = 10 M, suggesting a
very slight amount of complexation. Hf again had little effect.
The Th results were the most difficult to explain. At [Ni] = 0.01
and 0.0001 M, Th affected [Ni] as though forming strong glu-
conate complexes, but not at 0.001 M. At the lowest [Ni], all
competing metals significantly reduced [Ni]. Th had complexed
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strongly with gluconate, causing Ni to precipitate. Hf had a
similar effect to. Co significantly reduced [Ni] in line with its
predicted effect. Eu had a significant effect on [Ni] reducing it
from the predicted 10* M to ca. 2 x 10 M. Fe was predicted
to have no effect on [Ni] by complexation with ISA. The mea-
sured [Ni] was lower than the calculated in virtually all cases,
including those with no competing metal. This may have been
caused by sorption to Fe(s). No significant competition effects
from other metals were observed.

NFC.L23 (Id: 249)

MIGRATION CHARACTERISTICS OF ROCK
SAMPLES STUDIED BY ELECTROMIGRATION
METHOD: METHODOLOGY: PROCEDURE
MODIFICATION

VACLAVA HAVLOVA®, PETR VECERNIK" and
MARTIN LOFGREN"

“Nuclear Research Institute Rez plc. Czech Republic, "Kemakta
Konsult AB, Stockholm, Sweden
mwl@ujv.cz

In several concepts of deep geological repository (DGR)
development granites are considered as potential host rocks
(Sweden, Finland, Czech Republic). Safety calculations, eva-
luating safety functions of DGR barriers, require information
about radionuclide migration within fractured rock formations,
where advection and matrix diffusion are considered as the
most important processes for activity decrease. Radionuclide
diffusion into rock matrix can be studied both in laboratory and
in-situ (e.g., Long term diffusion project, Grimsel URL, Swit-
zerland). However, due to diffusion speed the lab experiments
usually take longer time than, e.g., baTch experiments, even in
year perspective. Moreover, some parameters, e.g., formation
factor Fy, are difficult to determine using conventional methods.
Hereby, the through electromigration methods (TEM; ') can be
used for diffusion parameter studies, especially due to speeding
up the experimental work in comparison with standard through-
diffusion methods. The TEM experiments gain both formation
factor (Fy) and effective diffusion coefficient (D) values. In
NRI the experimental cells for TEM method, based on the work
of Lofgren ! were assembled, modified in order to increase its
function and tested. lodide anion as a tracer in sodium chloride
background electrolyte of different concentration was used.
Blank experiments with Plexiglas piece, substituting rock sam-
ple, were performed for in order to test the experimental appa-
ratus for leakage failures, sample sealing and non-conductive
cell materials. Subsequently, TEM experiments with rock
samples were accomplished, including samples of crystalline
rocks (granite, granodiorite) from the Czech Republic, Sweden
and Switzerland. The results (F; and D,) obtained were compa-
red and evaluated, taking into account rock sample properties.
The research on samples from Sweden (Forsmark and Lakse-
mark) was funded by SKB Sweden that also provided the rock
material.

Reference:
1. Lofgren M.: Doctoral Thesis, Royal Institute of Technolo-
gy, Stockholm, Sweden, 2004.
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NFC.L24 (Id: 61)
JOINT DETERMINATION OF *Tc AND '®™Ag IN
L/ILW LIQUID WASTES

ARPAD BIHARI®, ZOLTAN SzUCs®, MAGDOLNA MOGYOROSI®
and TAMAS PINTER”

“Nuclear Research Institute, Hungary, *Paks Nuclear Power
Plant, Paks, Hungary
bihari@namafia.atomki.hu

The low- and intermediate-level liquid wastes produced by
the Paks Nuclear Power Plant (NPP) contain routinely measu-
reable y-emitting nuclides (e.g. **Mn, “Co, """ Ag, and *'Cs)
as well as many so-called "difficult-to-measure" isotopes.
Despite of their low specific activity compared to the total, the
reliable determination of these isotopes is an important issue of
nuclear waste management. The increasing amount of waste
samples to be qualified yearly by our laboratory put a pressure
on revising the existing procedure of *Tc separation applied.
We have managed to halve the initial amount of the sample
required to achieve the same level of MDA of technetium.
Furthermore, one of the new purifying steps introduced have
proved to be able to separate more than 99% of '®™Ag (and
10m A o) keeping the *Tc content of the product almost intact.
As intended, this new procedure has a major impact on the
chemical reagent as well as the electricity requirement of the
separation making it more cost-effective.

NFC.L25 (Id: 113)
TRITIUM (HTO) AS A CONSERVATIVE TRACER
USED FOR CHARACTERIZATION OF
CONTAMINANT MIGRATION IN POROUS ROCK
ENVIRONMENT

VACLAVA HAVLOVA® and DUSAN VOPALKA”

“Nuclear Research Institute Re plc., *Faculty of Nuclear Phys-
ics and Engineering, Czech Technical University, Prague,
Czech Republic

ml@ujv.cz

Chemical leaching of uranium in Northern Bohemia (Straz
pod Ralskem) took place in between 1972 to 1996. Acid tech-
nology solutions, mainly consisting of sulphure acid (more than
4 mil tons), nitric acid, ammonia and fluoric acid, were pumped
into uranium bearing layers and caused contamination of Ce-
nomanian and Turonian water reservoirs. Cenomanian aquifer
containing U was contaminated by more than 5 mil tons of
dissolved species, including mainly H,SO,, sulfates, Fe, Al,
NH,. However, trace metals are also presented in a broad range
of mobile species - e.g., Th, As, V, Mn, Tl, and be both relea-
sed and migrate within contaminated aquifer and neighbouring
layers. Contaminant migration within different layers must be
considered during evaluation of measures and methodologies to
be used during remediation process. Target rock layers include
both porous ,,friable” sandstones with permeability coefficient
up to 10° m/s (majority of contamination) and upper ,,fucoid*
sandstones, containing more impermeable clay and organic
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fraction with permeability coefficient from 10® to 107 m/s.
Diffusion transport of potential contaminants is expected to
dominate mainly within fucoid sandstone layers. In the presen-
ted study *H (HTO) was used as a conservative tracer in order
to study diffusion of non-sorbing, i.e. the most mobile contami-
nants, within porous environment saturated with groundwater.
The through-diffusion technique was used for different sam-
ples, including both friable and fucoid sandstones. Break-
through curves were evaluated using GOLDSIM diffusion
module (NRI Re?/CTU), enabling to take into account the
unsteady boundary condition in the inlet reservoir. Although
the determined values of effective diffusion coefficient D, fell
into relatively narrow interval of (2.0x107'" - 6.34x10'%) m?.s™!,
the dependence of tracer diffusion through sandstone sample on
rock properties could be distinguished. It was found that *H
diffusion rate was dependent on pore size distribution, even
though the total porosity of different samples did not differ
significantly (22-27 % range), and furthermore on mineral
content. Kaolinite was finally identified as the main influencing
factor for species diffusion rate within sandstone as its content
in pores results in different pore size distribution. In samples
with higher content of kaolinite (max. 16 %) mainly pores with
small size were observed in which tracer diffusion movement
was slowed down, and vice versa. Moreover, this phenomenon
influences also out-diffusion process of species/contaminants,
retained in sandstone samples: faster out-leaching was observed
for samples with lower kaolinite content and larger pores.

NFC.L26 (Id: 234)
EXTRACTION OF THORIUM FROM THE FEN
DEPOSIT IN NORWAY

DAG ERIKSEN

Primus.inter.pares as, Institute for Energy Technology,
Norway
d.o.eriksen@kjemi.uio.no

After the renaissance of nuclear power and thorium bree-
ding in particular, the interest for the Norwegian thorium depo-
sits has revived. However, the economic potential for exploi-
tation is depending on several parameters, i.e. heterogeneity of
ore, content of carbonaceous minerals, other valuable elements
present, eTc. Fen is the site where the largest Norwegian thori-
um deposits are found. The thorium minerals at Fen are repor-
ted to be oxide and silicate, but experience obtained indicates
that some thorium must also be present in carbonate rock.
Based on experience from extraction of rare earth elements
from red rock ("redberg") at Fen the possibilities for thorium
extraction are assessed. The Fen complex in Telemark, Norway
is a geological region noted for an unusual suite of igneous
rocks. Several varieties of carbonatite are present in the area as
well as highly alkaline rocks. The Fen complex is a roughly
circular area about three kilometers in diameter. It is located
just west of the Oslo graben, on the south side of Lake Norsjo,
from Ulefoss in NW some three km eastbound. The area covers
some 6 km® and has been known for its complex mineralogical
composition for almost a century. Redberg rock in the local
area called GruveAsen is covered with soil and vegetation.
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GruveAsen has the highest concentration of thorium in the area.
The thorium concentration in GruveAsen is reported to reach
0.4%, but ordinarily it is 0.1 - 0.2%. Only in GruveAsen the
amount of Th is expected to be of the order of 5 000 tonnes.
The whole Fen area is populated and used as residential and
recreational areas. Not only is the heterogeneity large, the
mineral grains are small, less than 0.1 mm. The content of
carbonaceous rock requires a high consumption of acid to leach
it. In a pilot plant operation to extract rare earth elements (REE)
HC1 was chosen as the dissolving species. 700 kg HCI per
tonne redberg was consumed to leach a yield of 100% Ca and
Mg and 80% of REE. Thorium was also leached indicating that
Th is not solely present as silicate or oxide. However, small
amounts of silicic acid were also present in the leachate causing
severe problems. To extract thorium also other valuable ele-
ments must be cost carriers and the rare earths are an obvious
choice. Another possible element present is niobium, but it is
not present in the same minerals as REE. Thorium from Fen
will hardly ever be recovered as the main element, but may be a
valuable by-product. However, the main obstacle in developing
an economic feasible process is the carbonaceous rocks consu-
ming too much acid or energy.

NFC.L27 (Id: 262)
TECHNETIUM CHEMISTRY AT THE UNIVERSITY OF
NEVADA LAS VEGAS

FREDERIC POINEAU®, PAUL FORSTER", PHILIPPE WECK?”,
KEN CZERWINSKI®, GORDON JARVINEN", ED MAUSOLF?,
ERIK JOHNSTONE” and ALFRED SATTELBERGER®

“ University of Nevada Las Vegas (UNLV), ® Los Alamos Natio-
nal Laboratory (LANL), New Mexico, ¢ Argonne National La-
boratory (ANL), Illinois

freder29@unlv.nevada.edu

The chemistry of technetium is being explored at the Uni-
versity of Nevada Las Vegas. Our goal is to investigate both the
applied and fundamental aspects of technetium chemistry, with
a special emphasis on synthesis, separations, and materials
science. The synthetic chemistry focuses on metal-metal bon-
ding and binary halides. Recently, two new multiply metal-
metal bonded dimers and technetium tribromide and tetrabro-
mide were prepared and characterized. These compounds were
used as precursor for synthesis of low valent technetium com-
plexes. The structure of (n-BuyN),Tc,Brg was solved by single
crystal XRD and its electronic structure analyzed by first prin-
ciples calculations. Separation and materials chemistry is rela-
ted to the nuclear industry. The separation of urani-
um/technetium from acidic solution, and synthesis of Tc conta-
ining waste forms have been investigated. The facilities at
UNLV include modern radiochemistry laboratories where
investigators can work with multi-milligram quantities of *Tc,
and analytical instrumentation dedicated for radioelement
characterization and analysis.
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RECENT DEVELOPMENTS OF NUCLEAR FORENSIC
SIGNATURES OF YELLOW CAKES

ZSOLT VARGA, MARIA WALLENIUS and KLAUS MAYER

EC JRC Institute for Transuranium Elements, Karlsruhe, Ger-
many
zsolt.varga@ec.europa.eu

Natural uranium is the starting material for the production
of nuclear fuels. Uranium of natural isotopic composition is
mined from uranium containing ores in different geological
formations. The uranium is extracted, chemically purified and
pre-concentrated. As an industrial scale material, uranium ore
concentrates will carry signatures that provide information on
the history and on the origin of the uranium. These signatures
may be source material inherited or process inherited. In the
present work we investigated the significance and potential
application of parameters such as the rare earth elemental pat-
terns or strontium and lead stable isotope ratios. The methodo-
logy developed and its application to uranium ore concentrates
from different mines around the world will be presented.
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EVALUATION OF DIHEXYLOCTANAMIDE AS
EXTRACTANT UNDER PLUTONIUM RICH FEED
CONDITIONS

P.N. PATHAK, D.R. PRABHU, A.S. KANEKAR and
V.K. MANCHANDA

Bhabha Atomic Research Centre (BARC), MUMBAI, INDIA
ppathak@barc.gov.in

Tributyl phosphate (TBP) has been the work horse of
Nuclear Fuel Reprocessing Technologists for more than five
decades. However, based on five decades of experience on
spent fuel reprocessing, certain problems have also been identi-
fied with the use of TBP as extractant. Prominent amongst them
are: (a) high aqueous solubility, (b) poor radiation stability and
interference of degradation products during stripping of Pu/U,
(c) poor decontamination factor (DF) values of Pu/U with
respect to fission products, (d) low limiting organic concent-
ration (LOC) of Pu(IV), and (e) a large volume of secondary
(phosphate) waste. In addition, as a consequence of the radioly-
tic degradation of TBP, the extraction and stripping behavior of
U/Pu, and hydrodynamic properties such as viscosity, density,
and phase disengagement time, are adversely affected. These
problems are of particular concern to the separation scientists
and technologists during the reprocessing of short-cooled ther-
mal reactor fuels as well as of fast reactor fuels. In this context,
completely incinerable N,N-dialkyl amides have been evaluated
extensively as alternative extractants to TBP. Studies carried
out at Radiochemistry Division, BARC, India, on the develop-
ment of new extractants for the reprocessing of spent fuel sug-
gested that a straight chain N,N-dihexyloctanamide (DHOA)
was promising alternative to TBP for the reprocessing of irradi-
ated uranium based fuels. This paper deals with the evaluation
of DHOA vis a vis TBP as an extractant for plutonium rich feed
solutions encountered in fast reactor spent fuel reprocessing.
Solvent extraction studies were carried out to evaluate the two
extractants DHOA and TBP using pure 20 g/L Pu as well as
simulated Pu rich feed solution containing 20 g/L Pu, 7 g/L U,
fission products (FPs) and structural materials (SMs) at 4 M
HNO;. Dp, values were higher for 1.1 M DHOA (26.4+1.2) for
pure Pu as well as for simulated feed solution as compared to
those for 1.1 M TBP (16.6+2.2) under identical conditions.
Under simulated feed conditions, two successive stages were
sufficient for quantitative extraction (>99.9 %) of Pu(IV) em-
ploying 1.1 M DHOA as extractant and maintaining organic-to-
aqueous phase ratio (O/A) as 1. On the other hand, three stages
were required in the case of 1.1 M TBP as extractant. Plutoni-
um stripping experiments using 0.5 M HNO; as strippant (wi-
thout any reductant) showed that only six stripping stages were
sufficient for quantitative stripping of Pu from loaded DHOA
phase. On the other hand, >10 stages were required for Pu
stripping from loaded TBP phase and it became further difficult
with the aging of the organic phase. By contrast, no problem
related to Pu retention was observed for aged DHOA solution.
These studies also suggested that DHOA is a promising ex-

RadChem 2010

NFC. P

tractant for coprocessing of U/Pu from spent fuels. In addition,
DHOA was found distinctly better than TBP with respect to
FPs and SMs decontamination.

NFC.P02 (Id: 283)

COMPREHENSIVE INVESTIGATION OF THE
CORROSION STATE AND SURFACE PROPERTIES OF
THE STAINLESS STEEL TUBES OF STEAM
GENERATORS

ANDREA SZABO NAGY®, KALMAN VARGAb,

BERNADETT BAJAb, ZOLTAN NEMETH", DEZSO ORAVETZ',
ZOLTAN HOMONNAYd, ERNO KUZMANNd, JANOS SCHUNK®
and GABOR PATEK®

“Istvan Széchenyi University Department of Physics and
Chemistry, "University of Pannonia Institute of Radiochemistry
and Radioecology, ‘University of Pannonia Institute of
Materials Engineering, “University of Lordnd Eétvés Institute
of Chemistry, ‘Paks NPP, Hungary

nszaboa@sze.hu

Evaluating the water chemistry in the primary circuit and
the effect of chemical decontamination of the heat exchanger
tubes performed by the AP-CITROX (AP: alkaline permanga-
nate; CITROX: citric and oxalic acid) procedure at Paks NPP
(Hungary), a project dealing with the comprehensive investi-
gation of the general corrosion state of the steam generators
(SGs) has been initiated. Owing to the fact that there is no
investigation method available for the in-situ monitoring of the
inner surfaces of heat exchanger tubes, a research program
based on sampling as well as on ex-situ electrochemical
(voltammetric) and surface analytical —measurements
(SEM-EDX, CEMS, XRD, XPS) was developed and elabora-
ted. In the time period of 2000-2008 - within the frame of the
above project - 45 stainless steel specimens, cut out from vari-
ous locations of the steam generators of the Paks NPP were
investigated. Based on the measured corrosion characteristics
(corrosion rate, thickness and chemical composition of the
protective oxide-layer) it was found that these parameters are
strongly dependent on the decontamination history of steam
generators. The present work gives a brief overview on the
general corrosion state of the heat exchanger tubes of SGs,
concerning the long-term effects of the AP-CITROX procedure
on the chemical composition and structure of the protective
oxide-layer.
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PYROCHEMICAL AND ELECTROCHEMICAL
SEPARATIONS STUDIES ON PLUTONIUM (PART 2)

ASHRAF ELSAYED MOHAMED MOHAMED

World Institute of nuclear security"Austria’
ashraf-mohamed@aip.org.au

Pyrochemical separations, involving molten salt and metal
media, by liquid/liquid extraction or electrorefining are studied
with nuclear defense and civil applications. The electrochemi-
cal properties of plutonium have been studied in molten salt -
ternary eutectic mixture NaCl-KCl-BaCl,, equimolar mixture
NaCl-KClI and pure CaCl,, and in liquid gallium at 1073 K.
These processes concern actinide separations. However,
lanthanides, such as cerium, are often used as surrogates. The
first steps of a pyrochemical process development consist in the
solvent media. Activity coefficients of the solutes in the two
phases, that describe the solvent-solute interaction, are impor-
tant thermochemical parameters to predict separations effici-
ency and to assess the solvents influence. As nuclear defense
scientist, I discuss the advanced developments to separate
plutonium by electrochemical method that has been supporting
the developments of pyrochemical processes involving plutoni-
um as main goal and actinides separations.

NFC.P04 (Id: 145)

EXTRACTION OF Ln/An FROM HIGHLY ACIDIC
SOLUTIONS USING COBALT BIS(DICARBOLLIDE)
FUNCTIONALIZED WITH COMPLEXING CMPO
GROUP.

PAVEL SELUCKY?, MARIA LUCANIKOVA®?, JIiki RAIS?,
BOHUMIR GRUNER” and MAGDALENA KViCALOVA®

“Nuclear Research Institute plc Rez,Czech Republic, bInstitute
of Inorganic Chemistry, Academy of Sciences of the Czech
Republic

sel@ujv.cz

Nuclear fuel reprocessing issues an important problem wi-
th respect to the family of actinides representing the main sour-
ce of radiotoxity during long-term storage. The separation of
long-lived radionuclides from liquid radioactive waste enables
these hazardous elements to be either conditioned more safely
in specific matrices or destroyed by transmutation. Thus, elimi-
nation of minor actinides would lead to significant reduction of
volume and radiotoxicity of the waste for the final storage and
should consequently minimize the possible risks to biosphere.
Several extraction concepts were proposed for separation of Ln
and An from fission product mixture during the last ten years.
In this paper, extraction of trivalent lanthanides and actinides
using a compound based on covalent combination of cobalt
bis(dicarbollide) (1-) anion (COSAN) and CMPO (N,N- dialkyl
carbamoyl methyl diphenyl phosphine oxide) complexing
group of the formula [8-Ph,P(O)-CH,C(O)N-t-CgH;;-(CH,-
CH,0),-1°,2°-C,ByH;)-3,3’-Co]- will be presented. This com-
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pound was selected for detailed tests from a broad panel of
other derivatives differing in the substitution at the CMPO
function and its bonding to the COSAN cluster ' due to very
effective extraction of Ln(Ill) and An(IIl) from highly acidic
solutions (3M HNO;), good solubility characteristics and an
easy synthetic accessibility in a large scale. Extraction effici-
ency under different conditions (acidity, reagent concentration,
macro amounts of metals, eTc.), solubility in different solvents
and chemical stability were tested to evaluate a possible techno-
logical use. The composition of extracted complex was studied.
Extraction from fission product mixture revealed very effective
separation from the majority of fission products with separation
factor exceeding 1000. For some fission products, the presence
of complexing agents was necessary.

We thank for partial support from Grant Agency of the Czech
Republic (Project No. 104/09/0668), Radioactive Waste Re-
pository Authority (Project 2007/006/Sumb and 2009/002/Su,),
EU Project EUROPART (6th F.P.) and Research Plan
AV0Z40320502 from AS CR.
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1. Selucky P., Rais J., Lucanikova M., Griiner B., Kvicalova
M., Fejfarova K., Cisafova I.: Radiochim. Acta 96 (4-5),
273 (2008).

2.  Griiner B., Kvitalova M., Plesek J., Sicha V., Cisafova L.,
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This project is focused on studying properties of extracti-
on-chromathographic material prepared by embedding tributyl-
phosphate (TBP) into the matrix of polyakrylonitrile (PAN).
After elementary characterization of the prepared materials, the
kinetics of uranium extraction from 3 mol L' HNO; was exa-
mined. The influence of nitrates and nitric acid concentration
on the values of weight distribution coeficient D, as well as
"extraction isoterm” was specified. For determination of ***U in
aqueous solution, liquid scintillation spectrometry was used.
After evaluation of all experiments it can be concluded that
TBP-PAN material behaves like TBP in liquid-liquid extracti-
on.
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NFC.P06 (Id: 222)

ELECTROCHEMICAL BEHAVIOUR OF SELECTED
ACTINIDES AND LANTHANIDES IN MOLTEN
FLUORIDE SALTS FLINAK AND FLIBE

MARTIN STRAKA and MICHAL KORENKO

Nuclear Research Institute Rez, ple, Czech Republic
stm@ujv.cz

The presented work is focused on research of basic
electrochemical properties of several actinides and lanthanides
representing the fissile material and fission products in suitable
molten fluoride melt. The general framework of this work is to
study the electrochemical behaviour of systems relevant for
possible future use in the Generation IV reactor concepts. Re-
sults of cyclic voltammetry, chronopotentiometric and electro-
lytic experiments with uranium and several lanthanides in the
LiF-NaF-KF (acronym FLINAK) are presented. Mechanisms of
electrochemical reduction were investigated. Recorded reducti-
on steps were investigated and described in terms of reversibili-
ty, number of exchanged electrons, diffusion coefficients eTc.
For the lanthanides, it seems impossible to reach solid deposit
of studied lanthanide on the electrode. For uranium, deposition
depending on electrode material and shape was studied with
special attention given to its deposition on reactive (Ni) wor-
king electrode. Beryllium based molten salts 7LiF-BeF,-ZrF,
and 7LiF-BeF, were used as a carrier melts during Molten Salt
Reactor Experiment and Molten Salt Breeder Reactor projects !
and are considered as key systems also for the future use. In the
LiF-BeF, melt (acronym FLIBE), the work was focused on
research of uranium behaviour in the melt and the influence of
its composition between two eutectic points of FLIBE (eutectic
compositions of FLIBE melt are defined by molar ratio of BeF,
x =0.328 and x = 0.531). Also the general consequences of the
obtained data for the development of separation process are
concluded.

Reference:
1. Baes C. F.: J. Nucl. Materials 57, 149 (1974).

NFC.P07 (Id: 291)

EPR MEASUREMENTS ON N-BEARING LIGANDS
USED IN SPENT NUCLEAR FUEL REPROCESSING
FOR An(III)/Ln(IIT) PARTITIONING

MARIO MARIANI®, MATTEO MAZZUCCATO",
ARMANDO BUTTAFAVA® and DANIELE DONDI®

“Politecnico di Milano , Dipartimento di Energia - Ita-

by, bEuropean Commission, Joint Research Centre, Ispra Site
Directorate, Italy, ‘Universita degli Studi di Pavia, Dipartimen-
to di Chimica Generale, Italy

mario.mariani@polimi.it

A future goal for the reprocessing of spent nuclear fuel is
the transmutation of long-lived minor actinides, such as ame-
ricium and curium, into short-lived isotopes by means of
neutron irradiation. In order to develop an effective transmu-
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tation process, it is necessary to separate the trivalent minor
actinides, An(IIl), from the trivalent lanthanides, Ln(III), by
means of two subsequent solvent extraction processes: i)
DIAMEX to extract both Ln(Ill) and An(III) from PUREX
raffinate and ii) SANEX to obtain the selective extraction of
An(Ill) from the output of DIAMEX process. The present
work concerns the degradation due to ionizing radiation relea-
sed by radionuclides to the selected solvent system involved
in the SANEX process. The high-energy radiations are able to
modify the ligands molecules structures changing their ex-
tractant capabilities. In particular, several aspects must be
considered when selecting a molecule to be used in the men-
tioned process: chemical stability; solubility in organic dilu-
ents; extraction capability of metal ions with appropriate
distribution ratios; and resistance towards irradiation. Some
aza-heterocyclic extractant molecules C2-BT (5,6 diethyl
(1,2,4 bis-triazine), C2-BTP (2,6-diethyl(1,2,4-triazine-3-
yl)pyridine), C5-BTBP (6,6’-bis-(5,6-dipentyl-[1,2,4]triazine-
3-yl[2,2’]bipyridinyl) and CyMe4BTBP (2,6-bis-(5,5,8,8-
tetramethyl-5,6,7,8-tetrahydro-benzo[ 1,2,4]triazin-3-yl)-
[2,2°]bipyridinyl), constituted by pyridine and triazine aroma-
tic rings with chelating nitrogen donor atoms, have been
studied during the European Research Project EUROPART.
Furthermore, the mentioned molecules present aliphatic side
groups as n-carbon alkyl substituents (methyl, ethyl or pen-
thyl chains) or cyclohexyl moieties to ensure their lipophilic
behavior after coordination of trivalent metal ions during
liquid-liquid extraction processes. To carry out studies con-
cerning radical mechanisms, the abovementioned molecules
were irradiated in a ®°Co vy irradiation facility (up to 113 kGy
with a dose rate of 0.5 kGy/h), at 77 K to reduce radicals
reactivity before investigations by EPR spectrometry. A pre-
liminary EPR screening on the four ligand molecules shows
the presence of radiation-induced radicals on both the aroma-
tic and aliphatic sides of the ligands. In particular, irradiation
of C2-BTP in alcoholic solutions highlighted the formation of
azacyclohexadienyl radical as intermediated species. The
azacyclohexadienyl radical has been recognized by simulated
spectra using appropriate hyperfine constants, and similar
signals have been collected also for irradiated solution of C5-
BTBP. The EPR spectra collected on samples of C5-BTBP
powder, irradiated in air, disclosed the formation of peroxide
radical species ROO". Further simulations on the EPR
spectrum collected at 208 K revealed definitively the presence
of peroxide species on C5-BTBP. In conclusion, taking into
account the peroxide radical formation proven on C5-BTBP
powder, it was possible to propose several radical mecha-
nisms able to modified the extractant capabilities of the in-
vestigated molecules.
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NFC.P08 (Id: 342)

REMOVAL OF Cs, Sr, Pu AND Am FROM
CONTAMINATED SOLUTIONS BY INORGANIC
SORBENTS

GALINA LUJANIENE", JUSTINA SAPOLAITE®,
VOLODYMYR STRELKOb, OLGA OLEKSIENKOb,
TOMAS SCIGLO?, SVITLANA MELESHEVYCH® and
VALENTYN KANIBOLOTSKYY”

“Institute of Physics, Vilnius, Lithuania, bInstitute for Sorption
and Problems of Endoecology, Generala Naumova 13, 03164
Kiev, Ukraine

lujaniene@ar fi.lt

Recently growing concern about contamination of the en-
vironment with radioactive and non-radioactive pollutants
resulted in intensive studies related to the development of new
technologies for separation of radionuclides from liquid waste.
These new technologies should be based on highly selective
materials (e.g., crystalline titanium silicates) which are hard to
decompose over a wide range of pH, which remain stable at
high temperatures, which are resistant to ionizing radiation and
which are able to operate in the presence of a great excess of
competitive ions, organic solvents and oxidants. However,
complicated technologies, high capital and regeneration costs
stimulated studies to develop low-cost and efficient technolo-
gies based on naturally occurring minerals such as zeolites and
clay minerals. Another option could be an application of amor-
phous porous mixed oxides - a rapidly developing class of
materials prepared by sol-gel procedures, the main benefit of
which are very simple procedures conducted under mild reacti-
on conditions in the ambient atmosphere. Ferrites and a variety
of iron-containing minerals such as akaganeite, feroxyhyte,
ferrihydrite, goethite, hematite, lepidocrocite, maghemite and
magnetite are also a promising class for the treatment of liquid
wastes containing radioactive and hazardous metals. The aim of
this study was to prepare amorphous TiSi by sol-gel procedu-
res, to synthesize various iron oxides, to characterize them
using IR, XRD, Méssbauer spectroscopy and to carry out a
comparative assessment of possible application of these low-
cost synthetic inorganic sorbents with conventional and natural
sorptive materials in liquid waste treatment technologies to
remove long-lived radionuclides such as Cs, Sr, Pu and Am.
Results obtained using a bath method, ICP-MS, v, a spectrome-
try and B counting revealed that titanium silicates, synthesized
using TiOSO,4 without reference to the chosen method - a pre-
cipitation or sol-gel, showed the highest sorption ability to-
wards studied radionuclides. Magnetite and clay minerals
showed better sorption ability towards americium. The highest
Pu K4 values and better Pu sorption kinetics were found for
synthetic iron oxides. An increase in the Pu K, value by a factor
of 6.8 found for magnetite/hematite composite in comparison
with the pure magnetite suggests that this sorbent is efficient
for plutonium removal and it is promising for its separation
from contaminated solutions. TiSi tested in this study showed
close sorption ability towards studied radionuclides in compari-
son with crystalline TiSi, whereas they were synthesized under
mild conditions using cheaper materials. In addition, TiSi pre-
pared by the sol-gel method has certain advantages in compari-
son with the fine powder TiSi because of a huge potential for

RadChem 2010

NFC. P

tailoring of chemical composition, porosity and surface proper-
ties, as well as for the production in the granular form, which is
especially important for practical purposes.

The research was supported by the Ministry of Education and
Science of the Republic of Lithuania and the Lithuanian State
Science and Studies Foundation projects V-19/2009.

NFC.P09 (Id: 34)

IMPROVEMENT OF RADIONUCLIDE FIXATION IN
CEMENT MATRIXES DURING IMMOBILIZATION OF
LIQUID RADIOACTIVE WASTE

OLGA SHMIDT, ELENA PAVLOVA, YULIA KORNEYKO,
ANDREY MURZIN, ANDREY SHADRIN and
NATALIA SAPOZHNIKOVA

Khlopin Radium Institute RPA, St-Petersburg, Russia
schmidt@khlopin.ru

Cementation provided by mixing of concentrated radio-
active waste (RAW) and cement is the most common procedure
for immobilization of medium- and low-level radioactive salt-
containing waste of radiochemical industry. However, low
degree of inclusion of solidified waste in concrete (especially
from concentrated salt-containing solutions owing to deterio-
ration of the concrete properties) and noticeable leaching of
some fission elements require development of additional
barriers at storage of such RAW. Therefore, addition of RAW
into the concrete not in the form of solutions but in the form of
sorbents saturated with radionuclides can decrease leaching
and, in turn, can improve degree of cesium inclusion without
decrease in the strength and some other properties of the con-
crete monolith. Our studies were aimed at treatment of the
solutions with complex chemical composition from the units of
RAW concentration and fractionation and of the spent decon-
tamination solutions. To include radionuclides containing in
liquid RAW in the concrete the possibility of using of super-
stoichiometric sorption was studied. This method allows a
saturation increase with respect to many radionuclides by a
factor of 5-20. Chemical treatment of the sorbent preliminarily
saturated with cesium provides stronger fixation of given radi-
onuclide in the solid matrix. Inclusion of sorbents saturated
with radionuclides in the concrete increases '*’Cs content in the
solidified matrix by one-two orders of magnitude without any
changes in the strength properties of the resulting composites.
At the same time, the leaching rate of '*’Cs decreases by a
factor of 4-5. Surface treatment of the resulting composites
liquid and supercritical CO, (so-called carbonization procedu-
re) was also studied to improve fixation of radionuclides in the
concrete blocks. Combination of above procedures allows
reducing cesium leaching from the concrete blocks by more
than two orders of magnitude.

s110



Chem. Listy 7104, s111-s262 (2010)

NFC.P10 (Id: 85)
THE SOLUBILITY OF Ni(II) AND Eu(IIl) IN THE
PRESENCE OF CEMENT SUPERPLASTICISERS

AMY YOUNG, MONICA FELIPE-SOTELO and PETER WARWICK

Loughborough University, Loughborough, United Kingdom
a.j.young@lboro.ac.uk

One of the illustrative disposal concepts considered by the
NDA-RWMD (Nuclear Decommissioning Authority - Radio-
active Waste Management Directorate) for the disposal of
intermediate-level wastes and some low-level wastes is that of
grouted waste packages surrounded by a cementitious backfill.
The potential use of superplasticisers to improve flow proper-
ties of waste encapsulation grouts offers benefits in some appli-
cations, e.g. for infilling or self-levelling. However, their im-
pact on the post closure performance assessment of a geological
disposal facility (GDF) needs to be considered. First generation
superplasticisers such as naphthalene formaldehyde and sodium
lignosulphonate showed the ability to increase the aqueous
concentrations of radionuclides. The observed effects were not
consistent and the use of such additives was, in general, discou-
raged, however, the composition of modern superplasticisers
(‘comb’ polymers) is better controlled than the composition of
compounds used in the past. This suggests that their effects
may be better understood and they may behave in a more pre-
dictable manner. To determine whether the presence of comb
superplasticisers will have an effect of the solubility of radio-
nuclides within the near field of a radioactive waste repository,
a study of the solubility of Ni(Il) and Eu(Ill) in high
pH (12-13.5) aqueous solutions of the superplasticiser ADVA
Cast 551 was conducted. The solubility experiments were
approached from oversaturation and were conducted in the
following aqueous solutions: 95% saturated Ca(OH),, 0.1 mol
dm™ NaOH and cement equilibrated solutions containing Ordi-
nary Portland Cement (OPC), Pulverised Fly Ash (PFA) or
Blast Furnace Slag (BFS). ADVA Cast 551 was present at
between 0 and 10% (w/v). Samples were taken at regular inter-
vals over the period of 1 month and measured by Liquid Scin-
tillation Counting or Gamma Spectrometry for Ni and Eu quan-
tification respectively. Results for Ni(II) have shown that the
concentration of Ni(II) measured in solution increases with the
presence of the cement superplasticisers. The increase observed
was greatest in the 95% saturated Ca(OH), solution. Results
observed in the cement equilibrated solutions were less signifi-
cant with the solubility increase being within an order of mag-
nitude even in the presence of 10% ADVA Cast 551. Results
for Eu(III) will also be presented.

Acknowledgements A. Young thanks the EPSRC and the NDA
(RWMD) for financially supporting her PhD.

RadChem 2010

NFC. P

NFC.P11 (Id: 134)

IMMOBILISATION OF CESIUM AND DIVALENT
METALS INTO SINGLE-PHASE STUFFED
TRIDYMITE-BASED CERAMICS

VLADIMIR PET'KOV*, IVAN KORCHEMKIN®, ELENA ASABINA®,
VICTORIYA KURAZHKOVSKAYA”, ANDREY ZARIPOVC and
SERGEY ROVNY*

“Lobachevsky State University of Nighni Novgorod, Russia,
®Moscow State University, Russia, ‘FSUE Mayak PA (Federal
State Unitary Enterprise"MAYAK PRODUCTION
ASSOCIATION"), Ozyorsk, Russia

petkov@uic.nnov.ru

The mixed phosphates with high cesium concentration of
the compositions CsMePO, (Me - divalent metal with a tetra-
hedral coordination) adopting a stuffed B-SiO, tridymite
structure are studied as perspective materials for '*’Cs
y-radiation sources to be used in medical applications. For the
purpose of *’Cs source production from commercial wastes
(nitrate cesium solutions containing Me impurities) it is ne-
cessary to know the possibilities of single-phase composition
formation in the systems CsMe'| ,Me,PO, with different Me
cations. Phase formation regularities and thermal behavior of
mixed complex phosphates CsMg;.\Me,PO, (Me = Mn, Co, Ni,
Zn, Cu) have been studied. The samples were synthesized by
precipitation method. The aqueous solution of phosphoric acid
taken in accordance with the stoichiometry sample was added
to stoichiometric mixture of cesium and metal (Me) nitrate or
chloride solutions. The reaction mixture was dried at 353 K and
thermally treated at 873 and 973 K. All the thermal treatment
stages were alternated with careful grinding. Crystalline pow-
ders were obtained. X-ray powder diffraction measurements
indicated that continuous (Me = Mn, Co, Ni, Zn; 0 <x < 1.0)
or limited (Me = Cu; 0 <x < 0.4) solid solutions of the tridy-
mite type were obtained. The samples homogeneity and con-
formity of their compositions to the theoretical values was
monitored by scanning electron microscopy and electron
microprobe analysis. The phase formation regularities and the
dependences of the unit cell parameters of CsMg;..Me,PO,
solid solutions on their compositions x were studied. Three
polymorphic forms are possible: monoclinic (sp. gr. P21/a) and
two orthorhombic (sp. gr. Pn2la and Pnma). For many
phosphates phase transitions P21/a — Pn2la — Pnma are
observed with temperature increase. Due to the differential
scanning calorimetry results, the phosphates CsMePO, with
Me = Co and Zn had two polymorphic transitions in the tempe-
rature interval from 423 to 583 K. The phosphate CsMgPO,
underwent phase transition at 236 K. The second harmonic
generation results showed phosphate crystallization in centro-
symmetric (P21/a or Pnma) or non-centrosymmetric (Pn21a)
space groups. The transition from Pnma to Pn21a space group
was accompanied by absorption band disappearance of valency
symmetric vibrations in IR-spectra of phosphates. A leaching
rate of approximately 10~ g.cm>d' for Cs was determined
from Soxhlet leaching of CsMgPO,. Thus, the possibility of
simultaneous incorporation of cesium and different metals with
oxidation degree +2 (present in commercial radiocesium was-
tes) is shown in the tridymite structure with formation of wide
or continuous solid solutions. Such tridymite-like phosphates
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may be a perspective candidate both for radiocesium immobili-
sation and cesium isotopic source production instead of soluble
CsCl used nowadays.

This work was supported by the Russian Foundation for Basic
Research (Projects nos. 08-03-00082, 09-03-90731)

NFC.P12 (Id: 138)
PRODUCTION OF ARTIFICIAL METAL RUTHENIUM
FROM IRRADIATED TECHNETIUM

VIACHESLAV RADCHENKO?, KONSTANTIN ROTMANOV® and
VLADIMIR PERETRUKHIN®

“JSC(Joint Stock Company) "State Scientific Center - Research
Institute of Atomic Reactors", *Institute of Physical Chemistry
and Electrochemistry of Russian Academy of Sciences (RAS),
Moscow, Russia

toporov@niiar.ru

Long-lived nuclide *’Tc is accumulated as a fission pro-
duct in 1-3 kg/t quantities in fuel of nuclear power plants.
Transmutation of technetium by the action of neutrons is the
most cardinal method for its neutralization and disposal; this
leads to the production of artificial stable '®Ru, '*'Ru. Several
technetium targets have been irradiated at SSC RIAR. Metal
technetium in the form of disks was irradiated in the neutron
trap of the SM reactor. Specimens resulting from the irradiation
were found to represent Tc-Ru alloys. Prior to our work no
description of the production of artificial metal ruthenium from
irradiated technetium was available elsewhere. This paper
presents two different procedures for the production of artificial
metal ruthenium from irradiated technetium targets. In one of
these procedures the targets were dissolved in KOH solutions at
the presence of KIO, followed by precipitation of Ru(IV) hyd-
roxide with ethanol. To purify the produced ruthenium from
technetium traces, it was distilled as RuQO, into the ethanol
aqueous solution where it was reduced and precipitated as
Ru(IV) hydroxide. To produce metal ruthenium, Ru(IV) hydro-
xide precipitate was calcinated up to RuO, and then reduced to
metal in hydrogen flow. According to the other procedure for
separation of stable ruthenium from the irradiated technetium
target use was made of a catalytic oxidation with ozone. Firstly,
a Tc-Ru alloy specimen was placed into HNO; or HC1O, solu-
tion containing Ag(I) (or Co(Il)) ions. Then the ozone-oxygen
mixture was bubbled through the solution. Formed by action of
ozone Ag(l) (or Co(Il)) ions oxidized the alloy (Tc and Ru)
components transferring them to the solution. Then RuO,4 and
some part of HTcO, were distilled to NaOH solution where
RuO, was reduced to sodium ruthenate. At the next process
stage the Ru(IV) hydroxide was precipitated from the solution
by the action of ethanol acting as a selective reducer of Ru(IV).
The precipitate was placed into water and the ozone-oxygen
mixture was bubbled through the hydroxide suspension formed
in water. The Ru(IV) hydroxide was reduced to RuO, with
ozone, which was distilled to ethanol aqueous solution by the
bubbled gas flow. The produced Ru(IV) hydroxide was trans-
formed to RuO,, which was reduced to metal in the helium-
oxygen mixture.
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STUDY OF NEW FILTER PROPERTIES '*’Cs VAPOUR
CAPTURE AT HIGH TEMPERATURE

ALBERT ALOY, ALEXANDER STRELNIKOV and
IRINA SHASMOLOVA

Khlopin Radium Institute, St-Petersburg, Russia
aloy@khlopin.ru

Vitrification of radioactive wastes and high-temperature
synthesis of glass and ceramics for ionizing radiation sources,
containing '*’Cs, is accompanied by discharge of its vapours.
The off-gas contaminated by *’Cs must be cleaned up using
different trapping systems. In general two methods of '*'Cs
vapour caTching are possible, differing both in process charac-
ter (nature) and realization place in technological scheme:

e "wet" method - "low-temperature" *’Cs vapour con-
densation in system of gas cleaning (condensers, scrub-
bers, HEPA-filters). This method leads to contaminati-
on of communications and to formation secondary
liquid RAW, which require additional repossessing.

e "dry" method - "high-temperature" '*’Cs vapour chemi-
sorptions. This method allows fixing '*’Cs in stable
crystalline and amorphous phases. Earlier it was shown
that porous inorganic materials with high content of si-
lica- alumina amorphous phase could be used for ef-
fective capturing of *’Cs vapours. Effectiveness of fil-
ter depends on the total porosity, porous structure and
aerodynamic resistance to off-gas flow. To study these
parameters a laboratory scale test facility was built at
the KRI.

The following three methods are used to evaluate dust and
aerosol capture efficiency at room temperature:

e weighing method: sampling of the dust using special
certificated analytical filters followed by weighing of
the absorbed precipitate. The filters are sealed in the fil-
ter holders;

o radiometric method: if an isotope spike is used, the dust
is sampled using the analytical filters as described abo-
ve followed by measurements of absorbed activity
using conventional methods;

e aerosol particle concentration measurements: using la-
ser counters for aerosol particle concentrations. This
method determines fraction decontamination factors for
the particle sizes ranging from 0.2 to 5 um.

Report will summarize the obtained analytical data and descri-
be the dependence of filter effectiveness at different rates off-
gas flow.
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NFC.P14 (Id: 230)
RADIOACTIVE WASTE DESTRUCTION USING
MOLTEN SALT OXIDATION

PETR KOVARIK®, JAN JOHN” and JAMES DALE NAVRATIL

“Nuclear Research Institute Rez plc., Czech Republic, bCTU in
Prague, FNSPE, Department of Nuclear Chemistry, Czech
Republic, “Hazen Research, Inc., Golden Colorado, USA
kovarikp@fjfi.cvut.cz

A molten salt oxidation (MSO) process is being studied for
the safe and effective destruction of organic components of
radioactive waste. The work involves a laboratory-scale molten
salt oxidation system where solid or liquid waste is injected
into a bed of molten carbonate salt in the presence of an oxidi-
zing gas. The relatively simple MSO process completely
destroys organic compounds, and the carbonate salt neutralizes
any generated acid gases and retains the radioactivity. In the
past, high melting point salts have been used with air oxidation.
In these studies, the use of low melting point salts and stronger
oxidizing agents are being investigated for the destruction of
radioactive waste oil and ion exchange resins. Work on the
recovery of uranium from lignites will also be presented.

NFC.P15 (Id: 255)

FUNCTIONALIZED LATEX PARTICLES FOR
PREPARATION OF COLLOID-STABLE NANOSIZED
SELECTIVE SORBENTS AND COMPOSITE
MATERIALS FOR DECONTAMINATION OF
RADIOACTIVE WASTES

VALENTIN AVRAMENKO", SVETLANA BRATSKAYA?,
ANDREY EGORIN?, DMITRY MARININ?, EUGENE MODIN,
IRINA SHEVELEVA®, OLEG VOITENKO® and

VENIAMIN ZHELEZNOV*

“Institute of Chemistry FEDRAS (Far East department tof
Russian Academy of Sciences), Vladivostok, Russia, bFar Eas-
tern National University, Viadivostok, Russia
avramenko@ich.dvo.ru

Preparation of a new type of colloid-stable nanosized sor-
bents based on functionalized latex particles is discussed, which
can be directly applied for decontamination of liquid and solid
radioactive wastes or used for construction of fibrous or meso-
porous composite sorption materials. Carboxylic latex (siloxa-
ne-acrylate and polystyrene-acrylate) functionalization is per-
formed via immobilization of nanocrystals of sorbents selective
to radionuclides (ferrocyanides of transition metals and sulfates
of calcium/barium) into the polymer matrix. The presence of
anionic centers on the latex particle surfaces stipulates for the
possibility of binding to them ions of divalent metal-precursors
of selective sorbents. With the added metal concentration incre-
ase one can observe the decrease of electrokinetic potential (by
module) at the constant particle size. The residual negative
charge on the surface provides the system with high colloid
stability. To form stable nanoparticles of a selective sorbent it is
crucial to limit the amount of introduced divalent metal ions by
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the beginning of the plateau on the dependence of electrokinetic
potential on the metal concentration in solution. AFM imaging
of the functionalized latex particles shows that, as a result of
introducing cobalt ferrocyanide nanoparticles, the initially
spherical polystyrene-acrylate (PA) particles transform into a
cubic shape, which is characteristic for ferrocyanide macrocrys-
tals. Due to immobilization into stable polymer colloids, the
selective sorbents nanoparticles preserve high stability at fil-
tration in porous media. After 50 filtration cycles of emulsion
of the siloxane-acrylate (SA) latex with immobilized nanopar-
ticles of cobalt ferrocyanide through a layer of natural zeolite,
the cobalt content in the emulsion remained nearly constant.
When such colloid-stable sorbents are directly applied for
decontamination, after radionuclides sorption the stability of
such systems can be controllably reduced by addition of catio-
nic flocculants, thus providing high efficiency of radionuclide
removal from solution. The combination of high selectivity of
nanosized sorbents immobilized into latex particles with ease of
their removal from solution by flocculation/coagulation process
enables us to recommend the developed schemes for different
materials decontamination, first of all, for solid bulky wastes -
soils, grounds, metal constructions. To extend suggested appro-
ach to the production of different types of sorption materials
pre-formed colloidal-stable selective sorbents were deposited
on carbon fibers by electrochemical method or used as a tem-
plate during formation of mesoporous SiO,, ZrO, and TiO,
sorbents. The selective sorption materials obtained showed
good kinetics of radionuclides sorption and distribution coeffi-
cients for cesium up to 1x10”.

NFC.P16 (Id: 284)

COMPARATIVE STUDY OF THE CORROSION AND
SURFACE ANALYTICAL EFFECTS OF THE
DECONTAMINATION TECHNOLOGIES

ZOLTAN NEMETH", KALMAN VARGA®, ANDREA SZABO
NAGY®, JANOS SCHUNK®, GABOR PATEK, BERNADETT BAJA®
and KRISZTIAN RADO”

“University of Pannonia Institute of Radiochemistry and Radio-
ecology, ®University of Istvan Széchenyi Department of Physics
and Chemistry, “Paks NPP, Hungary

nemeth@almos.vein.hu

Decontamination technologies are generally developed to
reduce the collective dose of the maintenance and operation
personnel at NPPs. The highest efficiency (i.e., the highest DF
values) available without detrimental modification of the trea-
ted surface of structural material is the most important goal in
the course of the application of a decontamination technology.
The AP-CITROX procedure has mainly been used for the
decontamination of the primary coolant circuit’s components
(e.g. main circulating pump (MCP) and steam generators
(SGs)) at the Paks NPP. While decontamination of the dis-
mountable devices (e.g. main circulating pump) has been
carried out in big tanks with heating potential, separable equi-
pments (e.g. heat exchangers) have been treated with special
decontamination facilities. The AP-CITROX procedure was
used 24 times for the SGs decontamination at units 1-3 of the
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Paks NPP during the period of 1993-2001. Our previous studies
have revealed that a "hybrid” structure of the amorphous and
crystalline phases is formed in the outermost surface region of
the austenitic stainless steel tubes of SGs as an undesired con-
sequence of the industrial application of the AP-CITROX
decontamination technology. In this presentation, we report
some comparative findings on the corrosion and surface analy-
tical effects of the AP-CITROX procedure and the decontami-
nation technology elaborated at our institution. After optimi-
zing its operational parameters the latter technology is suitable
for the decontamination of both dismountable (e.g. MCP swi-
vel) and separable (e.g. heat exchanger) equipments. In this
semi-plant scale experiments, the passivity, morphology and
chemical compositions of the treated surfaces of tube speci-
mens were investigated by voltammetry, and SEM-EDX
methods. The newly developed decontamination technology
can be effectively applied for the decontamination of the auste-
nitic stainless steel samples; the total oxide-layer can be remo-
ved by this technique. The SEM-EDX results revealed that the
oxide removal is surprisingly uniform even after 2 or 3 conse-
cutive cycles. The electrochemical studies provided evidences
that no unfavorable tendencies in the general corrosion state of
the tube samples can be detected in the course of the chemical
treatments.

NFC.P17 (1d: 285)

OBSERVATION OF EFFICIENCY OF THE
DECONTAMINATION TECHNOLOGIES IN NUCLEAR
POWER PLANTS

KATALIN BERKESI', ANDREA SZABO NAGY", EMESE DEAK
HORVATH?, BERNADETT BAJA?, KALMAN VARGA?,
KRISZTIAN RADO", ZOLTAN NEMETH?, DEZSO ORAVETZ',
PAL HaLmos” and JANOS SCHUNK®

“University of Pannonia Institute of Radiochemistry and Radio-
ecology, bUniversity of Istvan Széchenyi Department of Physics
and Chemistry, ‘University of Pannonia Institute of Materials
Engineering, “University of Pannonia Institute of Analytical
Chemistry, °Paks NPP, Hungary

kberkesi@gmail.com

The version of the AP-CITROX technology (pre-
oxidation: alkaline potassium permanganate, oxide-solution:
blend of oxalic and citric acid) applied in the steam generators
of the Paks NPP (Nuclear Power Plant) was not adequately
developed considering its chemical, analytic and corrosion
aspects. To replace the AP-CITROX procedure, a new, efficient
,,soft” chemical decontamination technology has been develo-
ped at the Institute of Radiochemistry and Radioecology at
University of Pannonia. In the course of the comprehensive
characterization of the efficiency of the novel base-technology
the chemical composition and morphology of the oxide layer
formed on the inner side of the austenitic stainless steel heat
exchanger tube specimens before and after the full decontami-
nation process were studied by scanning electron microscopy
(SEM), equipped with an energy dispersive X-ray microanaly-
zer (EDX). The complete decontamination cycle has been
performed under laboratory conditions in a pilot plant circulati-
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on system elaborated earlier. In different steps of the chemical
procedure the concentration of the main alloying components
(Fe, Cr, Ni) dissolved from the surface oxide layer into the
decontamination solutions was determined by ICP optical
emission spectrometric (ICP-OES) method. Based upon the
ICP-OES results the average thickness of the oxide layer remo-
ved from the surface into the solutions was calculated. When
measuring the activity of the removed radionuclides (*’Co,
8Co, 110Ag, 54Mn) in the decontamination solutions we drew
conclusions concerning the efficiency of certain steps of the
technology and depth distribution of the radionuclides on the
treated steel surfaces.

NFC.P18 (Id: 49)
STUDY OF CRYSTALLINE CERAMICS FOR
IMMOBILIZATION OF *T¢

YULIA KORNEYKO, VLADIMIR GARBUZOV, OLGA SCHMIDT
and BORIS BURAKOV

V. G. Khlopin Radium Institute, St-Petersburg, Russia
yuliakorneyko@mail.ru

Technetium-99 is -active long-lived artificial radionuclide
(half-life more than 200,000 years). Because of its long-life,
high content in spent nuclear fuel, high ability to oxidize under
aerobic conditions as TCO4 Tc is one of the most dangerous
radionuclides. Development of chemically durable host-phase
for Tc disposal is important goal of research. There are no
natural minerals of Tc, which might be considered as analogues
of stable Tc host-phases. Some chemical elements such as
manganese, titanium, rhenium can be used as Tc-simulants.
They do not reflect however chemical behavior of Tc in detail.
It was suggested to consider development of Tc host-phases
with structures of spinel; pyrochlore; fluorite; garnet in three
oxide systems: Fe-(Mn,Tc)-O, Zr-(Mn,Tc)-O, and (Sn,Tc)-O
using different procedures of precursor preparation and ceramic
synthesis conditions. Most samples were synthesized at
1150 °C in inert atmosphere from precursors doped with
5-12 wt. % Tc. Some samples were obtained in air. All the
samples obtained were studied using optical and scanning
electron microscopy (SEM); powder X-ray diffraction (XRD);
microprobe analysis (EMPA) and static leach test in distilled
water at 90 °C for 28 days. Content of Tc varied from 0.5-0.8
to 3-6 wt.% in oxide host phases and from 54 to 93 wt.% in
metallic inclusions. Leach rates were less than 10-3 g/m?.
Development of optimal methods of precursor preparation and
synthesis conditions of Tc-doped ceramic are discussed.

sl14



Chem. Listy 7104, s115-s262 (2010)
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THE SORPTION OF CESIUM ON BEISHAN SOIL
UNDER DIFFERENT PHYSICOCHEMICAL
CONDITIONS STUDIED BY BATCH AND EDS
TECHNIQUES

WANGSUO WU* and QIA0HUI FAN"

“Lanzhou University, "Lanzhou Univesity, China
wuws@lzu.edu.cn

Adsorption of Cs' to Beishan soil (BS) as function of pH,
foreign ions, temperatures, contact time and humic substances
was studied in detail under ambient conditions using baTch
techniques. The results suggested that the adsorption of Cs" was
strongly dependent on ionic strength, whereas nearly indepen-
dent of pH values, and the values of Ky were 1388.78 mL/g in
0.01 mol/L NaClO, and 740.14 mL/g in 0.1 mol/L NaClO,
solution, respectively. The foreign ions competed with Cs" in
the sequence: K> Na' > Li" and Mg2+>Ca2+-Na+; however, the
influence of anions was not obvious which might be attributed
to the very low complexing ability with anions (i.e., CI', C104
and NO5"). The adsorption reaction of Cs* to BS was very fast;
the values of E, were 8.944 kJ/mol. The positive AH, and
negative AG, meant that the holistic process of Cs™ adsorption
to BS was an endothermic and spontaneous process. The ad-
sorption isotherms of Cs* were well simulated by the Langmuir
model at higher concentration of NaClO,4, whereas Freundlich
model was better than Langmuir model at low ion strengths
(i.e., 0.001 mol/L NaClO,); and the values of g, obtained
from the Langmuir model ranged from ~3.33x107 to ~
5.00x107 mol/g. Humic substances (FA and HA) enhanced
significantly the adsorption of Cs" to BS.The EDS analysis
indicated that the adsorbed Cs” were mainly distributed to the
fray edges of BS, the locations of these adsorbed Cs" coincided
with the sodium depletion area, implying the replacement of
Na' by Cs" adsorption.

NFC.P20 (Id: 52)
SELENIUM(V) RETENTION ONTO ILLITE

NORBERT JORDAN, HARALD FOERSTENDORF and
VINZENZ BRENDLER

Forschungszentrum Dresden-Rossendorf, Germany
n.jordan@jfzd.de

In the context of nuclear waste management, long-term sa-
fety assessments have shown that selenium-79, released from
the solid waste matrix, could be one of the major isotopes
contributing to the global radioactivity potentially reaching the
biosphere. Selenium has a quite complex speciation, with four
main oxidation states, depending on both the pH and the redox
potential of the surrounding environment. Sorption onto mine-
rals can strongly affect the availability and the mobility of
selenium. It is thus of great importance to be able to characteri-
ze at both macroscopic and microscopic levels the different
processes (retention, reduction, surface precipitation, ...) that
can potentially take place. Regarding the multi-barrier concept
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considered for deep underground storage of high level and
long-lived radionuclides, clays are candidates as host rock as
well as backfill materials. Clays like illite, kaolinite, montmo-
rillonite and bentonite constitute the main phases of clay rocks,
together with other compounds like iron oxides, titanium oxide,
pyrite, calcite and organic matter. We decided to focus our
work on illite since it is an abundant and well crystallized clay
mineral in soils. Thus, retention properties of illite towards
selenium(IV) have been investigated in this study, using a
combination of both macroscopic and microscopic measure-
ments. Illite du Puy (France) has been used as the sorbing
phase. It has been purified in order to remove auxiliary and
minor phases to get a homo-ionic “Na-illite” clay. Then, baTch
experiments aiming at studying the sorption behaviour of sele-
nium(IV) onto illite have been performed in NaClO,. The
influence of the suspension pH, as well as the ionic strength
effect has been investigated. All the experiments have been
performed under anoxic conditions in a glove box under N,
atmosphere (O, < 1 ppm). Selenium speciation in solution has
been checked using Hydride Generation-Atomic Absorption
Spectroscopy measurements. The oxidation state of the seleni-
um species once sorbed onto the illite surface has been eviden-
ced using X-Ray Photoelectron Spectroscopy. Electrophoresis
measurements have also been performed during this work.
Comparison between the { potential of the illite surfaces before
and after selenium(IV) sorption has been done, to check whe-
ther the sorption takes place by chemical bonding formation or
rather by electrostatic attraction. Finally, ATR-FTIR measure-
ments have been performed using an ATR ZnSe crystal. By
comparison with former IR measurements concerning selenito-
ligands containing complexes as well as phases with sorbed
selenium species, the fashion binding of selenium(IV) onto
illite has been evidenced.

NFC.P21 (Id: 76)

SORPTION OF RADIONUCLIDES TO THE
CEMENTITIOUS MATERIAL NRVB UNDER NEAR-
FIELD CONDITIONS

MoNicA FELIPE-SOTELO, PETER WARWICK and NICK EVANS

Loughborough University, UK
m.felipe-sotelo@lboro.ac.uk

The current concept for the disposal of intermediate- and
low-level waste in the United Kingdom involves the emplace-
ment of the grouted waste confined in stainless steel canisters
in a cementitious repository deep underground '. The NRVB
(Nirex reference vault backfill) is a cementitious material spe-
cially formulated for this purpose, composed by a mixture of
ordinary Portland cement (OPC), hydrate lime (Ca(OH),) and
limestone flour % The movement of the radionuclides away
from the repository is expected to be retarded by their limited
solubility under the chemical conditions present in the reposito-
ry (high pH, due to the cement, and low Eh, due to corrosion of
the waste canisters) as well as, by sorption processes. In the
present work, the sorption of a series of radionuclides (I', Cs",
NiZ*, Eu®*", Th*" and U®") to NRVB was assessed under near-
field conditions (highly-alkaline pH and anoxic conditions).
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The experiments were carried using NRVB-equilibrated water
(pH ~ 12.6) in NaCl 0.1 mol dm™ as liquid phase, under a N,
atmosphere (O, and CO, free), according to the procedure
proposed by Sutton et al. °. Linear, Langmuir and Freundlich
isotherms were studied for all the radionuclides, and in all
cases, the sorption of radionuclides fitted well with the linear
model. The Ry (Coia/Ciiquia) observed experimentally varied in
a wide interval that ranged from the low values of 0.012 and
0.033 dm® g for Ni*" and T, respectively, to values as high as
2870 dm® g”', obtained for Cs". Results of the effect of cellulose
degradation product on sorption to NRVB will also be presen-
ted. When the Ry (Cgo1ig/Ciiquia) values of the radionuclides of
interest for NRVB, were compared with the experimental Ry
values for the individual components of NRVB, i.e. OPC,
hydrated lime and limestone, it was observed that in the case of
nickel and in absence of the organic ligands, R¢(NRVB) -
R4(OPC) + Ry(Ca(OH),) + Ry(limestone), confirming the vali-
dity of the additive model for this material. Acknowledgements
Authors express their thanks to the Radioactive Waste Ma-
nagement Directorate of the Nuclear Decommissioning Autho-
rity for sponsoring this project
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SORPTION PROPERTIES AND BEHAVIOUR OF *Cs
AND *’Sr ON BENTONITE CLAYS AND MAGNOX
SLUDGES
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BLACK STEVE®

“Loughborough University, "Sellafield Ltd, “UKAEA (United
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Within the nuclear industry, waste management and
disposal issues, both within the plants themselves and in the
surrounding areas, are complex and problematic. This is partial-
ly a result of many decades of discharges within the storage
site. A major problem is in determining the nature and distribu-
tion of contamination within the environment, be this on site in
surrounding host rock, or determining whether migration has
occurred to such an extent that contamination has breached the
boundaries of the site and reached the public domain, or whe-
ther contamination has been released to atmosphere, for exam-
ple. It has been suggested that there may be significant quanti-
ties of contaminated land arising from breaches in radionuclide
storage. Therefore, an understanding of the transportation of
radionuclide waste in the environment around storage ponds
and silos on waste sites, as well as an understanding of the
behaviour within the ponds, is essential in future waste remedi-
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ation strategies. One area of significant interest is the migration
of ¥’Cs and *°Sr radionuclides in contaminated clay soils, as
migration has been shown to be significantly faster than expec-
ted in some areas. Although exact figures are not known, in-
formation provided by a UK operator suggests that *’Cs and
%Sr are progressing through the surrounding area quicker than
the expected annual rate of 6 cm/year, for this type of material.
Sorption studies carried out using '*’Cs and **Sr have returned
promising results. ¥Sr was used in place of *Sr as it is easier to
work with, yet still exhibits the same behaviour in terms of
sorption. Although some previous studies have looked at the
sorption properties of these two radionuclides within the two
environments studied most have focussed on only one or two
variables. In these studies conducted at Loughborough Univer-
sity, numerous variables including pH, ionic strength and the
effect of competing ions being present in the system have been
investigated, while all the time keeping the remaining contribu-
ting variables (all of those not being specifically investigated,
plus contact time, solid-to-liquid ratio, eTc) constant. This has
provided data which will be extremely valuable as any changes
in behaviour can be directly associated with the altered variable
and results can be directly compared with those previously
obtained. The rheology of clays and clay minerals plays an
important role in the transport of these key radionuclides. A key
area of the repository LTP (Life Time Plan), for research and
development is to be able to link the transport in the materials
studied to rheology and organic content. Specific clays of inte-
rest are bentonite and montmorillonite, as well as the mineral
brucite. A final goal of being able to inhibit transport, either by
chemical speciation or barrier systems is an aim of this project.

NFC.P23 (Id: 121)
STUDY OF CESIUM AND STRONTIUM SORPTION ON
ROKLE BENTONITE IN DIFFERENT ELECTROLYTES

JAN VEJSADA® and DavID HRADIL?

“Nuclear Research Institute, ®Institute of Inorganic Chemistry
AS CR, v.v.i.
vsd@ujv.cz

In most of deep geological repository (DGR) concepts
sorption of radionuclides on bentonite represents an important
process of retarding radionuclide migration into geosphere. In
the Czech Republic, DGR concept takes local bentonite into
account as material for both buffer and backfill. The candidate
bentonite comes from the Rokle deposit (NW Bohemia) and
represents complex mixture of (Ca,Mg)-Fe-rich montmorilloni-
te, micas, kaolinite and other mineral admixtures (mainly Ca,
Mg, Fe carbonates, feldspars and iron oxides). This bentonite
differs in composition and properties from worldwide studied
Na-bentonite (e.g. MX-80, Volclay) or Na-Ca bentonite (e.g.
Febex). This fact leads to the need of investigation of Rokle
bentonite in greater detail to verify its suitability as a buffer and
backfill in DGR. Despite a number of studies concerning cesi-
um sorption on bentonites, there are still some issues requiring
clarification, especially the effect of cesium-selective minerals
(micas and mica-type clay minerals). Their amount in bentonite
and their effect on cesium sorption at different conditions re-
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presents great uncertainty in cesium sorption evaluation. In this
study, the general trends of cesium and strontium sorption on
Rokle bentonite (different samples) were compared with sorpti-
on on the well-defined reference material (Ca-montmorillonite
SAz-1). Then, the effect of changing solution ionic composition
on both Cs and Sr sorption was investigated in detail for ave-
rage sample of Rokle bentonite and associated uncertainties in
distribution coefficient (K;) determination were evaluated. The
comparison with reference sample demonstrates that cesium-
selective minerals are very important for cesium sorption even
at its trace concentrations. For strontium there are no selective
minerals to sorb it and the sorption is influenced mainly by the
cation exchange capacity (CEC) of the bentonite. Comparing
different electrolytes for cesium, the potassium has the highest
competitive effect (competition on selective sites), in contrast
to sodium and calcium. For strontium, calcium has the highest
competitive effect (competition on regular ion exchange sites),
potassium has a lower one and sodium the least one. No signi-
ficant differences were found for three selected samples of
Rokle bentonite in sorption behavior for cesium and strontium,
except the effect of total CEC of bentonite. The main uncertain-
ty sources for cesium arise from the presence of cesium-
selective minerals in Rokle bentonite samples in varying
amounts. For strontium, the amount of smectite (which has the
highest CEC in natural bentonite) represents the main source of
uncertainties. It also follows from the performed experiments
that the cesium sorption on studied bentonite cannot be descri-
bed using simple K, value.

NFC.P24 (Id: 224)
SORPTION BEHAVIOUR AND SPECIATION OF
NEPTUNIUM(V) ON OPALINUS CLAY
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The sorption of Np on clay such as Opalinus clay (OPA) is
one of many important processes that affect the migration and
retardation of Np in the geosphere. Clay formations are under
consideration in several European countries as a potential host
rock for high-level radioactive waste repositories '. We studied
the sorption of Np(V) onto OPA (from Mont Terri, Switzer-
land) both by baTch experiments and X-ray Absorption
Spectroscopy (XAS). The aim of this study was to obtain a
mechanistic understanding of the interaction of Np(V) with the
OPA surface. The obtained information is necessary for the
safety assessment and detailed planning of nuclear repositories.
The baTch experiments were done under aerobic and anaerobic
conditions. The sorption of Np(V) on OPA was studied as a
function of many chemical parameters such as pH (6-10), bac-
kground electrolyte (synth. OPA pore water, saturated calcite
solution, and 0.1 M NaClO,), partial pressure of CO,, and
presence/absence of humic acid (HA). The sorption curves for
8x10 mol/L Np(V) in saturated calcite solution obtained under
aerobic and anaerobic conditions, respectively, show that the
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adsorption edge occurs between pH 7-8. Maximum sorption
was observed at pH 8.5 with 65% sorption under aerobic condi-
tions and 80% under anaerobic conditions, respectively. Under
anaerobic conditions the reduction of Np(V) to Np(IV) by
Fe(Il) minerals of OPA causes a stronger sorption. At pH > 9
Np sorption decreased due to the complexation of Np with
carbonate in aqueous solution . Molecular-level information
was obtained by X-ray Absorption Fine Structure (EXAFS).
EXAFS spectra were measured in fluorescence mode at the
Rossendorf Beamline ROBL at ESRF. Several samples at pH
7.6 and 8.5 with a total Np(V) concentration of ~ 8x10° mol/L
were prepared under aerobic and anaerobic conditions. The
amount of Np sorbed in the EXAFS samples was in the range
of 50-121 ppm. Np L3-edge X-ray Absorption Near-Edge
Spectra (XANES) showed that in all aerobic samples the penta-
valent oxidation state of Np was the dominating one. The Np
L3-edge EXAFS spectra of the anaerobic samples prepared in
different background electrolytes showed the same EXAFS
pattern, indicating that Np(V)-carbonato complexes are formed
at OPA surface. More details as well as additional results will
be presented and discussed. The authors acknowledge the
ESRF for provision of synchrotron beam time and thank the
ROBL team for assistance during EXAFS measurements.

This work was financially supported by the BMWi under con-
tract No. 02E10166. D.R. Fréhlich has been supported by a
fellowship of DFG-GRK 826.
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Radionuclides of **Tc and '*I belong among the fission
products in spent nuclear fuel and make the largest contributi-
ons to long-term nuclear waste. The high proportion of risk
from these radionuclides is due to their large inventories in
many types of waste, long half-lives, and the perception that
they are highly mobile in the environment and therefore play
potentially large role in long-term dose assessment. Computer-
modeling methods were used to calculate equilibrium thermo-
dynamic principles, the distributions of predominant aqueous
species, and potential solubility controls for the environmental-
ly important oxidation states of each of the contaminants of
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concern. The Eh-pH diagrams of individual chemical species of
the tested radionuclides were calculated by the geochemical
software tool Geochemist’s Workbench. The data obtained
from the model calculations corresponded with experimental
results. The chemical stability of bentonite was studied on a
series of long-term pressure and temperature loaded bentonite
samples that were selected with the aim of constructing a beha-
vior profile of the bentonite buffer material in the experimental
container. The chemical stability of the loaded bentonite sam-
ples was evaluated on the basis of their ion exchange capacity,
the migration behavior of selected radionuclides and determi-
nation of the leachable components of bentonite into redistilled
water. The results obtained in this study were compared with
the values for the unloaded bentonite material. It was found that
long-term pressure and temperature gradients do not have a
significant influence on the changes of the ion exchange capaci-
ty of bentonite material. These results make a major contributi-
on towards determining the migration of radionuclides on
bentonite, especially cationic forms of radionuclides. Electro-
migration methods and thin layer chromatography with radio-
metric detection were used for the identification of technetium
and iodine chemical forms in the studied solid-liquid systems.
Migration studies of the radionuclides '**Cs in the form of the
Cs" cation and *Tc in the form of the pertechnetate anion were
described on the basis of two dominant processes that both
include sorption and diffusion. The dominant chemical form of
technetium under these redox conditions is the insoluble
TcO,.nH,0, which is formed by the reduction of pertechnetate
anion to the oxidation state Tc(IV). The determined values of
distribution and diffusion coefficients of the loaded bentonite
samples corresponded with the values of the unloaded bentonite
material. Ton exchange at the surface sites of bentonite corre-
sponded with the control mechanism of Cs" cation sorption on
bentonite in that both were simultaneously influenced by com-
petitive cations present in the aqueous phase(Na', K, Ca*",
Mg?). To retard the migration of selected radionuclides
(®°TcOy, "I released from spent nuclear fuel after the failure
of a container, the reducing effects on the concentration of
these radionuclides by container corrosion products and of
some additives on the bases of Fe compounds in various oxi-
dation states were examined in aqueous media in contact with
bentonite.
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EVOLUTION OF THE REDOX POTENTIAL IN THE
CORROSION SYSTEM
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The knowledge of chemical conditions, especially of redox
potential, inside waste packages with radioactive wastes is
important for the determination of radionuclides speciation and
their leaching rate after failure of waste packages. Conditions
inside waste packages will be determined primarily by the
reactions of thermodynamically unstable iron with groundwater
penetrating into waste packages and by the nature of the iron
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corrosion products formed. The main corrosion products of iron
corrosion are Fe(Il) ions, hydrogen and products of reactions of
these species with species present in water flowing into waste
packages. The composition of water will correspond to the
composition of ground water affected by other engineered
barriers. The rate of the corrosion reaction, the rate of oxidation
and hydrolysis of Fe*" and the rate of the formation of precipi-
tation products will govern the development of Eh inside waste
packages. One possibility of estimating chemical conditions in
such complex systems is to use advanced geochemical models.
A great disadvantage of these models is that a lot of important
input data must be estimated. This can lead to great uncertainty
about the real conditions inside waste packages. The main aim
of this work was therefore to measure redox potential (Eh) in
simplified systems simulating the conditions inside waste
packages and the effect of iron corrosion on Eh development
inside waste packages after ingressions of groundwater. The
results can then be used to validate geochemical models. The
corrosion systems consisted of the carbon steel plates and the
synthetic bentonite porewater. The apparatus was put into
anaerobic box (O, < 0.1 ppm), where redox potential was mea-
sured by platinum and gold electrodes. The corrosion rate of
carbon steel was determined during experiment by measuring
hydrogen evolution and then from weight loss of samples. The
results show that the values of the redox potential during the
experiments firstly sharply decreases and then slowly increases.
Opposite behaviour was observed at measuring pH, where
values of pH first slightly increased and then slowly decreased.
The concentration of Fe*" ions after the experiments was negli-
gible in comparison with Fe** concentration. The corrosion rate
at 50 °C was almost constant during corrosion experiment,
while the corrosion rate at 60 and 70 °C was very fast at the
beginning of corrosion but then significantly slowed down. It
seems that the effect of temperature on corrosion rate is affec-
ted by the nature of corrosion products formed on the surface of
metal. The experiments provide useful information about evo-
lution of the redox potential and other parameters which can be
expected inside waste packages with radioactive wastes, but
time of the experiments carried out so far was relatively short
(30 days). In the future, long-term experiments must be perfor-
med under various conditions to verify the results obtained.
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STUDY OF GAS GENERATION IN REAL L/ILW
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To obtain reliable estimates of the quantities and rates of
the gas production in L/ILW a series of measurements was
carried in the last seven years in Hungary. Drums filled with
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selected original L/ILW coming form the light water PWR type
Paks Nuclear Power Plant (Hungary) were placed into special
hermetic containers and the gas generation in them was measu-
red carefully. Headspace gas analysis of real radioactive waste
vaults closed between 1979 and 1995 in a near surface L/ILW
disposal facility of Hungary was also carried out. It was clearly
indicated that the gas generation rate is relatively high in the
L/ILW drums independently of the chemical type of the main
components of the stored waste. Our results showed that the
main generated gases in L/ILW are carbon dioxide, methane
and hydrogen. The typical rates were 0.05-0.2 STP litre gas/day
for CO, and CH, generation, and less than 0.02 STP litre
gas/day for H,. No explosive gas mixture was indicated in the
L/ILW drums during the investigated storage period. Composi-
tions of headspace gases in closed L/ILW vaults were in good
agreement with gas generation processes observed in L/ILW
drums. The stable carbon isotope measurements show that the
main source of the CO, gas is the degradation of organic matter
in the waste. The low "C content indicates microbial degra-
dation processes as the main sources of CH, in the headspace
gas. Typical tritium activity concentrations were between 0.1
and 10 Bg/liter gas in the drums and between 10 and
1000 Bq/liter gas in the vaults. Typical "C activity values of
the headspace gases were between 0.1 and 2.0 Bq/liter gas in
the drums and 10 and 1000 Bg/liter gas in the studied vaults.

NFC.P28 (Id: 86)

QUALIFICATION OF LOW AND INTERMEDIATE
LEVEL RADIOACTIVE WASTES (L/ILW) WITHIN
THE FRAMEWORK OF THE “DEMO” PROJECT BY A
TRIATHLER TYPE PORTABLE LIQUID
SCINTILLATION SPECTROMETER IN
PUSPOKSZILAGY, HUNGARY

TAMAS NAGY?, ISTVAN BARNABAsb, PETER ORMAlb,
SANDOR KAPITANY”, MIHALY VERES®, GERGO VODILAS,
ARPAD BIHARI® and MIHALY MOLNAR®

“Isotoptech Co. Ltd., Debrecen, Hungary, "Public Agency for
Radioactive Waste Management, Paks, Hungary, ‘Institute of
Nuclear Research of the Hungarian Academy of Sciences,
Debrecen, Hungary

nagytamas82@citromail hu

In the Piispokszilagy Radioactive Waste Treatment and
Disposal Facility, Hungary, (in operation since 1976) many
works started to solve the storage of the non-power-plant
radioactive waste of Hungary to fulfil the increasing safety
demands. Within the framework of this procedure the exhu-
mation of 66 reinforced concrete near-surface vaults with the
size of 70-140 m® each (called vault "A") started together
with further renewal works. The exhumation of the A11, A12,
A13 and Al14 vaults was included in the "Demo" project, in
the course of which the aim was to find the proper measure-
ment and waste-backfilling technique to adapt them as further
vaults. To identify the *H, "*C and *°Sr isotopes a Triathler
type portable liquid scintillation spectrometer was used toge-
ther with a rapid and well-reproducible swipe sampling
method. The expected total activity value was obtained by
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evaluating 4000 samples. Certain waste packages were remo-
ved to gain space allowing the disposal facility to accept
further waste in the future. The measurement technique is
therefore well-applicable in the case of the "A type" vaults.

NFC.P29 (Id: 87)

,DEMO” PROGRAM IN PUSPOKSZILAGY,
HUNGARY: QUALIFICATION OF LOW AND
INTERMEDIATE LEVEL RADIOACTIVE WASTES BY
A FIELD y SPECTROSCOPY SYSTEM

TAMAS NAGY?, ISTVAN BARNABASb, PETER ORMAIb,
SANDOR KAPITANY®, MIHALY VERES®, GERGO VODILAS,
ARPAD BIHARI® and MIHALY MOLNAR®

“Isotoptech Co. Ltd., Debrecen, Hungary, "Public Agency for
Radioactive Waste Management, Paks, Hungary, ‘Institute of
Nuclear Research of the HAS, Debrecen, Hungary
nagytamas82@citromail hu

The Radioactive Waste Treatment and Disposal Facility,
Piispokszilagy, Hungary, is in operation since 1976. Low and
intermediate level radioactive wastes originating from diffe-
rent industrial, medical, educational and scientific activities
are disposed of here. At the beginning of its operation the
facility had to fulfil only safety requirements but not regulati-
ons pertaining to the form and the quality of the wastes. The
recent safety analyses aim to improve these temporary soluti-
ons to ensure the further safe and proper operation of the
facility. A ,,.Demo” project was launched to remove the was-
tes containing long-lived and highly active isotopes and to
gain excess capacity with more organised backfilling, within
the framework of which the exhumation of 4 near-surface
reinforced concrete vaults (called ,,A type”) was fulfilled. In
the vaults the wastes were in plastic packages. Most of them
were undamaged during hoisting, thus the identification of the
various isotopes was possible with the help of a field
y spectrometry system. A Genie 2000 Gamma Analysis Soft-
ware was used together with a Big Mac type CANBERRA
y spectrometry system with a high-purity germanium detector.
On the basis of the original records most of the wastes contai-
ning different isotopes were identified and the results of the
measurements were similar to the ones estimated from the
records. After the backfilling it can be seen that the purposes
regarding the excess capacity of the vaults can also be achie-
ved. It can be stated that the measurement technique for the
further similar vault exhumation procedures is proper and
applicable.
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NFC.P30 (Id: 294)

IMPACT OF HYDROGEN GENERATED BY IRON
CORROSION ON COMPACTED BENTONITE IN DEEP
GEOLOGICAL REPOSITORY

PETR POLIVKA and ANTONIN VOKAL

Czech Chemical Society, Prague, Czech Republic
pop@ujv.cz

A large number of processes will influence the performan-
ce of deep geological repository of radioactive wastes until the
activity of radionuclides decay to a negligible level. One of the
very important processes is generation of gases, and particular-
ly of hydrogen, which will be formed primarily by anaerobic
corrosion of metals and by radiolysis of water. High pressure
formed in the vicinity of waste packages due to accumulation
of hydrogen can cause failure of sealing materials and contribu-
te to fast release of radionuclides to the geosphere after waste
package failure. This contribution presents the results of labora-
tory experiments, which simulated the phase of repository
evolution after ingression of water in failed canister with spent
fuel assemblies, which is connected with significant generation
and accumulation of hydrogen in free voids of waste packages
and at interfaces of waste packages and compacted bentonite
used as a sealing material. Corrosion of carbon steel canisters
inside walls is simulated by corrosion of iron powder with high
surface. It was found that after an increase of pressure of hyd-
rogen to the values exceeding some threshold values, which
depends on density bentonite, hydrogen is released to geosphe-
re in pulses due to formation of preferential paths. This is con-
nected with a significant increase of permeability of bentonite
from values of approximately 10%* m? to 107" m? within the
breakthrough time. The pressure needed to reach breakthrough
is decreased with the number of breakthrough pulses. Data
obtained in experiments enable us to understand more closely
the processes occurring in a repository and to avoid conditions
that could lead to the failure of sealing materials and fast relea-
se of radionuclides to the geosphere and the environment.

NFC.P31 (Id: 39)

DISSOLVED GAS MEASUREMENTS OF THE
COOLING PONDS OF PAKS NUCLEAR POWER
PLANT, HUNGARY

MIHALY MOLNAR?, LASZLO PALCSU?, ZOLTAN MAJOR?,
Eva SVINGOR?, MIHALY VERES® and TAMAS PINTERS

“MTA ATOMKI (Institute of Nuclear Research of the Hungari-
an Academy of Science), Debrecen, Hungary, ° Isotoptech Co.
Ltd., Debrecen, Hungary, ‘Paks Nuclear Power Plant, Paks,
Hungary

mmol@atomki.hu

The aim of this work was the investigation of the effect of
nuclear fuel rods on the composition of the dissolved gas in the
cooling water of the cooling ponds of Paks Nuclear Power
Plant (Paks NPP). In normal cases after three-year usage in the
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reactor the spent fuel elements are stored in cooling ponds for
years before delivering out from the reactor area. In April 2003
due to the failure of the cleaning procedure of fuel rods from
reactor No. 2 some elements remained in service pool No. 1.
For better handling of this situation and planning the repairing
procedure several parameters must be considered. The gases
dissolved in the coolant, especially those produced by fission or
decay, are good indicators of the variation in state parameters
of the system in this situation as well as in the case of working
reactors. Parallel with the measurements of dissolved gases in
the coolant for surveying the kilter of the nuclear fuel remained
in service pool No.l we also measured these parameters in the
cooling ponds as a reference. The reason was the similar tech-
nological situation because in both cases the coolant contains
out-of-work fuel elements and the headspace gas above is air
with atmospheric pressure. In this work we investigated the
effect of the nuclear fuel rods on the composition of the dissol-
ved gas in the coolant of the cooling ponds and the service pool
No.1 of the reactor No. 2 of Paks NPP. We measured the quali-
ty and the quantity of the dissolved gases and the isotope com-
positions of the noble gases produced in fission or decay. For
these aims sampling and measuring methods were developed.
Our results help to ascertain the possible ways and rates of gas
generation processes caused by the presence of nuclear fuel
rods in the cooling water.

NFC.P32 (Id: 74)
USING NATURAL ORGANIC MATTER AS A
REMEDIATION MATERIAL IN ENVIRONMENTAL
APPLICATIONS

ANUMAIJA LESKINEN®, PETER WARWICK" and DAVID READ"

“Loughborough University, UK, *Enterpris Ltd, University of
Reading, UK
a.leskinen@lboro.ac.uk

Natural organic matter (NOM) is being characterised and
investigated for use as a remediation material in various ap-
plications. Two readily available environmental materials are
being tested: Material A: 68% by weight of the material is
organic including 19% humic acid, 28% fulvic acid and 21%
humin. 32% of the material is inorganic, containing 23% iron.
Material B: 57% by weight of the material is inorganic, 3% is
humic acid, 27% is fulvic acid and 13% is humin. The humin
fraction of these two materials may contain humic acid that
has been immobilised by clays or other minerals. The materi-
als have been tested in three applications; i) As a permeable
reactive barrier A permeable reactive barrier is a passive, in
situ method that is used to remediate contaminated groundwa-
ter. As groundwater flows through it, the barrier extracts
contaminants, significantly reducing their concentration. Both
materials are capable of extracting metals and organic pollu-
tants from groundwater ii) Extraction of iodine from urine "'I
may be given to patients with thyroid problems for diagnosis
or treatment. About 30% of the activity (2-3 GBq) is excreted
in urine during the first day after administration. In some
parts of Europe, the radioactive urine is collected in tanks at
the hospital. The objective of this investigation is to determi-
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ne whether the radioiodine can be extracted from urine and
concentrated in a smaller volume of solid. iii) Extraction of
iron and other contaminants from industrial effluents During
the production of kaolinite or China Clay, brown discolorati-
on caused by Fe*'-containing impurities is removed by the
addition of acid and a reducing agent, forming soluble Fe?".
The latter is then removed from the effluent by precipitation
with NaOH and flocculants. This study investigates the use of
solid NOM to bind iron and co-contaminants directly, avoi-
ding the need for alkali addition and precipitation of large
quantities of slurry.

Acknowledgement. Anumaija Leskinen thanks Loughborough
University and Enterpris Ltd for financial support
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3. NUCLEAR ANALYTICAL METHODS (NAM)

Lectures

NAML.LO1 (Id: 201)

SIMULTANEOUS SPECIATION ANALYSIS OF
ARSENIC, ANTIMONY AND SELENIUM IN NATURAL
WATERS BY NEUTRON ACTIVATION COUPLED TO
HPLC, SOLVENT EXTRACTION AND SOLID-PHASE
EXTRACTION

AMARES CHATT and YOUQING SHI

SLOWPOKE-2 Facility, Trace AnalysisResearch Centre, De-
partment of Chemistry, Dalhousie University, Canada
a.chatt@dal.ca

Simultaneous speciation neutron activation analysis
(SSNAA) technique is being developed in our laboratory over
the last 15 years. This technique can now be used for the
simultaneous determination of not only various species of a
single element but also species of other elements present in
the same sample. Almost all speciation techniques consist of
two steps. The first step involves the separation of species
from the sample followed by the second step of element-
specific detection. Neutron activation analysis (NAA)
methods in combination with high-performance liquid chro-
matography (HPLC) were developed first for the determinati-
on of low levels of five arsenic species, namely As(IIl),
As(V), monomethylarsonic acid (MMA), dimethylarsinic acid
(DMA), and arsenobetaine (AsB) in water samples. Organi-
cally bound arsenic (OBAs) and total arsenic levels were
measured. The detection limits of the HPLC-NAA method
were found to be 0.005 ng mL™' for OBAs, 0.02 ng mL"' for
AsB, DMA, MMA, As(Ill), and As(V) and 0.12 ng mL"! for
total arsenic using the Dalhousie University SLOWPOKE-2
reactor facility. These methods were then extended to include
the determination of arsenic, antimony and selenium species,
namely As(II), As(V), AsB, OBAs, MMA, DMA, Sb(IIl),
Sb(V), and Se(IV), in natural water samples by solvent ex-
traction and solid-phase extraction. The accuracy of the
methods was evaluated by analyzing a Riverine Water CRM.
Details of all three methods will be presented along with the
concentrations of various species measured.

NAM.LO02 (Id: 211)
NAA FOR LIFE SCIENCES AT FLNP JINR: PRESENT
AND FUTURE

MARINA FRONTASYEVA

Joint Institute for Nuclear Research, Dubna, Russia
marina@nf.jinr.ru

Within the broad spectrum of activities in the life sciences
at JINR such as nuclear medicine and pharmacy, radiation
biology, radioecology, radioisotope production — radioanalyti-
cal investigations play a special role due to the long-term expe-
rience in multi-element instrumental neutron activation analysis
(INAA) at the reactor IBR-2 of FLNP, JINR. Activation with
epithermal neutrons along with conventional and cyclic INAA
is presently being used in numerous projects on air pollution
studies with biomonitors (moss, lichens, tree bark). The results
on moss surveys (heavy metal atmospheric deposition study)
for some selected areas of Central Russia, South Urals, and
countries of Europe (Bulgaria, Croatia, Poland, Romania, Bos-
nia, Serbia, Macedonia, Slovakia, Western Ukraine, Thace
Region of Turkey) have been reported since 1995 to the Euro-
pean Atlas of Heavy Metal Atmospheric Deposition edited
under the auspices of the United Nations Economic Commissi-
on for Europe. Similar investigations were initiated also in
Mongolia, Vietnam, China and South Korea with analytical
opportunities offered in Dubna. Applied to the analysis of air
filters, INAA is successfully used in assessing quality of Lon-
don underground air, air of Bratislava, and the Sahara desert
impact on the Greater Cairo Area. Epithermal activation analy-
sis in combination with atomic absorption spectrometry and
energy-disperse X-ray fluorescence allowed source evaluation
of metals in soil from some industrial areas of Russia (South
Urals, Kola Peninsula) and Macedonia (Veles province). The
analytical possibilities of NAA are favorably used in biotechno-
logy: (i) in the development of new pharmaceuticals based on
the blue-green alga Spirulina platensis; (ii) for transformation
of toxic forms of elements into non-toxic ones by Arthrobacter
oxidans; and (iii) for investigation of bacterial leaching of
metals, including uranium and thorium, from low-grade ores,
rocks and industrial wastes. Occupational health studies at
some fertilizer plants in Russia, Uzbekistan, Poland, and Ro-
mania, the quality of foodstuffs grown in some contaminated
areas of Russia, Romania and South Africa were investigated in
the framework of the IAEA Co-ordinated Research Program-
mes, the EU 5th Frame Programme and a project with the
Nuclear Energy Corporation of South Africa (NECSA). The
results of applying NAA to the problem of decommissioning of
Nuclear Power Plants and utilization of industrial wastes are
demonstrated. The prospects of the above investigations along
with the new trends and projects (role of trace elements in the
development of atherosclerosis, health impacts of nano-
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particles, etc.) to be carried out at the upgraded reactor IBR-2M
are reviewed. The educational aspect of using the radioanalyti-
cal facility REGATA at the IBR-2M reactor for training young
specialists from JINR Member- and non-Member-States is
touched upon.

NAM.L03 (Id: 190)

USE OF NEUTRON ACTIVATION ANALYSIS FOR THE
CHARACTERIZATION OF SINGLE-WALL CARBON
NANOTUBE MATERIALS

ROLF ZEISLER, RABIA O. SpATZ, PAUL RICK and
JEFFREY FAGAN

National Institute of Standards and Technology, US
rolf.zeisler@nist.gov

Carbon nanotubes (CNT) are one of the first major nanosca-
le manufactured products to enter the market. Therefore, reliable
and reproducible quantitative measurement and characterization
of carbon nanotube samples are important for progress in un-
derstanding of these materials and the development of new appli-
cations incorporating these materials. An additional value is the
development of an information base for CNT toxicology. In
response to this need, the National Institute of Standards and
Technology (NIST) is developing a single-wall carbon nanotube
(SWCNT) Standard Reference Material (SRM). In the course of
this work, instrumental neutron activation analysis (INAA) was
used to evaluate a variety of SWCNT materials for selection as a
candidate reference material as well as to establish elemental
composition data on SWCNT materials. INAA proved to be
well-suited for the direct determination of catalyst and contami-
nant trace elements requiring only minimal sample preparation.
Prompt y neutron activation analysis (PGAA) complemented the
INAA data in particular with determinations of the light ele-
ments. Carbon and hydrogen results provided information on the
materials purity and storage properties. INAA and PGAA data
were used in the value assignment of mass fractions of catalyst
and trace elements in the candidate SRM.

NAM.L04 (Id: 318)

DETERMINATION OF SILICON IN BEER AND BEER
PROCESSING MATERIALS BY FAST NEUTRON
ACTIVATION ANALYSIS. IS BEER A POSSIBLE
PROTECTIVE FACTOR IN PREVENTING
ALZHEIMER'S DISEASE?

JAN KUCERA®, IVANA KRAUSOVA?, PAVEL DOSTALEK and
VACLAV POTESILS

“Nuclear Physics Institute, Academy of Sciences of the Czech
Republic,"Institute of Chemical Technology Prague, Czech
Republic “Pivo Praha, Ltd., Prague, Czech Republic
kucera@uijf-cas.cz

Silicon is an essential element for organisms. Although the
biochemical mechanisms remain obscure, dietary Si is conside-
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red important for growth and development of bone and con-
nective tissues. Recently, it has been suggested that Si and
silicic acid may decrease the bioavailability of aluminium by
blocking its uptake through the gastrointestinal tract and by
impeding reabsorption in kidney '. Aluminium, a neurotoxin,
has lately been implicated as one of the possible casual factors
contributing to Alzheimer’s disease, since the element is con-
ducive to oxidative stress in the brain, and oxidative damage is
the primary risk factor for Alzheimer’s disease and other neu-
rodegenerative disorders. While many foods contain Si in
polymeric form or as hydrated silica — opal (phytoliths), bioa-
vailable Si in beer is present in a monomeric form as a soluble
orthosilicic acid H,SiO, 23, It is the Si form which may decrea-
se the bioavailability of Al and consequently may afford pro-
tection against Al toxicity in brain. For this reason, we studied
the Si content in various Czech beers and beer base materials
using fast instrumental neutron activation analysis. Lyophilized
samples of several Czech beers and beer processing materials
from one brewery (barley, sweet and hopped wort, extracted
grain, yeast, hop extract and granulate, nonfiltered and filtered
beer) were combusted in a nickel crucible at 600°C in air.
Water used for hot mashing of barley was preconcentrated by
evaporation. Irradiation behind a Cd shield was used for deter-
mination of Si via the short-lived radionuclide Al resulting
from the *’Si(n,p)”’Al reaction with fast neutrons in the ash
from the above samples, and/or in the water aliquots. y-ray
spectra of the irradiated samples and standards were measured
by a coaxial HPGe detector coupled to a Canberra Genie 2000
system. For quality control, reference material NIST SRM 2704
Bufallo River Sediment was assayed. The study has shown how
Si comes into beer from the individual input materials. In addi-
tion to Si contained in water, barley and hop are the main sour-
ces of Si in beer. It is mainly the hot mashing technique, which
extracts orthosilic acid from barley’s and hop’s phytolitic silica.
The Si concentration in the Czech beers analyzed were in the
range of 14 to 44 mg/L, while water used for hot mashing of
barley in the studied brewery contained 7 mg/L of Si. Dietary
Si intake in the USA is about 20-50 mg per person per day 2,
while the British diet has been reported to contain 9-23 mg of
Si per person per day, with 60 % derived from cereals with
poor bioavailability *. Thus it is obvious that moderate beer
consumption significantly increases intake of bioavailable Si.
Therefore, if the rather controversial hypothesis about alumini-
um’s neurotoxicity holds, beer drinking should be considered a
protective factor in preventing Alzheimer’s disease and other
Al induced neurodegenerative disorders.
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NAM.LOS5 (Id: 170)

TOTAL AND BIOACCESSIBLE FRACTIONS OF
TRACE ELEMENTS IN CULTIVATED OYSTER
TISSUES BY INAA, PIXE AND ICP-MS

MicHIKO FUKUSHIMA®, HIROYUKI NAKANO” and AMARES
CHATT®

Ishinomaki Senshu University, Japan, "Kyoto University Reak-
tor, “SLOWPOKE-2 Facility, Trace AnalysisResearch Centre,
Department of Chemistry, Dalhousie University, Canada
fukusima@isenshu-u.ac.jp

There is an increasing interest in estimating the total and bi-
oaccessible fraction of elements of both nutritional and toxicolo-
gical importance in cultivated oysters consumed by Japanese
population groups. Oysters are cultivated in Japan by hanging
them on an 11-m long rope in the ocean. Levels of 15 elements in
oysters cultivated at different depths were investigated by INAA
in the present study. Three groups of oyster were collected at 1, 6,
and 11 m depths of a single rope. From each group, five oysters
were chosen and removed from the shell after washing with tap
water. Two groups of organ, namely (i) hepatopancreas and
muscle, and (ii) gill and mantle, were separated from soft tissues.
These organs were freeze-dried and pulverized. The organs of
group (i) are thought to accumulate elements from the ingestion
of planktons from sea water while those of group (ii) are simply
in direct contact with sea water. One portion of powdered sample
was irradiated at the Dalhousie University SLOWPOKE-2 reac-
tor facility in Halifax, Canada for assaying Ag, Br, Cl, Cu, Mg,
Na, Se, and V by instrumental neutron activation analysis
(INAA) through their short- and medium-lived nuclides. Another
portion was irradiated at the Kyoto University Reactor in Osaka,
Japan for Co, Cr, Fe, Rb, Sb, Sc, and Zn by INAA using mostly
long-lived nuclides. A third portion of the sample was digested in
a microwave oven after adding indium solution (for use as an
internal standard) and concentrated nitric acid for analysis of
more than 20 elements by particle induced X-ray emission
(PIXE). Almost all elements except Cd, Cl, and Ni were found to
accumulate in soft tissues with increasing depth. The bioaccessi-
ble fraction of the elements was estimated by an in vitro enzymo-
lysis method using a-amylase, protease and amylglucosidase
followed by ICP-MS. Details of all experiments and results will
be presented.

NAM.LO06 (Id: 181)
NEUTRON AND PHOTON ACTIVATION AND ION
BEAM TECHNIQUES IN GEOCHEMICAL
CHARACTERIZATION OF MOLDAVITES AND
OTHER IMPACT GLASSES

JIRki MIZERA, ZDENEK RANDA, VLADIMIR HAVRANEK,
Ivo ToMANDL and JAN KUCERA

Nuclear Physics Institute, Academy of Sciences of the Czech
Republic
mizera@ujf-cas.cz

The study presents results of geochemical characterization
of a large collection of tektites and other impact glasses. Impact
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glasses are produced through large meteoritic impacts by mel-
ting of surface materials. Tektites are impact glasses ejected
from the impact site to distant strewn fields. The collection
included namely moldavites from the major parts of the Central
European tektite strewn field, and irghizites - impact glasses
from the Zhamanshin crater in Kazakhstan. Several samples of
Australasian tektites and Libyan Desert glass were available as
well. The characterization has been based on determination of
about fifty elements using various modes of instrumental ne-
utron activation analysis, supplemented by instrumental photon
activation analysis, prompt y activation analysis, PIGE and
PIXE. Geochemical data are presented and discussed in view of
parent materials and processes involved in formation of various
tektites and impact glasses.

NAM.L07 (Id: 193)

DEVELOPMENT OF A RADIOCHEMICAL NEUTRON
ACTIVATION ANALYSIS PROCEDURE FOR
DETERMINATION OF ARSENIC IN BIOLOGICAL
MATERIALS

RICK PAUL

NIST (National Institute of Standards and Technology.), US
rick.paul@nist.gov

Neutron activation analysis (NAA) has played a key role in
the certification of As in biological reference materials at NIST.
Instrumental neutron activation analysis (INAA) with counting
of "®As is typically used to determine >1 mg/kg As in biological
materials, though lower amounts may be determined, depen-
ding on the matrix. At lower levels, As determination is often
hindered by the presence of significant amounts of **Na, *’Br,
or ?P. Radiochemical neutron activation analysis (RNAA) with
retention of As on hydrated manganese dioxide (HMD) has
been used in the certification of As mass fractions in biological
reference materials at levels <1 mg/kg '*. Although this method
provides very high and reproducible yields, and detection limits
at low pg/kg levels, counting geometry uncertainties may arise
from uneven distribution of As in the resins. Additionally, the
method is not specific to arsenic since other elements (Ag, Cr,
Mo, Nb, Sn, Sb, Se, Ta, W) are retained on the column, resul-
ting in possible decreased detection limits for As. Finally, the
method does not appear to be easily applicable to all matrices.
Two methods are being investigated to yield minimized uncer-
tainties associated with counting geometry, increased specifici-
ty for arsenic, and broader applicability. The first involves the
use of an 7’ As tracer to monitor yields and correct for differen-
ces in counting geometry. The second method involves the use
of a liquid extraction procedure in which "As is counted in the
liquid phase, thus minimizing uncertainties associated with
counting geometry. The latter method promises to be specific to
arsenic and applicable to a wider range of matrices.
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NAML.LO8 (Id: 225)
NAA FOR STUDYING DETOXIFICATION OF Cr AND
Hg BY ARTHROBACTER GLOBIFORMIS

NELLY TSIBAKHASHVILI®, L. MOSULISHVILI", E. KIRKESALI®,
I. MURUSIDZE”, M..V. FRONTASYEVA', I. ZINICOVSCAIA®,
P. BopE® and TH. TH.G.VAN MEERTEN®
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gia, “Joint Institute for Nuclear Research, *Delft University of
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zing@nf.jinr.ru

Bacterial reduction and detoxification of potentially toxic
metals is one of most promising strategies for the bioremediati-
on of contaminated environmental media. In our previous
studies we have established that the Gram-positive bacterial
strain Arthrobacter globiformis isolated from basalts taken from
the ecologically most polluted region of Georgia (Marneuli)
can reduce and detoxify Cr(VI) with high efficiency '. In the
present investigation instrumental neutron activation analysis
(INAA) was applied to study (1) accumulation of Cr(VI) in A.
globiformis in the presence of Hg(II); (2) accumulation of
Hg(ID) in bacterial cells; and (3) effects of Hg (II) and mixture
of Cr(VI) - Hg(Il) on the elemental composition of bacteria.
Our experiments were focused on the dose-dependent effects of
Cr(VI) and Hg(Ill). Cr(VI) as [K,CrO,] and Hg(I) as
[Hg(NOs;),.H,0] were added to the bacterial cell cultures at an
early stationary phase of their growth. Two sets of experiments
were performed. In the first set the concentration of Hg(Il)
varied within the range of 50-5000 pg/L. In the second set a
500 pg/L concentration of Hg(II) was added to the bacterial
cells at each given concentration of Cr(VI) within the range of
50-1000 mg/L. According to the results obtained, the dose-
dependent character of Cr(VI) accumulation by the tested bac-
terial strain was not significantly affected by the presence of
Hg(II). Accumulation of Hg(Il), similar to the Cr(VI) accumu-
lation, follows well the Langmuir-Freundlich model. Besides,
NAA measurements showed increased content of Fe in bacteria
under Hg and Cr action, suggesting that Fe-containing biomo-
lecules play a decisive role in detoxifying heavy metals by A.
globiformis. The concentration of 5000 pg/L of Hg(Il) was
found to be critical for A. globiformis. At this concentration of
Hg(II) the concentrations of both essential (Na, Mg, Al, Cl, K,
Mn, Zn) and some non-esential elements (Rb, Sb, Sc, As)
changed drastically along with a decrease of the biomass of
bacteria by a factor of 2. One may assume that under this high
exposure to Hg(Il) the structure of the bacterial cell wall was
destroyed.
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NEUTRON ACTIVATION ANALYSIS FOR
ASSESSMENT OF BEEF ORIGIN
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Consumer confidence in beef has been hampered by epi-
demics such as bovine spongiform encephalopathy (BSE) and
foot and mouth disease (FMD). Legislation has increased rest-
rictions on beef trade worldwide. For example, the beef trade in
the European Union requires traceability throughout the supply
chain, allowing the consumers to be aware of the origin of meat
available in the market. Nevertheless, the traceability is usually
based on labeling and information technology, rather than on
intrinsic characteristics of the meat. Analytical methods deter-
mining essential and non-essential chemical elements are po-
tential tools to establish the geographical origin of meat, since
certain regions may provide specific fingerprints, especially for
trace elements. Here, instrumental neutron activation analysis
(INAA) was used to assess the origin of beef produced in 3
different countries. For this evaluation, 85 samples of top sir-
loin were acquired from the local market of Piracicaba, inclu-
ding meat from North, Southeast and South regions of Brazil,
in the states of Para, Minas Gerais and Rio Grande do Sul, as
well as from Argentina and Australia. The meat samples were
minced in a knife mill, freeze-dried and ground in a ball mill.
Analytical portions of approximately 300 mg were weighed
into high purity polyethylene vials and irradiated in a thermal
neutron flux of 10" cm™ s™', followed by four measurements of
induced radioactivity by HPGe detectors. For quality control,
reference material NIST RM 8414 Bovine Muscle Powder and
IAEA A1l Trace Elements in Milk Powder were analyzed. The
ko-method was used to provide results for seven chemical
elements, i.e. Br, Cs, Fe, K, Na, Rb and Zn. Four elements (Fe,
K, Na and Zn) presented low variability among the meat sam-
ples analyzed, despite the different origins. Br, Cs and Rb
showed a greater variability and a good potential to be used as
indicators of origin. However, further studies with a more
comprehensive sampling are needed to fully demonstrate this
assumption. Moreover, additional chemical elements should be
investigated to improve the applicability and the confidence of
the proposed methodology for assessment of beef origin.
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ELEMENTAL CONCENTRATIONS IN VEGETABLE
SPECIES FROM INDUSTRIAL ZONES IN ROMANIA
DETERMINED BY INAA
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IONUT-CATALIN CALINESCU®

“Horia Hulubei National Institute for Physics and Nuclear
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National Institute for Research and Development in Electrical
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The environmental pollution by industrial activities pre-
sents a significant health risk to human beings. One of the
possible pathways of pollutants from the environment to human
organisms is the consumption of foodstuffs polluted by in-
dustrial activities. This paper presents the levels of elemental
concentrations determined by Instrumental Neutron Activation
Analysis (INAA) in various vegetable species cultivated in
industrial zones of Romania and control sites with no specific
type of pollution. The following industries were considered:
phosphorous fertilizer production at Turnu Magurele, non-
ferrous metallurgy at Copsa Mica, iron and steel metallurgy at
Targoviste. INAA was applied at IFIN-HH in Magurele (near
Bucharest) for the long-lived radioisotopes (TRIGA nuclear
reactor in Pitesti) and JINR Dubna for the short-lived radioiso-
topes (IBR-2 reactor in Dubna). The elements determined were:
Al, Ag, As, Au, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, Cs, Cu, Eu, Fe,
Hf, K, La, Mn, Mo, Na, Ni, Rb, Sb, Sc, Se, Sm, Sr, Ta, Tb, Zr,
and Zn. Elemental concentration results are compared with
Romanian standards and values from the literature. Elemental
bioavailability of the investigated plant species and their con-
tamination with trace elements due do industrial activities are
discussed. This research was supported by the PN 09370105
and PNCDI II 72-172/01.10.2008 Projects of the Education,
Research and Youth Ministry in Romania and Joint Research
Project No. 3871-4-08/10 between JINR Dubna, Russia and
IFIN-HH, Romania.
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SELECTED TRACE ELEMENTS IN POTTERY OF
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Artifacts of pottery belonging to the Guarani ethnic group
were investigated by XRF techniques. The Tupi-Guarani is one
of the three main ethnics groups representative of the neolithic
culture in the Amazonian scope. Such an ethnic group disper-
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sed towards the South; in the Paraguayan area between Para-
guay and Parana Rivers several Guarani ethnic movements by
both rivers and their tributaries are perceived. The lithologics
and ceramics typology have contributed to support that percep-
tion. The archaeological findings help to clarify prehistoric
cultural aspects and dispersal areas. In that context, the
knowledge of the chemical composition of the found ceramic
devices, in particular of the REE and other refractory ones
provide to information on this dispersion and its expansion.
Selected trace elements analysed in samples from eleven devi-
ces were Rb, Ba, Nb, La, Ce, Sr, Nd, Sm, Zr and Y using an
Am source. Their spidergrams have allowed to identify four
different sets of specimens according their areas of provenance.
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COMMENTS ON THE CORRECT INTERPRETATION
OF K0-FACTORS AND ON THE PROPER USE OF THE
SMELS MATERIALS

FRANS DE CORTE

(em.) Institute for Nuclear Sciences, Ghent University and
Research Foundation-Flanders
fransmans@skynet.be

Recently plans were devised [IAEA CRP 2005-2009: “Re-
ference Database for Neutron Activation Analysis”] for crea-
ting and publishing a library of k,-factors that are generated
differently from the experimentally determined ones published
and used in practice thus far [ADNDT, 85 (2003) 47]. For two
reasons, we look at this anxiously. Firstly, when realizing that
these “new” ko-factors will be based on values taken from (be it
internationally evaluated and up-to-date) files dealing with data
for decay (notably y ray emission probabilities) and activation
(notably 2200 m s activation cross sections), it is clear that
trackability and accuracy are likely to be jeopardized. Indeed,
an evaluated cross section is (partially or fully) based on values
that are experimentally measured via the “activation method”,
thus requiring the introduction of y ray emission probabilities
that are selected by the experimentalist. This implies that the
link is broken when they are again combined with recently
evaluated y-ray probabilities - whereby it is irrelevant whether
the latter are in se more accurate than the ones introduced
formerly. This means that the way of creating these “new” kq-
factors is basically incorrect. Secondly, the release of the thus
obtained k; library, next to the one for actual use in the practice
of ko-NAA (managed formerly by the INW/Gent -
KFKI/Budapest, and in the future by the recently established ko
Nuclear Data Committee), would inevitably bring about confu-
sion and ambiguity. Also in recent years, we observed from
published papers and from communications at conferences that
the SMELS materials (Synthetic Multi-Element Standards) are
not properly used for what they were developed for [NIMA,
564 (2006) 675]. Indeed, it is seen that the SMELS are syste-
matically applied for the validation of ko-NAA carried out in a
laboratory, whereas their real potential lays in the quality con-
trol of the implementation of the ko-standardization, notably
with respect to the calibration of the irradiation facility and of
the Ge-detector, including also the correction for dead-time in
case of short-time NAA. Indeed, the three SMELS-types are
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doped with elements that give rise to (n,y) activation with
epithermal-to-thermal cross section ratios and emitted y-ray
energies ranging from low to high (thus giving information on
the correctness of respectively the neutron flux characterization
and the detection efficiency determination), and (for SMELS-
type I) with half-lives ranging from low to high (thus giving
information on the correctness of dead-time correction). Re-
grettably, these built-in potentials of the SMELS are overloo-
ked in nearly all cases described in the literature.

NAM.L13 (Id: 215)
THE k\-BASED NAA AT BARC: DEVELOPMENTS,
QA/QC AND APPLICATIONS

R. ACHARYA® and A.V. R. REDDY"

“Radiochemistry Division, Bhabha Atomic Research Centre,
Trombay, Mumbai - 400 085, India, bAnalytical Chemistry
Division, Bhabha Atomic Research Centre, Trombay, Mumbai -
400 085, India

racharya@barc.gov.in

The ko-based Neutron Activation Analysis (ko-NAA) was
adapted in Bhabha Atomic Research Centre (BARC) in the year
1994 and since then it is being used in our R&D activities. The
present article gives an account of developments and applications
of ky-based NAA as well as internal monostandard NAA (IM-
NAA) using research reactors at BARC. Irradiation sites were
characterized by cadmium ratio methods by determining sub-
cadmium-to-epithermal neutron flux ratio (f) and epithermal
neutron flux shape factor (a). The ko-factors for a large number
of short, medium and long-lived nuclides with respect to gold
("’Au) were determined. Several (certified/standard) reference
materials obtained from IAEA and NIST were analyzed for
evaluating accuracy of the method. Recently, synthetic multiele-
ment standards (SMELS 1, II and III) were analyzed as part of
QA/QC of IM-NAA. The detection efficiency, which is an im-
portant input parameter in ky-method, was measured using multi
y-ray standard sources in ko-NAA studies and in the case of IM-
NAA , insitu relative detection efficiency was obtained using
v-rays from the sample itself. The later approach could help us in
analyzing samples of non-standard shapes and sizes. Most of our
work, except for short-lived nuclides, was carried out by irradia-
ting samples in the swimming pool type Apsara reactor. The
measurement of y-rays of activation products was carried out
using a 40 % relative efficiency HPGe-detector coupled to MCA
and peak areas were determined using the peak-fit software
PHAST. Developed ky-methods were applied for composition
analysis of samples in the field of geology, biology, environmen-
tal science, archaeology, material science and nuclear technology.
Important contributions were made by determining composition
of alloys like zircaloys and stainless steels and impurities in 1S-
aluminium without using a standard. We have been contributing
towards the development of large sample NAA (LSNAA), under
an JAEA CRP, using low flux and highly thermalized irradiation
positions at research reactors. Large samples of pottery, coal,
uranium ore, rocks and stainless steels were analyzed using
thermal column irradiation facility at Apsara reactor. We are also
investigating the possibility of using LSNAA method in the
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graphite reflector position of the critical facility (CF) at BARC
and the standardization of the methodology is in progress. Some
details and salient results will be presented in this paper.
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NATIVE AND TRANSPLANTED LICHEN AND BARK
AS AIR POLLUTION BIOMONITORS AT THREE
DIFFERENT METEOROLOGICAL CONDITIONS

MaRIA DO CARMO FREITAS® and ADRIANO PACHECO”
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953 Sacavém, Portugal, "CERENA-IST, Technical University of
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At three sites of Portugal - Viana do Castelo, Sacavém, Si-
nes - bark from Olea europea and the lichen Parmelia caperata,
collected in clean areas, were exposed. The situation of these
sites represents three different meteorological conditions, from
rainy to dry and cooler to warmer. Three different procedures for
the lichen exposure were adopted: rectangular flat pieces, the
lichen in its original form and biomass (previously ground li-
chen). Samples were exposed for 9 months and removed after 3,
6 and 9 months (continuous mode) and exposed for 3 months, in
a winter campaign, a spring campaign and a summer campaign
(discontinuous mode). Conductivity was measured before and
after exposure whenever possible. Ten samples of each biomoni-
tor were kept for analysis prior to exposure. All samples were
analyzed by Instrumental Neutron Activation analysis (INAA), at
the Portuguese Nuclear Reactor, and the chemical elements were
determined. Total deposition was collected simultaneously to the
exposures and analyzed by inductively coupled plasma mass
spectrometry (ICP-MS). Meteorological data were taken from the
Portuguese Meteorology Institute and processed together with the
chemical element concentrations. Results are discussed on basis
of 1) influence of humidity/precipitation and temperature on bark
and lichen transplant elemental accumulation, and 2) of different
procedure of lichen exposure (biomass, usual one and flat - well-
determined exposure area - pieces).
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STANDARDIZATION OF ky-NAA FOR SHORT-LIVED
NUCLIDES USING PNEUMATIC CARRIER FACILITY
(PCF) AT BARC
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Neutron Activation Analysis (NAA) using short-lived ra-
dionuclides is advantageous in terms of less turn-around time of
analysis. As a part of ky-based NAA (single comparator NAA)
standardization program for short-lived nuclides, pneumatic
carrier facilities (PCF) at CIRUS and Dhruva reactors of Bhab-
ha Atomic Research Centre (BARC) were characterized by
determining sub-cadmium-to-epithermal neutron flux ratio (f)
and epithermal neutron flux shape factor (o), which are two
reactor based input parameters. Bare triple monitor method
using "7 Au-"*Zr-"*Zr as well as '*"Au-"’Cr-**Mo were used for
a determination since there is a restriction in cadmium mass to
be used as a wrapper/cover for sample irradiation. The f-value
was calculated using bare bi-isotopic method. The ko-factors of
the short-lived nuclides (half-lives of nuclides 11 s to 60 min)
of elements namely F, Se, Sc, Rb, Al, V, Ti, Cu, Ca, Mg, Br, I,
Cl and In with respect to gold (**’Au) were determined in the
present work. Gold standards (5-10 pg) were prepared on filter
paper matrix. The elemental standards were prepared using
primary standards in solid or liquid form and were irradiated
with gold standard for 1 min in Dhruva reactor and 1-3 min in
CIRUS reactor. The measurement of y-rays was carried out
using a 40 % relative efficiency HPGe-detector coupled to a
digital spectrometer with loss-free counting facility and the
sample-to-detector distance was maintained at 10-15 cm distan-
ce. The absolute detection efficiency of the detector was obtai-
ned using **Ba and '*’Eu multi y-ray standard sources. The
determined experimental ky-factors of the isotopes were found
to be in good agreement with the recommended ko-factors in
most of the cases. The ko-factors of isotopes with widely vary-
ing Q, factors with respect to '*’Au (15.7) were compared with
recent literature values. The method was validated by determi-
ning concentrations of elements like Al, V, Ti, Cu, Ca, Mg, Br
and Cl in IAEA reference materials (RMs) namely SL-3, SL-1,
Soil-7 and V-10 and Cu, V, I and Cl in synthetic multiclement
standards (SMELS-I) obtained from SCK-CEN, Belgium.
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Reactor channel characterization is commonly performed
by irradiation of bare and cadmium-covered "fluence rate-
monitors", avoiding as much as possible the use of irradiation
vials/capsules and spacers for positioning the monitors inside
the channel. However, in routine ky-neutron activation analysis
it is generally necessary to pack the samples in polyethylene
vials prior to irradiation. This work aims at studying the impact
of polyethylene vials on the f (thermal-to-epithermal flux ratio)
and o (epithermal flux distribution) parameters through the
bare, cadmium-covered and cadmium-ratio methods. The accu-
racy of each method will be discussed.
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IS EXTRACTION OF Fe FROM IRON BASED
MINERALS AN APPROPRIATE METHOD FOR
DETERMINING TRACE ELEMENTS?
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PETRE MAKRESKI”, VEKOSLAVA STIBILJ® and
TRAJCE STAFILOV®
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mistry, SS. Cyril and Methodius University, P.O.Box 162,
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radojko.jacimovic@jijs.si

Various trace elements in different types of iron based geo-
logical reference materials [JSS 804-1 (hematite), JSS 820-2
(limonite), SU-1 and SU-1a (iron-nickel-copper-cobalt ores)]
were investigated using ko-NAA in both forms: instrumental
(ko-INAA) and radioanalytical (ko-RNAA). To avoid the inter-
ference of iron as a matrix element, firstly mineral was dissol-
ved in aqua regia then liquid-liquid extraction procedure by
diisopropyl ether (DIPE) in hydrochloric acid media was ap-
plied. Trace elements were determined using k,-INAA after
irradiation of water phase. Secondly, the mineral was irradiated
and than radiochemical extraction of Fe were done using DIPE
and trace elements were determined by k,-RNAA in water
phase. The ko-NAA method, applied to determine the content of
the investigated elements, after removal of Fe enabled to follow
the distribution of 39 elements through their corresponding
intermediate/medium and long half-lived radionuclides. The
elimination of the matrix element lowered the detection limit
for some trace elements compared to their corresponding values
determined by k¢-INAA in powder form and with certified
values for some elements. However, the results for some ele-
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ments (e.g. As, Ba, Ca, Cs, Hf, K, Na, Zn and Zr) are higher
comparing to ko-INAA in powder due to the adsorpti-
on/desorption on glassware. The ky-RNAA procedure shows
better agreement than ko-INAA with data obtained by ky-INAA
in powder mostly due to negligible blank contribution. The
results of this work will be presented and discussed.
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Switzerland
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C measurements of samples containing 5-50 pg carbon
allow dating of archeological artifacts or environmental materi-
als with only traces of organic carbon. Furthermore, fossil and
non-fossil sources of carbonaceous aerosols can be apportioned
using such measurements . The widely-used preparation of
solid targets for 14C measurements, however, often remains the
weak point of '*C analysis of ultra-small samples. Even under
optimized conditions, reaction yields are small, which results in
large isotopic fractionations or even in total loss of unique
samples 2. These problems are solved with the implication of a
gas ion source > at the next generation of small AMS machines:
the mini radiocarbon dating system MICADAS is a prototype
AMS that achieves the terminal voltage of 195 kV for C
measurements with a vacuum-insulated high voltage platform
in contrast to previous systems based on conventional particle
accelerators *. The self-constructed ion source of MICADAS
was modified in order to insert CO, gases directly to the focal
point of the sputtering cesium beam >. A first gas handling
system was constructed to supply the gas ion source constantly
with CO, from the sealed ampules. In this work, the concept of
gas ion sources with its gas handling system will be presented.
Furthermore, such ion sources allow on-line coupled systems of
separation or combustion of organic compounds with AMS,
which also will be elucidated. One example is the coupling of
an elemental analyzer (EA), which generates a multifunctional
system because it provides automated on-line combustion and
“C measurement of any organic material. Therefore, it can
broadly be employed in “C analysis. Carbon dioxide produced
in the elemental analyzer is isolated from other combustion
gases with a small external zeolite trap °. The purified CO, is
transferred from the external trap to the syringe with a low
helium flow. This coupling principle can now be adapted to
other combustion systems. Different approaches will be discus-
sed.
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Usually, the lack of information cause to be afraid about
what we don’t know, imputing to it a greater hazard. On the
contrary we face up without fear activities that have a high
level of riskiness, but for which we have direct experience. In
other words the subjective perception of the risk very often
doesn’t correspond to the objective and real risk of an activity.
In particular the radioactivity theme is misled because it is
almost unknown and the public links this concept to nuclear
arms and to its usage in uncorrected way to produce energy in
the nuclear power plants, even if in the last 50 years NPP for
civil uses has significantly fewer casualties than any other
source of energy. However, because public opinion is driven by
emotions rather than rational knowledge based views nuclear
power’s association with nuclear weapons has contributed to its
lack of acceptance in many places throughout the world and in
particular in Italy the “nuclear issue” has been for a long time a
taboo. A way to make the public more trusting to nuclear issue,
that the people can have a more rationally reactions and could
build up a personal understanding about these issues, is to
discuss about this theme and about radioactivity and ionizing
radiation, starting from young students. On these bases several
Physics Departments with Lauree Scientifiche Project and
sections of the National Institute of Nuclear Physics (INFN)
with ENVIRAD-SPLASH Project would give to the students of
secondary school and to their teachers the opportunity to face
these themes with basic information and with an experimental
activity. The approach is to have students engaged in activities
that will allow them to understand how natural radioactivity is a
part of our everyday environment. This would include how
radiation enters our lives in different ways, to demonstrate that
natural radioactive sources found in soil, water, and air contri-
bute to our exposure to natural ionizing radiation and how this
exposure effects human health. Depending on local situations
and the specific experiences of the students, several approaches
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were used. However, collaboration among the schools was an
essential element in the program’s success. The core idea is
that: a) to provide the students a furnished laboratory at their
school so that they can measure the natural component of the
radioactivity that surround us. In this exercise the measurement
of the ***Rn concentration is particularly well suited b) to show
the different types of radiations including ionizing radiations
and how they each relate to the other; ¢) to demonstrate how
casily ionizing radiations can be measured; d) and to prove the
fun a student can derive from discovery and detection of ioni-
zing radiation in the environment. In this paper the experience
of Milano reality is been reported in more detail. Another ob-
jective is to develop a new technique for teaching physics
which will enhance scientific interest of students in applications
of nuclear physics in both environmental and physical sciences.
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Environmental samples in Upper Austria have been mea-
sured for *°Sr in the year 2005. These measurements were
conducted on behalf of the Federal Ministry of Agriculture,
Forestry, Environment and Water Management and were part
of a project called “Temelin Project”. The aim of this project
which started in 1992 is to detect any radiological impact of the
nuclear power plant Temelin in the Czech Republic on the
environment of Austria. After the nuclear weapon tests the
average deposition of **Sr in Austria amounted to 3.3 kBg/m®.
In 1986 the average deposition was 0.9 kBg/m> To assess the
actual condition in soil, grass and cereals *°Sr was measured in
these samples in 2005 and 2006. For all samples oxalate preci-
pitation was conducted and strontium specific columns (Ei-
chrom Industries, Inc.) were used. The calcium concentration in
these samples was determined to estimate the amount of resin
needed for the preparation. The prepacked 2 mL columns with
particle size 100-150 p were used for soil (lower limit of de-
tection (LLD) below 2 Bq/kg). For grass and cereal samples
columns were packed with the 100 - 150 p resin to gain a LLD
below 2 Bq/kg and below 0.1 Bg/kg respectively. After digesti-
on of soil samples hydroxide precipitation was used as an addi-
tional separation step. The *°Sr was measured by liquid scintil-
lation counting and via *°Y by Cherenkov radiation counting.
For quality assurance reasons, first the initial strontium concen-
tration in the sample was determined then a strontium carrier
solution was added and after the separation steps the chemical
recovery was determined by ICP-MS. Thus, no radioactive
spike and just a small amount of the measuring solution were
needed. The results are presented and discussed.
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DETERMINATION OF STRONTIUM-90 IN RAW MILK
SAMPLES

GIANMARCO BILANCIA?, GIOVANNI CORNARA",

LucA FORNARA®, DARIA ROssI”, ALESSANDRO FAUSTI®,
SARA TRAVAGLINI”, EMILIANO DELL'OMO”,

ANDREA RAVAZZANI‘, MAURO ROVERI® and

FABIANA GENTILE”

“EUROPEAN COMMISSION JOINT RESEARCH
CENTRE, "NUCLECO SPA, Italy,, ‘EUROPEAN
COMMISSION JRC, Italy
gianmarco.bilancia@ec.europa.eu

A rapid method to determine *°Sr content in raw milk
samples is presented. The isolation of radio-analyte from the
matrix is accomplished by a pre-concentration stage on a cation
exchange resin chromatographic column followed by a 6 hours
incineration step at 550 C. Then, the separation of radiostronti-
um is performed on a column (20 cm x i.d. 12 mm) packed with
Sr-Spec (Eichrom) resin. *°Sr content is determined by Liquid
Scintillation Analysis, measuring the analyte together with the
ingrowing *°Y daughter isotope, before of the establishment of
the secular equilibrium. Results in terms of minimum detecta-
ble activity and yield mean value are reported.

NAM.L22 (Id: 236)

RADIONUCLIDE PROFILES OF “C, *’Sr, 2Th AND
22Th FOR THE PURPOSE OF DATING HUMAN BONE
TISSUES OR IVORY

ROBERT SCHUPFNER

Deutsch-Schweizerischer Fachverband fiir Strahlenschutz e.V.,
Garching, Germanyrobert.schupfner@chemie.uni-
regensburg.de

Radiocarbon dating is a standard method for archaeologi-
cal findings. But the period which eludes distinct radiocarbon
dating ranges from about 1957 to the present. This is due to the
shape of the bombing curve of "*C/C in creatures as a result of
the above-ground nuclear weapon tests. But just this period is
of certain interest for the purpose of determination of the post
mortal interval. A basic approach to solve this problem is the
compilation of isotopic profiles of suites radionuclides. Besides
radiocarbon activity concentration *C/C further radionuclides
as *°Sr/Ca and ***Th and ***Th are of certain interest. During
the global nuclear weapon fallout *°Sr was ingested by human
beings as well as animals resulting in curves of *°Sr/Ca in
human bone tissues being similar to that of '*C /C . The curves
of both *°Sr/Ca as well as "*C/C show maximum values at about
1965 and higher values after 1957 than before. Before 1952 the
intake of *°Sr is negligible. In contrast to *’Sr radiocarbon is
produced by the cosmic radiation resulting in a value of '*C/C
of about 0.23 Bq "C/g C. If *°Sr/Ca is not detected and "*C/C is
about 0.23 Bq "*C/g C it can be concluded that life has ended
before 1957. If **Sr/Ca and "*C/C are detected both above the
natural caused values the determination of the activity ratio of
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28Th/>2Th is able to provide a further specification of the post
mortal interval. It has been proven from animal ? and human *
bone tissue data that the activity ratio of **Th/**?Th is far
above unity at death but diminishes after a few years according
to the decay of ***Ra to draw near unity after about six decades
after death. Applying low-level B-counting with gas-filled
detectors for *°Sr and o-spectrometry with semiconductor de-
tectors for ®Th and **Th and LSC Quantulus 1220 for '“C
very low values of 11d are realized in combination with certain
radiochemical separation and purification procedures which are
presented here. They enable to realize values of 11d below 0.003
*Sr/Ca and about 0.00009 Bq ***Th/g ash and a total uncertain-
ty of about 3.8% determining '*C. Sample masses range from
about 10 gram (ivory) to about 100 gram (bone). Results are
presented dating several samples of ivory.
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PROMPT y ACTIVATION ANALYSIS AS PERFORMED
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ZsoLT REVAY, TAMAS BELGYA and LASZLO SZENTMIKLOSI

Institute of Isotopes, Hungarian Academy of Science, Budapest,
Hungary
revay@iki.kfki.hu

Institute of Isotopes has been a major center in further de-
velopment of prompt y activation analysis (PGAA). The paper
describes the analytical procedure followed in Budapest. The
analysis is based on the careful calibration of the detector sys-
tem. The counting efficiency and non-linearity of the Compton-
suppressed high-purity germanium detector is determined
regularly, and enables accurate determination of activities and
peak positions. Partial y-ray production cross-sections have
been determined for the most important prompt-y lines of every
naturally occurring chemical element using stoichiometric
compounds and homogeneous mixtures. A method for qualita-
tive and quantitative analysis has also been developed in our
laboratory for the determination of the chemical composition of
samples from the peak areas obtained from the prompt-y spect-
ra using the spectroscopic data library. The data library and the
method have been used for the analysis of a large variety of
samples both in Budapest and in other PGAA laboratories.
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UPGRADE OF THE PROMPT- y ACTIVATION
ANALYSIS (PGAA) AND NEUTRON INDUCED
PROMPT - y SPECTROSCOPY (NIPS) FACILITIES OF
THE BUDAPEST RESEARCH REACTOR

LASZLO SZENTMIKLOSI, ZSOLT REVAY, ZOLTAN KIS and
TAMAS BELGYA

Institute of Isotopes, Hungarian Academy of Science, Budapest,
Hungary szentm@jiki.kfki. hu

The prompt-y activation analysis (PGAA) and the neutron
induced prompt-y spectroscopy (NIPS) facilities are located at the
end of the guided beamline No.1 of the Budapest research reac-
tor. In the last few years they were significantly upgraded. The
partial replacement and realignment of the neutron guide ele-
ments resulted in a factor of four gain of the neutron flux. To
make possible the unattended and independent operation of the
two stations, a neutron flux monitor and computer-controlled
beam shutters have been put into operation. This latter can be
programmed to open and close the neutron beam according to a
predefined time sequence, thus it will be an ideal tool to perform
in-beam activation experiments. In order to make the PGAA
facility even more productive, an automatic sample changer has
been designed and manufactured. This can accommodate 16
samples, either solids, powders in sealed Teflon bags, or liquids
in vials. A computer program has been developed to control such
baTch runs. At the NIPS station, however, more attention is paid
to the non-destructive analysis of bulky samples. Therefore a
new, bigger and partially dismountable sample chamber is under
construction. Moreover, the detection conditions are substantially
improved by the installation of a new BGO Compton suppressor
and massive lead shielding. Space is reserved for a moving table
and for a neutron tomograph, to re-establish the combined
prompt-y activation imaging (PGAI) and neutron tomography
(NT) equipment. The upgraded facilities offer new possibilities
for the routine element analysis and also for the cutting-edge
research challenges, and continue to serve international collabo-
rations within the EU FP7 and many other projects.
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PROMPT y-RAY ACTIVATION ANALYSIS FOR H, B,
Bi, Pb AND Cd

LEA CANELLA?, PETRA KUDEJOVA?, STEFAN SOLLRADL" and
ANDREAS TURLER"

“Technische Universitit Miinchen, Germany, bPaul Scherrer
Institut, Switzerland
lea.canella@frm2.tum.de

Neutron activation analysis (NAA) is a well established
method for non-destructive determination of elemental composi-
tion and the analysis of trace elements. Prompt y neutron acti-
vation analysis (PGAA or PGNAA) is a complementary radioa-
nalytical technique to NAA for non-invasive investigations of
samples with neutrons. One of the main advantages of this latter
technique is the easy determination of some light elements like
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H, Li, Be, B, C, N and S, that can not be easily determined or
cannot be determined at all by NAA. Moreover, for the determi-
nation of elements like P, Cd, Gd and Pb PGAA is more effective
thanks to the high neutron cross section of some isotopes that are
not activated after the irradiation. The next advantage of PGAA
is the rapidity: the irradiation takes max. few hours, the data
analysis can be performed on the day of measurement and the
sample is not activated for a long time. Furthermore, the sample
needs no preparation for the PGAA measurement. At the first
sight, the disadvantage of the PGAA to NAA are the detection
limits. Compared to NAA they are usually higher, aside few
exceptions, mainly in the ppm region. But speaking about PGAA,
it is more correct to mention “dynamic detection limits” because
they are strongly dependent on the matrix of the samples and on
the background of the neutron beam (measurements are done
during the sample’s irradiation). The neutron beam guide NL4b
at the research reactor Forschungsneutronenquelle Heinz Maier-
Leibnitz (FRM 1II) in Garching bei Miinchen is dedicated to the
new prompt y neutron activation analysis facility. The fingerprint
of this PGAA instrument is the cold neutron flux of a very high
intensity due to the elliptically tapered design of the neutron
beam guide. The neutrons are focused at the sample position with
a maximum thermal equivalent flux of 6.3x10'" n/ecm’ s
(1.7x10" n/em?® s using the measured mean energy of neutron
spectrum, 1.83 MeV). The detection system is made by two
HPGe detectors, both with a standard Compton suppression
system. In this contribution few exemplary measurements of
“typical PGAA elements” will be presented:

e Hydrogen is a very interesting element concerning su-
perconducting materials and some clathrates. Its pre-
sence inside these compound can modify the material
charachteristics;

e PGAA is very effective for the determination of boron.
The dynamic range for this element was determined, as
well as the detection limit and used for measurements
in silicium wafers and nano-particles;

e One-dimensional distribution of bismuth in lead crys-
tals was also determined with very good statistics.

e Cadmium is another “good element” for this technique.
It was analysed in some biological samples for medical
research.

NAM.L26 (Id: 199)

DEVELOPMENT OF y ACTIVATION IMAGING
METHOD FOR STUDYING OF ELEMENTS
DISTRIBUTION IN SOME ORES

VLADIMIR KOLOTOV, DMITRY GROZDOV and
NIKOLAJ DOGADKIN

Vernadsky Institute of Geochemistry and Analytical Chemistry,
Russian Academy of Sciences
kolotov@geokhi.ru

Recently it has been demonstrated that activation of sam-
ples by bremsstrahlung radiation of microtron with further
application of digital autoradiography is a prospective method
for detection of noble elements micro inclusions in geological
samples. A digital version of the autoradiography has been
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developed '. Current investigations have been directed to ex-
tension of digital y-activation autoradiography capabilities to
make a reasonable and effective alliance of this nuclear method
with non-nuclear methods of local analysis. Among the develo-
ped approaches are: analysis of large size samples (tens of cm?)
and development of method for increasing selectivity using
analysis of autoradiographic images while decay. Irradiation of
large size thin section for fast autoradiographic detection of
“zones of interest” containing elements in question seems to be
a promising approaching for purposes of screening analysis of
samples series. The further detailed analysis of the selected
small zones may be done, for example, by SEM. For uniform
irradiation of thin sections in the field of bremsstrahlung radi-
ation having quite narrow distribution a special device and
software have been developed 2 It is obvious that activation
autoradiography allows detecting distribution of the sum indu-
ced radionuclides having suitable decay parameters (J autora-
diography). That is why the main task of investigations in
autoradiography is optimization of irradiation/cooling times to
obtain enough contrast detection of the required elements. Our
recent efforts were directed to development of method to incre-
ase selectivity of the digital auto radiography by means of
analysis of decay dynamics for each pixel of the whole image.
It is clear that such analysis may be done just by means of
software. The developed program loads a set of coaxial images
obtained while sample cooling, necessary information on each
image from MS Access data base and then estimates decay
parameters (maximum two exponent mixture) for each pixel. It
has been proved that even 8 bits depth grey scale images are
suitable for stable evaluation of decay data. For visualization of
the obtained results the program generates a set of secondary
meta images representing “distribution” of the apparent half
lives values for the preset ranges and their uncertainties. Using
information on the isotope composition (obtained by y-ray
spectrometry), decay schemes one can re-model distribution of
the apparent half lives to distribution of the correspondent
elements (this part of the software is under testing). The deve-
loped method have been successfully applied for analysis of Pt-
Pd micro inclusions in polymetallic ores of Norilsk area (North
Eastern Siberia, Russia) having complex composition. Compa-
rison with results of analysis by X-ray microanalysis is also
given. The work is supporting by Russian Fund for Basic Re-
search (grant N 07-03-00966-a).
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v-ACTIVATION DIGITAL AUTORADIOGRAPHY OF
LARGE SAMPLES. EQUALIZATION OF ACTIVATING
DOSE OVER THE MICROTRON-IRRADIATED
SAMPLE SURFACE

DMITRY GROZDOV?, VLADIMIR KOLOTOV?,
NIKOLAY DOGADKIN® and VICTOR KOROBKOV”

“Institute of Geochemistry and Analytical Chemistry of the
Russian Academy of Sciences, bMoscow State Universit, Russia
dsgrozdov@rambler.ru

y-activation autoradiography is an effective method for
revealing features of noble elements distribution in geological
samples |. Because the activating field of microtron
bremsstrahlung displays sharp decrease of intensity, the area
of the analyzed samples usually should not exceed 1 cm?.
However, such relatively small samples may be successfully
analyzed by other instrumental methods such as SEM or X-
ray microanalysis. To increase the competitiveness of
v-activation autoradiography we suggest to use it for scree-
ning analysis of the large area samples (10-30 cm?), just for
detection of “zones of interest” (for example, containing
noble elements micro inclusions) implying their further detai-
led analysis by appropriate instrumental method. Equalization
of the activation field over the sample surface may be achie-
ved by suitable sample movement. The suggested kinematic
scheme of the irradiation device assumes rotation of the sam-
ple and its simultaneous reciprocating movement. Execution
is simple enough to provide reliable functioning of the device
in strong radiation field. Prior to the construction of a real
device the dose accumulation during activation has been
modeled on a PC. Program “Dose Modeling” estimates the
uniformity of the accumulated dose at different parameters of
the sample movement. It is demonstrated that the assumed
kinematic arrangement provides considerable smoothing of a
dose over a surface though a certain residual non-uniformity
of a dose still remains. For full "smoothing" of the activation
dose it has been suggested to use mathematical pixel-by-pixel
correction of the autoradiogram image by means of the deve-
loped software (“Dose Correction”). For such correction a
copper disk-monitor should be irradiated together with the
sample. The program evaluates the parameters of the distribu-
tion of the acquired activation dose of the disk-monitor (sing-
le or superimposed Gauss distributions) and makes a correcti-
on of the analyzed sample autoradiogram. The disk-monitor
autoradiogram is also treated by the program to estimate the
quality of dose correction. By means of program “Dose Mo-
deling” the optimal operational parameters of the device have
been determined: the ratio of frequencies of the sample rotati-
on to reciprocating movement should be not less than 5.5;
duration of an irradiation should be not less than 300 seconds.
The device for irradiation of samples has been prepared and
tested. It consists of a platform making reciprocating move-
ment by the alternating current motor by means of the crank
mechanism; the sample holder and the second motor rotating
the sample are fixed on the platform. Results of experimental
check of the developed irradiation system have confirmed
completely its operational capacity.
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Possibilities of nondestructive determination of fluorine in
selected geological (coals, rocks) and biological reference
materials by instrumental photon activation analysis (IPAA)
using the MT 25 microtron have been studied. The determinati-
on has been based on counting of the non-specific 511 keV
annihilation vy rays of '°F, product of the photonuclear reaction
F' (y, n) '®F and a pure positron emitter. To eliminate pro-
duction of ''C, irradiation was performed below the threshold
energy of its formation, i.e., below 19 MeV. The determination
was interfered by simultaneous formation of several other
positron emitters, particularly *Ti and **"Cl. Interference
contributions from **Na, “Sc, ¥Zr, "*As, and *Rb are small or
negligible. By further optimization of beam energy and irradi-
ation-decay-counting times and using correction standards for
the interfering nuclides, IPAA allowed determination of fluori-
ne in selected reference materials at the ten mg/kg level.
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“TrisKem International, Bruz, France , bRadiochemie, FB
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The monitoring of long-lived radionuclides is of great im-
portance in the context of the surveillance of nuclear facilities,
during their operation as well as during their decommissioning.
This is especially true for radionuclides of rather volatile ele-
ments as chlorine and iodine, main interest being in *°Cl and
11, LSC is a widely used measurement technique for the de-
termination of *°Cl that requires a thorough and selective sam-
ple preparation in order to give accurate results. Sample prepa-
ration methods frequently employed such as volatilization
and/or repeated precipitation steps can be rather elaborate and
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time-consuming, it is thus attempted to develop an easy to use
extraction chromatographic resin that allows extraction, and
subsequent separation, of Cl and I from pretreated environmen-
tal and decommissioning samples and that allows also their
determination via LSC. The results of the characterization of
the resin including k' values of potential interferents and of the
method development are presented as well as some first results
of the analysis of real samples.

NAM.L30 (Id: 240)

PROBABILITY FOR TYPE I ERRORS IN y-RAY
SPECTROMETRIC MEASUREMENTS OF DRINKING
WATER SAMPLES

MATJAZ KORUN®, DENIS GLAVIC CINDRO®,
KATARINA KOVACIC?® and BRANKO VODENIK®

“Jozef Stefan Institute, Ljubljana, Slovenia, "oZef Stefan Institu-
te, Ljubljana, Slovenia
matjaz.korun(@jijs.si

In y-ray spectrometry the activities are calculated from
areas of the peaks appearing in the spectrum. If a peak used in
the activity calculations appears in the spectrometer bac-
kground its count rate must be corrected for the background
contribution. The significance of this correction becomes essen-
tial in spectral analyzes where activities close to the minimum
detectable activity need to be determined. The presence of
radionuclei in the sample, that contribute to the spectrometer
background, can only be detected from the excess of the count
rate in the peaks over their background level. Therefore, the
radionuclides can be categorized in two groups: - Radionucli-
des that do not appear in the spectrometer background. The
probability of the wrong detection of these radionuclides is
given by the sensitivity at which the peak-search algorithm
recognizes the background fluctuations as peaks. - Radionucli-
des that appear in the spectrometer background. Here, a radio-
nuclide is identified if the count rate in its peaks exceeds the
background level. In this case the probability of a false detecti-
on is given by a criterion, on the basis of which the number and
the significance of the peaks where the excess occurred decide
on the presence of the radionuclide in the sample. It follows
that for the second group, the minimum detectable activity that
can be attained depends on the accuracy with which the bac-
kground is determined and on its stability over time. It should
be noted that if the contribution from the sample to a peak area
is small as compared to the contribution of the background,
there exists an equal probability that the result of the bac-
kground subtraction is larger than zero or smaller than zero. To
check the rate of falsely detected radionuclides (type I errors)
an analysis was made in which the background spectra were
treated as sample spectra. From this it is known that in the
analysis of these spectra all the detections of radionuclides are
false. The spectral analyzes were preformed with Canberra’s
GENE ESP spectroscopy system. The nuclide library that was
used is composed of radionuclides usually found in the envi-
ronment and radionuclides that occur in the effluents from
nuclear power reactors and hospitals. In the case of multi-y-ray
emitters, the nuclide library includes the most abundant y-rays
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as well as the y-rays that cause interferences with other radio-
nuclides, in order to correct the activities for these interferen-
ces. The criterion that determines whether a radionuclide has
been detected is based on a comparison of the sum of the emis-
sion probabilities of the y-rays, where the count rate in the
spectrum exceeds its background value and the sum of the
emission probabilities for all the y-rays of this radionuclide that
are included in the library. If the ratio of both sums exceeds a
predetermined value, the y-ray emitter is considered as being
present in the sample. In the presentation the rates of type I
errors will be presented for single y-ray emitters and multi y-ray
emitters. The empirical minimum detectable activities for water
samples for these radionuclides will be given.
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The measurement of amounts of plutonium is recognised as
one of the most important tasks in fissile material control. Public
opinion is especially sensitive to this element, which presents
analysts with a difficult task of measuring plutonium at all levels
from large (multi-gram) amounts down to traces in the environ-
ment. The Institute for Reference Materials and Measurements
(IRMM) is one of the few institutes worldwide that produces and
certifies plutonium reference materials. They are part of a syste-
matic IRMM programme to supply spike isotopic reference
materials of various isotopes, in particular uranium and plutoni-
um, at different concentrations. Plutonium spike solutions present
unusual problems that impinge on the certification of the isotope
amounts. Due to radioactive decay certified values have to be
constantly corrected, a process that leads to an increase in uncer-
tainty depending on the spike isotope composition. The solutions
also have a possibility of being unstable over time, probably due
to radiolysis of the solutions. At IRMM plutonium spikes are
available for the isotopes 29py, 20py, 2#2py and 2**Pu. This ena-
bles us to make an inter-comparison of the values of these spikes.
An Inter-calibration campaign using state-of-the art measurement
procedures has therefore been carried out at IRMM linking the
plutonium spike reference materials available at the institute. The
following spikes were used in the program: IRMM-049¢ (94.1%
22py), IRMM-049b (99.9% ***Pu), IRMM-046b (94.3% >**Pu
and 98.0% *U), IRMM-083 (98.97% **°Pu) and IRMM-042a
(97.9% ***Pu), IRMM-081a (97.8% ***Pu) from CETAMA were
used. As comparison material a recently prepared **Pu large-
sized dried (LSD) spike, IRMM-1027M and external isotopic
reference materials NBL CRM-131 and CETAMA MP2 were
used for isotope dilution mass spectrometry (IDMS). The uncer-
tainties for the IDMS were estimated according to the Guide to
the Expression of Uncertainty in Measurement (GUM). The
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results obtained by IDMS using the various spike isotopic refe-
rence materials will be presented and discussed. This inter-
calibration study confirms the traceability of the values of the
plutonium isotopic contents to the SI. Furthermore conclusions
can be drawn for the need of recertification of particular referen-
ce materials.
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RADIOANALYTICAL DETERMINATION OF
ACTINIDES IN REFRACTORY MATRICES BY
LINKING ALKALI FUSION WITH SOLVENT
EXTRACTION AND CHROMATOGRAPHY
EXTRACTION.
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manter@us.es

In radiochemical analyses with environmental or industrial
samples sometimes happens that certain matrices have a refrac-
tory behaviour and usual leaching processes cannot deal with
its dissolution properly. There are in the bibliography different
ways to solve this problem as the use of microwaves digestions
or HF digestions (or both together) and also fusion techniques
among others. This work presents a method used previously for
ICP-MS measurements that have been modified and readapted
for the digestion of refractory samples followed by a separation
process with solvent extraction for the determination of actini-
des (U and Th isotopes) in refractory samples by
a-spectrometry. The separation process was made also with
extraction chromatography resins (UTEVA resins) in order to
test both separation methods and to choose the more suitable
one. In the first stage, we worked with samples that were only
leached with aqua regia followed of separation process with
TBP to finally electroplate the isolated uranium and thorium
fractions in stainless-steel dishes. The samples were measured
by a-spectrometry with PIPS detectors. Aliquots of these sam-
ples were as well measured via y spectrometry in order to check
the results produced by o spectrometry. Disagreement was
found between the results obtained by both techniques due to
the not complete dissolution of the samples analysed by
a-spectrometry. In the second stage, the found disagreement
was solved by the application of an alkali fusion technique for a
total dissolution of the sample before the application of the
separation methods and o spectrometric measurements. The
fusion technique with KHSO, is easily applicable, fast (it takes
less than two hours instead of ten-twenty necessary in lea-
chings) and it does not need sophisticated tools to be executed.
Regarding the use of UTEVA resins or TBP process for the
separation of actinides, it is necessary to point out that both
techniques show similar chemical yields for uranium and thori-
um isotopes although the UTEVAS resins are less time-
consuming than the TBP process. In addition, the possibility to
reuse the resins makes them more useful from an economical
point of view, in opposition to the general idea that many labo-
ratories have about this topic.
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ISOTOPES IN L/ILW BY HELIUM MEASUREMENTS
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As decay products, helium isotopes can clearly indicate the
presence of tritium and a decaying isotopes in a closed system.
This study presents the helium and neon measurements and
their interpretation of long-term headspace gas investigations in
L/ILW waste drums from Paks Nuclear Power Plant and closed
vaults of the Radioactive Waste Treatment and Disposal Facili-
ty, Pilispokszilagy, Hungary. Development of special sampling
methods and preparation lines as well as isotope-analytical
measurements of the headspace gas samples were done in the
Laboratory of Environmental Studies in the ATOMKI. In the
gas samples helium isotopes as well as neon isotopes have been
determined mass spectrometrically. While neon content can be
of atmospheric origin only, helium can be produced either by a
decay (*He) or decay of tritium (*He). He/Ne ratios have been
used to determine the different origin of the helium isotopes.
Helium isotope ratios always indicated *He enrichment in the
headspace gases produced by the decay of the tritium in the
waste. Using the recent *He concentration in headspace gas the
total amount of *H restored in L/ILW vaults was estimated. The
investigated seven different vaults were closed between 1979
and 1995 when they had been full with L/ILW. The calculated
tritium activities based on the He measurements showed good
agreement with the documented isotope inventory of the vaults.
Typical tritium activity concentrations were between 0.1 and
10 Bg/L gas in the drums and between 10 and 1000 Bq/L gas in
the vaults. Additionally, one drum showed a higher He/Ne ratio
compared to air, which clearly indicates “He excess, thus the
presence an o source in the waste.

NAM.L34 (Id: 162)
DEVELOPMENT EXPERIENCE AND CONCEPT OF
ANALYTICAL SUPPORT COMPLEX FOR
INDUSTRIAL SCALE FAST REACTOR FUEL
PRODUCTION

VLADIMIR CHISTYAKOV®, ALEKSANDR BYCHKOV®,
EVGENY ERIN® and MIKHAIL KORMILITSYN"

“Russia, Rosatom, JSC"State Scientific Center-Research Insti-
tute of Atomic Reactors", Radiochemical Unit, bRussia, Rosa-
tom, JSC"State Scientific Center-Research Institute of Atomic
Reactors"”

chistyakov@niiar.ru

Requirements imposed to nuclear fuel in terms of stoichi-
ometric composition and chemical purity are rather high and
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depend on the technical and operating conditions of fuel rods in
a nuclear reactor. RIAR has long operating experience with the
production facility for granulated mixed nuclear fuel (MOX
fuel) using electrolytic precipitation of uranium and plutonium
oxides from molten chlorides of alkaline metals which are
subsequently used for fabrication of vibropacked fuel pins. In
connection with this RIAR has developed, metrologically certi-
fied and uses a set of analytical procedures, which ensure pro-
cess control, certification of the obtained fuel and analysis of
intermediate process products, waste and environmental objects
for the content of uranium, plutonium and transplutonium
elements. Analytical control of the pyrochemical mixed fuel
production process is performed by periodic analysis of the
molten alkali metal chloride samples for the content of urani-
um, plutonium, americium and lead. The procedures are used
for direct spectrophotometric determination of uranium and
lead, a spectrometric determination of plutonium and analysis
of the above eclements with the preliminary extraction-
chromatographic separation. Each baTch of the manufactured
MOX fuel is subject to certification including determination of
the mass portion of uranium, plutonium, americium, chlorine,
fluoride, carbon, moisture, cation impurities and nuclide com-
position of uranium and plutonium, oxygen coefficient (O/M
ratio) and bulk granulate density. The set of procedures listed
above has been successfully used at RIAR for more than 25
years and addresses the technical requirements imposed on
final products. The paper describes the procedures developed at
RIAR and proposes the ways of their updating and adaptation
for modern equipment.
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THE USE OF SEDIMENT-WAX PUCKS IN y-RAY
SPECTROMETRY FOR LUMINESCENCE DATING:
OPTIMIZED FABRICATION AND PROPERTIES

DIMITRI VANDENBERGHE®, FRANS DE CORTE” and
GILLES VELGHE"

“Laboratory for Mineralogy and Petrology (Luminescence
Research Group), Department of Geology and Soil Science,
Ghent University, Krijgslaan 281 (S8), B-9000 Gent, Belgi-
um, (em.) Institute for Nuclear Sciences, University of Gent,
Belgium

dimitri.vandenberghe@ugent.be

Low-background Ge y-ray spectrometry is a very suitable
tool for use in luminescence dating of sediments, because it not
only yields the annual (K, Th, U) radiation dose, but also gives
information on the secular equilibrium in the >**U decay series.
At the Radchem-15 conference (CZ-Marianske Lazne, 2006)
we demonstrated that wax is the material of choice for encapsu-
lating the sediment (as a solidified mix of sediment with molten
wax), because **’Rn is not leaking out of the source. During the
use of these sediment-wax pucks in the course of the years we
noticed, however, that the preparation protocol was not optimal.
Indeed, the cylindrical puck had a concave top surface; the
puck therefore needed shaping into a reproducible geometry,
causing a large loss of both time and sample. Quite often, the
pucks were also not sufficiently homogeneous due to air inclu-
sions. In this paper, we report on a modified fabrication proce-
dure. The main improvements relate to the shaping of the puck.
An improved mould is used, in which the liquid sediment-wax
mixture is poured after reaching a more viscous state, i.e. after
some cooling down. This eliminates shrinking of the mass
solidifying in the mould, thus avoiding air inclusions and devi-
ations from the pure cylinder geometry. The reproducibility and
homogeneity of the pucks obtained in this way are excellent.
The puck height is determined by availability of sample (as the
wax/sediment ratio is kept fixed and the diameter of the mould
is constant) and this variation in source geometry must be
accounted for. We report on a performance test of the SOLCOI
software to compute the detection efficiency for different y-rays
in case of such variations in puck height. To this purpose,
calculated efficiencies are compared with values that are expe-
rimentally obtained using puck-calibrants of varying height.
Finally, we evaluate the extent to which variations in source
composition and dimension can be tolerated with specific rele-
vance to (the limits on) the precision and accuracy that are
generally attained in luminescence dating of sediments. We
conclude that an improved, flexible and user-friendly laborato-
ry practice has been developed for determining the concentrati-
on of naturally occurring radionuclides in sedimentary materi-
als using low-background Ge y-ray spectrometry.
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DETERMINATION OF *°Sr AND 2'°Pb IN DEER BONE
SAMPLES BY LIQUID SCINTILLATION COUNTING
AFTER IONIC EXCHANGE PROCEDURES

GABRIELA WALLOVA, GABRIELE WALLNER and
NORBERT KANDLER

Institute of Inorganic Chemistry, University of Vienna, Austria
gabriela.wallova@univie.ac.at

Environmental monitoring of hazardous radionuclides is
an important issue. *°Sr can be found in the environment due
to the global fallout from atmospheric nuclear explosions and
the Chernobyl accident in 1986. It is one of the most ha-
zardous fission products due to its chemical similarity with
calcium, because it can be accumulated in bone tissue delive-
ring irradiation doses to the bone marrow. *'°Pb is a naturally
occurring radionuclide which also accumulates in bones. If
these two nuclides are measured, a natural and an anthropo-
genic activity concentration can be compared for the respecti-
ve samples. Deer bone samples were selected as a feasible
environmental contamination indicator. This work describes
different procedures for the isolation of *’Sr and *'°Pb from
deer bones by anion exchange methods and their sequential
measurement. The aim was to obtain pure *°Sr and *'°Pb
spectra in order to avoid spectrum deconvolution procedures.
To prevent collection of Pb on the SreSpec® resin we first
separated Pb on a Dowex anion exchange column. Sr, which
is not held back on the Dowex column, was then purified
using SreSpec® resin: first Ca and the Ra isotopes were eluted
with 3M HNOj; and then Sr was eluted with distilled water.
With this two-step procedure of lead separation on Dowex
followed by Sr purification on SreSpec®, pure *'°Pb and *°Sr
spectra can be achieved by liquid scintillation counting of the
respective eluting solutions. The chemical yield of both steps
was determined by ICP-MS. Our results of re-measured sam-
ples show satisfying agreement with data obtained by a modi-
fied SreSpec® method and also by the “classical” *Sr deter-
mination using fuming nitric acid.
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COMPARATIVE KINETIC STUDIES ON THE
CORROSION PROCESS USING TWO METHODS
BASED ON THE B-RAYS RETENTION AND ATOMIC
ABSORPTION SPECTROSCOPY

ALEXANDRU CECAL®, FLORICA TONICA”, LILIANA AIRINEI®
and KARIN Pora?

“ALL Cuza" University, Faculty of Chemistry, *"Petru Rares"
College, Piatra Neamt, Romania, ‘Chemical College, Piatra
Neamt, Romania

cecal@uaic.ro

The paper deals with the corrosion kinetics of some steels
using two different methods of investigation. The first one is a
radiochemical method based on the retention of B-rays emitted
by a 2Tl source, by the iron ions transferred into the solution
by anodic dissolution of metal samples. The second one is
based on the atomic absorption spectroscopy, follows the incre-
ase in time of the concentration of the same iron ions in the
given aggressive medium. Nitric acid of different concentrati-
ons was used as corrosive medium. The obtained experimental
data result in two different rate constants that can quantitatively
characterize the corrosion process for each given reactant sys-
tem by the proposed methods. The values obtained by these two
methods of investigation are generally in keeping, however
more precise will be those obtained through atomic absorption
spectroscopy due to its higher precision in the determination of
the concentration of the iron ions transferred into the corrosive
solutions. However, the proposed radiochemical method seems
easier and faster.

NAM.P04 (Id: 42)
GEOCHEMICAL STUDIES IN WATER BODIES OF
WESTERN PARAGUAY

JUAN F. FACETTI-MASULLI®, PETER Kump”

“Hydroconsult , Asuncion Paraguay, "Institut Josef Stefan,
Ljubljana Slovenia

Jfrafama@rieder.net.py

Minor and trace elements composition of bottom sedi-
ments from water bodies in Western Paraguay have been in-
vestigated by XRF techniques to determine their correlation as
well as provenance. The analysis of complex spectra was per-
formed by the AXIL software and the quantitative analysis by
the QAES software. Analysed trace elements were refractories
Rb, Ba, Nb, La, Ce, Sr, Nd, Zr, Y and other HFSE as Cr, Ni,
Cu, together with Zn. Minor elements were Ti, Mn, Fe which
are often related to the above refractories. According to their
normalized spidergrams two sets of sediments can be differen-
ciated. Those from Pilcomayo and Verde Rivers as well as from
km 165 Wetland show LREE enrichment, negative Nb and Ti
anomalies and no spike at Zr. On the other hand, sediments
from Confuso, Jehe, Negro, and Montelindo Rivers have spi-
dergrams very alike, with strong negative anomaly at Nb, Nd
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and Ti whereas a positive at Zr. Further, in the former there is a
strong correlation of Fe versus refractories; such a correlation
does not exist in the latter.

NAM.PO5 (Id: 48)
DETERMINATION OF RADIOSTRONTIUM IN FOOD
AND WATER SAMPLES USING FUMING NITRIC
ACID

ZORANA ILIC, ALFRED VIDIC, DELVETA DELJKIC and
DIvNA SIRKO

Institute for Public Health of Federation of Bosnia and Herze-
govina, Sarajevo, Bosnia
ilic.zorana@bih.net.ba

The objective of this work was the determination of radi-
ostrontium content in selected food and tap water samples collec-
ted within environmental monitoring programme of Federation of
Bosnia and Herzegovina. It included food samples of vegetables,
fruit, meat, cereal, milk and milk products. The radiostrontium
content in environmental samples was determined by the fuming
nitric acid method. This classic way of analyzing radiostrontium
makes use of the low solubility of Sr(NO;), in fuming nitric acid
solutions. The procedure included successive precipitation of
8999+ as nitrate several times to achieve a good separation from
most elements, especially Ca. Chromate precipitations were
performed to eliminate Ba, Ra and Pb, followed by hydroxide
precipitations to eliminate traces of Y. Counting sources were
prepared by weighing SrCO; on a planchette and measured on a
low background proportional gas flow B counter. The Sr yield
was determined using Sr carrier and it varied between 60-90%.
Quality control was ensured through analysis of reference mate-
rials, blank determination and background determination. Activi-
ty concentration of radiostrontium varied between 0.012 Bg/kg
and 0.428 Bg/kg for vegetables samples, 0.007 Bq/kg and
0.257 Bq/kg for fruit samples, 0.0995 Bq/kg and 0.289 Bg/kg for
cereal samples, 0.024 Bg/L and 0.113 Bg/L for milk and milk
products, below MDA (0.004 Bg/kg) for meat samples and for
tap water samples between 0.878 Bq/kg and 3.78 Bq/nr’.

NAM.P06 (Id: 56)

EFFECT OF AL COATING ON LOSS OF LIGHT
ELEMENTS IN POLYETHYLENE NAPHTHALATE
FOILS DURING MEV PROTON BEAM IRRADIATION

MASAHIRO SAITO", FUMITAKA NISHIYAMA” and
KATSUMI TAKAHIRO?

“Department of Chemistry and Material Technology, Kyoto
Institute of Technology, *Graduate School of Engineering,
Hiroshima University, Japan
masahiro_saito@trc.toray.co.jp

For metallic and semiconductor materials, compositional
changes as well as structural changes are considered to be
negligibly small during ion beam analysis (IBA) with protons
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and helium ions of MeV energy. For insulators, by contrast,
electronic excitations and ionization produced by MeV ion
beams sometimes cause degradation of targets. Especially for
polymer targets, light elements such as hydrogen, carbon and
oxygen tend to be easily released from the targets, resulting in a
serious compositional change during IBA. The technique to
reduce the compositional change caused by MeV ion beam
irradiation is required for precise compositional determination
in IBA. In the present study, backscattering and forward scatte-
ring spectrometry with 2.2 MeV protons have been applied to
detect light elements of a polyethylene naphthalate (PEN) foil.
During analyzing a PEN foil of 4 mm thick, all the light ele-
ments gradually decreased in areal density as irradiation fluen-
ce increased and the contents of 9% H, 7% C and 33 % O
were eventually released up to a fluence of 2.0x10'® pro-
tons/cm® (corresponding to the integrated charge of 50 micro
coulomb). We tried aluminum deposition on the one side of the
PEN foil, in order to reduce the loss of light elements. As a
result, the losses of H, C, and O were 2 %, 0.5%, and 22 % of
initial contents, respectively, considerably smaller than those
without Al deposition. The mechanism of light element losses
during MeV proton irradiation and the effect of Al deposition
will be discussed in the conference. We have been investigating
if a PEN foil is one of the promising candidates for an exit
window in air-PIXE system, with a help of Al coating.

NAM.PO7 (Id: 72)
DETERMINATION OF 2°Po AND URANIUM IN HIGH
SALINITY WATER SAMPLES

PAWEL GRABOWSKI, MAGDALENA DLUGOSZ and
HENRYK BEM

Technical University of Lodz, Faculty of Chemistry, Poland
pgrabowski@mitr.p.lodz.pl

Among of the naturally occurring radionuclides in the dif-
ferent types of water the long lived uranium isotope **U, two
radium isotopes: 2*Ra, ***Ra, and *!°Po are of practical impor-
tance due to their radiotoxicity. The observed levels of these
radionuclides in underground water depend on the chemical
compositions of the adjacent geological formation. Under
favourable conditions, for example in the presence of chloride
and bicarbonate anions, solubility of mineral rock components
including trace amounts of radionuclides increases. A role of
the underground water supplying systems including geothermal
water is recently rapidly growing as they are used not only for
energetic, balneological or recreational purposes but as well as
a source of drinking water that should be in accordance with
EU Directive 98/83/EC and WHO recommendation. The aim of
these study was to elaborate a fast and efficient method for
simultaneous determination of uranium and ?'°Po in high salini-
ty water samples. 2'°Po and uranium radionuclides were pre-
concentrated from 0.5 dm’® saline media by co-precipitation
with hydrated MnO,, followed by dissolution of the precipitate
in 200 mL of 1 M HCI. Uranium radionuclides can be directly
determined by ICP MS method, using part of this solution
because the total salinity decreases below 1 g/dm’. From the
second part of solution, before *'°Po separation for liquid scin-
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tillation counting, majority of naturally occurring a-emitting
radionuclides (uranium, thorium and protactinium) are stripped
by extraction with 50 % solution of HDEHP in toluene. Finally
¢ is simply separated from other interfering nuclides by
direct transfer to an extractive scintillator containing 5 % of
trioctylphosphine oxide (TOPO) in Ultima Gold F cocktail and
determined by a o/f} separation liquid scintillation technique.
The detection limits are <1 mBg/dm? for *'°Po and 0.01 ppb for
281, Quality assurance of the worked out method was checked
out in two ways: 1) participation in the IAEA interlaboratory
studies (see Table 1) for 2'°Po determination in water samples
2) determination of uranium and ?'°Po in Standard Reference
Material IAEA-381 - Irish Sea water. Uranium recovery for
these samples was in the range 0.88+0.05. 2'°Po activity is not
reported for this SRM, therefore its activity determined by
elaborated method was compared with that obtained by direct
219 deposition on silver discs and o spectrometry counting.
These two methods gave practically the same value 30.5+2.3
mBg/dm”® and 30.0+3.0 mBg/dm’, respectively.

Table 1. Results (in Bq/kg) of interlaboratory studies *'’Po in acidi-
fied water

Sample.| IAEA TAEA Measured Measured Measu-
value unc value unc. red/IAEA
1 528 1.4 52.0 0.6 0.99
2 101.6 2.8 95.3 1 0.94
3 528 1.4 52.1 0.7 0.99
4 101.6 2.8 99.3 1 0.98
5 blank - 0.3 0.03 -

NAM.PO8 (Id: 75)

APPLICABILITY OF K0-BASED NEUTRON
ACTIVATION ANALYSIS USING A COMPTON
SUPPRESSION y-RAY SPECTROMETER

DUNG MANH HO, MARIA DO CARMO FREITAS, NUNO CANHA
and DANIEL BEASLEY

Technological and Nuclear Institute, Sacavem, Portugal
m.hodzung@itn.pt

Compton suppression system (CSS) in conjunction with
y-ray spectrometer allows to lower the detection limits for
certain elements by reducing the background levels in the
acquired y-ray spectra. The calibration of CSS for use in the kq-
based neutron activation analysis (ko-NAA) has been performed
in normal mode and applied to Compton suppression mode. In
this case, efficiency data are only applied to radionuclides that
emit non-coincident y-rays. In this work the applicability of the
ko-NAA method using CSS (ky-CSNAA) in Compton suppres-
sion mode for radionuclides that emit coincident y-rays is tes-
ted. The SMELS (a synthetic multi-element standard) con-
sisting of nuclides with different y-ray energy and Q, values
was used to evaluate the Compton suppression factor for seve-
ral radionuclides of interest, e.g. 0Co, *Cr, ?Eu, *°Fe, "Se,
3¢ and *Sr. The applicability of k,-CSNAA has been tested
by analyzing several reference materials, i.e. Coal Fly Ash
(NIST-SRM-1633a), Soil (IAEA-Soil-7) and Lichen Material
(IAEA-CRM-336). Preliminary results of the test are presented
and discussed.
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ALPHA RADIOMETRY OF URANIUM BY LIQUID
SCINTILLATION COUNTING AFTER PRE-
CONCENTRATION BY CLOUD POINT EXTRACTION

ELENI CONSTANTINOU” and IOANNIS PASHALIDISb

“Radioanalytical and Environmental Chemistry Group , De-
partment of Chemistry, University of Cyprus, "Radioanalytical
and Environmental Chemistry Group, Department of Chemist-
ry, University of Cyprus

elenicon86@hotmail.com

The aim of this study is the radiometric determination of
uranium in waters by liquid scintillation counting (LSC) after
pre-concentration of the element by cloud point extraction
(CPE). For CPE, tributyl phosphate (TBP) is used as the com-
plexing agent and (1,1,3,3-tetramethylbutyl)phenyl-
polyethylene glycol (Triton X-114) as the surfactant. The mea-
surement is performed after phase separation by mixing of the
surfactant phase with the liquid scintillation cocktail. The effect
of experimental conditions such as pH, reactant ratio (e.g.
V(TBP)/V(Triton), ionic strength (e.g. [NaCl]) and the presen-
ce of other chemical species (e.g. Ca’* and Fe*" ions as well as
humic acid and silica colloids) on CPE has been investigated.
According to the experimental results the total method effici-
ency is (13+2)% and the separation efficiency (60£10)% for the
optimum pH and reactant ratio (V(TBP)/V(Triton)=0.1).
Regarding the other parameters, generally Ca** and Fe*" ions as
well as the presence of colloidal species in solution (even at
low concentrations) results in significant decrease of the sepa-
ration efficiency. On the other hand increasing [NaCl] leads to
enhancement of separation efficiency. The detection limit under
optimum experimental conditions has been found to be
0.5 Bq/L indicating that the method could be applied only to
waters samples with increased uranium concentration. Moreo-
ver, the negative effect of the chemical species found in natural
waters limits the applicability of the method with the respect to
environmental radioactivity measurements.

NAM.P10 (Id: 88)

MERCURY IN BACH HO CRUDE OIL OF VIETNAM
AS DETERMINED BY ky-BASED INSTRUMENTAL
NEUTRON ACTIVATION ANALYSIS

LUONG HIEN DUONG®, DUNG MANH Ho?, VU DONG CA0”,
TriNg NGoc LE® and Sy THI NGUYEN"

“Joint Venture “Vietsovpetro”, Vung Tau City, Vietnam,
bNuclear Research Institute
dh_luong@yahoo.com

The ko-based instrumental neutron activation analysis (ko-
INAA) using the Dalat research reactor of 500 kW nominal
power with a thermal neutron flux about 3.5x10"%cm™s™ has
been studied and developed in order to determine Hg (total) in
Bach Ho crude oil of Vietnam. Both radionuclides '*’Hg (2.7 d
half-life, 77.3 keV y-line) and **Hg (46.6 d, 279.2 keV) were
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used with different irradiation and measurement modes in order
to calculate the concentration of the element. An evaluation of
the limit of detection, precision and accuracy as well as conve-
nience in the use of the two radionuclides was performed. The
corrections of spectral interferences by Se (119.8 d,
279.5 keV) on ***Hg and the deconvolution of complex multi-
plets in region of 70-85 keV for '*’Hg and the problem of Hg
loss during irradiation were considered. The mean concentrati-
on and range of concentrations of Hg in Bach Ho crude oil of
Vietnam were obtained through the analysis of 90 samples and
the statistical processing.

NAM.P11 (Id: 94)
ALPHA RADIOMETRIC DETERMINATION OF
PLUTONIUM AND URANIUM ISOTOPES AFTER
SEPARATION OF THE RADIONUCLIDES BY CATION
EXCHANGE AND LIQUID EXTRACTION

TASOULA KILIARI

Department of Chemistry, University of Cyprus
k.tasoula@hotmail.com

The radioactivity concentration of uranium and plutonium
isotopes (*®Pu and >*?U) in water samples has been determined
by means of a spectroscopy after chemical separation of the
radionuclides by cation exchange and liquid-liquid extraction
using the Chelex-100 resin and 30%TBP/dodecane. Method
calibration using *°Pu/*’U standard solutions results in a
detector efficiency of 19% and in a cation exchange separation
efficiency which varies between 60% and 90%, and 50% and
70%, for uranium and plutonium, respectively, depending on
the radionuclide concentration in the sample. Application of the
method to test solutions of constant radionuclide concentration
and variable composition (0.1, 0.5 and 1 M NaCl; 0.1 and
0.5 M Ca(NOs),; 0.1 and 1 mM FeCl;; 10 and 100 ppm SiO,;
10 and 100 ppm humic acid) shows generally that the cation
exchange efficiency is not significantly affected by the presence
of major components, except for increased Fe(IlI) concentrati-
ons in solution (> 0.1 mM). The liquid-liquid extraction effici-
ency is almost similar for both radioelements and varies be-
tween 50% and 80%, depending on the radionuclide concent-
ration in the sample. Taking into account that the electrodeposi-
tion of the radionuclides under study is quantitative, the total
method efficiency is calculated to vary between 30-70% and
between 25-55%, for the uranium and plutonium isotopes,
respectively. The detection limit of the o spectrometric system
has been found to be 0.2 mBq/L, suggesting that the method
could be successfully applied for the radiometric analysis of
uranium and plutonium isotopes in natural waters
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PULSE SHAPE ANALYSIS TO REDUCE THE
BACKGROUND OF BEGE DETECTORS

RAQUEL GONZALEZ DE ORDUNA", MIKAEL HULT®,
DuSAN BUDJASb, MARCIN MISIASZEK® and
ERICA ANDREOTTI"

“European Comision, Joint Research Centre, Institute for Refe-
rence Materials and Measurements, bMax-Planck-Insttut fiir
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Three methods for reducing the background and thus the
detection limits for y spectrometry using HPGe-detectors are
combined here. 1. A passive reduction of the background is
achieved by using radiopure materials for the detector and its
shield 2. An effective shielding from cosmic rays is achieved in
the laboratory, which is located 225 m underground. 3. An
active background reduction is achieved using pulse shape
analysis. Since the invention of the Ge-detectors in 1962 re-
searchers have investigated ways of using the pulse shape for
discriminating between pulses from various types of interacti-
ons in the Ge-crystal. The lack of success in this field has trig-
gered developments of more complicated detector systems such
as segmented crystals, pixels and strip detectors. When p-type
point contact Ge-detectors with a shaped electric field (called
BEGe-detectors, Broad Energy Germanium, by the company
Canberra) started to appear on the market, the possibility ope-
ned for using solely the pulse shape of the one electrode for
making analysis. The drift of the electrons and holes towards
the electrodes produces different pulse shapes depending on
how and where the energy of the photon was deposited in the
crystal. When all the energy is deposited in one point, single-
site event (SSE), the pulse shape has one peak, but when the
energy is deposited is several points, a multiple-site event
(MSE), the shape of the pulse presents several peaks. The work
presented here is aimed at the study and characterization of the
background and pulse-shape of two BEGe detectors with 19%
and 50% relative efficiency by using a pulse shape discrimi-
nation technique. Since the signal of the read-out electrode
depends on the size of the detector the discrimination level that
can be achieved with each detector is different.

NAM.P13 (Id: 153)

NORM AT INDOOR ENVIRONMENTS USING
AEROSOLS PASSIVELY COLLECTED AT
CLASSROOMS OF LISBON BASIC SCHOOLS

MARIA DO CARMO FREITAS and NUNO CANHA

Instituto Tecnologico e Nuclear — Reactor, Sacavém, Portugal
cfreitas@itn.pt

This work aims to develop methods characterizing the
composition of the total particulate matter (TPM) collected
inside classrooms of three elementary schools, in Lisbon, Por-
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tugal. The selection of the schools was based on their different
distance from the city centre: one at downtown, other at the city
border and the other at middle distance between both. Quartz
and polycarbonate filters are being used. Each filter has a
47 mm diameter and was exposed inside plastic Petri slides.
TPM masses are being collected passively during 2009/2010.
Although the filters are being exposed inside a small area,
significant differences between the masses are observed. Expo-
sed filters and blanks are being measured during a 3 day period
in a y-X hyperpure germanium detector aiming the detection of
natural radionuclides. The following natural radionuclides
could be found: 1) *'°Pb, 2"Pb, *'*Bi, **Ra, ***Th originated
from **U, 2) ?">Pb and ***Ac originated from **Th, 3) 2%®TI
originated from **’Np, 4) **K originated from *K. Millipore
polycarbonate filters were quite adequate for all measurements
except for 2'°Pb, ?%Ra and ***Th for which quartz filters were
found to be more suitable. Results are compared with literature
ones and discussed under the point of view of their origin.
Methods are developed in order to get accurate efficiency cal-
culations for the 47 mm diametr filters.

NAM.P14 (Id: 154)
THE USE OF COINCIDENCE SUMMING EFFECT IN y
SPECTROMETRY FOR THE DETERMINATION OF
FULL ENERGY PHOTOPEAK EFFICIENCY AND
ACTIVITY OF THE ®Co0-60 POINT SOURCE

BoJAN STRBAC

Radiation Protection Centre
boyanne@teol.net

A study of coincidence summing of y-rays of **Co will be
presented. In y spectrometry with germanium detectors, the
summing effect have to be taken into account at low source
detector distance. The peaks due to coincidence summing of
X+X, X+y,y+y rays can complicate the spectrum obtained by
this type of the detector and significantly change the counting
rate of single peaks. There is a theoretical model developed for
coincidence summing of X and y rays for radionuclides with
complex decay scheme. This model enables to write equation
for single peaks, the coincidence sum peaks and total count
rate. The efficiency of detection and the activity of **Co source
are the unknowns in the count rate equation system. They can
be determined by simultaneously finding the roots of the
equation system.
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SEPARATION, PRECONCENTRATION OF
LANTHANUM FROM MONAZITE AND ITS
DETERMINATION BY *3La USING NON-
DESTRUCTIVE y RAY
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NASER N.S.AWwWAD® and SAYED M.EL-AFIFI®

“Atomic Energy Authority, Hot lab center, Analytical Chemistry
Departments,, *Atomic Energy Authority, Hot lab cen-

ter, “Atomic Energy Authority, Hot lab center, Cairo, Egypt
ashrafelsayedl @hotmail.com

A method has been developed for separation, preconcent-
ration and determination of lanthanum element with two isoto-
pes, the stable 139 a and the radioactive '**La with the half life
of 1.05x10"" years. The stable isotope *’La has a very high
abundance ratio of 99.91120.001% while '**La has the abun-
dance ratio of only 0.089+0.001%. '**La also has two main y
ray energy lines, one at 788.4 and the other at 1435.8 keV
which are used for the determination of '**La by Hyper Pure
Germanium detector, HPGe. Based on this method, the percent
of '¥La has been calculated with high precision in synthetic
samples. The results were compared with inductively coupled
plasma-mass spectroscopy, ICP-MS, technique. The detection
limit was calculated as MDA (minimum detection activity) and
it has been found to be equal 1.46 Bq/kg for '**La at 788.4 keV
and 1.52 Bg/kg at 1435.8 keV y ray energy lines with mean
value 1.49 Bq/kg. Application of this method was successfully
used for the determination of lanthanum in natural sample,
monazite. The developed method was based on new chemical
steps; precipitation and solvent extraction of crude monazite
sample was used for the lanthanide determination. The precipi-
tation method is used for removal of Th (IV) and U (VI) and
the solvent extraction is used for removal of Ac from REEs.
Molar solution of HDEHP in benzene was used for the ex-
traction of REEs and actinium, Ac, from 0.1M HNOj; while the
0.2M HNO; is used to stripe Ac in residual REEs in the organic
phase. Therefore, lanthanum in the residual REEs was accurate-
ly determined.

NAM.P16 (Id: 183)

CHEMICAL COMPOSITION OF SILICA PHYTOLITHS.
COMPARISON OF DIFFERENT ISOLATION
METHODS

JAN KAMENIK, J1ki MIZERA and ZDENEK RANDA

Nuclear Physics Institute, Academy of Science of the Czech
Republic
kamenik@ujf.cas.cz

The silica phytoliths, also called biogenic opals, are for-
med in many plant species. It has been found that information
on their chemical composition is limited, except for several
major elements. Comparison of different methods for isolation
of silica phytoliths from plant material was performed in this
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work. Dry ashing and acid digestion were used and their in-
fluence on chemical composition of the prepared samples was
studied. Barley (Hordeum vulgare L.) was used as a model
plant and the phytoliths were extracted from different parts of
the plant body - stems, leaves, awns. The analysis of the ele-
mental composition was performed by instrumental neutron
activation analysis in both short and long term irradiation mo-
des which allowed determination of more than 30 major and
trace elements.

NAM.P17 (1d: 192)

CHARACTERIZATION OF TUPIGUARANI
TRADITION ARCHAEOLOGICAL CERAMICS FROM
ESPIRITO SANTO, BRAZIL, APPLYING NEUTRON
ACTIVATION AND MULTIVARIATE STATISTICAL
ANALYSES

GLEIKAM FARIA®, MARIA ANGELA MENEZESh,
LOREDANA RIBEIRO®, CAMILA JacoMme® and
RADOJKO JACIMOVIC®
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Brazil, *Nuclear Technology Development Centre / Brazilian
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Analytical Techniques, Belo Horizonte, Brazil, “‘Cooperative of
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The Portuguese settlers arrived in the coast of the Brazilian
State of Espirito Santo in sixteenth century and built several
“Missdes Jesuiticas” (Jesuitical Missions). In spite of living
within the Mission and been catechized, the Indians, Tupigua-
rani Tradition, kept on producing traditional handcraft, as the
decorated ceramic, however, they introduced European ele-
ments during the production to the decoration. The archaeolo-
gical interventions carried out along the coast of Espirito Santo,
found the Tupiguarani Tradition vestiges, where the main
evidence is a pretty ceramic with the occurrence of plastic and
painted decoration. The ceramic presents high archaeological
value among the vestiges. It is a material very resistant to time
and to the natural conditions in the surrounding areas. Its che-
mical composition, once determined, can help understand the
connection between the past and the present. Therefore, archae-
ology can fill the gap between ancient population and modern
society elucidating the evidences found in archaeological sites.
The main purpose of this paper was to contribute to the un-
derstanding of the Tupiguarani Tradition occupation in this
region. During the research expeditions, many sherds were
found in 13 archaeological sites in the study area. Inside this
context, seventy ceramic fragments were analyzed by neutron
activation  technique,  ky-standardization = method, at
CDTN/CNEN using the TRIGA MARK I IPR-RI nuclear
reactor, in order to characterize their elemental composition.

s142



Chem. Listy 104, s143-s262 (2010)

The results were treated with multivariate statistic analyses -
Cluster and Principal Components Analysis - and discussed.

This study is part of the Coordinated Research Project CRP
BRA 14798, supported by the IAEA.
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MEASURING OF GROSS o AND B ACTIVITY BY
MEANS OF LSC

DANIEL SAS, PETR SLADEK and JIRI JANDA
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Measuring of gross a and P activity of radioactive aerosols
is one of the tasks of field analyses of radioactive substances in
the army of the Czech Republic. It is performed by suction of
air through filters and measuring of gross activity. Furthermore
the field analysis includes determination of gross o and f activi-
ty of water, milk, soil, food, smear and y spectrometric measu-
rement. The problem of determination of gross o and 3 activity
of aerosols filters by means of LSC is solved. This method is
perspective and appropriate for rapid measurement of gross o
and [ activity because of a and 3 separation, thus simultaneous
measurement of o and B radionuclides and 4 m geometry wi-
thout any filter modification. The method is based on Automa-
tic TDCR Liquid Scintillation Counter Hidex 300 SL. Model
radionuclides were chosen due to their military significance,
radio toxicity and possibility of misusing by terrorists - *°Sr,
21%p, 2Py and **'Am. Three type of filters were investigate -
paper and glass filters in LSC cocktail insoluble and soluble or
partially soluble nitrocellulose filters. The attention was also
paid to selection of convenient type and volume of the LSC
cocktail.

NAM.P19 (Id: 198)

MODIFICATION OF PRECISE TECHNIQUE FOR
DETERMINING PU MASS FRACTION BY
AUTOMATIC COULOMETRIC TITRATION METHOD

VLADIMIR CHISTYAKOV, VLADIMIR MOMOTOV and
EVGENY ERIN

Russia, Rosatom, JSC"State Scientific Center-Research Institu-
te of Atomic Reactors", Radiochemical Unit
chistyakov@niiar.ru

Technique for determining plutonium total mass fraction in
Pu preparations and uranium-plutonium mixtures, including
MOX fuel for fast reactors by the automatic coulometric titrati-
on is developed and successfully used in RIAR for a long time.
The paper presents the optimization results of sample prepa-
ration and titration conditions on the facility, developed in
RIAR to minimize the total analysis error. Use of standard
(CO) potassium dichromate specimen without CO PuO, for
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facility calibration during analysis result verification is experi-
mentally proved. Metrological certification of the developed
technique version indicated that total analysis error of the Pu
mass fraction in the specimen can be less than 0.05%. First, the
developed precise technique for plutonium determination was
applied during the certification of state PuO, standard specimen
of the first class for its plutonium mass fraction content.

NAM.P20 (Id: 203)

DETERMINATION OF MAGNESIUM IN BIOLOGICAL
MATERIALS BY NEUTRON ACTIVATION AND ANTI-
COINCIDENCE y-RAY SPECTROMETRY

AMARES CHATT and WEIHUA ZHANG

Dalhousie University, Halifax, Canada
a.chatt@dal.ca

Magnesium is considered as an essential element at mode-
rate levels. Both deficiency and toxic effects of Mg in humans
have been reported in the literature. Titrimetry, spectrophoto-
metry, and atomic absorption spectrometry are generally used
for the measurement of Mg levels. Instrumental NAA (INAA)
is also an attractive tool for the rapid, simple and reliable de-
termination of Mg. However, due to high background activity
in biological samples, the measurement of y-rays emitted by
*"Mg is generally difficult. The main objective of the present
work has been to study the advantages of anti-coincidence y-ray
spectrometry for the determination of low levels of Mg in
biological materials using INAA. The *’Mg nuclide has a half-
life of 9.46 min and it emits two major y-rays, namely 843.8
and 1014.4 keV, which are not coincident. Therefore, the use of
anti-coincidence counting should not cause any reduction in
peak efficiency of either of the photopeaks. The peak efficiency
reduction factors of the two peaks have been measured as 0.98
and 1.00, respectively. It has been observed in many biological
materials that the background around the 1014.4-keV peak of
2"Mg is mainly due to the 1778.9-keV peak of 2*Al, 1368.6-keV
peak of **Na, 1642.7-keV peak of **Cl, and 1810.7-keV peak of
*Mn. Anti-coincidence counting technique can be beneficially
used under such situations. Several biological reference materi-
als (RM) and standard reference materials (SRM) were analy-
zed for Mg by INAA. Between 200 and 700 mg of these mate-
rials were irradiated in the Dalhousie University SLOWPOKE-
2 Reactor facility at a neutron flux of 5 x 10" cm? s for
1 min, allowed to decay for 1 min, and counted for 10 min. The
anti-coincidence y-ray spectrometer used in this work consisted
of a HPGe detector and a 10"x10" Nal(TI) guard detector with
a 3"x3" Nal(Tl) plug. The peak-to-Compton plateau ratio of
this system is about 590:1. The 843.8-keV peak suffers from
interference by the 846.8-keV peak of **Mn which has a longer
half-life of 2.58 h. In the anti-coincidence counting mode, the
percentage overlap of the 843.8-keV peak is less because of the
suppression of the 846.8-keV peak. We have developed a sim-
ple correction method which has been used for the determinati-
on of Mg in 15 NIST RM and SRM using the 843.8-keV y-ray
of ?’Mg. The measured values have been found to agree well
with the certified values.
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ELEMENTAL CONTENT OF INDIGENOUS BACTERIA
UNDER DIFFERENT CHROMIUM LOADINGS
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L. MOSULISHVILIb, E. KIRKESALIb, T. KALABEGISHVILIb,
S. KERKENJIA” and MARINA FRONTASYEVA®

“Joint Institute for Nuclear Research, Dubna, Russia, b 4ndro-
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Indigenous bacteria can be successfully used to either de-
toxify or immobilize toxic heavy metals. These bacteria are
under continuous investigation, and in-depth molecular un-
derstanding has been developed for some of them. However, up
to date the dependence between the ability of bacteria to reduce
or immobilize metals and their elemental compositions is not
clear yet. For the first time epithermal neutron activation analy-
sis method (ENAA) has been applied to determine the elemen-
tal content of bacteria before (control) and after exposure to
different loadings of chromate. As a model, Cr(VI)-reducer
bacteria of Arthrobacter genera, isolated from polluted basalts
from both the Republic of Georgia and the USA, was used.
Concentrations of the following elements: Na, Al, Cl, K, Fe,
Co, Zn, As, Br, Rb, Sr, Sb, Ba, Th, U have been determined. In
the cells treated with Cr(VI) significant alterations in the con-
centrations of some elements playing essential role in the life
processes of microorganisms were observed. To understand the
mechanisms of microbial resistance to Cr(VI) electron spin
resonance (ESR) spectrometry was used to trace the formation
and behaviour of chromium species (Cr(V)/Cr(I1)) in bacterial
cells. The concentrations from 12 to 19 elements were determi-
ned in the bacterial cells.

NAM.P22 (Id: 208)
COMPOSITION ANALYSIS OF ZIRCONIUM ALLOYS
BY ko-BASED PGAA USING BUDAPEST COLD
NEUTRON BEAM FACILITY
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R.V. KULKARNI® and A.V.R. REpDY!

“Radiochemistry Division, Bhabha Atomic Research Centre,
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Research, Institute of Isotopes, H-1525 Budapest,

Hungary, “Post Irradiation Examination Division, Bhabha
Atomic Research Centre, Tromaby, Mumbai - 400 085,
India, dAnalytical Chemistry Division, Bhabha Atomic
Research Centre, Trombay, Mumbai - 400 085, India
racharya@barc.gov.in

Zirconium and its alloys are important materials in nuclear
power technology. Zirconium alloys, namely zircaloy 2, zirca-
loy 4 and Zr-Nb alloy, are mostly used for fuel cladding and
pressure tubes in water-cooled nuclear power reactors due to
their low neutron absorption cross sections, high corrosion
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resistance and good thermal conductivity. For nuclear quality
control, it is important to analyze these alloys to ensure their
conformity to specifications. Analytical methods, which are
non-destructive in nature, bulk sample analysis capability with
negligible matrix effect, are preferred for the analysis of such
materials. Neutron induced prompt y-ray activation analysis
(PGAA) is one of the suitable methods. In the present work,
PGAA was used for the composition analysis of three types of
zircaloys, namely zircaloy 2, zircaloy 4 and Zr-2.5%Nb alloy.
All the measurements were performed at the PGAA facility of
the Budapest Research Reactor using cold-neutron beam. The
thermal equivalent neutron flux at this position is 1.2x10% cm™
s Samples in the mass range of 0.3-0.5 g, kept inside thin
Teflon bag, were irradiated in vacuum and the prompt y-rays
were measured for 3-10 h with a HPGe detector (sample-to-
detector distance 23 cm) surrounded by a Compton-suppressor
and passive shielding. The absolute counting efficiency of the
detector was determined using '**Ba and "?Eu and prompt vy
rays from "“N(n,y)"*N and *’Cl(n,y)**Cl. The y-ray spectra were
complex due to presence of multi-y producing ele-
ments/isotopes and they were analyzed for peak areas by Hy-
permet PC (MS DOS Version 5.01). The minor elements detec-
ted in three different zircaloys, in addition to major Zr, are: Sn,
Fe, Cr and Ni in zircaloy 2, Sn, Fe and Cr in zircaloy 4, and Nb,
Fe and Cr in Zr-2.5% Nb alloy. The trace elements detected in
general are B, Hf, Ti, Mn and Co. Trace amounts of Cl were
also detected in zircaloy 2 and 4. Since all the major and minor
elements were amenable to PGAA, the absolute concentrations
of all the elements were determined using mass balance proce-
dure, i.e., without using concentration of any external or inter-
nal standard. The advantages of the method are: (i) it is non-
destructive, (ii) it could detect trace amounts of important
elements like B, Hf and Cl in the presence of major/minor
elements, and (iii) all elements determined except for B have
multiple y-rays, which help in self-validation of methodology.
Acknowledgements This work was carried out under INSA-
HAS international exchange program (No. [A/Misc. 2009-
2010/4237) and the financial assistance by INSA and BARC
(India) and HAS (Hungary) is duly acknowledged. Authors
from BARC acknowledge Institute of Isotopes, Budapest for
providing PGAA facility.

References:

1. Acharya R., Nair A. G. C.,, Reddy A. V. R., Goswami A.:
J. Nucl. Mat. 326, 80 (2004).

2. Yonezawa C.: Anal. Sci. 9, 185 (1993).

3. Revay Zs.: Anal. Chem. 81, 6851 (2009).

s144



Chem. Listy 104, s145-s262 (2010)

NAM.P23 (1d: 214)

ANALYSIS OF LARGE AND NON-STANDARD
GEOMETRY SAMPLES OF ANCIENT POTTERIES
AND BRICKS BY INTERNAL MONOSTANDARD NAA
USING INSITU DETECTION EFFICIENCY

K.B. DAsARI®, N. LAKSHMANA Das?, A.V.R. REppY” and
R. ACHARYA®

“GITAM (Gandhi Institute of Technology and Management)
Institute of Science, GITAM University, Visakhapatnam - 530
045, India, bAnalytical Chemistry Division, Bhabha Atomic
Research Centre, Tromaby, Mumbai - 400 085, In-

dia, “Radiochemistry Division, Bhabha Atomic Research Cen-
tre, Tromaby, Mumbai - 400 085, India

dkishore@gmail.com

Studies of archaeological artifacts constitute an important
area of research that might provide clues to unravel the past
human activities, art, trade, eTc. Archaeologists are mainly
interested in the provenance studies of the artifacts. Archaeolo-
gical artifacts like potteries, bricks, coins and paintings are
mainly studied for their provenance and one of the valid, and
accepted methods is through their chemical composition analy-
sis in conjunction with statistical methods. Among the archaeo-
logical artifacts, potteries are most widely studied and occasio-
nally bricks are also analyzed. Since they have a strong corre-
lation with the clay/soil source from which they are prepared,
elemental concentrations could be used for arriving at correlati-
ons. Elements, which are mainly present at trace levels in the
artifacts, give authentic clue to their origin compared to the
major elements. Elemental concentration ratios of Al and Sc,
due to their non-volatile nature and La and Ce, due to their
similar geochemical properties are used for preliminary grou-
ping. The confirmation of grouping is done from statistical
analysis like principal component analysis (PCA) and cluster
analysis (CA). The present paper describes application of large
sample instrumental neutron activation analysis (LS-INAA)
method for provenance study of potteries and bricks using
scandium as internal monostandard. In the present study, sam-
ples of ancient potteries and bricks belonging to 4th-5th century
BC to 4th century AD were excavated from 15 different
Buddhist sites in Andhra Pradesh, India. Samples in the larger
mass range of 10-50 g were taken for the experiment, irre-
spective of their geometry. Samples were irradiated for 7 hours
in Apsara reactor, BARC. Radioactivity assay was carried out
using a 40% relative efficiency HPGe detector coupled to 8k
MCA. Peak areas were determined using peak-fit software
PHAST. The kg-based internal monostandard INAA (IM-
INAA) was used for arriving at the elemental concentration
ratios with respect to Sc. Since the method uses insitu detection
efficiency, it is geometry independent and non-standard geome-
try samples could be analyzed. Concentrations of about 18
elements such as Na, K, Sc, Cr, Fe, Co, Ga, As, Br, La, Ce, Nd,
Sm, Yb, Hf and Th were determined in both potteries and
bricks. The results of elemental concentration ratios with re-
spect to Sc show that the both potteries and bricks fall into four
major groups. It was observed that in some samples of potteries
and bricks, collected from same location, correlations exist
indicating the source of clay/soil may be the same. We would
like to highlight that the provenance / grouping study of archa-
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eological samples could reliably be carried out through their
elemental concentration ratios than the absolute concentration
values and thus the present method is a suitable one for this
study. Acknowledgement Authors from GITAM University
acknowledge UGC-DAE Council of Scientific Research,
Mumbai for the financial assistance.

This work is also a part of the IAEA Coordinated Research
Project (CRP Code : F2.30.27).
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Many copper ores contain significant quantities of silver
and gold. Copper concentrate, the intermediate in the ore pro-
cessing, is an important source for production of gold and
silver. Methods for the determination of noble metals have been
reviewed by Beamish and Van Loon '. The most common
method for determination of noble metals in geological sample
is atomic absorption spectrometry with a fire-assay pre-
concentration step. One of the most sensitive method for analy-
sis of noble elements is neutron activation analysis . Instru-
mental neutron activation has been applied to determine noble
elements in ores, but generally it is required to separate noble
elements from interfering and matrix activity. Several radio-
chemical schemes have been reported to isolate one or more of
the noble metals during analysis. These schemes include sol-
vent extraction, distillation, ion-exchange, precipitation and
others. Simultaneous determination of silver and gold in copper
concentrate sample was carried out by neutron activation analy-
sis method. Initially, copper concentrate sample was analysed
by ED-XRF to obtain qualitative information and found that
copper and iron were present in major proportions. Instrumental
neutron activation analysis (INNA) was followed by radioche-
mical or chemical neutron activation analysis. During INAA,
cooling time of about a week is required before '**Au could be
measured because of high activity due to **Cu and **Na where-
as """ Ag was measured after further cooling of a week. To
reduce the analysis time, radiochemical neutron activation
analysis and chemical neutron activation analysis were carried
out. The noble elements form anionic complex with moderate
molarity of HCI that are readily retained on anion exchanger.
The distribution coefficient values for gold and silver are very
high at lower HCI normality whereas copper and iron have
negligible values. Sodium is not retained. Hence, ion exchange
separation and pre-concentration of gold and silver were carried
out from 1N HCI solution. The value of gold by INAA agreed
well with the values obtained by RNAA and CNAA. However,
the value for silver was significantly lower in case of RNAA
and CNAA method compared to INAA. This may be due to
loss of silver as silver chloride. The separation procedure was
modified to avoid loss of silver during separation.

s145



Chem. Listy 104, s146-s262 (2010)

References:

1. Beamish F. E., Van Loon J. C.: Recent advances in the
analytical chemistry of the noble metals. Pergamon Press,
Oxford, 1972.

2. Kumar S., Verma R., Gangadharan S.: Analyst //8, 1085
(1993).

NAM.P25 (Id: 223)
RADIOANALYTICAL DETERMINATION OF 2'°Ph AND
20py IN SEA WATER SAMPLES

DOLORES ARGINELLI", FABRIZIO BADOLATOb,
OTTAVIA AVATANEO®, SANDRO RIDONE®, MARIO MONTALTO"
and ANNA MIRANTI?

“ENEA-Italian National Agency for New Technologies, Energy
and Sustainable Economic Development, Radiation Protection
Institute, strada per Crescentino 41, 13040 Saluggia

VC), bUniversity of Turin, Department of Inorganic Chemistry
Phyisical Chemistry Chemistry of Materials, via P. Giuria 7,
10125 Turin and ENEA-Italian National Agency for New Tech-
nologies, Energy and Sustainable Economic Development,
Radiation Protection Institute, strada per Crescentino 41,
13040 Saluggia (VC), ‘University of Turin, Department of
General Chemistry and Organic Chemistry, via P. Giuria 7,
10125 Turin and ENEA-Italian National Agency for New Tech-
nologies, Energy and Sustainable Economic Development,
Radiation Protection Institute, strada per Crescentino 41,
13040 Saluggia (VC), “Hospital “Ordine Mauriziano” of Turin,
Department of Medical Physics, via Magellano 1, 10128 Turin
and University of Turin, School of Specialization in Medical
Physics, via P. Giuria 1, 10125 Turin, Italy
dolores.arginelli@enea.it

21%p and *'°Po are naturally occurring radionuclides be-
longing to the natural radioactive chain of Z*U. As their parent
nucleus they are ubiquitously distributed in the rocks and soils
of the Earth’s crust and they reach the atmosphere and natural
waters as a result of the decay of *’Rn, which easily diffuses
through the interstitial cracks of the Earth’s crust itself. Human
beings have always lived in contact with natural background
radiation, nevertheless some particular human activities, such
as the extraction and processing of the Earth's crust materials,
removed these materials from their original and inaccessible
location and increased the concentration of radionuclides conta-
ined in them. These activities have produced the so called
TENORMSs (Technologically Enhanced Naturally-Occurring
Radioactive Materials), which constitute an alteration of the
natural level of radiation, enhancing the risk for man to radiati-
on exposure. Typical sources of TENORMs are phosphogyp-
sum and waste products, coming from industrial production of
fertilizers and phosphoric acid. Moreover the uncontrolled
release of such wastes in the environment over time may be a
source of environmental contamination, so the determination of
21%p and *'°Po at very low levels is particularly important,
because of their major contribution to the internal dose in hu-
mans. In fact the high specific activity of *'°Pb
(2.82x10°Bqmg") and *°Po (1.66x 10°Bq mg™) makes
them two of the most toxic natural nuclides. Moreover, 2'°Pb
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remains in the skeleton long enough to produce the highest
skeletal dose of any natural nuclide under average conditions of
background exposure, and 2'°Po is highly radiotoxic, emits high
energy o particles, and is accumulated by many terrestrial
plants and animals, through which it enters human dietary.
Within the institutional tasks of the Radiotoxicology Laborato-
ry of the Radiation Protection Institute of ENEA CR Saluggia,
we performed measurements on several seawater and suspen-
ded particulate matter samples for the determination of the two
radionuclides of interest. We simultaneously separated lead and
polonium, that were firstly concentrated in water samples,
through co-precipitation with iron (III) hydroxide and the addi-
tion of ammonia solution till pH 9.5 - 10, and then solubilised
in HCIL. For lead determination a second chemical procedure
has been considered and observations about the difference
between the two methods are reported. The radiometric measu-
rement of 2!°Pb has been performed both indirectly, through the
measurement of its daughter >'°Bi in secular equilibrium, by the
use of a proportional counter system, and directly, by the use of
VLL LSC. After spontaneous deposition of 2'°Po onto silver
planchets, its activity has been measured with o spectrometry at
high resolution. Some samples have been spiked with **Po for
the determination of the radiochemical yield, but due to the
difficulty to get polonium radiotracers, because of international
events, we considered the possibility to determine it subtracting
a mean blank spectrum to a mean spiked spectrum, traced with
219pp, as ancestor of >'°Po in equilibrium.
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New method - extraction ions from solution at atmospheric
pressure - analogue of well-known ESI-MS method, was pro-
posed for analysis of metals in radioactive solutions. Advan-
tages of this method in comparison with known methods -
(ICP-MS, ICP OES, ESI-MS, ¢Tc.) - small volume of sample,
high sensitivity, possibility of automatization.
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Cultural heritage objects are highly heterogeneous. Due to
the complex nature of materials and objects, their analysis
needs to use extremely sensitive, spatialy resolved, multi-
elemental and versatile methods that should be as a non invasi-
ve as possible and give complementary information at different
scales; from the macroscopic to the nanometer scales. In this
work, XRF, SEM-EDS, PIXE, EPMA and XAS were used to
characterize the chemical composition and microstructure of
the historical glass in Thailand such as ancient glass beads,
ancient decorative glasses and old-styled gold mosaic glass. It
can be concluded that these are powerful tools for investigation
of heterogeneous glassy materials.
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The gross a activity is defined as the total activity of the a
emitters. Gross a and B activity screening methods have been
developed for determining whether the specific analysis of
radionuclides is required for characterizing the water quality.
There may be a loss of radionuclides during storage of water
sample caused by the adsorption onto the container wall and by
the precipitation and coprecipitation. It is generally recognized,
however, that these effects can be minimized by acidification of
the samples after collection utilizing HNO; or HCI. Polonium
210 is an a emitter, a member of the uranium decay series. This
radionuclide originates by radioactive decay of ***Rn. In water
with elevated content of **’Rn, the presence of >'°Po can contri-
bute significantly to the measured value of the gross a activity.
The methods for gross a activity analysis of drinking water are
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often based on sample evaporation and heating at the tempera-
tures exceeding 100 C. At such temperatures, can *'°Po become
volatile in dependence of its chemical form and therefore the
gross o activity can be underestimated. Our contribution will
compare and discuss several routines of sample preparation
considering the possible losses of 2'°Po.

NAM.P29 (Id: 235)
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During the last decades, >'°Pb and its daughter *'°Po have
become widely used radionuclides for sediment dating. In
environmental sediments, the total amount of *'°Pb is given by
two components: (a) supported 2'°Pb, produced by radioactive
decay of **’Rn inside the material, and (b) an unsupported *'’Pb
component derived from **’Rn which diffuses into the atmo-
sphere where it decays. Subsequently, *'°Pb is removed by
atmospheric precipitation or dry deposition, falling on the land
or water surfaces. The dating method often applies determinati-
on of *'°Po supposing the radioactive equilibrium with *'°Pb.
Utilized analytical procedures generally consist of several basic
parts: (a) isolation of measured radionuclide by leaching or
total decomposition of sample matrix or polonium distillation;
(b) measurement by a spectrometry or by liquid scintillation
counting; (¢) determination of supported *'°Pb. Our contributi-
on will compare several sample preparation techniques and
possibilities of measurement with regards to sample matrix,
time and instrumentation requests.
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NEW KITS OF RADIATION SOURCES FOR THE
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ROBERT SCHUPFNER
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Garching, Germany
robert.schupfner@chemie.uni-regensburg.de

A very powerful tool during decommissioning of nuclear
facilities is the application of collimated in-situ-y-spectrometry
Even more complicated distributions of activities of
y-emitters in walls, soils, containers or other materials can be
determined. The trend is an increasing need in assessing activi-
ty concentration as well as contaminations of the surface of
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walls of nuclear facilities which are decommissioned. To exa-
mine the skills of this method objectively a calibration phan-
tom, named K-RISK, was built 2. K-RISK calibration phantom
enables the creation of completely reversible three-dimensional
activity distributions in wall structures close to reality. This was
realized by building a concrete wall of about 2 m of height,
about 2 m of length and about 0.5 m of thickness containing a
grid of 256 cylindrical channels with a diameter of about
14 mm through the whole wall in which point-shaped calibrati-
on sources of important radionuclides are placed. Two kits of
calibration radiation sources containing **Co have been made.
The low-level-kit simulates a surface contamination below
0.5 Bg/cm® the high-level one those of a few Bg/cm® with
relative uncertainties of below 8 % for the high level kit and
about 30% for the low-level kit. In comparison with many other
calibration phantoms K-RISK offered a variety of advantages.
A first inter-comparison campaign applying K-RISK showed
the expertise to fulfil high quality standards . Therefore a need
of further kits has been noticed containing radionuclides as
1¥7Cs and "*?Eu. By order of the Bavarian State Office on Envi-
ronmental Affairs the URA-Laboratory has made two calibrati-
on kits of '>*Eu (low and high activities) and one of '*’Cs for
the purposes of calibration collimated in-situ-y-spectrometry.
The activity values are deduced from NIST-Standard and ena-
ble to simulate values of surface contamination of the high
level kits with total uncertainties of below 10% at a confidence
level of 95%.

References:

1. Schupfner R.: Kerntechnik 86, 145 (2003).

2. Haas G., Schupfner R., Resiniger M., Buss K.: Strah-
lenschutz Praxis 41 (2003).
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The decommissioning of nuclear facilities demands an op-
timisation of analytical procedures to determine a variety of
radionuclides in a variety of different materials on a wide acti-
vity scale ranging from very low to very high activities. Severe
analytical problems arise from disadvantageous decay proper-
ties of a number of radionuclides. The results of recently deve-
loped analytical and nuclear detection methods are presented
which have been applied successfully for determining radio-
nuclides like ¥Fe, ®°°Co, 3Ni, **Ni, *°Sr, U, Pu, Am, Cm . The
applied analytical methods have to fulfil high quality standards
including very low lower limits of detection, very high selecti-
vity, sufficient precision and accuracy even in samples contai-
ning enhanced amounts of interfering elements. Results are
presented analysing different types of materials '. Corrosion
products of several types of steel and alloys have been analysed
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to support the radiological characterisation of nuclear power
plants during decommissioning. At present new challenges
arise analysing Pu and Am in concentrated solutions of salt.
Some aspects of radiochemical purification procedures have to
be adapted to this kind of matrices to realise lower limits of
detection of about 0.001 Bq/L for **°Pu, ***Pu and of about
0.005 Bg/L for **'Am.

References:

1. Konig W., Schupfner R., Schiittelkopf H.: J. Radioanal.
Nucl. Chem. /93 (1), 119 (1995).

2. Scheuerer Ch., Schupfner R., Schiittelkopf H.: J. Radioa-
nal. Nucl. Chem. 793 (1), 126 (1995).

3. Schupfner R.: Kerntechnik 86, 145 (2003).
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The fast pneumatic transfer system (SIPRA) for short irradi-
ations at the Portuguese research reactor has been upgraded with
a new spectrometer incorporating Zero-Dead Time corrections
and new software for use alongside a modern computer. The
development of cyclic NAA based on the k, methodology for
SIPRA has been performed. To ensure the accuracy of the system
for very short lived nuclides (e.g. "™Se and *°F), the calibration
of transit time with millisecond timing resolution was performed.
The results of ky-cyclic NAA for standard reference materials
have been shown with a particular focus on selenium.
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Past mining activities, random disposal without proper pre-
cautionary and rehabilitation measures, erosion, leaching, and
atmospheric dispersal of mine soils, tailings and waste may
contaminate the surrounding environment and nearby locality
with highly toxic trace elements, and natural radionuclides in the
vicinity of Sao Domingos mine, Portugal, a copper-sulphide open
pit mine. Toxic trace elements, rare earth elements and natural
radionuclides were measured in mining soils, plants, lichen and
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moss samples by using instrumental neutron activation analysis
(INAA) and p-PIXE. This study has carried out the assessment of
magnitude of contamination levels and dispersion of the above
contaminants in and around the mining area. The levels of the
elements were very high in all types of samples including the
soils, lichens, moss and plant: the highest levels were recorded in
the samples collected close to ore processing sites and decreased
with distance. The concentrations of As, Sb and other elements in
the soils, plant, lichen and moss samples were much higher than
the regional background levels reflecting the high magnitude of
contamination in and around the mining area and the possible
health risk for the inhabitants living nearby the mining affected
area. Patterns of bioaccumulation of elements throughout the area
under study were quite similar for widespread pollutants such as
As, Sb, Cu, Zn, Fe, Br, Co, La, and Cr. The lichen, moss and
plant samples are important biomonitors of terrestrial and atmo-
spheric pollution in mining affected areas. Some of the plant
species with high biomass and extensive root systems, grown
abundantly and spontaneously in the area, are suggested as the
suitable candidate for the phytoremediation of the mining conta-
minated soils.
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Many laboratories apply the ky-INAA and several of them
use comparators and spread sheet instead of neutron flux moni-
tors and software for analysis and calculations. At the Laboratory
for Neutron Activation Analysis, CDTN/CNEN, two variations
of the ky-INAA are used, one is called in house ki-
“monostandard” method - using comparator - and the other is the
well known ky-standardization method - with neutron flux moni-
tor. The first one, ky-“monostandard”, is an alternative method
and it is used in some specific situations. This method is carried
out with sodium as comparator, the values for f and a are average
values for the carousel facility of the TRIGA MARK I IPR-R1
reactor and each sample is irradiated in one irradiation channel.
The calculations are carried out with spread sheet. Concerning
the ko-standardisation method, irradiation of the samples pile in
the irradiation vial and intercalated by neutron flux monitor Al-
Au (0.1%) IRMM-530RA foil cut into 6 mm diameter and
0.1 mm thick is applied. The irradiation is performed in one
irradiation channel in which the values for f and a were determi-
ned in this specific channel. For the calculation of the elemental
concentrations, a software package called Kayzero for Windows
is used. In this paper, advantages and disadvantages of both
procedures are discussed basing on the results of the reference
material GBW 07401 (soil) analysed by both procedures.
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Airborne and terrain y-ray spectrometry are very effective
methods for radiation control in environment, prospecting of
radioactive contamination and localization of radioactive sour-
ces. These methods were proved in the system of the military
radiation reconnaissance and radiation monitoring of the Czech
Armed Forces. The IRIS-XP airborne y-ray spectrometer (4x4
liters Nal(T1) crystals) and terrain y-ray spectrometer PGIS-128
(2 liters Nal(Tl) crystal), both produced by PICO Envirotec,
Inc. Canada, were used for in-situ experiments. The helicopter
Mi-17 was used for airborne measurement and the mobile
devices and footpath variant were utilized for measurement on
terrain surface. The semi-calibration of described systems was
performed by comparison with semiconductor HPGe in-situ
y-ray spectrometry on selected terrain locality. The spectra of
natural radionuclides, such as “°K, **Th and *®U, were measu-
red for these purposes. The radiation sources '*’Cs and ®Co
with activity from 100 MBq up to 3 GBq were used for measu-
rement optimization and simulation of radiation events. The
terrain y-ray spectrometry was also tested under the condition
of real contamination in Chernobyl “exclusion zone”.

NAM.P36 (Id: 268)
ISOTOPIC CHARACTERIZATION BY Q-ICP-MS OF
SOME a EMITTERS IN CUBAN SOIL

MARIO MARIANI®, LETIZIA COZZELLAb, NADIA COGLIATI',
RITA SIBELLO HERNANDEZd, SANDRO SPEZIA® and
ENZO TRIVELLONE®

“Politecnico di Milano, Dipartimento di Energia, Milano,-
Ttaly, bENEA Casaccia, Roma, Italy, “CESI S.p.A., Piacenza,
Italy, dCentro de Estudios Ambientales, Cienfuegos, Cu-

ba, ‘Thermo Fisher Scientific, Rodano, Milano, Italy
mario.mariani@polimi.it

The determination of a emitters, namely uranium, thorium
and plutonium isotopes, in the soils, is a useful way to evaluate
the radioactive fallout and to better understand the isotopic
distribution profiles in different soil layers. Due to the particu-
lar geographic position and the economical and political condi-
tions, Cuba could be considered as a unique “natural habitat” in
the boreal hemisphere. The total lack of human activities ha-
ving as a main consequence or as a side effect the production of
artificial radionuclides, with the only exception of the tempora-
ry installation of strategic missiles and the patrolling of the
territorial water by some nuclear ships, makes the island territo-
ry free from any radiological human contamination. As the
Cuba Island has never been contaminated by artificial human
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activities employing o emitters, these soils could be specifically
considered as a reference soil samples for the Central American
zone, for the determination of the radiological contamination
due to a fallout consequent to performing air experiments,
testing weapons or nuclear power plants accidents. It is well
known that the analytical results, especially for the determinati-
on of some actinides, are strongly influenced by some characte-
ristics of the samples. Inhomogeneity, broad distribution of the
particles and very low concentration effects were considered.
For these reasons, a monitoring campaign regarding the deter-
mination of amount of radionuclides such as thorium, uranium,
radium and plutonium in different environmental matrices is
very interesting. However the most commonly used analytical
methods (a-spectrometry, neutron activation analysis) are too
laborious, too expensive and time consuming to enable an
accurate characterization of the territory and a constant monito-
ring of the radioactive levels in the environment. To overcome
these disadvantages, a new analytical approach was used to
develop a rapid, simple and reasonably cheap method, which
can be exported towards other environmental laboratories. This
method was tested by comparing the results obtained in diffe-
rent laboratories using ICP-MS and different nuclear measure-
ment techniques, such as y and o spectrometry.
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DESIGN A MODULAR *'Am-Be NEUTRON
IRRADIATOR

EL10 TOMARCHIO, SALVATORE R1ZZ0 and PIETRO BUFFA

University of Palermo - Nuclear Engineering Department,
Italy
tomarchio@din.unipa.it

Neutron irradiator facilities with **'Am-Be sources are
worldwide available in order to perform neutron activation analy-
sis (NAA), to investigate materials in different research areas or
to test and calibrate neutron detectors and environmental or
personal dosemeters. The use of a neutron irradiator is advan-
tageous because have a very stable neutron flux, though it is
many orders of magnitude lower than the one of a nuclear reactor
or a particle accelerator. Many of irradiators are realized with
neutron sources located at fixed positions and accordingly the
characteristics of neutron spectrum previously assessed do not
change. However, an interesting chance is to have a modular
facility, capable of varying conditions of irradiation and setting
the prevalence of fast or thermal neutron spectrum component. In
this work we report the Monte Carlo studies devoted to design a
modular *'Am-Be neutron irradiator making use of different
moderators (water, graphite, polyethylene and so on) in order to
obtain a neutron energy distribution useful to test neutron detec-
tors or personal dosemeters. The optimization of thicknesses and
shape of the moderators and shielding materials was obtained
with a Monte Carlo simulation with MCNP5 code. An experi-
mental test to verify the reliability of the simulation by means of
NAA of selected materials was also performed. Once realized,
the designed neutron irradiator will provide an useful facility for
radiochemical material studying and testing and calibration of
personal dosemeters or neutron measurement equipments.
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Technetium is a one of the uranium fission products and
therefore could be found in a trace concentration in the Earth’s
crust. It was estimated that a kilogram of uranium contains 1
nanogram (10” g) of technetium. However, besides of naturally
occurred Tc, in the last several decades its relatively high
amount was artificially produced in the nuclear reactors by the
thermal neutron fission of **U and **°Pu reactor fuels with the
fission yield product of **Tc of about 6.1%. The **Tc has a half-
life of 2.13x10° a, giving a specific activity of 650 MBq g and
decays by P emission with E,, 300 keV. It has been released
into the environment as the results of nuclear weapons testing
and low- and intermediate-level waste disposal, and will be an
important component of high level wastes when these are final-
ly disposed of. Geochemically, Tc exists in two stable oxidation
states depending on the redox conditions; it forms reduced
species, predominantly Tc* and its complexes and compounds,
however, it could also occur as Tc (VII), which forms the per-
technetate anion, [TcO4]. The environmental redox chemistry
of technetium is thus very important with respect to its mobili-
ty. As a p-emitter the *Tc is determined with commonly used
low-level B-counters. However, due to the often complicity of
the analyzed samples (e.g. high concentrated salt samples) a
separation procedure prior to the counting should be applied. In
such case an internal standard should be used in order to find
out a chemical yield of the overall analyzing method. For the
determination of recovery of **Tc the short-lived isotope *™Tc
(half-life: 6 hours) is usually used which is sometimes unac-
ceptable due to the rare availability, relatively high specific
activity and low half-time and high costs of metastable *™Tc.
In the present study we propose a new methodology for the
assessment of the overall recovery of **Tc determination by
combining the conventional B-counting method with relatively
fast inductively coupled plasma mass spectrometry (ICP-MS)
measurements. The principle of the developed method is to use
the naturally occurred rhenium (as a homolog element to tech-
netium) as an internal standard in order to find out the losses of
the analyte during the sample preparation procedure. The de-
termination of rhenium was performed by ICP-MS method and
its recovery values were used for the correction of results for
%Tc measurements. The accuracies of Tc and Re recoveries
observed by application of such approach were found to be in
the range of 95-105%. After the recovery studies the developed
procedure was applied for analysis of Tc activity in available
standard solutions as well as in real samples: environmental
(high concentrated salt samples) and biological (urine) samples.
The results showed a good agreement of measured technetium
content with the predictable values and will be discussed during
the presentation in details.
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In order to diagnose each function of currently adopted xe-
non acquisition system (Gammadata, SAUNA II), two kinds of
preliminary test have been carried out. First of all, the mole
fraction of the air concentrated in the transport columns adop-
ted for the SAUNA was measured by utilizing mass spectrome-
ter. It has been verified that the terrestrial xenon was well con-
centrated to be 0.2% of mole fraction from the trace amount of
0.087 ppm of the atmosphere and that also the moisture as well
as carbon dioxide contained in the air was removed efficiently.
The SAUNA I is designed to adsorb xenon physically into the
molecular sieve (5A) in the transport column at room tempera-
ture, although the adsorption efficiency of xenon is enhanced
under the cooling system. For this matter, subsequently, the
adsorption efficiencies at room temperature were compared
with that at -196 °C, measuring the Xe concentrations in the
stainless steel frit packed with 5SA by mass spectrometry. We
experimentally demonstrated the adsorption efficiency was two
times higher at the lower temperature. Based on the preliminary
test, we propose an innovative structure for xenon acquisition
system which has a cooling bath equipped to the transport
columns and a portable mass spectrometer for real-time diagno-
sis. Xe transferred from the transport column is highly enriched
in the tiny sample reservoir to be mounted on the high-purity
germanium (HPGe) well detector.
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An automated analytical method for the rapid and simulta-
neous determination of plutonium and neptunium in environ-
mental samples was developed. Extraction chromatographic
column packed with Eichrom TEVA® resin was incorporated
in a sequential injection (SI) system to automatically separate
plutonium and neptunium from matrix elements and interfering
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radionuclides. Since valence adjustment is a crucial step to
warrant the same chemical behavior of plutonium and neptuni-
um on TEVA column, and therefore actualize their simultane-
ous separation and detection, we investigated and compared
distinct methods for the valence adjustment of plutonium and
neptunium to Pu(IV) and Np(IV). The results showed that two
steps valence adjustment using disulfite and concentrated nitric
acid as redox reagents was the most effective method. The
analytical results for both plutonium and neptunium in three
reference materials were in agreement with the reference or
informative values at the 0.05 significance level. The column
separation time within the SI system for a single sample was
less than 1.5 hours. The developed method significantly impro-
ves analysis efficiency and reduces labor intensity, and enables
a rapid and simultaneous determination of plutonium and
neptunium which is especially important in emergency situati-
ons.
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Lichen, or lichenized fungi, is one of the most efficient on
air pollution biomonitoring among the biomonitors. Biomonito-
ring has been used as an alternative method to study the air
pollution in several countries, however, in Brazil, systematic
use of lichens as biomonitors of environmental pollution is
quite rare. In order to make an assessment of the air quality of
the Mangabeiras’ Park, this study was conducted by measuring
the concentration of elements accumulated in the lichen thallus.
This park, located in Belo Horizonte (Minas Gerais, Brazil), is
the greatest green area in the city, and an apparent region of
non polluted air. During the development of the study, epiphy-
tic lichens of three genus of urban lichens (Canoparmelia sp,
Pyxine sp and Parmotrema sp) were collected using a steel
stainless knife, taking samples of similar sizes from 1.5 m from
the soil. Soil samples were also collected in order to calculate
the enrichment factor. The elemental concentration determi-
nation was carried out applying the neutron activation tech-
nique, ko-standardization method, using the TRIGA MARK 1
IPR-R1 research reactor located at CDTN/CNEN. The lichen
samples presented expressive concentrations of Br, Fe, K, Mn,
Na and Zn. Using Sc as normalizing reference crustal element;
the enrichment factor (EF) values of 19 elements were calcula-
ted. Among these 19 elements, 14 of them (Al, As, Co, Fe, Hf,
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K, La, Mn, Na, Sb, Th, U, W and V) present EF values equal or
lower than 1. The presence of characteristic soil elements from
the region (As, Fe, Th, U) and the low values of EFs evidence
that soil elements are expressive in the air composition of this
park. The presence of iron mining companies in the surroun-
dings of the Mangabeira’s Park seems to interfere in the air
quality of this area. Therefore, this study shows one of the most
known impacts of mining activities: the emission of particulate
matter.
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At Sao Domingos mining (southern Portugal near Spanish
border), we have collected soils and vascular plants growing
there '*. The values we found for arsenic in soils were between
400 and 3600 mg/kg. All the plants we could find growing
there were: Agrostis castellana Boiss. & Reuter; Corrigiola
litoralis L.; Erica andevalensis Cabezudo & Rivera; Erica aus-
tralis L.; Eucalyptus camaldulensis Dehnh.; Genista polyanthos
R. Roem. ex Willk.; Juncus acutus L.; Nerium oleander L.;
Nicotiana glauca R.C. Graham; Piptatherum miliaceum (L.)
Coss.; Rumex scutatus L. subsp. Induratus. The maximum
values we have found for arsenic transfer from soil to these
vascular plants was 0.3%, which is not sufficient to bioremedi-
ation purposes, i.e., seeding one of the plants in the arsenic
contaminated area would not results in a large amount of arse-
nic removed from the soil. Therefore, we went to other mine
(Valongo mine, northern Portugal, near Oporto) and we collec-
ted again soil and vascular plants which existed there. Soil
results pointed out arsenic values up to 0.6%. The vascular
plants which we found there are: Agrostis curtisii Kerguélen;
Agrostis fouilladei P. Fourn.; Amanita caesarea Scop.; Digitalis
purpurea L.; Erica australis L. subsp. aragonensis (Willk.)
Cout.; Erica cinerea L.; Juncus conglomeratus L.; Pteridium
aquilinum (L.) Kuhn; Pterospartum tridentatum (L.) Willk.
subsp. cantabricum (Spach) Talavera & P.E.; Ulex minor Roth.
We also collected some moss samples and water from the wells
and small river of the area, to compare with previous water
sampling at Sao Domingos mine, where we found arsenic
values between 0.006 and 1.78 mg/L. The aim of this work it to
determine arsenic (and other chemical elements) in the mosses
and vascular plants collected at Valongo mine, by neutron
activation analysis, in order to determine the transfer coeffici-
ents between soil and mosses or vascular plants and eventually
find the suitable biorremediator for Sao Domingos mine.
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An extensive investigation of elemental levels in cereals
and their cultivation soils is being carried out across the main
production areas of mainland Portugal, with a view to an even-
tual Se-biofortification of major cultivars (under research con-
tract PTDC/QUI/65618/2006; FCT-MCTES, Portugal). Breads
and cereal derivatives (breakfast blends, pastas, eTc) make up a
sizeable share of the Portuguese diets, thus an increase in the
bioavailability of essential elements through crop biofortificati-
on may contribute to an upgrade in the health status of the
whole population. For this purpose of nutrient supplementation,
and accounting for its relative weight in the realm of cereal
consumption, samples from two areas with an intensive wheat
production (bread and durum; Triticum aestivum L. and Tri-
ticum durum L., respectively) were collected through the sum-
mer of 2009. Such areas are located north and south of the
Tagus river, deep into the inner territory of mainland Portugal.
This work aims at an elemental characterisation of the cereal-
cultivation soils, and their role in the nutritional uptake of
wheat plants. Four certified reference materials were used for
the quality control of the analytical technique here (instrumen-
tal neutron activation analysis =INAA): NIST-SRM 1567a
(Wheat Flour), NIST-SRM 1568a (Rice Flour), GBW07404
(NRCCRM Soil NCS DC 73322) and GBW07406 (NRCCRM
Soil NCS DC 73324). For NIST-SRMs, only a few elements
were above detection limit in the present conditions - As, Br, K,
Na, Rb, Se, Zn - even if in good agreement with their certified
values, accounting for uncertainties. The elements that could be
compared with certified values for the Chinese soils were: As,
Br, Ce, Co, Cr, Cs, Cu, Eu, Fe, Ga, Hf, Ho, K, La, Lu, Na, Nd,
Pr, Rb, Sb, Sc, Sm, Ta, Tb, Th, W, Yb, Zn and Zr. Overall, a
good agreement was found as well. Wheat-cultivation soils
from the area south of Tagus river contain higher concentrati-
ons of As, Cs, Ga, K, Rb, Ta, Th, U, W and Zn, thus featuring
adequate levels of nutrients such as Cs, K, Rb or Zn. The nor-
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thern-area soils contain higher concentrations of Co, Cr, Eu, Fe,
Hf, Na, Sb, Sc, Tb, Yb and Zr, and feature large amounts of the
nutrients Co, Cr, Fe and Na. Similar results were obtained for
Br and the rare earths Ce, Ho, La, Nd and Sm. Some differenti-
ation of rare-earth elements occur for Eu, Tb and Yb, i.e., for
the heavier ones. No depletion or enrichment was found for Ce,
since its ratio to La is 2. For wheat roots, Cd and Hg were
found in some samples at levels of 1 and 0.1 mg per kg dry
weight (d.w.), respectively. The highest soil-plant transfer
coefficients (root d.w. contents/soil d.w. contents) were found
for Br, Cr and Zn (above 30 %), followed by As, Co, Ga, K,
Tb, U and W (between 10 and 20 %), whereas the lowest va-
lues (below 10 %) were found for Ce, Cs, Eu, Fe, Hf, Ho, La,
Na, Nd, Rb, Sc, Sm, Ta, Th, Yb and Zr.

NAM.P44 (Id: 334)
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The increasing attention paid to the role of selenium (Se)
and selenoproteins in human health stems from an equally
growing body of evidence on their actual (general) importance
for a healthy immune system, and on their protective (specific)
effects against cardiovascular disease, asthma, male sterility, and,
especially, certain forms of cancer. The current Recommended
Dietary Allowance (RDA) for adult men and women (> 14 y) is
55 pg of the element per day. The Portuguese situation is hard to
assess due to scarce information and lack of consistent studies on
this subject, though unlikely to differ much from Europe at large,
where falls in Se intake - and corresponding drops in blood indi-
cators of Se status - have raised a widespread concern. In these
terms, an extensive investigation of Se levels in cereals and their
cultivation soils is being carried out across the main production
areas of mainland Portugal, with a view to an eventual Se-
biofortification of major cultivars (under research contract
PTDC/QUI/65618/2006; FCT-MCTES, Portugal). Total Se is
assessed by instrumental neutron activation analysis (INAA),
through short irradiations on the fast pneumatic system (SIPRA)
of the Portuguese Research Reactor (RPI-ITN), with an acquisiti-
on system by ORTEC - a DSPEC Pro digital y-ray spectrometer
and a liquid-nitrogen-cooled, high-purity-germanium detector
(HPGe), connected to a 4096 multi-channel analyser. The short-
lived nuclide 7™Se, that features a half-life time of 17.5 s, is used
to determine the Se content in SIPRA. Full optimisation of the
procedure for Se determination is still ongoing. Still, several tests
on the SIPRA with the reference materials NIST-SRM 1567a
(Wheat Flour) and NIST-SRM 1568a (Rice Flour) have been
yielding results that are quite satisfactory already. Reference
samples have been put through cyclic neutron activation analysis
(CNAA), at a flux of 2.6x10'® neutrons per square meter and
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second. The number of cycles for each sample was 15, with both
irradiation and counting times of 20 s, and a decay time of 5 s.
Three replicate samples of 80-110 mg (in polyethylene capsules)
have been used for each reference material; concentrations were
determined by the relative method. This paper is focused on
wheat samples - soft (bread) and durum wheat; Triticum aesti-
vum L. and Triticum durum L., respectively - from the 2009
campaign, and discusses the Se distribution in grains and other
parts of wheat plants (roots, leaves), toward an eventual supple-
mentation of the element in different growth stages. A few other
experiments with the Chinese soil standards GBW07404
(NRCCRM Soil NCS DC 73322) and GBW07406 (NRCCRM
Soil NCS DC 73324), as well as with rye roots and soils from rye
fields, were not that conclusive due to a very high activity of the
samples. Such tests will be repeated with the DSPEC Pro in lieu
of the DSPEC jr, since the latter does not properly account for
counting losses.

NAM.P45 (Id: 341)
DETERMINATION OF 238,239,240,2411)“’ 241 Am, 242’243'244Cm,
*Sr, 55Fe AND ®Ni IN LOW AND INTERMEDIATE
LEVEL OPERATIONAL RADWASTE

GALINA LUJANIENE and GRIGORIJUS DUSKESAS

Institute of Physics, Vilnius, Lithuania
lujaniene@ar fi.lt

Radioanalytical method for the determination of radionucli-
des so called “difficult to determine” has been developed to
characterize liquid and solid operational low and intermediate
level radioactive waste. The main steps of the method involve
digestion of sample of various matrixes, primary separation of
radionuclides from matrix with the aim to reduce high y activities
and final purification of radionuclides using extraction chromato-
graphy. The commercially available Eichrom resins (UTEVA,
TEVA, TRU, Sr Resin and Ni Resin) have been applied. The
method enables the simultancous determination of >**Pu,
29240py Mpy M Ay 220 2340y N5 SEe and ©Ni from
a single sample. Radionuclides were measured by means ofooa
spectrometry and liquid scintillation. After measurements of
28py and Py, plutonium isotopes were removed from the
stain steel disc and following additional purification **'Pu was
measured using liquid scintillation. The method was applied for
determination of radionuclides in samples of different matrixes
derived from Ignalina NPP e.g. reactor water, spent fuel pool
water, evaporated concentrate, spent resins, dust, graphite eTc.
Accuracy and precision of Pu, Am and Cm analysis were tested
in intercomparison runs organized a by the Risg National Labo-
ratory, Denmark and in proficiency test organized by National
Physical Laboratory, UK. The authors would like to acknowledge
the financial support of European Commission (European Ato-
mic Energy Community [EURATOM]) for funding project
211333 in the Seventh Framework programme.

The work has also been supported by Agency for International
Science and Technology Development Programmes in Lithua-
nia (contract No. 31V-180).
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DETERMINATION OF THE IMPURITIES OF
REACTOR CORE GRAPHITE WITH NEUTRON
ACTIVATION ANALYSIS, X-RAY FLUORESCENCE
AND MASS SPECTROMETRY TECHNIQUES FOR
GRAPHITE WASTE MODELING

ANDRIUS PuzAs®, VIDMANTAS REMEIKIS®,
Z1LVINAS EZERINSKIS®, PETRAS SERAPINAS”, AR-
TURAS PLUKIS® and GRIGORIJUS DUSKESAS®

“Institute of Physics, Savanoriy ave. 231, Vilnius LT-02300,
Lithuania, ®Institute of Theoretical Physics and Astronomy of
Vilnius University, Vilnius LT-01108, Lithuania
andriusp@ar.fi.lt

In nuclear energetics is very important to handle radioactive
waste properly. After closing nuclear facility significant amounts
of radioactive waste will occur, which disposal will depend on
their activity. The main source of radioactivity in the NPP’s
equipment are the neutron activation products. Their amounts
depend on the elemental composition of materials used for buil-
ding a nuclear facility. In the cores of channel and gas cooled
reactors huge amounts of high purity graphite is used as a mode-
rator. Because being in an intensive neutron flux for a long irra-
diation period minor graphite impurities such as Cs, Sr, Eu, U,
Cd, U, Th play the major role in the formation of medium and
long-lived radioactive nuclides. As graphite is difficult to dissol-
ve, advanced measurement techniques must be used. In this work
measurement methods of neutron activation analysis, X-ray
fluorescence and mass spectrometry for the evaluation of minor
graphite impurities will be presented and their results critically
compared. We show a good agreement between results of an
expensive neutron activation analysis and rapid mass spectromet-
ric measurements. We have found that minor graphite impurities
of interest are in 10 ppm - 10 ppt concentrations range. These
results will be used for the Ignalina NPP graphite decommissio-
ning.

NAM.P47 (Id: 346)
TRITIUM CONTENT DISTRIBUTION IN JEJU ISLAND
GROUNDWATER USING Ni-Ni ELECTROLYTIC
ENRICHMENT METHOD

YOON YEOL YOON

Korea Institute of Geoscience and Mineral Resources, Daejeon,
Republic of Korea
yyyoon@kigam.re.kr

Jeju is a volcanic island located about 90 km south of the
Korean peninsula. This area is covered with highly permeable
basaltic rocks from the Pliocene through the Quaternary. These
rocks are highly permeable and forming the principal aquifers.
Therefore, ground water is the sole fresh water resource and
provides almost all of the water demand because of the low
content of the surface water. In this work, tritium levels in Jeju
island groundwater were studied with a liquid scintillation
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counter(LSC) and electrolytic enrichment method using Ni-Ni
electrodes. Tritium enrichment parameters are estimated with
different current and total current charge variation. From the
established optimum tritium enrichment condition, we analyzed
fifty eight mountainous area groundwater samples of Jeju is-
land. The tritium separation factor was from 8 to 36 with a
current density variation. The detection limit of tritium measu-
rement is about 0.06 Bg/L using 1000 mL sample and 600 min
counting time. The trittum concentrations in fifty eight
groundwater in Jeju island were ranged <0.06 TU-0.46 Bg/L
and averaged value was 0.25 Bq/L.

NAM.P48 (Id: 351)

QUANTITATIVE EVALUATION OF ESSENTIAL AND
TRACE ELEMENTS IN NINE MEDICINAL PLANTS BY
IPAA AND XRF TECHNIQUES

CRISTIANA OPREA?, ALEXANDRU OPREA®,
MARINA GUSTOVA® and MARIANA NICULESCU”

@ JINR (The Joint Institute for Nuclear Research), Dubna,
Russia, bUniversity of Craiova
coprea2007@yahoo.co.uk

The concentrations of some trace and essential element
constituents in nine medicinal plants surveyed in Bucegi Moun-
tains in Romania, namely Achillea millefolium, Chelidonium
majus, Cynara scolymus, Hypericum perforatum, Tilia cordata,
Matricaria recutita, Mentha, Rosa canina and Urtica, were
determined. The above medicinal plant species were used for
the experiments as they are an important source of drug with
many pharmaceutical effects as well as bioaccumulators of the
trace heavy metals and other bioactive chemicals. Samples of
about 2 g have been measured by the combined use of photon
neutron activation analysis (IPAA) followed by high-resolution
y-ray spectrometry and X-ray fluorescence (XRF). The analyti-
cal approach allowed the determination of 34 elements in the 9
medicinal plants commonly used in Romania. Usually the trace
element concentrations were higher in tree leaves than in herbs,
following the order Tilia cordata > Chelidonium majus > Cyna-
ra scolymus > Hypericum perforatum > Achillea millefolium >
Mentha,> Urtica > Matricaria recutita, especially for Mn, Fe,
Cu, and Rb. Most elements vary in a narrow range by a factor
of 2 - 4 while a few others as Na, Mn, and V, vary in a wide
range. All the medicinal herbs contain K, Cl, Mg, P, and Ca as
minor constituents along with significant trace amounts of Cr,
Cu, Fe, Mn, Se, and V. The detection limits of the analytical
method for different elements are discussed in some detail. The
interrelationships of the trace metal concentrations of medicinal
herbs by factor correlations between pairs of elements have
been examined.
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TRACE ELEMENT DISTRIBUTION IN HUMAN TEETH
BY X-RAY FLUORESCENCE AND MULTIVARIATE
ANALYSIS

CRISTIANA OPREA”, PAVEL SZALANSKIb, MARINA GUSTOVA®
and ALEXANDRU OPREA"

°JINR (The Joint Institute for Nuclear Research), Dubna, Rus-
sia, *Lodz University, Institute of Physics, Lodz, Poland
coprea2007@yahoo.co.uk

X-ray fluorescence spectrometry (XRFS) was used as a
multielement method of evaluation of individual whole human
tooth or tooth tissues for their amounts of trace elements. Mea-
surements were carried out on human enamel, dentine, and
dental cementum, and significant differences in tooth matrix
composition were noted. In addition, the elemental concentrati-
ons determined in teeth from subjects of different ages, nutriti-
onal states, professions and gender, living under various envi-
ronmental conditions and dietary habits, were included in a
comparison by multivariate statistical analysis (MVSA)
methods. By factor analysis it was established that the trace
inorganic components of human teeth varied consistently with
their source in the tissue, with more in such tissue from females
than in that from males, and more in tooth incisor than in tooth
molar. The heavy metal concentrations in the tissue did not
varied greatly from dentin to enamel or to dental cementum,
whatever the age and occupation of the subject. The statistical
analyses performed seem to indicate that deciduous teeth might
be a suitable indicator of environmental exposure to several
trace elements. The results demonstrated that XRFS supple-
mented by MVSA is an useful and practical approach for the
investigation of trace heavy metal incorporation and distributi-
on on the surface of teeth as well as in inner layers. The featu-
res of the approach applied to environmental monitoring are
also discussed.

NAM.P50 (Id: 353)

TRACE ELEMENT DISTRIBUTION IN CROPS GROWN
UNDER INDUSTRIAL STRESS: A
MULTIDISCIPLINARY APPROACH

CRISTIANA OPREA”, PAVEL SZALANSKIb, RUXANDRA CIOFU*
and MARINA GUSTOVA®

°JINR (The Joint Institute for Nuclear Research), Dubna, Rus-
sia, bLodz University, Institute of Physics, Lodz, Poland, “Uni-
versity of Agronomical Sciences and Veterinary Mediciné,
Bucharest, Romania

coprea2007@yahoo.co.uk

The impacts of the trace heavy metals released by different
industries on croplands were monitored by different environ-
mental media. All the sampling locations based on a regular
monitoring grid network were selected. To all samples collec-
ted in area of the smelter complex (20 x 20 km?), one to three
locations has to be contributing to each sampling location. The

RadChem 2010

NAM. P

spots were further categorized by groups in relation with the
downwind distance from the smelter complex. In the developed
approach, trace element concentrations in soil, water, epiphytic
mosses and crops were determined. The analyses were carried
out on the vegetation pieces and grain fractions < 2 mm by
using the photon activation analysis and X-ray fluorescence
methods. Some of the experimental trace metal values exceeded
the threshold established by Romanian and EU regulations to
protect vegetation and explain the estimated significant crop
losses. Factor analysis of the elemental data showed always the
component loaded with specific elements coming from in-
dustrial emissions. For example, the survey showed that in the
monitored area bordering the oil refinery complex there are
zones with significantly elevated concentrations of Ni, Pb and
V and other heavy metals as As, Cr, Cu, Fe, Sb and Zn linked
to anthropogenic activities in the oil and hard industry.

NAM.P51 (Id: 174)

OPTIMISATION OF NEUTRON FLUX PARAMETERS
DETERMINATION FOR k) STANDARDIZATION
DURING IRRADIATION AT REACTOR LVR-15 IN REZ

MARIE KUBESOVA and JAN KUCERA

Nuclear Physics Institute, Czech Academy of Sciences, Czech
Republic
mariekubes@centrum.cz

Multipurpose research reactors such as LVR-15 in Rez
require frequent monitoring of neutron flux parameters (f, o)
when k, standardization in NAA is to be used. These parame-
ters may change quite unpredictably, because experiments in
channels adjacent to those used for NAA frequently require a
change of the reactor operation parameters and/or active core
configuration. For monitoring the neutron flux parameters in
each irradiation container the bare triple monitor method is very
convenient. However, when using Zr-Au monitors we have
observed significant variations of f and o values as a function of
irradiation and decay time employed. This was especially noti-
ceable if the irradiation time was very short (in case of short-
term irradiation induced activities of monitors are too low) or if
the decay time before the first count of these monitors was
longer than the recommended decay time of one day (the long-
term irradiated samples may be too hot to be handled and/or
measured one day after irradiation). Therefore, we have tested
other sets of neutron flux monitors consisting of Au, Mo and Cr
(Au, Mo and Sc in case of short-term irradiation) as proposed
recently by Koster-Ammerlaan et al. '

Reference:
1. Koster-Ammerlaan M. J. J., Bacchi M. A., Bode P., De

Nadai Fernandes E. A.: Appl. Rad. Isotopes 66, 1964
(2008).
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2] IN FINNISH WATERS

TERO RATY?, JUKKA LEHTO", X1A0LIN HOUS,
GORAN POSSNERTd, Jussi PAATERO®, JUHA FLINKMAN' and
HARRI KANKAANPAA!

“University of Helsinki, Laboratory of Radiochemistry, Helsin-
ki, Finland, *Laboratory of Radiochemistry, Department of
Chemistry, University of Helsinki, “Technical University of
Denmark, Risé, Denmark, “University of Uppsala, Uppsala,
Sweden, ‘Finnish Meteorological Institute, Helsinki, Finland,
Finnish Environment Institute, Helsinki, Finland
tero.raty@helsinki.fi

1 is a long-lived B-emitting (Epqx 154.4 keV) radioisoto-
pe of iodine. Its half-life is 15.7 million years. '*I is produced
mainly by human nuclear activities and especially it has been
released to the environment from the spent nuclear fuel repro-
cessing plants. In the pre-nuclear era '*°I/'*'I ratios in the envi-
ronment were approximately 1072, Nowadays '*’I/'/I ratios
have reached values from 107" to 10, In this study, activity
concentrations of '»I and its distribution into various chemical
species (iodide I', iodate IO;” and bound in organics) were
analyzed from four different lakes in Finland and from four
different sea locations on the Gulf of Finland, the Bothnian Sea
and the Bothnian Bay. '*’I was also analyzed from four rainwa-
ter samples. Samples were taken in the summer of 2009. After
filtering the 0.3 L water samples, separation of various iodine
species was done by anion exchange chromatography: IO
passes through an anion exchange resin bed in NO;™ form while
11" absorbs into the bed. '*I" is eluted from resin with NaClO.
Finally samples were precipitated by AgNO; to form Agl and
I was measured by accelerator mass spectrometry (AMS).
Stable iodine ('*'I) was analyzed by inductively coupled plasma
mass spectrometry (ICP-MS). First results from a lake in the
southern Finland and from water taken from the Finnish Bay in
front of Helsinki show that levels of '*I in lake water are
around 1x10° atoms per litre while in sea water the levels are
4-5 times higher. '*’I occurs both in lake and sea water mainly
in iodide form and the fraction of iodate form is only about 5%.
The '®1/'¥"I ratio has clearly elevated compared to natural
levels, and are approximately the same in sea and in lake,
14x10® and 8x107%, respectively. These results are only preli-
minary and a better picture of the situation will be obtained
after finalizing the project. The results obtained so far are,
however, at the same level as obtained in Swedish studies at the
same latitudes.
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236y IN WELL WATER - A TOOL FOR URANIUM
PROSPECTION?

PETER STEIER?, MICHAELA SRNCIK”, GABRIELE WALLNER”,
MoJMmir NEMEC® and JAN JOHN®

“VERA Laboratory, Faculty of Physics — Isotope Research,
University of Vienna, Wihringerstr. 17, A-1090 Vienna, Aus-
tria, *Department of Inorganic Chemistry, University of Vienna,
Wiihringerstr. 42, A-1090 Vienna, Austria, Centre for Radio-
chemistry and Radiation Chemistry/ Dept. Of Nuclear Chemis-
try, Faculty of Nuclear Sciences and Physical Engineering,
Czech Technical University in Prague, Prague, Czech Republic
peter.steier@univie.ac.at

38U (half-life 23 Myr) is produced in uranium ore via
thermal neutron capture on “*U. The neutrons originate mainly
from (a,n) reactions caused by o-particles from the uranium
decay series. The equilibrium ratio of ?*U/U in natural ore is
proportional to the thermal neutron flux, which is expected to
be proportional to the uranium concentration in first approxi-
mation. Since this fingerprint of high grade ore should stay
unaltered in withering and dissolution, it should still be de-
tectable in well water which was in subsurface contact with the
ore; thus, such wells should be useful as natural probes for
uranium prospection. We expect this signature to be more
unambiguous than the uranium concentration in water, recently
investigated e.g. in '. However, measurement capabilities for
26U were developed recently only at very few AMS (Accelera-
tor Mass Spectrometry) facilities, among these at VERA (Vien-
na Environmental Research Accelerator).

We will discuss the feasibility of uranium prospection by
using natural **°U in well water, and summarize existing mea-
surements. Uranium ores show up to 2°U/U=10"°, but measu-
rements of uranium from low-concentration rocks or deep well
water are sparse or unavailable 2. The connection between
uranium concentration and the 22°U/U ratio will be discussed,
since trace isotopes (serving as (a,n) targets and "neutron poi-
sons") and water content of the rock can alter the >**U producti-
on significantly.

A known highest grade ore deposit was located in Jachy-
mov, Czech Republic. It is mainly depleted now, but is a per-
fect test case to investigate whether high grade ore is indicated
by high #°U/U concentration in well water in the vicinity.
Thus, the Jachymov region could be a perfect test case to study
28U in well water as a tool for uranium prospection.

References:

1. R. Mehra, S. Singh, K. Singh, Uranium studies in water
samples belonging to Malwa region of Punjab, using track
etching technique, Radiation Measurements 42 (2007)
441445,

2. P. Steier, M. Bichler, L.K. Fifield, R. Golser, W.
Kutschera, A. Priller, F. Quinto, S. Richter, M. Srncik, P.
Terrasi, L. Wacker, A. Wallner, G. Wallner, K.M. Wil-
cken, E.M. Wild. Natural and anthropogenic ***U in envi-
ronmental samples. Nucl. Instr. and Meth. B 266 (2008)
2246-2250.
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(RADIO)CHEMISTRY IN AMS — A SERVANT OR A
PARTNER?

MoJMiR NEMEC and JAN JOHN

Centre for Radiochemistry and Radiation Chemistry/ Dept. Of
Nuclear Chemistry, Faculty of Nuclear Sciences and Physical
Engineering, Czech Technical University in Prague, Prague,
Czech Republic

mojmir.nemec@fjfi.cvut.cz

The world demand for ultratrace analyses of radionuclides
with long half-lives has been increasing not only in dating,
material, environmental, geo-and cosmochemical studies, but
also recently in the pharmaceutical and pharmacological appli-
cations. The most sensitive tool for such analyses is the dyna-
mically advancing method of Accelerator Mass Spectrometry
(AMS) which enables the determination of long-lived radio-
nuclides in concentrations or amounts lower by up to 6 orders
of magnitude than by radiometric methods.

AMS is a very powerful but technologically challenging
analytical method that is, at present, mainly a domain of physi-
cists. The sample preparation is often carried out by physicists
without wider background in chemistry and its procedures or,
in a better case, by chemists without practice in the work with
radionuclides and/or sufficient knowledge of AMS needs and
the collaboration between chemists and physicists in AMS,
similarly to some other ultratrace analytical methods seems to
be rather insufficient. However, making full use of the sensiti-
vity of AMS is possible only if precise, reproducible, and well
defined methods for sample preparation are used.

We suggest that here is the place where radiochemistry, af-
ter more than 100 years of its development, can help with its
powerful toolbox of micropreparations, carrier and tracing
methods, tracking of contamination sources, numerous sepa-
ration procedures optimised for radiometric determinations and,
in some cases, even with chemical suppression of isobars inter-
ferences. Full integration of radiochemistry separation and
preparation methods into AMS sample preparation could create
a synergy resulting in quality samples/methods well suited for
high precision AMS measurements at further decreased bac-
kground and improved sensitivity.

Thus, our contribution is an appeal on a closer collaborati-
on between (radio)chemists and physicists in the field of Acce-
lerator Mass Spectrometry, thus contributing to a better use of
its potentials.
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TAN.LO1 (Id: 286)
NEW NUCLEUS *’Hs: IN BETWEEN TWO ISLANDS
OF STABILITY

CHRISTOPH DULLMANN?, MATTHIAS SCHADEL", ALEXANDER
YAKUSHEV”, ANDREAS TURLER®, KLAUS EBERHARDT?, JENS-
VOLKER KRATZd, DIETER ACKERMANN?, LISE LOTTE ANDER-
SSON’, MICHAEL BLOCK®, WILLY BRUCHLE", JAN DVORAK',
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LAHIRI%, DIRK LIEBE?, BETTINA LOMMEL?, MOITRI MAITI®,
HEINO NITSCHE', JON PETTER OMTVEDT", E. PARR®, DIRK
RUDOLPH', JORG RUNKEY, GITTA SCHAUSTEN?, ERWIN
SCHIMPF *, ANDREJ SEMCHENKOV", JUTTA STEINER®, PETRA
THORLE-POSPIECH?, JUHA UUSITALO', M. WEGRZECKI* and
NORBERT WIEHL*

¢ Gesellschaft fiir Schwerionenforschung mbH, 64291
DARMSTADT, GERMANY, bTechnische Universitit Miinchen,
85748 GARCHING, GERMANY, “Paul Scherrer Institute and
Bern University, CH-5232 VILLIGEN PSI, SWITZERLAND,

4 Johannes Gutenberg-Universitdt Mainz, 55128 MAINZ,
GERMANY, ¢University of Liverpool, LIVERPOOL, L69 7ZE,
UK, /Lawrence Berkeley National Laboratory, BERKELEY,
California 94720, USA, $Saha Institute of Nuclear Physics,
KOLKATA-700064, INDIA, h University of Oslo, 0315 OSLO,
NORWAY, 'Lund University, 22100 LUND, SWEDEN, ' Univer-
sity of Jyviskyld, 40014 JYVASKYLA, FINLAND, Institute of
Electron Technology, 02-668 WARSAW, POLAND
andreas.tuerler@psi.ch

The nuclear fusion reactions **Pu(**Ca,3n)**’114 and
244py(*¥Ca, 4n)***114 were studied at the new, highly efficient
gas-filled recoil separator TASCA. The large number of thirte-
en observed decay chains assigned to 2%*114 and *°114 enabled
reliable cross sections measurements. The highest cross section
was 8.2 (+4.0 / -2.8) pb measured for the 4n evaporation chan-
nel. The new nucleus ”’Hs was observed. It decayed by spon-
taneous fission after a lifetime of 4.5 ms. Model calculations,
which reproduce the properties of nuclides in the region around
longer-lived deformed doubly-magic *’°Hs well suggest *’Hs
to be located near a minimum of shell stabilization between this
island of deformed nuclei and the island of stability of spherical
superheavy nuclei.

TAN.L02 (Id: 282)
CHEMICAL IDENTIFICATION OF ELEMENT 114 AT
TASCA

ALEXANDER YAKUSHEV

Institute for Radiochemistry TU Munich, Germany
alexander.yakushev@radiochemie.de

The newly built gas-filled separator TASCA, at the GSI
Darmstadt has been successfully commissioned. TASCA was
designed to study the physics and chemistry of the heaviest
element and it has been demonstrated that TASCA is the most
efficient device for the production of superheavy elements in
complete fusion reactions with a **Ca ion beam. Two experi-
ments on the physics and chemistry of element 114, produced
in the ***Pu(*Ca;3-4n)*****114 reaction, were performed at
TASCA in 2009 within the framework of the international
TASCA collaboration. 17 decay chains from element 114 were
detected. The decay properties of %114 and the high cross
sections reported by Oganessian et al. ' have been confirmed.
Here, we report on the results of the experiment on the chemist-
ry of element 114 that was performed at TASCA in September
2009.

Evaporation residues (EVRs) of element 114 were produ-
ced in the irradiation of a 2*Pu target (~ 580 pg/cm?) with “*Ca
ions at an excitation energy of 42 MeV. The EVRs were sepa-
rated in TASCA, which was operated in the Small Image Mode
2 They then passed through a 3.3 um Mylar window
(30 x40 mm?®) into a Recoil Transfer Chamber (RTC) of 29 e’
in volume made from Teflon. The atoms were thermalized in
the RTC in a He/Ar gas mixture (7:3) and then flushed into the
COMPACT detector >, which was directly connected to the exit
of the RTC. Two chromatography channels made from 32 pairs
of PIN diodes covered with a thin gold layer were connected in
series: the first one was kept at the room temperature, and the
second one had a negative temperature gradient from +20 to
-160°C. This allowed efficient detection of chemical species
with different volatilities: from non-volatile Pb to very volatile
Rn. The distribution of Pb and Hg in COMPACT was measured
in separate experiments with short-lived Pb and Hg isotopes
that were preseparated in TASCA. For monitoring the detection
system, a small amount of *'’Rn was added to the carrier gas
and was responsible for a particle background in spectra. No
other peaks from o particles were found. Two decay chains
from element 114 were detected: one from 2**114 and one from
8114 produced in 4n and 3n evaporation channels, respective-
ly. Both decays from element 114 isotopes were observed in the
first detector channel, held at room temperature. From this
observation, we can conclude that element 114 is less volatile
than element 112 and more similar to Hg. This is in agreement
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with theoretical predictions * and contradicts previous chemical
experiments with element 114 as performed by the PSI group at
FLNR Dubna °.
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INDEPENDENT VERIFICATION OF ELEMENT 114

JAN DVORAK®, L1V STAVSETRA”, K.E. GREGORICH, P.A.
ELLISON®, IRENA DRAGOJEVIC®, M.A. GARCIA” and HEINO
NITSCHE"

“Helmholtz Institute Mainz, Germany, b awrence Berkeley
National Laboratory, USA
Jjandvorak22@gmail.com

Production of numerous superheavy elements (SHE) in
*8Ca irradiations of actinide targets was reported by the Dubna
Gas Filled Recoil Separator (DGFRS) group in past years.
Independent verification of these observations has been of
paramount importance, but confirmation experiments failed to
produce SHE in *Ca induced reactions. We report on the first
successful independent verification of the production of ele-
ment 114 in the reaction ®*Ca(***Pu,3-4n)**7**114 at a center-
of-target energy of 244 MeV. Two genetically correlated decay
chains were observed during 8-day experiment at the Lawrence
Berkeley National Laboratory's (LBNL) 88-Inch Cyclotron.
Based on the observed decay properties these decay chains
were attributed to decay of *’114 and **114 produced in 3n
and 4n channel, respectively. Implications of this observation
on chemistry and physics of the heaviest elements will be dis-
cussed.

TAN.L04 (Id: 133)
ELEMENT 114 CHEMISTRY AND WHAT IS NEXT?

ALEXEY SEROV

Paul Scherrer Institut, Universitdit Bern, Switzerland
alexey.serov@psi.ch

Based on the periodic table, element 114 should be placed
in the group 14, which includes elements like C, Si, Ge, and Pb.
E114 is expected to reveal a more metallic behaviour than its
lighter homologues. However, relativistic quantum chemical
calculations predict different chemical behavior, namely, higher
inertness in comparison with Pb . In this paper experimental
determination of deposition temperature of element E114 on
gold is presented.
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During the irradiation of ***Pu with **Ca (see *) a decay cha-
in was observed, which was assigned to the primary product of
the nuclear fusion reaction — the isotope BIE114 (T, =05 5). A
deposition temperature for this isotope of -88°C was observed.
This unusual first chemical observation of element E114 was
confirmed switching to the projectile target combination **Ca and
24Py, The production of **E114 and *’E114 are reported in the
reactions **Pu (*Ca, 4n) and ***Pu (**Ca, 3n), respectively °.
During this experiments two more decay chains attributed to the
isotope ***E114 were observed, fully confirming the first ob-
servation. A kinetic Monte-Carlo model of gas adsorption chro-
matography © assesses the adsorption enthalpy (—AH,4(Au)) from
the observed deposition pattern of element 114 on the gold surfa-
ce in the COLD at the applied experimental conditions as
—AH,45(Au)(E114) = 34+54(11) kJ/mol (95% c.i.). Recent relati-
vistic density functional calculations predict the formation of a
metallic bond between E114 and gold *. A semi-empirical ma-
croscopic metal-metal adsorption model * predicts adsorption
enthalpy of a  metal-like E114 on gold of
—AH,4(Au)(E114) = 183 kJ/mol. The adsorption enthalpy of a
noble-gas like element 112 on gold surfaces was estimated to
—AH,4(Au)(E112) = 42+5 kJ/mol °. The comparison between
these theoretical values and our experimental result concludes the
formation of a noble-gas-like weak physisorption bond between
atomic 114 and a gold surface in contrast to the expectations
from the relativistic models and from empirical predictions. On a
95% confidence level E114 is interacting weaker with gold com-
pared to mercury. New possible experimental techniques pointed
to investigation of chemical properties of super heavy elements
will be discussed.
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VACUUM THERMOCHROMATOGRAPHY - THEORY
AND MONTE CARLO SIMULATION

Ivo ZVARA

Flerov Laboratory of Nuclear Reactions, Joint Institute of
Nuclear Research, Dubna, Russia
zvara@nrmail.jinr.ru

Mixtures of ultra low amounts of species can be separated
in a tube, evacuated well below a microbar, along which the
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temperature gradually decreases from the closed hot end, by
placing the sample into this hot end (zero coordinate). Then the
Knudsen flow results in that the components with dissimilar
adsorbability on the tube surface make deposits, which peak in
different temperature intervals away from zero. It happens
despite the absence of any convective flow, which is the basis
of all true “chromatographies”. A few experimental works
published to date demonstrate separations of both very volatile
and quite nonvolatile species.

This “vacuum thermochromatography” (VCT) is based on
erratic independent displacements of the molecules up and
down the tube. Indeed, a molecule experiences free flights
between two sequential collisions with the tube wall, while
each strike results in an adsorption event and so in an adsorpti-
on sojourn time. Thus the molecule does not keep memory
about its incoming velocity vector; it is commonly supposed
that the angular distribution of the rebounds follows the cosine
law.

The paper presents the first rigorous consideration of the
microscopic picture of VCT to substantiate MC simulations.
Formulae for the flight length and its projection on the tube axis
were derived. Algorithms of calculating random values and the
probability density functions for the above quantities were
obtained. Erroneous formulae and values met in literature were
corrected.

In an isothermal tube, the picture obtained by MC simu-
lations was indistinguishable from the solution of the corre-
sponding diffusion problem. It is the half-Gaussian — because
the migration is reflected at zero — and the mixture components
differ only in the width of that distribution. However, in the
case of VCT, the average adsorption sojourn time, which is
proportional to the Boltzmann factor (depending exponentially
on the desorption energy), rapidly increases with lower tempe-
rature. As a result, two molecules displaced from the given
coordinate in opposite directions have different probability per
unit time to make next steps. This is the background for evolu-
tion of the adsorption peak, which “moves” towards lower
temperature with longer duration of the experiment.

Empirical regularities in the peak coordinate and tempera-
ture of the simulated peaks as a function of some experimental
conditions were obtained. Some reasonable function for fitting
the peak profiles was proposed. Attempts to use the diffusion
ansatz for the interpretation of VCT data were undertaken
though the strong temperature change of the effective diffusion
coefficient with the coordinate brings problems in diffusional
description.

VCT as a method of preparative separation offers pro-
spects of solving some specific task in radiochemical analyses.
One of the goals is finding the energy of desorption of various
species. The here obtained equations with semi-empirical pa-
rameters allow thermodynamic interpretation of the experimen-
tal data. The earlier attempts on these lines are critically discus-
sed.

As to the studies of superheavy elements, the advantages
are in that the surface seen by the atoms can be kept very clean
and no correction of the measured o particles energies is ne-
cessary.
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GAS PHASE CHEMICAL STUDIES OF SUPERHEAVY
ELEMENTS USING THE DUBNA GAS - FILLED
RECOIL SEPARATOR - STOPPING RANGE
DETERMINATION

DAVID WITTWER?, ROBERT EICHLER?, RUGARD DRESSLER?,
ALEXEY SEROV®, DAVID PIGUET?, YURI LOBANOV”,
ALEXANDRE POLYAKOV”, YURI TSYGANOV” and HEINZ
GAGGELER”

“University of Bern / Paul Scherrer Institut, Joint Institute for
Nuclear Research, Switzerland, bFlerov Laboratoy of Nuclear
Reactions, Dubna, Russia

david.wittwer@psi.ch

The use of the Dubna Gas-Filled Recoil Separator
(DGFRS) "asa preseparation device for gas phase chemistry
experiments with elements 112 and 114 led us to the task of
reevaluating the stopping force (STF) of superheavy elements
(SHE). In the experiment the DGFRS and the IVO-system *
were separated by a thin Mylar window of variable thickness so
that the evaporation residues (EVR) can pass it. The reaction
product collection (RPC) chamber, filled with gaseous argon
and mounted behind the Mylar foil, had to be as small as possi-
ble to increase the transport efficiency to the thermochromato-
graphy detector COLD. Due to scarce availability, we measu-
red STF data for Hg, Rn, and No in Mylar and gaseous argon at
energies of around 30 to 50 MeV. These data were used for an
extrapolation to STF of SHE 114.

A 265MeV **Ca beam was delivered from the U-400
cyclotron at the Joint Institute of Nuclear Research (JINR) in
Dubna, Russia. The beam was passed through a 1.6 um Ti
window, a 1.6 um Ti target backing into the target materials.
Three different target materials were irradiated: neodymium
oxide (nat. Nd,03, 0.30 mg/cm?), dysprosium oxide (nat. **’Dy,
0.33 mg/cm?) and lead (*°Pb, 0.42 mg/cm?, 1 pm Cu degrader
in front). The mainly produced EVR’s in the fusion of “*Ca
with target nuclei are according to HIVAPSI * '®Hg, **Rn or
2No, respectively. The EVR’s were separated in the DGFRS
according to their mass to charge ratio and guided on an ex-
changeable Mylar foil of 2, 3 or 5 um thickness separating the
RPC-chamber from the DGFRS. The RPC-chamber had a depth
of 18 mm and was filled with thermalizing argon gas of a pres-
sure between 0.0 and 0.4 bar. In the center of the focal plane of
the separator at the back wall of the RPC-chamber a
20 x 20 mm silicon detector (PIN-diode) was mounted to detect
the signals and the a decays of implanted products. Different
data points were gained by varying the Mylar foil thickness and
the argon gas pressure.

For the extrapolation of the stopping range to 114 we used
the assumption of proportionality of the STF of a heavy ion to
the velocity dependent effective charge (q.r) and the equivalent
STF of a proton (epSTF) *. These epSTF’s which are uncorrec-
ted for any other STF terms, were plotted against 1/In(Z) an
empirically established dependence of the STF on Z of the
heavy ion. The obtained values were compared with the stop-
ping code SRIM 2008 ° and finally used to setup the gas chro-
matography experiment with elements 112 and 114. The results
are accepted for publication ©.
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PROGRESSES ON THE STRUCTURAL CHEMISTRY
OF THE ACTINIDE PHOSPHATES
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France
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Data on structure and properties of actinide phosphates are
needed for the development of phosphate ceramics envisaged
as possible hosts for long-term sequestration of actinides gene-
rated by the nuclear fuel cycle. In that aim an extensive study
on the crystal structures, thermal stability, and thermodynamic
properties on a number of crystalline trivalent and tetravalent
actinide phosphates was undertaken. PuPO, with monazite
structure was obtained and characterized in terms of thermal
stability and thermal expansion. The decomposition of PuPO,
to Pu,O; was observed at 1573 K. Its high-temperature heat
capacity is to be measured up to 1500 K by drop calorimetry.
M"Np(PO4), (M"=Ca, Sr, Ba) were obtained by solid state
reaction. The influence of ionic radius of M" (Mll = Ca, Sr, Ba)
on the crystal structure is further discussed. Pure phase of
CaNp(POy4), with monazite structure (P2/n) was obtained by
solid state reaction after several thermal treatments and read-
justments in stoichiometry. The lattice parameters are
a=6.65085(3) A, b=06.83893(5) A, c=6.35378(3) A, and
f=104.117(9) o. StNp(PO,), seems to adopts an inedited
double-monazite structure with a=6.895 A, b=13.272 A,
c=6.892 A, and B =99.22 o, probably due to the St/Np orde-
ring responsible for the non-negligible reflections with k =2n
+1; in this case, the two cations seem too different in size to
allow disorder, contrarily to CaNp(PQO,),. Pure BaNp(PO,) with
monoclinic C2/c was also obtained. Its structure was inferred
with the one reported for RbEu(SOy,),, the lattice parameters
being a=12.69095(13) A, b=5.36179(6) A, ¢ =9.40949(11)
A, and B =102.516(68) o. The pattern looks similar to the one
previously found for the Th-counterpart.
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SINGLE CRYSTAL X-RAY DIFFRACTION AND
RAMAN CHARACTERIZATION OF TERNARY CE(1V)
AND PU(1V) PEROXO-CARBONATE COMPOUNDS
COMPRISED OF RARE DIMERIC MOLECULAR
UNITS

LUCAS SWEET", KATE ZIEGELGRUBER”, LEAH ARRIGO" and
SHANE PEPER”

“Pacific Northwest National Laboratory, Richland (WA), Uni-
ted States, bOhio State University, Columbus, Ohio, United
States

lucas.sweet@pnl.gov

The environmental fate and transport of transuranium ele-
ments and the search for alternative f-element separation
methods require a better understanding of the speciation of
transuranics under oxidizing alkaline conditions, especially in
the presence of ubiquitous ligands such as peroxide and carbo-
nate. From our exploration of the Ce and Pu peroxo-carbonate
systems several new structures containing the known
[(CO3)M(02)2Ce(CO3)3]8' (M =Ce(IV) or Pu(IV)) dimer were
found. A simplified synthetic procedure was used to prepare
crystalline products of several novel compounds, namely
[NH4]3[(CO3)3Ce(02),Ce(CO3)3].6H,0,
[C(NH,);]5[(CO3);Ce(0,),Ce(CO3)3].4H,0,
Nag[(C03)3Ce(02)2Ce(C03)3] . 12H20 and
Kg[(CO3)3Pu(0,),Ce(CO;3);3].12H,0. Structural characterization
of the aforementioned compounds was performed using single
crystal x-ray diffraction. It was observed that the crystal pac-
king of the [(CO3)3M(02)2Ce(CO3)3]8' dimeric unit varied
significantly depending on the cation incorporated into the
structure (e.g., Na', K', NH," |, and C(NH,);"). Additional
characterization of the f-element compounds was performed on
single crystals using a high-resolution microscope-based Ra-
man spectrometer.

TAN.L09 (Id: 128)

A COMPARITIVE STUDY OF U(III) AND U(V)
COMPLEXES IN A ROOM TEMPERATURE IONIC
LIQUID SYSTEM

WENDY PEMBERTON, KENNETH CZERWINSKI and
DAVID HATCHETT

University of Nevada, Las Vegas, US
wpemberton@cox.net

Room temperature ionic liquids (RTILs) were known as
early as the 19th century beginning with alkylammonium nitra-
tes. The field grew in the 1970s by using combinations of air
and water sensitive aluminum halides with an organic cation
salt. While these ionic liquids were useful and had many desi-
rable features, they were extremely sensitive to air and water,
limiting their utility. RTILs today are salts that are liquids from
as low as -96 °C to up to 100 °C. RTILs are of high interest in
many fields of study because of their negligible vapor pressure,
high electrochemical stability, high conductivity, and wide
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electrochemical windows. In addition, RTILs are useful sys-
tems for studying f-elements in the absence of hydrolysis.
Included in this work are studies of multiple uranium com-
plexes in a room temperature ionic liquid system,
[Me;NnBu][N(CF;S0;),]. Uranium materials in the 3+ and in
the 4+ oxidation states were prepared in inert atmosphere con-
ditions. Infrared and ultraviolet-visible spectroscopy was utili-
zed to give details regarding the speciation of each system.
Electrochemical analysis was executed, including cyclic and
square wave voltammetry as well as electrodeposition from
both oxidation states. The resulting electrodes were then analy-
zed using scanning electron microscopy, energy dispersive
spectroscopy, and x-ray diffraction to evaluate the nature of the
uranium deposit on the electrode surface. A comparison of the
resulting oxidation and reduction processes observed during
electrochemical analysis as well as the electrodeposits will be
made.

TAN.L10 (Id: 177)
STRUCTURAL ASPECTS OF URANYL COMPLEXES
WITH LIPOPOLYSACCHARIDE

ASTRID BARKLEIT, HENRY MOLL, GERT BERNHARD, B0 LI,
HARALD FOERSTENDORF and ANDRE ROSSBERG

Institute of Radiochemistry, Forschungszentrum Dresden-
Rossendorf, Dresden, Germany
a.barkleit@fzd.de

It is well-known that microorganisms play an important
role in bioremediation. Because of the high retention capabili-
ty of heavy metal ions, they significantly influence mobili-
zation and immobilization of cations in soils. The prediction
of the radionuclide transport in the environment and the im-
provement of technical bioremediation strategies require a
detailed understanding of the binding mechanisms on a mole-
cular level. Lipopolysaccharide (LPS), the main part of the
outer membrane of Gram-negative bacteria, sticks out of the
cell wall and is in direct contact with the (aqueous) environ-
ment. With its high content of negatively charged functional
groups (mainly carboxyl and phosphoryl groups) it plays a
key role in protection of contaminants. We have investigated
the uranyl LPS interactions to gain detailed information about
the coordination sphere in the molecular environment of the
uranyl ion. We focused on the identification of the coordina-
ting functional groups over a wide pH range (from 2.5 to 7)
and under different stoichiometric conditions. In particular,
the discrimination between carboxyl and phosphoryl groups
and their binding behaviours was elucidated by extended X-
ray absorption fine structure (EXAFS) spectroscopy at the U
LIlI-edge and attenuated total reflection Fourier-transform
infrared (ATR FT-IR) spectroscopy. With respect to environ-
mental conditions, samples with an excess of LPS were in-
vestigated by EXAFS. Furthermore, samples with equimolar
ratios of uranyl and functional groups of LPS according to a
slight deficit of phosphoryl groups were determined with FT-
IR. EXAFS spectra show great similarities to the uranyl mine-
ral phase meta-autunite. A four-fold complexation of the
uranium was derived from very short U-O,, distances of 2.28
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A and U-P distances of 3.58 A indicating unidentate coordi-
nated phosphoryl groups. Furthermore, U-U interactions can
be observed at 5.2 A and 6.9 A. FT-IR spectra show spectral
evidence for both, carboxyl and phosphoryl coordination. A
downshift of the antisymmetric streTching mode of the car-
boxylate group from 1576 (uncomplexed LPS) to 1530 cm™
and an upshift of the symmetric streTching mode from 1404
(uncomplexed LPS) to 1455 cm™ upon complexation provides
evidence for a bidentate complexation to carboxylate groups.
The antisymmetric and symmetric streTching modes of the
complexing phosphoryl groups are observed at 1105 and
1060 cm™. In summary, we determined at high LPS excess
preferential phosphoryl coordination, whereas with an increa-
sing relative amount of uranyl ions, corresponding to a decre-
asing number of functional groups of LPS, additional carbo-
xylate coordination becomes important. This complexation
behaviour remains within a broad pH range from slight acidic
to neutral values. Under the investigated experimental condi-
tions, the coordination of uranyl ions to the LPS molecule is
obviously controlled by the U/LPS concentration ratio irre-
spective from prevailing pH.

TAN.L11 (Id: 296)

THEORETICAL STUDY ON ,,ITINERANT”
PROPERTIES OF YTTRIUM AND AMERICIUM(III) IN
THE LANTHANIDE SERIES WITH RESPECT TO
STABILITY OF THEIR COMPLEXES

JERZY NARBUTT, WOJCIECH P. OZIMINSKI and
SLAWOMIR SIEKIERSKI

Institute of Nuclear Chemistry and Technology, Warsaw,
Poland
Jj.narbutt@ichtj.waw.pl

As regards the stability of metal complexes with hard li-
gands, yttrium can be located among heavy lanthanides, as
expected from the ionic radii of the metals. However, in the
case of complexes with soft ligands, yttrium behaves as a
light lanthanide. This effect has been explained in terms of
covalent shortening of the metal-ligand bond ', due to the
participation of 4f orbitals of Ln(III) in bonding 2. The ligand-
dependent itinerant properties of yttrium enable developing
efficient procedures for its separation from lanthanide mixtu-
res, e.g. by solvent extraction. Trivalent actinides undergo
analogous shifts across the lanthanide series, but to the oppo-
site direction °, which was explained as the effect of still
greater contribution from the 5f orbitals to the bonding. In
this work quantum mechanical calculations were carried out
on model complexes of Y(III), Am(IIl) and some selected
Ln(III) with nitrates (hard ligands) and thiocyanates (soft
ligands). The aim of the work was to reproduce the experi-
mental shifts of the positions of Y(III) and Am(III) in the two
series of lanthanide complexes, and to examine the contribu-
tions from the 4f and 5f orbitals into the bonding (metal-
ligand orbitals). All the calculations were done by using
Gaussian 03 package. Density functional theory was used in
the form of Becke three-parameter hybrid functional B3LYP.
Stuttgart-Dresden SDD small-core pseudo-relativistic basis
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set was employed for metal atoms and standard all-electron
Pople 6-31G(d) double valence basis set was used for other
atoms. Geometry optimizations were followed by frequency
calculations to prove that the obtained stationary points had
been the true minima on the potential energy surfaces. The
results and the calculation approach may appear helpful in
further studies on the origin of selectivity of tetra-N-
heterocyclic ligands (BTBP) for actinides(III) over lanthani-
des(IIT) in solvent extraction SANEX processes. Quantum
mechanical calculations for the M(III)-BTBP complexes are
extremely troublesome. Various approaches to actinide se-
lectivity in similar systems have been presented in a recent
review *.

The work have been carried out within the collaborative project
ACSEPT (Actinide Recycling by Separation and Transmutati-
on), contract Nr FP7-CP-2007-211267.
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THERMOCHROMATOGRAPHIC INVESTIGATION OF
131y, 125Sh AND '™Te IN QUARTZ COLUMNS

ALEXEY SEROV®, ROBERT EicHLER" and HEINZ GAGGELER”

“ Paul Scherrer Institute (PSI), bPaul Scherrer Institute, PSI
Villigen, Switzerland
alexey.serov@psi.ch

Investigation of chemical properties of super heavy elements
(SHE) produced in *Ca-induced nuclear fusion reactions with
actinide targets ' represents a challenging task for chemists
world wide. In the present work AH,4 of carrier-free H3mpy, 125Gh
and '*™TeO, species on quartz surface was determined. Lighter
homologues of SHE elements '"™n (T, =99 min), '*Sb
(T,=2.7582 y) and "*™Te (T,,=757.40 d) were prepared by
neutron irradiation. For that purpose 0.5 g of nat-Sn was irradia-
ted at the SINQ-NAA at PSI for 2 h. The irradiated sample was
used as source for thermochromatographic investigations with
quartz as stationary surface. Chemical behaviour of In, Sb, and
Te species was studied under different experimental conditions
(carrier gases, gas mixtures and flow rates). Specially designed
gradient oven allowed to achieve a temperature gradient of
1300 °C down to -140 C. Interaction of metallic Sb and In with
quartz surfaces was investigated using a highly purified H, to
exclude trace amounts of water and oxygen. The entire ther-
mochromatographic column was encapsulated in a steel tube.
The gas had to pass a Ta getter (1000 °C) before hitting the tracer
source deposited on Al,O3 and heated up to 1300 °C. Afterwards,
the released isotopes passed again over a hot Ta getter. This setup
provided for the elemental state of the quite reactive Sb. It was
found that deposition temperature Sb in elemental state is 580°C
in good agreement with literature data, whereas deposition tem-
perature for In is higher (T4, = 710 °C) than the reported one 6,
Monte-Carlo simulation ’ was applied to obtain the adsorption
enthalpy of the species on quartz surfaces at zero surface cove-
rage (AH,q). Calculated enthalpy of adsorption for In was
-235kJ/mol and for Sb was -205 kJ/mol. Using Hy/H,O gas
mixture it was possible to determine deposition temperature of
"BIn(OH) (Tgep =320 °C) and 'Sb(OH); (Tyep = 360 °C). The
deposition temperature results in AH,4(InOH) = -145 kJ/mol
and AH,4(Sb(OH);) = 155 kJ/mol. The interaction of Te species
with quartz surfaces was investigated using O,/H,O gas mixture.
12mTeQ, was deposited at 590 °C resulting in an enthalpy of
adsorption AH,4(TeO,) =-205 kJ/mol. The data obtained will be
useful for the design of experimental set-ups for gas chromato-
graphic experiments with real superheavy elements, especially
E113-E115.

Authors kindly appreciated the financial support by SNF.
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nikolay.aksenov@jinr.ru

Chemical identification of radionuclides in the decay cha-
ins of the recently discovered transactinide elements may serve
as a method for confirming the discovery '. The longer half-
lives of radionuclides of transactinides discovered in the An +
“8Ca reactions extend the application of radiochemical tech-
niques to their chemical characterization > The method of
cocrystallization can give valuable information on properties of
transactinide compounds, not available in the macroscopic,
therefore the identification of coprecipitation mechanism of
lighter homologues of transactinides is of scientific interest.
Here we report the coprecipitation behavior of Ti, Zr, Hf and
Th as lighter homologues of Rf with lanthanum fluoride. The
kinetics of coprecipitation and distribution of group 4 elements
between the liquid and solid phase, both preformed and formed
during the distribution process, was studied as a function of
concentration of the micro- and macrocomponent, foreign
multivalent ions, HF, pH in solution. The solid phase of prepa-
red samples was characterized by electron microscopy (SEM
and TEM). The results show that the coprecipitation mecha-
nism of Zr and Hf with LaF; is different from Ti and Th and
can be assigned to heterovalent isomorphism. A possibility of
using coprecipitation with lanthanum fluoride for comparative
investigation of the behavior of Rf in HF solutions was demon-
strated.

This work was supported by the RFBR (grant No. 09-03-12029-
ofi_m).
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SORPTION OF Ti, Zr, Hf AND Nb, Ta AS
HOMOLOGUES OF Rf AND Db FROM MIXED
AQUEOUS-ORGANIC HF SOLUTIONS
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DMITRIY FILOSOFOVb, JIN JON SUNb, VALERIY RADCHENKOb,
NIKOLAY LEBEDEV® and ALEXANDER NOVGORODOV”
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na, Russia

nikolay.aksenov@jinr.ru

In order to optimize conditions for isolation and study of
chemical properties of Rf and Db !, we have investigated
sorption of their lighter homologues Ti, Zr, Hf, Nb and Ta,
from HF solutions in water-miscible organic solvents using
the Dowex 50x8 cation exchange (CIX) and AG 1x8 anion
exchange (AIX) resins. We have studied dependence of sorp-
tion on concentration of HF and acetone. We found that using
the AIX resins the distribution coefficients of Ti, Zr, Hf and
Nb increased and those of Ta decreased with increasing con-
tent of acetone in HF solutions. The results indicated that in
concentrated (> 3 M) HF solutions containing acetone, group
4 elements formed MF,> (M = Ti, Zr, Hf) complexes whose
stability decreased in reverse order of sorption Zr > Hf > Ti.
Obtained results are in agreement with previously reported
data >* where using CIX chromatography and HCI-HF mixed
solutions group 4 elements were separated and eluted in order
of Zr > Hf > Ti > Th. Under the same conditions, group 5
elements predominately formed complexes NbOFs® and
TaF,* with stability considerably different, which decreased
in sequence Nb > Ta. We have found optimal conditions for
separation of the elements using CIX and AIX chromatogra-
phy. The advantages of studying chemical properties of Rf
and Db in aqueous HF solutions mixed with organic solvents
are briefly discussed.

This work was supported by the RFBR (grant No. 09-03-12029-
ofi_m).
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THERMODYNAMIC STUDY ON THE U(VI)
COMPLEXATION WITH “ALIPHATIC” AND
“AROMATIC” DI-CARBOXYLIC ACIDS BY MICRO-
CALORIMETRY
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kiri@tagen.tohoku.ac.jp

The thermodynamics of complex formation of U(VI) with
oxydiacetic acid (ODA), thiodiacetic acid (TDA), iminodiacetic
acid (IDA), isopthalic acid (IPA), 2,5-frandicarboxylic acid
(FDA) and dipicolinic acid (DPA) were studied by the micro-
calorimetric titration technique. So far, extensive data on stabi-
lity constant have been obtained and summarized in databases
for a variety of combinations of actinide ions and complexants
which could be found in the geosphere to predict the migration
behavior of actinides in deep underground for the safety as-
sessment of radioactive waste disposal. However, enthalpy and
entropy data of actinide elements are scarce in comparison with
stability constants. These data are indispensable not only for
understanding of the reaction mechanism but also for the esti-
mation of stability constants at elevated temperatures outside
the range of 20-30 °C by the extrapolation from those at a room
temperature with using thermodynamic models. Following our
previous study reporting thermodynamic data (AG, AH and AS)
of complexation of 8 di-carboxylates with U(VI) ', this paper
presents the thermodynamic quantities of U(VI) complexation
with three “aliphatic” di-acetic acids and three “aromatic” di-
acetic acids. Those ligands have a different center atom be-
tween two carboxylic groups, i.e., oxygen for ODA and FDA,
sulfur for TDA and nitrogen for IDA and DPA, which may
coordinate with a metal cation. The obtained thermodynamic
quantities are compared with those of U(VI) complexation with
glutaric acid (GA) for the discussion of the effect of structural
difference, i.e., aliphatic- and aromatic structure and types of
central atom in the ligands on the complex formation thermo-
dynamics. From the thermodynamic quantities, i.e., AG, AH
and AS determined by the potentiometric and calorimetric
titration techniques, it is indicated that these reactions are main-
ly driven by the entropy change while the enthalpy change is
not promoting the progress of the reaction. The AG, AH and AS
of 1:1 IDA complex show remarkable difference from those of
GA complex, while those of ODA and TDA complexes are
almost equal to those of GA complex. AG of 1:1 IDA complex
with U(VI) was 30 kJ/mol larger than that of GA complex,
which is generally referred to the chelate effect of the ligand.
Our calorimetric measurement has revealed that this “chelate
effect” should be ascribed to the “entropy effect” since the
entropy change (TAS) of IDA complex was 50 kJ/mol larger
than that of GA complex. The origin of this large entropy effect
is discussed in the presentation with the help of structural in-
formation of the complex calculated using density functional
theory (DFT).
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A STUDY OF HETEROGENEOUS EQUILIBRIA IN THE
SATURATED AQUEOUS SOLUTIONS OF
URANOARSENATES AND URANOPHOSPHATES OF
ALKALINE AND ALKALINE-EARTH ELEMENTS

OXANA NIPRUK, NIKOLAY CHERNORUKOV and
YULIYA PYKHOVA

Lobachevsky State University of Nizhni Novgorod, Russia
nipruk@yandex.ru

Uranoarsenates and uranophosphates belong to a numerous
difficult soluble compounds that can be formed by the ingress
of various uranium-containing waste in the environment and
can also be used as uranium-fixing matrices in technological
processes. Research of the state of these compounds in aqueous
solutions, of their hydrolytic stability and solubility, and of
transformations of uranoarsenates and uranophosphates into
other chemical compounds both in the solid phase and in a
solution is important. In this work detailed research of the state
of Mk(BvUOg),.nH,0 compounds (Bv - As,P; Mk - H', Li",
Na', K, Rb", Cs*, NH,", Mg*", Ca®", Sr*, Ba®") in aqueous
solutions at 25 °C within a wide range of acidity is presented. It
has been found that the behavior of all Mk(BvUOg),.nH,O
compounds in aqueous solutions obeys the general laws due to
their structural and functional similarity. Acidity has the most
essential effect on the chemical stability of uranium compounds
under study. Composition and structure of the solid phase,
ionic-molecular forms, and concentrations of U(VI), As(V),
P(V) and Mk in equilibrium solutions depend on pH. In acidic
medium (pH<2) difficult soluble acid with composition of
HBvUOg4H,0 is formed as a result of ionic exchange in the
solid phase. In the case of the Mk(BvUOg),'nH,O interaction
with aqueous solutions of the alkaline elements hydroxides
(pH>10) As(V) and P(V) are leached into the solution and
insoluble uranates are formed. In the intermediate interval
(2<pH<10) secondary solid phases are formed in quantities
defined by acidity of the equilibrium solutions.
(U02)3(ASO4)2'12H20, (U02)3(P04)28H20 and UO32H20 as
synthetic analogues of the natural minerals should be mentio-
ned among these phases. The solubility of all compounds with
formulae Mk(BvUOg),.nH,O has minimal value in neutral
solutions (10°-10°M) and sharply increases with addition of
acid or base. The uranophosphates are characterized by higher
chemical stability than uranoarsenates. The finer distinctions in
behavior of Mk(AsUOg).nH,O and Mk(PUOg),.nH,O are
caused by the nature of the Mk elements and they reveal them-
selves in conversions of the secondary phase formation reacti-
ons and in the acidity-base intervals of the primary solid phase
existence. A physicochemical model characterizing quantitati-
vely the equilibrium state in the heterogeneous systems under
study is proposed for predicting the processes occuring when
inorganic uranium compounds dissolve. Using the model it is
possible to calculate the state diagrams of the solid phases and
the equilibrium solutions over the phases. In addition, it is
possible to evaluate various heterogeneous equilibria constants.
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Synthetic trogerite (ST) (UO,);(AsOy), 12H,0 can be ob-
tained by mixing uranyl nitrate and arsenic acid solutions in
equivalent ratio 3:2. In this case the following competitive
reactions become possible: UO,(NO3), + H;AsO4 + 4H,0 <
HAsUOg44H,0(s) + 2HNO; (uranoarsenic acid formation)
3U02(NO3)2 + 2H3ASO4 + 12H20 > (U02)3(ASO4)212H20(S)
+ 6HNO; (ST formation) Increase of acidity results in uranoar-
senic acid formation while its decrease enhances triuranyl
diarsenate hydrates formation. The partially dehydrated ST and
a mixture of crystallohydrates are formed at elevated tempera-
tures. So far ST has not been obtained in the form of an indivi-
dual crystal compound, free of any impurity phases. Its X-ray
data and crystallographic characteristics are unknown. In this
work the ST synthesis technique is proposed. Dehydration,
thermolysis, structure and properties of ST were studied by
X-radiography, IR-spectroscopy, X-ray fluorescence analysis,
and scanning calorimetry. It has been found that dehydration is
the only temperature-caused transformation in the range of
20-800°C. In the interval 50-200°C trogerite loses 8 molecules
of water and transforms into the well known
(U0,)3(As04),4H,0. Both crystallohydrates with crystal latti-
ces built of coordination polyhedrals belong to the U(VI) com-
pounds with layered structure. Layers are formed by pentagonal
bipyramids UO,, connected by the general edge to produce
continuous chains with AsQ4” tetrahedrons. Opposite layers of
tetrahydrate are strongly bound by covalent chains (O;)As-O-
U(05)-0-As(0s) of the length of 8.782. It is not long enough
for similar bonding of opposite layers at a distance of 11.079 in
UO,(AsUOg),:12H,0. Therefore bonding of layers in trogerite
is due to non-rigid H-bonds, formed by H,O molecules coordi-
nated to U(VI) atoms. Three H,O molecules in
UO,(AsUOg),4H,0 exhaust coordination possibilities of inter-
layer U(VI) atom in the pentagonal bipyramid. The fourth H,O
molecule is located in zeolite-similar cavities. It is easily relea-
sed at the onset of UO,(AsUOg),.12H,0 dehydration. Release
of H,O molecules proceeds in 2 stages at 185 °C and 336 °C.
UO,(AsUOg), with a strongly deformed crystal lattice due to
coordination unsaturation of interlayer U(VI) atoms is formed
as a result of full dehydration of trogerite. It is almost immedia-
tely hydrated by atmospheric moisture, forming the tetrahydrate
mentioned above.
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This work presents results about the formation of thori-
um(IV) colloids and precipitates in the presence of silicic acid.
Three methods were used for the preparation of the thorium
compounds: - Experiment A: Silicic acid concentrations and
ionic strengths were adjusted in the presence of preformed
stable ThO, colloids at neutral pH (0.4 mM Th; 0.3 mM Si;
1=0.05M NaClO4) - Experiment B: Precipitation of ThO,
colloids in the presence of silicic acid by neutralization from
the acidic side of the pH scale (1 mM Th; 0-4.2 mM Sij;
I=0.1 M NaClO,) - Experiment C: Precipitation of Th(IV)
colloids in the presence of silicic acid by neutralisation of a
Th(IV) carbonate solution from the alkaline side of the pH
scale (1 mM Th; 0-3 mM Si; [ =0.1 M NaClOy,) For the charac-
terization of the colloids, { potential measurements as well as
NMR and extended X-ray absorption fine structure (EXAFS)
spectroscopy were applied. The { potentials of the thorium
compounds in experiments A, B and C were determined by
laser Doppler velocimetry at pH values of 2 - 10. These measu-
rements allowed the estimation of the isoelectric points (IEPs)
of the colloids and conclusions about the colloidal stability of
the suspensions formed. By the addition of silicic acid to pre-
formed ThO, colloids (experiment A), a significant shift of the
IEPs from pH ~ 8.5 to lower values (pH ~ 6.5) was observed.
Similar results were found in experiment B. Here, the IEP
shifted from pH ~ 7.3 to pH ~ 6.0 in the presence of silicic acid.
For both experiments the shift of the IEP was a function of the
silicic acid concentration. Obviously, the significant amounts of
silicate in/on the Th(IV) particles shift the IEP toward the IEP
of pure silicic acid (pH < 3) '. On the other hand, the results of
the { potential measurements on the Th(IV) colloids from expe-
riment C demonstrated that the IEP did not change in the pre-
sence of varying amounts of silicic acid but remained constant-
ly at pH ~ 5.2. It was also significantly lower than the IEPs of
the colloids from experiments A and B formed under acidic
conditions. The IEP behaviour of the experiment C colloids is
not yet fully understood. The results of *Si solid state NMR
and EXAFS spectroscopy of the thorium samples from experi-
ment C showed that silicate was built in into the solid structure
of ThO,. A possible mechanism is the partial replacement of
the Th-O-Th bonds by bridging silicic acid and the formation of
Th-O-Si-O-Th links. It is discussed whether the integration of
silicic acid in the solid structure results in the formation of a
still unknown thorium compound or a thorite (ThSiO,) like
material was formed.
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The hydrated thorium(IV) ion is nine-coordinate in strong-
ly acidic aqueous solution with a mean Th-O bond distance of
2.45(1) A as determined by extended X-ray absorption fine
structure (EXAFS) and large angle X-ray scattering (LAXS) "
The presence of a second hydration sphere was indicated by
LAXS with cca 18 water molecules at 4.66(2) A. Structural
studies in aqueous solution of the hydrolysis products of thori-
um(IV) identified three different types of hydrolysis species: a
1,0-hydroxo  dimer, [Thy(OH),(H,0);,]®, a p,0-hydroxo
tetramer, [Thy(OH)s(H,0);6]*", and a p;0-oxo hexamer,
[TheOs(H,0),]¥". Strongly acidic solutions are required to
stabilize the hydrated thorium(IV) ion. With increasing concen-
tration and pH thorium(IV) hydrolyzes, first, to a dimer with
double hydroxo bridges, then to a tetramer with the thori-
um(IV) ions forming a diamond (represented by two dimers
merged together) '. Finally, at pH value close to precipitation of
thorium(IV) oxide/hydroxide, a hexamer is formed with the
thorium atoms forming a rhomboctahedron. Potentiometric
studies suggested a hexamer composition [Thg(OH)(H,0),]***,
x =14 or 15 2. However, the rhomboctahedral structure pre-
vents for sterical reasons such a large number of hydroxide
groups to be bound. Instead 7-8 oxo groups are bound to thori-
um ions as from proton activity point of view 16 hydroxo
groups are equivalent to 8 oxo groups, making it impossible to
distinguish between e.g. Th(OH);s" and TheOs®" complexes.
A compilation of reported solid state structures of actinoid(IV)
compounds with oxygen donor ligands show a strong correlati-
on between the An-O bond distance and the coordination num-
ber '. EXAFS studies of uranium(IV), neptunium(IV) and
plutonium(IV) ions in aqueous solution have reported accurate
An-O bond distance, but the coordination numbers were less
accurate and often overestimated. The hydrated tetravalent
actinoid ions in aqueous solution all seem to be nine-
coordinated .
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ELECTROCHEMICAL BEHAVIOUR OF CURIUM IN
CHLORIDE MELTS
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Curium isotopes contained in spent nuclear fuel have a
high specific heat rate and long half-life and they should be
recovered from high-level wastes (HLW) and transmutated.
Molten chlorides have more high radiation resistance than
aqueous and organic media. This fact is of significant impor-
tance because curium has a high specific activity. There is not
much information about the behaviour of curium in molten
chlorides. Data available are referred to the conventional stan-
dard potential of curium in the alloy formed with zinc ' and
distribution coefficient between salts and liquid metal phase %
Data on thermodynamics of formation for oxygen-containing
curium compounds in chloride melts were obtained by authors *
with using of potentiometric titration. This work is devoted to
study of non-oxygen curium compound formation in chloride
melts. The following standard electrochemical methods were
used: CV, SWV, DPV, chrono potentiometry and dynamic
galvanometry. Dependences of formal standard electrode po-
tential of curium, Gibbs energy change and other parameters on
temperature and effective radius of solvent cation were obtai-
ned. Also Pourbe diagrams were drawn.

Study was carried out in frame of ISTC Project # 3261. The
authors express their appreciation to CEIMAT (Spain), ITU
(Germany), CEA (France) and AlbaNova University Centre
Royal Institute of Technology Nuclear and Reactor Physics
(Sweden) for support and interest to this work.
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Molten chlorides have a higher radiation resistance than
aqueous and organic media. This fact is of significant impor-
tance because curium has a high specific activity. And, corre-
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spondingly, it can be used for partitioning of curium from waste
before its vitrification. Data on the thermodynamics of formati-
on for oxygen-containing curium compounds in chloride melts
were obtained by authors ' by potentiometric titration. This
work is devoted to more precise determination of these data by
the spectroscopic method. Spectrum of Cm*" and CmO" com-
plex in melt NaCl-2CsCIl-CmCl; at 550, 600 and 650°C over
argon atmosphere and different partial pressure of HCI/H,O has
been obtained. It is demonstrated by the appearance of peak for
CmO" complex in the range of 358 nm as a result of three
different reactions, leading to formation of oxide ions in melt.
Dependences of Cm®" and CmO" concentration on partial
pressure of HCI/H,O were obtained. From these experimental
data dissociation constants of CmO" and CmOCI have been
evaluated.
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1. Osipenko A. G., et al.: Radiochimica Acta 97, 227 (2009).
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KINETICS OF NEPTUNIUM(V) CONVERSION IN
STRONG NITRIC ACID SOLUTIONS CONTAINING
POTASSIUM PHOSPHOTUNGSTATE, K;,P,W;,04

VLADIMIR CHISTYAKOV, ALEKSANDR BARANOV,
EVGENY ERIN, LARISA NAGAJTSEVA and
VLADIMIR MOMOTOV

Russia, Rosatom, JSC"State Scientific Center-Research Institu-
te of Atomic Reactors", Radiochemical Unit
chistyakov@niiar.ru

Behavior of Np(V) in strong nitric acid solutions with dif-
ferent strength (1.0 + 3.0) mol.L"' and KPW (1 + 5)x107
mol.L', containing potassium phosphotungstate, K;oP,W,0¢;
(KPW), is examined by spectrophotometric method. It has been
established that Np (V) final conversion products under studied
experimental conditions are Np (IV) and Np (VI), and the
process is going in accordance with the first-order rate law with
regard to neptunium(V) concentration.

TAN.P12 (Id: 219)

ELECTROCHEMICAL AND SPECTROSCOPICAL
INVESTIGATION OF URANIUM IN ROOM-
TEMPERATURE IONIC LIQUIDS

AYLIN OLCER, JAKOB DREBERT and TOBIAS REICH

Institute of Nuclear Chemistry, Johannes-Gutenberg-
Universitdit Mainz
oelcer@uni-mainz.de

Room-temperature ionic liquids (RTILs) consist of organic
cations and organic or inorganic anions. Beside their fluidity
over a large temperature range, they have versatile physical and
chemical properties, e.g., low vapour pressure, thermal and
chemical stability '. In our investigation, the wide electroche-
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mical window of RTILs is of particular importance. RTILs are
considered as “green solvents” and may open up new options in
industrial actinide separation 2. This work is about the redox
behaviour  of  hexavalent uranium in  1-butyl-3-
methylimidazolium based RTILs. Two different methods have
been used: cyclic voltammetry to achieve information about the
redox behaviour of uranium(VI) and electrochemical deposition
to get samples for X-ray photoelectron spectroscopy (XPS). In
both cases the same uranium RTIL solutions have been used.
Uranium oxalate (UO,C,0,) has been dissolved in 1-butyl-3-
methylimidazolium methylsufate (BmimMsu) and 1-butyl-3-
methylimidazolium thiocyanate (BmimSCN) under argon
atmosphere. Afterwards the solutions (c(U) ~ 8x10” mol/L)
have been dried under reduced pressure and heating to minimi-
ze the water content in these stock solutions. The amount of
water has been determined via Karl-Fischer titration
(210 ppm). For the cyclic voltammetric measurements glassy
carbon has been used as working electrode, titanium as counter
electrode and platinum as quasi-reference electrode (versus
ferrocene/ferrocenium). All experiments have been carried out
under argon atmosphere. BmimMsu and BmimSCN provide an
electrochemical window of 4.5 - 5.0 V, therefore the reduction
of U(VD) to U(IV) should be possible. Actually for both
UO,C,0,4 RTIL solutions cyclic voltammograms have been
achieved, which showed a similar progression with a shift of
the redox potentials. The cyclic voltammograms suggest a
quasi-reversible reduction of uranium(VI) to uranium(IV). The
potentials for the U(VI)/U(IV) reduction in BmimMsu and
BmimSCN were -1.9 mV and -2.0 mV (vs. SHE), respectively.
To verify the reduction of U(VI) to U(IV), samples have been
prepared under argon atmosphere for XPS measurements. The
uranium was deposited on a titanium foil applying a potential
of 2 V for 3 h. The measured binding energies for the U 4f and
U 5f XPS-lines confirm the reduction of hexavalent uranium to
the tetravalent oxidation state. By combining two different
methods, it was possible to demonstrate that U(VI) can be
reduced to U(IV) and deposited as tetravalent uranium on
titanium foils using RTILs as solvent.
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NOVEL U(VI) SCHIFF BASE COMPLEXES:
SYNTHESIS, STRUCTURAL CHARACTERIZATION,
AND EXTRACTION STUDIES

HAROLD BRICE TANH JEAZET", THOMAS DOERT",
KERSTIN GLOEb, SATORU TSUSHIMA®, GERHARD GEIPELS,
GERT BERNHARD® and KARSTEN GLOE”

“FZD Dresden Rossendorf (Institute of Radiochemist-

), *Department of Chemistry and Food Chemistry, TU Dre-
sden, 01062 Dresden, Germany, ‘Institute of Radiochemistry,
Forschungszentrum Dresden-Rossendorf, 01314 Dresden
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RadChem 2010

TAN. P

The coordination chemistry of uranium in different oxi-
dation states has recently generated much attention due to
several reasons. The most important reason is the separation of
U(V]) present in radioactive waste, but also the eftects of U(VI)
on our environment are of great interest ', The extraction and
separation of U(VI) and other actinides, especially the separati-
on from lanthanides, is most difficult due to their similar che-
mical behavior . However, the introduction of soft heteroa-
toms, as imine nitrogen, in the ligand systems could be used as
a tool for more selective and effective binding and extraction.
We have synthesized and characterized some novel U(VI)
complexes using multidentate Schiff base ligands. Structures of
these complexes were characterized by X-ray crystallography
and DFT calculations. It is the intention of this work to deter-
mine not only the structure of these complexes but also the
extraction ability of the ligands towards U(VI) and Eu(III).
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PRODUCTION AND INVESTIGATION OF THIN FILMS
OF METAL ACTINIDES (Pu, Am, Cm, Bk, Cf)

VIACHESLAV RADCHENKO, MIKHAIL RYABININ and
VLADIMIR STUPIN

JSC "State Scientific Center - Research Institute of Atomic
Reactors", Dimitrovgrad, Russia
toporov(@niiar.ru

With respect to the limited availability of transplutonium
metals special techniques and methods of their production have
been developed that combine the process of metal reduction
from a chemical compound and preparation of a sample for
examination. In this situation the evaporation and condensation
of metal onto substrate becomes the only possible technology.
Thin film samples of metal curium (***Cm, ***Cm) and **Bk
were produced by thermal reduction of oxides with thorium at
approx. 1700°C. Metal layers of 0.6-180 um and 2.5 um
thickness, respectively, were deposited onto the tantalum sub-
strate. For production of metal californium **’Cf in the form of
a layer with a thickness of (2.4 £ 0.3) pm the method of thermal
reduction of oxide with lanthanum was used. Samples of >**Pu
in the form of a film with a layer thickness between 1 and
40 pm and those of 2*°Pu with a layer thickness between 15 and
40 um for X-ray structure analysis were prepared by direct high
temperature evaporation and condensation of metal onto sub-
strate. For production of 241 Am sources a gram sample of plu-
tonium was used containing about 18.5% of americium at the
time of production. Thermal decomposition of PtsAm interme-
tallic (262 mg mass) in vacuum was used to produce metal
americium with about 80% yield. Resistivity of metal californi-
um (**Cf) films with a thickness of (0.8+0.1) and
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(0.1 £0.01) pum was measured using the potentiometric method.
Initial resistivity values of samples 1 and 2 (5-6 hours after
their production) made up (570+80) and (9100 + 1200)
pnQ.cm, respectively. The resistivity of both film samples was
found to decrease exponentially with increasing temperature.
Negative temperature coefficient of resistivity achieved -
(450 £22)x10° K in the temperature range 77 - 300 K. The
analysis of literature data on metal californium structure al-
lowed an observation of a tendency to form the preferred
DHCP structure with increasing sample mass. And, on the
contrary, the smaller is the quantity of metal californium under
examination, the higher is the probability of interpretation of X-
ray diffraction analysis results based on FCC and HCP structu-
res. The performed study on the effect of high specific activity
on the crystal structure of plutonium isotope (***Pu) thin layers
showed an appearance of non-equilibrium (at room temperatu-
re) phases. However, many aspects of this observable pheno-
menon have not been investigated yet experimentally and com-
prehended theoretically.

TAN.P15 (Id: 118)
RADIOGRAPHIC EXAMINATION OF CURIUM
ALLOYS WITH COBALT, IRON, AND CARBON

VIACHESLAV RADCHENKO and TATYANA CHERNAKOVA

JSC "State Scientific Center - Research Institute of Atomic
Reactors", Dimitrovgrad, Russia
toporov@niiar.ru

Over many years JSC “SSC RIAR” has been performing
activities on the production and investigation of metals of
transplutonium elements (TPE), their alloys and compounds.
This paper presents the results of production and radiographic
examination of micro-samples of ***Cm compounds with ion,
cobalt and carbon, namely an identification of crystal lattices of
the compounds obtained and calculation of crystal lattice para-
meters, study on the effect of intensive a-decay on crystal
structures of intermetallides and carbides. Samples of the Cm-
Co, Cm-Fe and Cm-C systems were prepared by high tempera-
ture condensation of metal curium vapor onto corresponding
substrates. In the Cm-C sample such a “substrate” represents a
thin amorphous carbon layer applied preliminary onto a flat
iridium plate. The radiographic examination results of the
produced compounds are presented in the table below.

Table. Crystal lattice parameters of phases detected during investi-
gation of the Cm-Fe, Cm-Co and Cm-C systems

System| Phase Lattice Lattice parameters
a, A A VA
Cm-Co|°Co;,Cm, E%’é?i‘i‘lﬁﬁ 8.378(7) |8.070(5)| 491(1)

H 1
CosCm (P%’jf;ﬁ) 4.88(1) | 4.08(4)| 84(1)
Cubic

CoiCm | g3y | 7242 | - -

Cm-Fe| Fe;,Cm, (}Il,%’gj‘rgno;il) 8.406(3) [8.122(2)[497.0(5)
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Cubic

‘ Fe,Cm ’ (Fd3m) ‘7.213(2)’ - ‘ -
Cm-C | Cm,C; | Cubic() |8.3904(5)] - -
Cm;C FCC |5.172Q2)| - -

Note. In the column “Lattice” a lattice spatial group is in-
dicated in brackets. V - is volume of a crystal lattice elementary
cell. Definition errors of the last character are given in brackets
after the lattice parameter values. In the Cm-Co system three
intermetallic compounds were detected: Co;Cm, (hexagonal
lattice of spatial group P63/mcm), CosCm (hexagonal lattice of
spatial group P6/mmm) and intermetallide Co,Cm (cubic lattice
of spatial group Fd3m). Cadmium did not show any solubility
in a- and B-CO at room and elevated temperature. In the Cm-Fe
system two intermetallic compounds were detected: Fe;Cm,
(hexagonal lattice of spatial group P63/mcm) and Fe,Cm (cubic
lattice of spatial group Fd3m). This system did not show mutual
solubility of its components at room temperature. The effect of
high o-activity of ***Cm nuclide on the crystal structure of
intermetallide Fe,Cm was demonstrated. In the Cm-C system
carbides Cm,C; and Cm3C with a cubic lattice were detected,
which were isostructural with regard to carbides Am,C; and
Sm;C. Crystal lattice parameters of the curium carbides were
calculated and data on their x-ray amorphization induced by
intensive ***Cm decay were obtained.

TAN.P16 (Id: 119)
FORMATION OF RUTHENIUM ALLOYS WITH
CURIUM AND TECHNETIUM

VIACHESLAV RADCHENKO, YELENA PICHUZHKINA,
KONSTANTIN ROTMANOV and SERGEY TOMILIN

JSC "State Scientific Center - Research Institute of Atomic
Reactors”,
toporov@niiar.ru

Presented are the results of production and x-ray exami-
nation of ruthenium compounds with curium and technetium.
%Cm  alloy microsample was produced by the high-
temperature condensation of curium vapor onto the ruthenium
substrate and then analyzed by the x-ray diffractometric
method. Two intermetallides were detected in the sample:
Ru,Cm with a hexagonal lattice of the Zn,Mg type with para-
meters a=5.279(1) A, c=8.812(3) A; Ru;Cm with a cubic
lattice of the CusAu type and a =4.151(2) A. Data were obtai-
ned on the x-ray amorphization of lattices of both intermetalli-
des under intensive a-decay of curium-244. The study on the
formation of ruthenium alloys with technetium is carried out as
part of investigations of technetium transmutation. This process
can be implemented in the high-flux reactor SM-3 (Dimitrov-
grad, Russia) at an acceptable rate. For the subsequent separati-
on of ruthenium from irradiated samples data are required on
the phase relationship in the technetium-ruthenium system
under irradiation conditions. This paper describes the x-ray
diffractometric examination of samples of the original metal
technetium and also those irradiated in the reactor up to a 19,
45 and 70% ruthenium accumulation. The study demonstrates
that as a result of the ruthenium accumulation homogeneous
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solid ruthenium-technetium solutions with a hexagonal close-
packed (HCP) structure are formed. Crystal lattice parameters a
and c regularly decrease with increasing ruthenium concentrati-
on. The existence of a sufficiently strong dependence between
the crystal lattice parameters and amount of ruthenium accumu-
lated under irradiation allows the definition of ruthenium con-
tent in the irradiated technetium by using the x-ray diffracto-
metric method.

TAN.P17 (1d: 139)
AMERICIUM ALLOYS WITH GOLD AND COPPER

VIACHESLAV RADCHENKO®, MIKHAIL RYABININ?,
TATYANA CHERNAKOVA®, SERGEY TOMILIN" and
YELENA PICHUZHKINA"

“JSC "State Scientific Center - Research Institute of Atomic
Reactors", "SC "State Scientific Center - Research Institute of
Atomic Reactors"”

toporov@niiar.ru

Over many years JSC “SSC RIAR” has been performing
activities on the production and investigation of metals of
transplutonium elements (TPE), their alloys and compounds.
This paper presents the results of production and X-ray exami-
nation of micro-samples of **' Am compounds with gold and
copper, i.e. identification of crystal structures of the compounds
obtained and calculation of crystal lattice parameters, study of
the effect of a-decay on the intermetallide crystal structures.
Samples of Am-Au and Am-Cu systems were prepared by high
temperature condensation of metal americium vapor onto ap-
propriate substrates. The X-ray examination results of the
compounds produced are shown in the table below.

Table. Crystal lattice parameters of phases detected during in-
vestigation of Am-Au and Am-Cu system

RadChem 2010

System | Phase Syngony Lattice parameters
(space group)
a, A b, A c, A v, A’
Am-Au |AusAm |Tetragonal
(P42/nem) 10.389(7) - 9.703(7) 1047.4(2)
AuAm |Orthorhombic
(Pnma) 7.402(2) 4.564(1) 5.826(1) 196.8(1)
AuAm |Cubic
(Fm3m) 4.784(2) - - -
Am-Cu |CusAm |Hexagonal
(P6/mmm) 4.958(1) - 4.175(2) 88.88(5)

Note. V - is volume of a crystal lattice elementary cell. De-
finition errors of the last character are given in brackets after
the lattice parameter values. The investigated systems did not
show mutual solubility of their components at room temperatu-
re. In the Am-Au system three intermetallic compounds were
found: AugAm (of AugSm structural type), AuAm (of CuCe
structural type) and intermetallide AuAm (of CsCl structural
type). In the Am-Cu system intermetallide CusAm (Cu;Am) (of
CugCa structural type) was detected. The effect of a-activity of
nuclide **'Am on crystal structure of the obtained intermetal-
lide was investigated.
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HIGH-RESOLUTION X RAY STUDY OF ELECTRONIC
STATE OF IONS WITH NON-STABILITY NUCLEI IN
SOLIDS

NICOLAY A. KULAGIN

Kharkov National University for Radioelectronics, Ukraine
nkulagin@bestnet.kharkov.ua

The communication presents foundations and results of
study of the electronic state of ions of iron, lanthan and actini-
um groups elements in solids. Original experimental method of
the high resolution X ray spectroscopy using X ray fluorescen-
ce or synchrotron irradiation will be discussed in this report. It
is well known that the energy of X ray lines of ions depends on
the electronic state (valence) and environment of ions 2 Re-
sults of study of the valence shift of X ray lines upon change of
electronic state of nd- and nf- ions in oxides, fluorides and
other compounds before and after irradiation or thermal treat-
ment will be presented in this report. The main attention will be
focused on discussion of separate results and possibility for
investigation of valence shift and X ray lines profile of the ions
with non-stable nuclei. By this way we can obtain information
on the electronic state of the unstable ions, surroundings of the
nl ions and point defects of the solids. Using X ray microanaly-
sor as source of fluorescent irradiation and original two-crystal
spectrometer the tested shape of X ray lines is less than 5 MeV
and minimum of ions concentration needed for the determinati-
on of the ions valence change may be close to 107 wt % °.
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REG.L01 (Id: 256)
IMPACT OF THE CHERNOBYL ACCIDENT ON
NORWAY: LESSONS LEARNT

EILIV STEINNES®, RUNHILD GJELSVIK”, LAVRANS SKUTERUD”
and HAVARD THORRING”

“Norwegian University of Science and Technology,, Trondheim,
Norway, *Nowegian Radiation Protection Authority
eiliv.steinnes@chem.ntnu.no

Norway was one of the European countries most seriously
affected by the Chernobyl-accident. According to a nationwide
survey in 1986 the total deposition of '*’Cs in the country was
estimated at 2300 + 200 TBq and about 10 % of the territory
received more than 20 kBq m™ of this radionuclide. This has
resulted in significant exposure of wildlife as well as domestic
animals grazing in forest and mountain areas and corresponding
contamination of meat and milk intended for human con-
sumption. Reindeer were particularly vulnerable due to its
lichen feed during large parts of the year, but also sheep (and
goats) frequently showed “’Cs activity levels far above the
upper limits defined for human consumption. Prognoses based
upon on-going monitoring programmes indicate that there will
still be problems with high concentrations of '*’Cs in animals
on rough grazing in Norway for 10-20 years to come. During
the first few years after the accident radioecological research
had favourable conditions and biologists, chemists, physicists,
veterinarians and agricultural researchers were working toge-
ther to learn about the behaviour of "*’Cs in terrestrial and
aquatic foodchains. Emphasis was placed on its behaviour in
natural soils, uptake in forage, and transfer to animals. Transfer
of Cs from soil was studied for a great number of naturally
growing plants and fungi, and some mushroom species were
found to be extreme Cs accumulators leading to problems in
years with abundant mushroom growth. To avoid discarding
meat and milk, considerable efforts were done to develop coun-
termeasures reducing Cs activity levels in domestic animals, the
most successful being: (1) use of Prussian blue (Gieze salt) to
reduce the uptake of "*’Cs, (2) providing clean feed a few
weeks before slaughter in connection with live monitoring of
animals, and solely for reindeer (3) changing slaughter time
from February to September, reducing the influence of lichen
feeding, which is most important during winter. Prior to the
Chernobyl accident food chain transfer was discussed in terms
of transfer factors based just on measurements of activity con-
centrations in the media in question. The research in Norway
and elsewhere after Chernobyl has emphasized the importance
of chemical speciation of the radionuclides for their behavior
e.g. in soil, water, and sediments. The mobility of Cs ions in the
boreal soils of Scandinavia with high organic matter content

has shown to be much greater than in the previously studied
agricultural soils with high content of mineral matter including
clay minerals fixing Cs ions strongly. Thus the uptake of Cs in
plants from these soils is much greater than previously experi-
enced, and strongly dependent on the chemistry of the soil
solution. Particularly high mobility of *’Cs is observed in
southernmost Norway where the soils are more acidified than
elsewhere. Results from repeated surveys of natural surface
soils showed that the decline of '*’Cs was greater in coastal
regions than in areas farther inland, probably attributable to a
greater deposition of Mg®* and Na* in the former areas, repla-
cing Cs ions adsorbed to soil particle surfaces. This effect
appeared to be particularly strong near the southern coast where
deposition of NH," from transboundary pollution is evident in
addition to the marine cations. The effect of precipitation che-
mistry on the '*’Cs mobility however is found to decline with
time, indicating that the *’Cs cations are gradually moving to
sites where they are more strongly bound. Experiments where
identical soil columns, containing '*’Cs from Chernobyl and
freshly added '**Cs, are exposed to precipitation of different
quality in amounts corresponding to ten years of deposition,
largely confirm the conclusions from the repeated soil surveys.

REG.L02 (Id: 112)
TRITIUM IN THE RAINWATER AROUND THE
NUCLEAR POWER PLANT OF PAKS, HUNGARY

ZOLTAN KOLLGO?, LASZLO PALCSU", ZOLTAN MAJOR?,
MIHALY MOLNAR?, LASZLO PAPP®, PETER DOMBOVARI,
LASZLO MANGA” and TIBOR RANGA"

“MTA ATOMKI (Institute of Nuclear Research of the Hungari-
an Academy of Science), Debrecen, Hungary, "Paks Nuclear
Power Plant Ltd, Paks, Hungary

kolloz42@gmail.com

Tritium in the environment has natural and artificial sour-
ces. The formers are the nuclear reactions in the upper tropo-
sphere and the lower stratosphere, the latter are the various
nuclear facilities (fission and fusion reactors, eTc.). In order to
investigate the two phenomena separately it is necessary to
know the effect of artificial tritium emitters to their surroun-
dings with respect to distance from the source. In the presented
study rainwater was collected around the nuclear power plant of
Paks, Hungary, by means of special rainwater collectors. The
sampling distances were 400 and 800 m from the centre of the
plant. The samples were analyzed for tritium with liquid scintil-
lation counting and some samples with the *He ingrowth
method. Results show that the trace of the tritium plume from
the plant is clearly detectable in the rainwater. However, the
maximum activity of the rainwater is only around 10 and
5 Bg/L at 400 and 800 m distances, respectively. A Gaussian
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plume model is fitted to the measured tritium and meteorologi-
cal data and shows that the influence of the plant on the tritium
in rainwater is completely negligible over some kilometers
distance.

REG.L03 (Id: 331)

POLONIUM (*'’Po), URANIUM (3*U, 2*¥U) AND
PLUTONIUM (**Pu, ***?*°pu) IN THE BIGGEST
POLISH RIVERS

DAGMARA STRUMINSKA-PARULSKA, BOGDAN SKWARZEC,
AGNIESZKA TUSZKOWSKA, ANNA JAHNZ-BIELAWSKA and
ALICJA BORYLO

University of Gdansk, Poland
strumyk@chem.univ.gda.pl

Radionuclides existing in the environment, both natural
and artificial, are accumulated in plants and animals and
transferred through the trophic chain. They are also transported
with river from their caTchments’ areas. The activities of polo-
nium 2'°Po, wranium (**U, ***U) and plutonium (**Puy,
239+240py) were measured in the biggest Polish rivers with tribu-
taries - the Vistula and the Oder - and 3 small Pomeranian
rivers. The Vistula unfiltered water samples were collected
from November 2002 to November 2003, the Oder and the
Pomeranian samples were collected from October 2003 to July
2004 and all were measured using the a spectrometer. The
highest quantity of *'°Po was transported from the Vistula
caTchments area to the Baltic Sea in spring and the lowest in
summer, while the Oder carries the highest amounts during
spring time. Annually the southern Baltic Sea is enriched in
94.5 GBq of *'°Po (73.7 GBq from the Vistula, 14.8 GBq from
the Oder and 6.0 GBq from the Pomeranian rivers). In the
study, the highest activities of uranium %0 and U in the
Vistula River samples was observed in spring, the lowest in
summer. The activity of uranium in the Oder was different in
all analyzed seasons, the lowest however in summer. In all
analyzed river samples uranium isotopes 2**U and ***U are not
in the radioactive equilibrium state and the values of 2*U/?*U
activity ratio lie between 1.03-1.84. Annually the southern
Baltic Sea is enriched in about 750 GBq of **U and ***U from
all analyzed rivers. According to the Vistula River the highest
quantity of plutonium ***Pu and *****°Py were transported to
Baltic See in spring and the lowest in summer. The highest
activities of plutonium **Pu and **°"**°Py in the Oder River
samples was observed in winter, the lowest in summer. Annual-
ly the Vistula River, the Oder River and the Pomeranian rivers
enrich the Baltic Sea in 22.2 MBq ***Pu and 137.6 2*"2**pu.

The authors would like to thank to the Ministry of Sciences and
Informatics for the financial support under grant DS/8460-4-
0176-10.
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EXPERIMENTAL STUDY AND MODELLING OF ¥'Cs
SORPTION BEHAVIOUR IN THE BALTIC SEA AND
THE CURONIAN LAGOON
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lic, “Institute of Geology and Geography, T. Sevcenkos 13,
Vilnius, LT-2600, Lithuania, Environmental Protection Agen-
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lujaniene@ar fi.lt

Sorption-desorption behaviour of Cs, Pu and Am in the
system was studied using data obtained from different sampling
campaigns in the Baltic Sea and the Curonian Lagoon in 1999-
2009 as well as from short- and long-term kinetic tracer expe-
riments using natural sea or river water and bottom sediments
collected in the Curonian Lagoon or the Baltic Sea. Sorption
experiments were carried out with particles of various sizes
from 0.2 to 50 um. Samples of suspended particles and bottom
sediments collected during these sampling campaigns were
fractionated according to the size. Association of '*'Cs with
solid phase was studied using sequential extraction. In addition,
the in situ distribution of '*’Cs between water and suspended
particles of various sizes was measured and expressed as K. Ky
values for suspended particles of > 0.2 um size ranged from
1000 to 5500 mL/g in the near shore zone of the Baltic Sea and
from 1400 to 20000 mL/g in the Curonian Lagoon. The part of
137Cs bound to 0.2-1 um particles changed from 10% in the
near shore waters to about 80% in the open sea. For all studied
radionuclides Cs, Pu and Am an increase in mass activities with
decrease of bottom sediment particle sizes was determined.
Data obtained from tracer kinetic sorption experiments with
134Cs and bottom sediment fractions of different grain size were
used for finding a suitable kinetic sorption model, kinetic con-
stants and the corresponding equilibrium Ky values. It has been
found that the modelled data best conform with the mechanism
of ion diffusion through the so-called inert layer on the surface
of the sediment particles. Kinetic sortion experiments with
Pu(V) and Pu(IV) at trace initial concentrations were performed
with the natural seawater and bottom sediments with the aim of
better understanding of plutonium behaviour in the Baltic Sea.
Solvent extraction techniques (using TTA, HDEHP, DBM and
PMBP) were employed to characterize the oxidation states of
the formed plutonium species in the liquid and solid phases.
Modelling is in progress.
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REG.L05 (Id: 11)
NATURAL RADIONUCLIDES IN SEDIMENTS AND
ROCKS FROM ADRIATIC SEA

MARKO STROK?, BORUT SMODIS* and BRANKO PETRINEC”

“Jozef Stefan Institute, Ljubljana, Slovenia, "Institute for Medi-
cal Research and Occupational Health, Zagreb, Croatia
marko.strok@ijs.si

During the International Scientific Cruise to Adriatic and
Ionian Seas organised by the International Atomic Energy
Agency (IAEA), sediment and rock samples were collected at
different locations. Sediments were sampled with grab corer at
six locations in the middle and south Adriatic Sea. Rocks were
collected on three islands (Palagruza, Brusnik, Jabuka) in the
Adriatic Sea. In the samples, natural radionuclides B8y, By,
22Th, 2°Th and *°Ra were determined. Samples were first
dried, crushed and homogenised. After that, radiochemical
separation procedures were applied. After radiochemical sepa-
ration, samples were measured by a spectrometry system
equipped with PIPS (passivated implanted planar silicon) detec-
tors. Activity concentrations of natural radionuclides in samples
ranged from 11.7 to 27.0 Bg/kg for **U, from 7.9 to
28.1 Bg/kg for 2**U, from 13.2 to 31.9 Bq/kg for ***Th, from
17.1 to 40.9 Bg/kg for 2*°Th and from 8.3 to 52.3 Bg/kg for
226Ra. In the presentation, the obtained values are discussed in
detail and compared with results of similar investigations
carried out elsewhere.

REG.L06 (Id: 345)

RECENT TRENDS IN RADIOMETRICS AND MASS
SPECTROMETRY TECHNOLOGIES - SYNERGY IN
ENVIRONMENTAL ANALYSES

PAVEL POVINEC

Comenius University, Bratislava, Slovakia
povinec@fmph.uniba.sk

The dominant development in the radiometrics techniques
has been the utilisation of large HPGe detectors in underground
laboratories with anti-cosmic or anti-Compton shielding for the
analysis of short and medium-lived radionuclides in the envi-
ronment. They have included applications of high efficiency
HPGe detectors (up to 200% relative efficiency to a 75 mm
diameter, 75 mm long Nal(Tl) detector), often operating at least
a few tens of metres underground, where the nucleonic compo-
nent of cosmic rays is reduced by several orders of magnitude.
In the mass spectrometry sector, applications of Inductively
Coupled Plasma Mass Spectrometry (ICPMS) and Accelerator
Mass Spectrometry (AMS) for the analysis of long-lived radio-
nuclides in the environment are the most important recent
achievements. These developments in both sectors did not only
considerably decrease the detection limits for several radio-
nuclides (up to several orders of magnitude), but they also
enable to decrease sample volumes so that sampling, e.g., of the
water column or sediments can be much easier and more ef-
fective. A comparison of radiometrics and mass spectrometry
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results for the analysis of radionuclides in the environment
shows a reasonable agreement - within quoted uncertainties, for
wide range of activities and different sample matrices analysed.
7¢Cs, *H, "C, "I and Pu isotopes water profiles recently
obtained for the Indian Ocean will be discussed in detail.

REG.L07 (Id: 270)
RADIONUCLIDES IN DRINKING WATER - AN
OVERVIEW: THE EU DIRECTIVE, ANALYSIS, THE
AUSTRIAN STANDARD, GEOGRAPHICAL
DISTRIBUTION, REMOVAL AND WASTE PROBLEMS

FRANZ SCHOENHOFER

BMLFUW (Bundesministerium fur Land- und Forstwirtschaft,
Umwelt und Wasserwirtschaft, Federal Ministry for land and
forestry, environment and water management) - retired, Vien-
na, Austria

franz.schoenhofer@chello.at

Drinking water is the most important food, therefore spe-
cial care has to be taken for its purity. The European Union has
issued a Directive on the Quality of Drinking Water, which also
contains a chapter on radionuclides. The details will be discus-
sed. With rare exceptions only Naturally Ocurring Radioactive
Material (NORM) is of importance for the dose from drinking
water. NORM usually cannot be determined by putting a sam-
ple on the Ge-detector. Radiochemistry is needed. New
methods have been introduced and the traditional measurement
of 2’Rn and *°Ra has been extended to other radionuclides like
28Ra, 2'%Po and *'°Pb. The Austrian standard on compliance
with the EU indicative dose will be presented and recommen-
ded to be used with country specific adaptions. In this context
the geographical distribution of radionuclide concentrations in
drinking water are of importance and examples will be given.
Finally the question of purification of water arises. The results
of a EU-project on removal of NORM (TENAWA) will be
presented as well as the logical question of (radioactive) waste
from the purification.

REG.LO08 (Id: 55)
NATURAL RADIONUCLIDE CONCENTRATIONS IN
AUSTRIAN MINERAL WATERS

GABRIELE WALLNER and TANIA JABBAR

Institut fiir Anorganische Chemie, Universitdit Wien, Vienna,
Austria
gabriele.wallner@univie.ac.at

As an EU country, Austria has to meet the European Com-
munity guideline concerning waters for consumption; here a
Total Indicative Dose of 0.10 mSv per year for all nuclides with
the exception of tritium, “°K, radon and radon progeny, is fixed.
In our investigation we measured the radium isotopes “’Ra and
2%8Ra, the uranium isotopes ***U and **U, as well as *'°Pb and
219po; although the latter two are radon daughters and therefore
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exempted from the guideline, they can contribute considerably to
the committed dose due to their higher dose conversion factors.
1-1.5 L samples of brands from all over Austria were collected
from different stores. Radium isotopes were separated by filtering
the acidified and degassed mineral water through a Ra extraction
disk containing an ion exchange resin '. Radium was eluted from
the filter with EDTA. The EDTA solution was mixed with a
scintillation cocktail and then counted with a low-level counter
(Quantulus 1220) using pulse-shape analysis. This procedure
collects also the 2'°Pb, which can be seen in the B-spectrum close
to the **Ra peak. 2'°Po was spontaneously deposited from the
remaining solution onto Cu planchets together with a ***Po tracer
and measured a-spectrometrically with a PIPS detector >. After
adding >*U as a spike uranium was separated by anionic exchan-
ge and also measured a-spectrometrically after microprecipitation
with neodymium fluoride . From our measured activity concent-
rations we will give an estimate of the radiological impact of
mineral water on consumers. Generally, the calculated annual
doses to the adult members of the public are far below the Total
Indicative Dose of 0.1 mSv per year.

This work was funded by the Bundesministerium fiir Gesundhe-
it, Familie und Jugend, Sektion III, GZ: BMGFJ-32234/0002-
111/B/5/2008.

References:

Schonhofer F., Wallner G.: Radioactivity and Radiochemistry
12,No.2,33 (2001).

WHO, World Health organisation: Methods of radiochemical
analysis, Genf 1966.

Hindman F. D.: Anal. Chem. 55, 2460 (1983).

REG.L09 (Id: 47)
RADIOLOGICAL CHARACTERIZATION OF
DRINKING AND MINERAL WATERS IN SLOVENIA

LJUDMILA BENEDIK and ZVONKA JERAN

Jozef Stefan Institute, Ljubljana, Slovenia
ljudmila.benedik@ijs.si

It is well known that water contains dissolved radionucli-
des from uranium and thorium decay chains. Their concentrati-
ons are variable and depend on the nature of the aquifer rock
types and the prevailing lithology. Quantitative information
about the activity concentrations of critical o emitting radio-
nuclides in the food and drink is important in the study of cu-
mulative radiation effects on human beings. Measurements of
their levels in drinking water are therefore important to estimate
the potential exposure of the public. Due to postulation that the
dose coefficient is always related to a specific radionuclide the
aim of our study was to determine the activity concentrations of
238U, 234U, 226Ra and ?'°Po in drinking and mineral waters from
different geological or lithological background areas all over
the country. For determination of investigated radionuclides
a-particle spectrometry was applied. On the basis of radio-
nuclide activity concentration the contribution of each particu-
lar radionuclide to internal radiation doses from drinking and
mineral water for different groups of people (children, adults)
was assessed.
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RADIATION AND ENVIRONMENTAL MONITORING
AT THE SITES FOR THE RW AND SNF TEMPORARY
STORAGE IN RUSSIA

NATALIYA SHANDALA?, MALGORZATA SNEVE®,

SERGEY KISELEV®, VLADIMIR SEREGIN®, ALEXEY TITOV®,
NATALIYA NOVIKOVA®, ELENA SHCHELKANOVA® and
ANATOLY LUKYANEC®

“Burnasyan Federal Medical Biophysical Centre, "Norwegian
Radiation Protection Authority, Oslo, Norway, ‘Burnasyan
Federal Medical Biophysical Center, Moscow, Rus-

sia, 4SevRAO Facility -1, Murmansk, Russia, °DalRAO Facility-
1, Fokino, Russia

shandala-fmbc@bk.ru

In the light of the operation life termination of the Navy
nuclear submarines and their technical service vessels, and
because of international obligations of the Russian Federation
to reduce armaments, the intensive decommissioning has star-
ted since the latter 1980-s. The decommissioning rate was
higher than these submarine dismantlement rate limited by the
available abilities of the industrial infrastructure. Therefore,
radioactive wastes were accumulated at the sites for the RW
and SNF temporary storage (STS), like a shot. From this per-
spective, ex-Navy shore technical bases located in Murmansk
region (Andreeva Bay and Gremikha village) and at the Pri-
morsk Territory (Sysoeva Inlet) are the subjects of the highest
attention. To gather full information on the current radiation
situation, independent in relation to the regulatory bodies, the
FMBC specialists carried out radiation and hygienic monito-
ring. It included dynamic observation both of the radiation-and-
hygienic situation parameters and doses to the public living
close to the radiation hazardous facilities - STS in Murmansk
region and Primorsk Territory. During the expedition travels,
samples of environmental media, local foodstuffs and drinking
water have been collected. Radiochemical analysis and
y-spectrometry methods were used in the sample examination.
The findings of radiation and environmental monitoring con-
firm considerable exceeding (in comparison with normal bac-
kground values) of man-made radionuclide contents in seawa-
ter, seaweeds, bottom sediments, vegetation and soil at local
parts of the coastal stripe of the STS health protection zone.
The radionuclide sorption examination in soil and ground water
permits to assume effective migration from the contaminated
areas via ground water and following radioactivity intake by the
marine media at the off-shore water area. Taking into account
further contamination of the STS area, observation of the radi-
ation situation dynamic change should be continued both under
regular operation mode and during the SNF and RW removal
operations.
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REG.L11 (Id: 266)
MODEL COMPOUNDS TO UNDERSTAND
BACTERIAL SURFACE FUNCTIONALITY

HEINO NITSCHE

University of Kalifornia, Berkeley, and LBNL (Lawrence Ber-
keley National Laboratory), United States
hnitsche@lbl.gov

Of the many factors that influence the transport of actini-
des in the environment, microorganisms remain among the least
understood and most difficult to study. Through a multitude of
interactions, bacteria can play a significant role in both the
environmental mobilization and immobilization of actinides.
This presentation will give an overview of the current status of
the field that will be illustrated with example from the literature
and with our studies to understand these interactions between a
bacterial surface and heavy metal complexation. We are study-
ing a class of single and multifunctional polyelectrolytes as
model systems such as propionic acid, 3,3,3-trifluoropropionic
acid, phosphoenol pyruvate (PEP), phosphonoacetic acid
(PAA), and 3-phosphonopropionic acid (PPA). PEP, PAA, and
PPA possess two bifunctional aliphatic organic ligands of
different chain lengths, containing each one carboxyl and one
phosphate functional group. We are reporting our complexation
study of Cm(III) and Eu(IIl) by time-resolved laser fluorescen-
ce spectroscopy (TRLFS) with these ligands. The interactions
between species of curium(IIl)/europium(Ill) and the various
model ligands were investigated as a function of ligand concen-
tration and pH. Thermodynamic stability constants and selected
density functional calculations describing the energetically
most likely complex configurations will be discussed.

REG.L12 (Id: 102)

COMPLEXATION OF U(VI) WITH NITROGEN AND
PHOSPHOROUS CONTAINING LIGANDS IN
AQUEOUS SOLUTION

BIANCA RADITZKY, KATJA SCHMEIDE, SUSANNE SACHS and
GERT BERNHARD

Forschungszentrum Dresden-Rossendorf, Institute of Radio-
chemitry, Dresden, Germany
b.raditzky@jzd.de

The long-term safety assessment of nuclear waste
disposals requires detailed knowledge of the transport and
interaction behavior of actinides within the technical, geotech-
nical and geological barriers. In the case of accidental release of
radionuclides into the surrounding environment, their migration
behavior can be effectively influenced by the ambient conditi-
ons like pH, temperature, ionic strength and especially the
presence of inorganic and organic complexing ligands, e.g.
bioligands like humic acids, amino acids or phospholipids. Due
to their high complexing capacity towards metal ions these
ligands may influence the mobility of actinides. We have stu-
died the U(VI) complexation with nitrogen and phosphorous
containing model ligands in order to simulate the functionalities
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of bioligands. The aim of this work is to determine the influen-
ce of various nitrogen and phosphorous containing functional
groups on the U(VI) complexation and to evaluate their contri-
bution in comparison to oxygen-containing functional groups.
As nitrogen-containing ligands we used the biologically impor-
tant substances anthranilic acid (AA) and nicotinic acid (NA).
Furthermore, phenylphosphonic acid (PPA) was used as aroma-
tic phosphorous-containing ligand. The complexation studies in
aqueous solution were performed as a function of pH using
time-resolved  laser-induced  fluorescence  spectroscopy
(TRLFS). All ligands show a complex formation with U(VI)
under the given experimental conditions ([U(VI)]=0.05 mM,
[ligand]=0 - 0.5mM, pH 2-4, 1=0.1 M, T=25 °C). The
binding of U(VI) by AA and NA takes place via the carboxylic
group of the ligands. It can be concluded that oxygen contai-
ning functional groups dominate the U(VI) complexation in the
investigated pH range. The nitrogen functionalities of the li-
gands play only a subordinate role. AA forms a 1:1 complex,
with a corresponding stability constant of
log By; =3.14+0.17 . The formation of 1:1 and 1:2 complexes
was detected for the  U(VI)-nicotinate system
(log B;;,=3.73 £0.30, log B8,, =7.46 £ 0.17 ') as well as for the
U(VI)-phenylphosphonate ~ system  (log ;; =3.58 +0.17,
log B, =6.81 £0.10). At high U(VI) concentrations (1 mM), a
precipitation of the formed complexes was observed for the
U(VI) complexation by AA and PPA. The precipitates were
analyzed with FT-IR spectroscopy and X-ray diffraction. To
study the influence of different functional groups on the com-
plexation of actinides in different oxidation states, comparable
complexation studies are performed with Am(III).

Reference:
1. Raditzky B., Schmeide K., Sachs S., Geipel G., Bernhard G.:
Polyhedron (2009), doi:10.1016/j.poly.2009.08.010.

REG.L13 (Id: 179)

MOLECULAR CHARACTERIZATION OF THE
SPECIATION OF URANIUM ASSOCIATED WITH THE
MARINE BACTERIUM IDIOMARINA LOIHIENSIS
MAH

FERNANDO MORCILLO DE AMUEDO", JOSE MARIA ARIAS
PENALVER?, MARIA RERESA GONZALEZ MURNOZ?,
CONCEPCION HERNANDEZb, THOMAS REITZ® and MOHAMED
LARBI MERROUN?

“Microbiology Department, University of Granada Spain,
bCentro de Instrumentacion Cientifica, University of Granada,
Spain, “Institute of Radiochemistry, Forschungszentrum Dre-
sden-Rossendorf, Dresden, Germany

morcillo@ugr.es

The present study describes the speciation of uranium as-
sociated with Idiomarina loihiensis MAHI1, a bacterial strain
with biomineralization potential abilities isolated from the
Alboran Sea in the west side of the Mediterranean Sea. The
interactions of uranium with this marine bacterium was stu-
died both in NaClO, solution as well as in sea water using a
multidisciplinary approach combining X-ray Absorption
Spectroscopy (XAS), Transmission Electron Microscopy
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(TEM), Energy Dispersive X-ray (EDX) analysis and Time-
Resolve Laser-Induced Fluorescence Spectroscopy (TRLFS).
The results indicated that the speciation of uranium associated
with the cells of the strain studied is highly dependent on the
speciation of the background electrolyte used (NaClO, soluti-
on and sea water). In NaClOy solution (at U concentration of
0.5 mM, pH 4.3), EXAFS spectroscopy analysis indicated that
the bacterial cells coordinated U through phosphate groups in
a monodentate fashion mode and carboxyl groups in a biden-
tate binding mode. TRLFS results corroborate the EXAFS
analysis showing the main implication of phosphate groups in
the coordination of U. The uranium bacterial complexes were
located within the extracellular polysaccharides (EPS), at the
cell wall and some accumulates were observed intracellularly
as was demonstrated by TEM analysis. However, in sea water
and at U concentration of 5x10™* M (environmentally relevant
concentration), TRLFS analysis indicated that the marine
bacterium precipitate this radionuclide as U carbonate mineral
phases. In addition, a part of the metal was coordinated to
phosphate groups. TEM analysis showed that the accumulated
U was located only at the cell surface as electro dense precipi-
tates. The results of this study will help to understand the role
of microbial process on the transport and mobility of radio-
nuclides in the Alboran Sea as it is the only connection be-
tween the Mediterranean Sea and the Atlantic Ocean, and
where the transportation of radioactive waste and the traffic
of nuclear submarines are very intense.

REG.L14 (Id: 13)
POLONIUM-210 AS A TRACER OF ENERGY
TRANSFER IN MARINE FOOD CHAINS

FERNANDO P. CARVALHO

Nuclear and Technological Institute, Lisboa, Portugal
carvalho@jitn.pt

Generally, in marine biota *'°Po concentrations are
higher in comparison with those in terrestrial organisms. As a
consequence, much attention has been paid to polonium-210
(*'°Po) and its precursor lead-210 (210Pb), the two radionucli-
des belonging to the natural uranium series. These radionucli-
des give a major contribution to the internal radiation dose
received by man mainly through ingestion of seafood. High
21%pg concentrations in internal organs of some crustacean,
molluscs, and fish motivated research on the potential biolo-
gical effects originated by high radiation doses that may be
experienced in some marine species. Analyses of 2'’Po and
219 were made in a plethora of marine species from plank-
ton to whales and from the sea shore organisms to those li-
ving in abyssal depths. Concentrations of those radionuclides
ranged from very low values, of about 0.5 Bq kg™ (wet wt.) in
jellyfish, to very high values of about 3x10* Bq kg™ (wet wt.)
in the gut walls of sardines, with the general pattern of
20po>21%pp 21%pg and *'°Pb in marine organisms are primari-
ly absorbed from water and concentrated in phyto- and
microplankton. Thereafter, these radionuclides are transferred
to plankton consumers (herbivores) and to other trophic levels
with ingested food, displaying higher yield of 2'°Po transfer
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than of 2'°Pb transfer along marine food chains. Investigation
of epipelagic, mesopelagic, bathypelagic and abyssobenthic
organisms revealed that 2'°Po is transferred in marine food
webs with transfer coefficients similar to those of energy
transfer. 2'’Po seems to represent the protein transfer in the
food chains.

REG.LI15 (Id: 32)

IMPACT OF U-MILL TAILINGS OF THE FORMER
URANIUM MINE AT ZIROVSKI VRH (SLOVENIA) ON
RADIONUCLIDE ACCUMULATION BY WETLAND
PLANTS

MARKO CERNE, BORUT SMODI$ and MARKO STROK

Jozef Stefan Institute, Ljubljana, Slovenia
marko.cerne@ijs.si

Transfer of radionuclides into the environment is a com-
mon phenomenon and due to its potential harmful effect it is
of particular scientific interest in the vicinity of uranium
mines. Radionuclides, especially uranium and thorium decay
products are discharged with U-mill tailings into the soil and
water and consequently into vegetation where they accumula-
te. Radionuclide soil-to-plant transfer was observed in many
studies. Uranium mine at Zirovski Vrh in Slovenia, which
operated from 1985-1990, processed about 600,000 tons of U-
ore. U-milling and mining tailings were deposited at the Borst
and Jazbec sites. Plants that grow in the vicinity of U-mill
tailings may accumulate radionuclides in their tissues and
thus represent a possible transfer of radionuclides into the
food chain. These are so called metal-accumulating plants that
developed metal resistance mechanism and may grow on
metal-contaminated or metalliferous soil. Plants, such us
marsh marigold (Caltha palustris), soft rush (Juncus effusus)
and common reed (Phragmites australis) are known as accu-
mulator plants, because they accumulate toxic metals in their
above-ground tissues. Other plants, especially grasses, may
also grow on metal contaminated soils but do not accumulate
metals. Preliminary results of radionuclide accumulation by
such plants growing in the contaminated area are presented. A
common reed that was grown on the uranium-mill tailings
accumulated 0.01 Bg/g d.w. and 0.002 Bg/g d.w. of uranium
in leaves and stems, respectively. In contribution, activity
concentrations of other nuclides from uranium and thorium
decay chains in other plants are also presented and discussed.
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REG.L16 (Id: 90)

THE SORPTION PROCESSES OF NP(V) AND U(VI)
ONTO METAL OXIDE PHASES. THE FORMATION OF
SORPTION COMPLEXES AND MECHANISTIC
ASPECTS STUDIED BY IN SITU ATR FT-IR
SPECTROSCOPY

HARALD FOERSTENDORF, KARSTEN HEIM and
KATHARINA MULLER

Forschungszentrum Dresden-Rossendorf, Institute of Radio-
chemistry, Dresden, Germany
Jfoersten@fzd.de

The migration behaviour of actinide ions in the geosphere
is generally influenced by sorption processes in aqueous media.
These processes occurring at solid/liquid interfaces can be
monitored by in situ Attenuated Total Reflection Fourier-
transform Infrared (ATR FT-IR) spectroscopy providing
structural information on a molecular level.! In this work, the
sorption of neptunium(V) onto metal oxides was investigated
for the first time by ATR FT-IR spectroscopy. From the Np(V)
sorption studies on the metal oxides, stable surface species of
NpO," are derived. The type of the sorbed species can be eluci-
dated by a spectral shift (~ 30 cm™) to lower wavenumbers of
the antisymmetric streTching vibration v3(NpO,") compared to
the aqueous species suggesting an inner-sphere complexation.
Outer-sphere complexation is found to play a minor role due to
the pH independence of the sorption species throughout the pH
range 4 - 7.6. The comparative spectroscopic experiments of
Np(V) sorption onto TiO,, SiO, and ZnO indicate structurally
similar bidentate surface complexes.? A detailed insight into the
molecular mechanisms occurring during the formation of terna-
ry actinide complexes at the solid/liquid interface is provided
upon formation of uranyl carbonato complexes on ferrihydrite
(Fh). The influence of the presence of atmospheric carbon
dioxide during the sorption processes of the actinide ions was
studied by sorption experiments which were carried out under
inert gas conditions and in an ambient atmosphere. From the
results, the formation of bidentate [FheeeUQ,*«O,CO] com-
plexes can be derived under mildly acid conditions which is in
agreement from recent EXAFS results obtained from baTch
samples.® Furthermore, experiments with '*C-labelled carbona-
te provide an unequivocal assignment of the spectral features
reflecting the structural alterations of the carbonate ions upon
sorption of uranyl cations onto Fh. From these assignments, the
formation of the ternary uranyl complexes can be described at a
molecular level.

References:

1. Lefevre G.: Adv. Colloid Interface Sci. 107, 109 (2004).
2. Miiller K. et al.: Environ. Sci. Technol., in press (2009).

3. Rossberg A. et al.: Environ. Sci. Technol. 43, 1400 (2009).
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URANIUM SORPTION ON VARIOUS FORMS OF TiO,.
INFLUENCE OF SURFACE AREA, SURFACE CHARGE
AND IMPURITIES

MARIE-CHRISTINE JOSICK COMARMOND?, TIMOTHY PAYNE?,
JENNIFER HARRISON?, SANGEETH THIRUVOTH® and
KATHARINA MULLER”

“ANSTO (Australian Nuclear Sci Technol Org), *Institute of
Radiochemistry, Forschungszentrum Dresden-Rossendorf,
Dresden, Germany

Jjosick.comarmond@ansto.gov.au

Titanium dioxide has properties that make it an excellent
substrate for experimental study and theoretical development of
adsorption models, including negligible solubility and a near
neutral point of zero charge . A number of different forms of
Ti-oxide have been used in experimental studies, including
hydrous Ti-oxide, anatase, rutile and various commercially
available samples that contain a mixture of anatase and rutile.
The aim of our work is to investigate uranium sorption pheno-
mena and the influence of surface area, surface charge and
impurities for a range of thoroughly characterised Ti-oxide
surfaces. We have undertaken uranium(VI) sorption studies on
a number of commercially available Ti oxides, some of which
were aggressively pre-treated to remove inherent impurities.
Characterisations performed on the various Ti-oxides compri-
sed a range of chemical and physical methods including XRD,
XRF, ATR FT-IR, chemical assays, BET determinations, and
electroacoustic measurements. The sorption of U on these Ti
oxides was studied by a baTch sorption method and the effect
of pH, ionic strength, mass loading, and U concentration on
uranium sorption was also investigated for several of these Ti-
oxides. We found that the sorption of uranium (VI) on these Ti-
oxides was extremely strong and much greater than many other
common environmental sorbents on a surface area basis. Ag-
gressive pre-treatment of one Ti-oxide significantly altered its
isoelectric point, but did not appear to significantly impact its
sorption behaviour. Differences in sorption behaviour between
the various Ti-oxides were related to the surface area of these
materials. The data provide insights into the effect of different
source materials and surface properties on radionuclide sorpti-
on, and will be useful in assessing data obtained in diverse
experimental studies involving Ti oxides.

Reference:
Kosmulski, M.: Adv. Colloid Interface Sci. 99, 255 (2002).
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REG.L18 (Id: 28)
TRANSPORT OF T, ¥7Cs* AND #Sr** IN
GRANITOIDIC ROCKS AND SOIL

STEFAN PALAGYI® and KAREL STAMBERG”

“Nuclear Research Institute Re? ple, bCzech Technical Univer-
sity
pas@ujv.cz

Transport of '®I' 'Cs" and *Sr*" radionuclides in
crushed granitoidic rocks and homogenized soil was studied.
Two simple methods for calculation of transport parameters of
these radionuclides in flow column experiments with
groundwater (GW) as transport medium have been described.
The first method is based on the assumption of a reversible
linear sorption of reactive solutes (radionuclides) on solid phase
(with constant distribution, Ky, and retardation, R.y,, coeffici-
ents), whereas the second one is based on the assumption of a
reversible non-linear sorption (characterized with non-linear
sorption isotherm, i.e. with non-constant K4 and R.,). Both
methods use the experimental breakthrough curves (BTCs),
which are constructed using the measured activities at the outlet
from the column. The BTCs are fitted with the integrated form
of the simple 1-D advection-dispersion equation (ADE) expres-
sed analytically for pulse application of radiotracer to the liquid
phase (GW) before entering into columns. In case of the first
method, the integrated form of ADE is modified by two cor-
rection coefficients, namely, the peak position and peak height
coefficients by means of which the very good agreement be-
tween experimental and calculated data is usually obtained. The
second method is more sophisticated because not only the
calculation of the values of retardation coefficients changing
during transport is needed, but also the Freundlich equation
parameters of non-linear isotherm have to be sought. Both
methods were tested in the evaluation of the transport parame-
ters of a given radionuclides in beds of diorite, gabbro, granite
and tonalite granitoides and clayey loamy sandy soils. The
results of two different approaches have been compared.

REG.L19 (Id: 62)

SORPTION BEHAVIOUR OF CONTAMINANTS IN
SOILS: PH AND HUMIC ACID EFFECTS ON
SORPTION OF ON CEC OF CLAY SOILS AND
MINERALS, AND THE MOBILITY OF Cd, Cs, Ni AND
Sr

OLANREWAJU ANJOLAIYA

Loughborough University, United Kingdom
cmola2@lboro.ac.uk

The aim of this study is to use predictive modelling to un-
derstand and calculate the sorption behaviour of radionuclide
contaminants in complex environments such as clay-based
soils. The effects of natural organic matter (NOM) on the cation
exchange capacities (CEC) of different characterised clay soils
(St Bees and Mercia Mudstones, Boom clay and London clay)
and their constituent clay minerals will be determined by "do-
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ping" the samples with varying amounts of purified humic acid
(not exceeding 15%) and measuring the changes in CEC. This
will be followed by an assessment of how NOM affects the
mobility of radionuclides (‘“Cd, '*’Cs, **Ni and *Sr) through
the materials using column and baTch techniques. The experi-
ments will be repeated with each of the constituent clay mine-
rals (montmorillonite, kaolinite, illite, chlorite and bentonite)
present in the soils using baTch techniques, and the results
obtained used to improve the understanding of the separate
effects of each mineral on the overall sorption behaviour of the
soils. This will lead to testing to determine if the additivity
principle holds for these systems. Radiometric techniques and
inductively coupled plasma optical emission spectroscopy
(ICP-OES) will be employed in the quantification of radio-
nuclide speciation between the phases, and the samples will be
characterised by SEM and XRD with the assistance of BGS.

REG.L20 (Id: 98)
VERTICAL AND HORIZONTAL DISTRIBUTION OF
137Cs IN ZONE OF CHERNOBYL CONTAMINATION IN
RUSSIA

OLGA ZHUKOVA

Institute of Global Climate and Ecology, Moscow, Russia
geosynclinal@rambler.ru

Peculiarity of vertical migration of '*’Cs was investigated
in zones of Chernobyl contamination (Bryanskaya, Orlovskaya,
Tulskaya and Kaluzhskaya districts). Vertical distribution of
37Cs on inviolate localities characterized by minimum pene-
tration of the peak of maximal concentration into the depth of
about 2-4 cm in dependence of type of soil and intensity of
processes of bioturbation. Practically all quantity of *’Cs in
inviolate soils is accumulated in the top-most 0-15 cm. The
waterlogged soils as well as acidic soils of the pine forests are
exclusion of this rule, where '*’Cs may migrate into bigger
depth. For example, the sandy soils without feature of podzolic
processes contain 97% of the radionuclide in the first 5 cm. In
dernovo-podzols the first 5 cm contain only about 60% of '*’Cs
and a second peak of vertical distribution of *’Cs was obser-
ved, related with accumulation of radionuclide in the illuvial
horizont. Vertical distribution of '*’Cs in arable soils and adja-
cent slopes of dry valleys is formed greatly by processes of
erosion and accumulation. Alternation zones of previous erosi-
on and accumulation inside of the arable slope have been ob-
served. On the flood areas of small rivers accumulation of the
radionuclide is discovered on the billow near the river-channel,
peak of vertical distribution of *’Cs is in the depth of 5-10 cm.
In marshy soils a decrease of "*’Cs in 0-25 cm depth relatively
of soils of higher geomorphological positions is usually obser-
ved, probably because of the penetration of the radionuclide
into a greater depth. But, under periodically wet conditions of
flood area depressions it can form local spots of contamination
5 times higher than in soils of adjacent dry hills.
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REG.L21 (Id: 347)

MIGRATION ABILITY OF PLUTONIUM AND
AMERICIUM IN THE SOILS OF POLESSIE STATE
RADIATION-ECOLOGICAL RESERVE

SVETLANA OVSIANNIKOVA®, MARINA PAPENIA®,
KATSIARYNA VOINIKAVA?, JUSTIN BROWN”,
LINDIS SKIPPERUD, GALINA SOKOLIK" and
SERGEY SVIRSCHEVSKY"

“Belarusian State University, Minsk, Republic of Belarus,
bNorwegian Radiation Protection, Norway, “Norwegian Uni-
versity of Life Science, Norway

sokolikga@mail.ru

One of the most important factors determining the radio-
ecological situation in the terrestrial ecosystems is the radio-
nuclide species in a soil medium. Radionuclide forms deter-
mine the processes of their entrance into the soil solutions,
redistribution in soils, migration to the surface, ground and
underground waters and spreading outside of the contamina-
ted area. The present work is devoted to investigation of
physicochemical forms and migration ability of plutonium
and americium in soils of Polessie State Radiation-Ecological
Reserve (PSRER), where located the main part of a-emitting
radionuclides of Chernobyl origin. The objects of investigati-
on were mineral and organic soils sampled in 2008 with the
step of 5 cm to the depth of 25-30 cm. The forms of plutoni-
um and americium distinguishing by association with the
different components of soil and by potential for migration in
the soil medium were studied using the method of sequential
selective extraction according the modified Tessier scheme.
Activities of Z*Pu, 2*****Py and *'Am in the samples were
determined by the method of radiochemical analysis with
a-spectrometer radionuclide identification. A vertical radio-
nuclide distribution in soils and the total radionuclide reserves
in the soil profiles were established. Intensities of vertical
radionuclides’ migration in the soils were estimated. It was
shown that the main part of plutonium and americium is in the
0-20 cm soil layer, more often in 0-10 cm layer. Location of
the radionuclide weighted mean quantity in the soils is at the
depth of 3-15 cm from the soil surface. The average rate of
vertical radionuclide migration of this quantity varies from
0.15 to 0.7 cm y™' and is practically the same for plutonium
and americium. The main part of plutonium and americium in
soils is in immobile forms. Radionuclide portions in water
soluble and reversibly bound forms do not exceed 9.4 % of
radionuclide content in the soil. In mineral soil samples, the
radionuclide portion in these fractions exceeds the correspon-
ding portion in organic ones. In both mineral and organic
soils, the portion of mobile americium is higher than plutoni-
um. The portion of biological available forms of plutonium
and americium is 2.7-29 % of total radionuclide content in the
soils. The higher portion of biological available forms is
characteristic for mineral soil (14-29 %) as compared with
that in organic one (2.7-18 %). The reserves of mobile and
biologically available radionuclide forms increase with the
depth of soils. The increase of radionuclide portions in mobile
and biologically available forms promotes the radionuclide
entrance into the soil solution and enhancing the intensity of
migration processes in the soil-plant system. The main control
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factors of radionuclide migration in soils under consideration
are water regime and presence of radionuclide in composition
of fuel particles. These factors could be more affective than
radionuclide solubility in the soil waters because of some part
of radionuclide transfer with the particles.

The work was fulfilled in the frame of ESP.EAP.SFPP 983057
Project (“Science for Peace” NATO Programme).
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REG.P01 (Id: 8)

TRANSLOCATION OF RADIOACTIVITY FROM
SUBSTRATE TO MACROMYCETES IN SOME MINING
AREAS

CATALIN TANASE®, KARIN POPAb, CIPRIAN BIRSAN?,
ADRIAN OPREA® and AUREL Pur’

““ALI Cuza University”, Department of Biology, 204 - Carol I
Blvd., 700505 - Iasi, Romania, b“qlI Cuza University”, De-
partment of Chemistry, 11 - Carol I Blvd., 700506 - lasi, Ro-
mania

tanase@uaic.ro

The present study follows the extent of translocation of ra-
dioactivity from substrates of uranium and sulphur mining
areas to the macromycetes spontaneously occurred during
2008-2009. To this purpose, radioactivity (gross a-+p, *Ra and
137Cs) of both macromycetes and their substrates was measured.
The results obtained were confirmed by FT-IR spectroscopy,
evidencing the presence of characteristic bands at about of
910 cm™, corresponding to the asymmetric streTching vibration
of the uranyl unit and to the interaction between the UO,*" ions
and the group belonging to various cellular components.

REG.P02 (Id: 14)
RADIOACTIVITY IN SOILS AND HORTICULTURE
PRODUCTS NEAR OLD URANIUM MINING AND
MILLING SITES

FERNANDO P. CARVALHO and JOAO M. OLIVEIRA

Nuclear and Technological Institute, Sacavém, Portugal
carvalho@itn.pt

Uranium in Portugal was mined mainly in small mines in
the Centre-North of the country and lasted for most of the 20th
century. Uranium production was discontinued in 2001, but
most of the former mining and milling sites were not remedia-
ted yet and mining and milling waste heaps remain in surface
exposed to weathering. In villages near old uranium mines,
soils are used for horticulture production and to provide pasture
for livestock grazing. Soil samples as well as agriculture pro-
ducts from the areas around former uranium mines were analy-
zed for o emitting radionuclides. Samples from other areas far
from uranium mining sites were also included in the survey as
reference sites. Results of uranium series radionuclides showed
that soils of regions with different geology may contain very
different baseline radionuclide concentrations. Soils near urani-
um mining waste piles in several cases displayed enhanced
radionuclide concentrations resulting from soil contamination
by mining waste. Concentrations of radionuclides in soils and
vegetables of reference areas displayed values similar to those
near uranium mining sites in the same geological province,
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indicating that enhancement of radionuclides in the terrestrial
food chain, with the exception of **Ra, is generally not high.
Concentrations in soils and horticulture products of these ura-
nium areas in the uranium producing region were generally two
orders of magnitude higher than baseline concentrations measu-
red in soils and vegetables in a sedimentary region of the South
of Portugal.

REG.P03 (Id: 21)
METHODS AND RESULTS OF THE MAIN NEGATIVE
FACTORS OF KOSHKAR-ATA TAILING POND WITH
IMPACTS ON ENVIRONMENT

ALIYA NURMUKHANBETOVA®, KAIRAT KUTERBEKOVb,
SERGEI LUKASHENKO®, VIKTOR GLUSHENKO®,
VIKTOR MORENKO" and SHARBAT MAKENBAEVA"

“Institute of Nuclear Physics, Almaty, Kazakhstan, °L.N. Gumi-
lyov Eurasian National University, Astana, Kazakhstan, ‘Nati-
onal Nuclear Center, Almaty, Kazakhstan
nurmukhanbetova@mail.ru

Ecological situation of Mangystau oblast (Kazakhstan)
started aggravating in 1990s with exploitation of uranium ore,
oils, mineral raw materials and building of chemical industry in
Mangyshlak without paying due attention to environmental
issues. According to available data the worsening is connected
to number of ecologically unfavorable problems. The
KOSHKAR-ATA tailing pond, representing the drain-free
settling pool for industrial, toxic, chemical and radioactive
wastes, as well as for ordinary domestic drains, is 5 km north-
ward to Aktau (Mangystau oblast), which is situated on the
shore of the Caspian sea. Industrial, toxic and radioactive was-
te, solid sediments of unpurified ordinary domestic drains from
a part of the Aktau dwelling region have been drained into the
tailing pond since 1965 and have been stored there up to now.
Thus, continuous and long-term contamination of the lands
around the KOSHKAR-ATA tailing pond and their vegetation
unambiguously forces to consider regional ecological situation
as critical. That is why it is very important to take immediate
measures in order to reduce sequences, eliminate the reasons
and sources of contamination and restore natural characteristics
of the environment. Field investigations are performed in the
scope that assures detailed radiometric surveying of the shore
zone of the KOSHKAR-ATA tailing pond and its coast. The
field investigations included: mapping of current outline of the
coast-line/water edge of the toxic waste storage; footpath
y-surveying of the shore exposed surface (EDR was measured
in 150 points) and mapping of the y-field distribution; assess-
ment of the volume activity for radon over the shore exposed
surface of the tailing pond; detailed y-surveying in the vicinity
of surface burial of radioactive waste (RW); monitoring of
aerosols at 10 stations; species identification and taking of
samples of vegetation at the waste storage in places where soil
fill had been previously performed; estimation of the radio-
nuclide accumulation rate by vegetation and their further wind
transfer. Analysis showed that there is an increased content of

s181



Chem. Listy 704, s182-s262 (2010)

radionuclides as thorium-234, radium-226, lead-214, bismuth-
214, lead-210, uranium-235, thorium-227 in bottom sediment
samples. Presence of various forms was studied for isotopes of
thorium, radium, 2'°Pb, 2*8U. Lead-210 is considered as one of
the most biologically hazardous natural radionuclides, even
more radio-toxic than *°Sr. Considerable part of *'°Pb (up to
53%) is associated with acid-soluble form what demonstrated
its high migration abilities. Mobility series for '°Pb (in %) is as
follows: acid-soluble forms (40.2%) > exchange forms (11.7%)
> water soluble forms (0.4%). Analysis of obtained results
shows that there are higher contents of lead-210 in samples
taken within the sectors; this is particularly so for the sector
“Caspii.”

REG.P04 (Id: 29)

DETERMINATION OF CATION EXCHANGE
CAPACITY OF FUCOIDIC SANDS FOR Cs* AND Sr**
UNDER DYNAMIC COLUMN CONDITIONS

STEFAN PALAGYI, PAVEL FRANTA and HANA VODICKOVA

Nuclear Research Institute Re? plc, Czech Republic
pas@ujv.cz

In the framework of the development of remediation sce-
nario of underground areas affected by chemical mining of
uranium in the locality of Straz pod Ralskem a complex geo-
chemical and transport model is proposed, which comprises
interaction of rocks and groundwater affected by acid leaching.
The chemical remediation processes also require the knowledge
of the properties of the affected rocks. One of the important
rock constituents are fucoidic sands constituting significant part
of the cenoman aquifer. Therefore, it is of great importance to
determine, among others, their cationic exchange capacity
(CEC) toward univalent and divalent cations. In this paper
results on the study of sorption and desorption behavior of Cs*
and Sr** on column of fucoidic sands under dynamic flow
conditions are presented and their CEC for these two cations
are determined. The determination of CEC is based on the
construction of respective breakthrough curves using '*’Cs and
88r radionuclides as isotopic indicators in laboratory experi-
ments. The samples were taken from several parts of the bore
hole in the area of interest. Undisturbed cores of 5 cm in diame-
ter and 10 cm long were put in the glass columns and the cores
were perfectly tightened using acrylate resin. For the study of
sorption/desorption cycle the so-called background groundwa-
ter was applied. The concentration of 10" mol/dm® of Cs* and
Sr** in liquid phase individually was established using neutral
salts of CsNO; and Sr(NOs),, resp. The groundwater was intro-
duced at the bottom of the columns by a multi-head peristaltic
pump at about 4 cm*/h of a constant flow-rate. The results show
that the CEC capacity of the investigated fucoidic sands for
7Cs and ¥Sr is 0.1-1.5 pmol/100g and 0.05-0.5 pmol/100g,
respectively, in dependence on the evaluation of corresponding
breakthrough curves. Some differences in the behavior of the
cores during the experiments have also been explained.

RadChem 2010

REG.P05 (Id: 36)
ORIGIN OF '”I IN THE ENVIRONMENT OF
SLOVENIA

ANDREJ OSTERC and VEKOSLAVA STIBILJ

Institute Jozef Stefan, Ljubljana, Slovenia
andrej.osterc@jjs.si

12I is considered as a global pollutant and its role as a glo-
bal tracer to follow the dissemination of radionuclides from a
source point such as nuclear fuel reprocessing plants increases.
The natural '?I/'®' isotopic ratio of the order of 1072 was
significantly influenced by releases of anthropogenic '*’I to the
environment. The ratio of '*I/'’I in the marine environment
has increased to 10! - 1071°, and in the terrestrial environment
to 10 - 107, even 10°® in the vicinity of nuclear fuel reproces-
sing plants. Anthropogenic '*’I predominates in the biosphere,
soil and in upper layers of the oceans, therefore it can be expec-
ted that the isotopic ratio '*’I/'*'I is increasing in these com-
partments of the ecosystem. At the Josef Stefan Institute we
have developed a radiochemical neutron activation analysis
method (RNAA) for the determination of '*°I in environmental
samples and the detection limit of the method is 5x10™* g '®I/g
of solid sample. The developed method was used to trace I in
the environment of Slovenia. From marine environment seawa-
ter, alga, thorny oyster and sediment samples were analyzed
and from terrestrial environment precipitation, soil and pine
needles. The results found were in the range from 7.2 to
120.8 x 107 Bg/kg for precipitation, up to 75 x 10 Bg/kg for
soil, from 0.1 to 2.12 x 10™ Bg/kg for seawater, from 7 to 62 x
10" Bg/kg for thorny oyster and from 17 to 73 x 10™* Bg/kg for
brown alga Fucus virsoides (Donati) J. Agardh., which is en-
demic to the Adriatic Sea. The content of '*’I in marine sedi-
ment and pine needles samples analyzed till now was below the
detection limit of the method. The data of this study represent a
survey of '®I in the environment of Slovenia. The most likely
source of '®I are nuclear fuel reprocessing plants in La Hague
and Sellafield, which are known to be the major sources of "I
in the environment of North Europe. I is transferred to the
atmosphere and washed out to the marine and terrestrial envi-
ronment of Slovenia by precipitation, so it is of atmospheric-
precipitation origin.
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REG.P06 (Id: 37)
BACKGROUND LEVEL OF RADIOACTIVE ISOTOPES
AROUND A L/ILW DISPOSAL FACILITY BEFORE IT
STARTED OPERATION AT BATAAPATI, HUNGARY

ROBERT JANOVICS®, ARPAD BIHARI®, ZOLTAN MAJOR?,
MIHALY MOLNAR?, LASZLO PALCSU?, LASZLO PAPP?,
MIHALY VERES”, ISTVAN BARNABAS® and ZOLTAN LASZLO

“Institute of Nuclear Research of the HAS, Debrecen, Hunga-
1y, PIsotoptech Co. Ltd., Debrecen, Hungary, “Public Agency for
Radioactive Waste Management, Paks, Hungary
Jjanovics@atomki.hu

The new Hungarian National Radioactive Waste Disposal
Facility was established in the granite of the Moragy Block
Mountains to store low and intermediate level radioactive waste
(L/ILW) originating from the Paks Nuclear Power Plant. The safe
operation of the radioactive waste disposal facilities requires a
long-term environmental monitoring to gain information about
the radiation properties of the site together with the radiation
exposure of the personnel and the environmental media. Before
the start of the operation of the facility the environmental charac-
teristics of the site and its vicinity, i.e. the so-called zero level
was determined. The determination of the zero level of the
nuclear facilities is inevitable as the evaluation of the measure-
ment data in the course of the operation should be related mainly
to this zero level. In the course of the measurements the monito-
ring of the environmental elements, i.e. air, soil, water (springs,
streams, precipitation), fall-out, wash-out, plant and animal sam-
ples, was performed from several points of view. From the sam-
ples collected radiocarbon, tritium, strontium-90, y emitters, gross
o, gross B and field y measurements were carried out. The results
are obtained before of the operation of the facility, they can
approximately be considered as the Hungarian background data.

REG.P07 (Id: 38)

TESTING AUTOMATIC GROUNDWATER SAMPLING
UNIT BY THE ISOTOPE ANALYTICAL AND
DISSOLVED ION TESTS

ROBERT JANOVICS®, ARPAD BIHARI", MIHALY MOLNAR?,
ZSOLT STEFANKAb, MIHALY VERES®, MIHALY BrauN’ and
ISTVAN SOMOGYI®

“Institute of Nuclear Research of the HAS, Debrecen, Hunga-
1y, PInstitute of Isotopes, Budapest, Hungary, “Isotoptech Co.
Ltd., Debrecen, Hungary, “University of Debrecen, Hunga-
ry, ‘lontech Ltd, Litér, Hungary

Janovics@atomki.hu

Automatic water sampling unit was developed in Herteleni
Laboratory of Environmental Studies of MTA ATOMKI for
monitoring the radioactive emission from nuclear facilities into
the groundwater. The efficiency of existing and renewed geomet-
ry units and the reproducibility of survey data have been exami-
ned in the course of this work. A testing method was developed
for this purpose, and ion binding efficiencies of ion exchange
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resins were analysed for different ion concentrations. These
efficiencies have to be taken into consideration when we estimate
the amount of the contamination transferred into the groundwater
on the basis of the proportion of ions gained back from the resin.
The model tests were executed under controlled laboratory cir-
cumstances. These circumstances were tried to be formed into
facts true to nature. It has been found during the chain of tests
that the sampling unit is suitable for well reproducible sampling.
It can be stated that all tested geometrical lay-outs are usable and
work with proper efficiency in small/low range of concentration
as well. Taking the different efficiencies into consideration the
activities can be corrected for every element if necessary. A
correcting factor should be introduced during the *C anion ex-
changing sampling because samples taken by exchanging have
systematically lower radiocarbon content than the actual one. We
are working on continuing the tests. The y activity measurement
of existing gained back cation samples and giving the exact value
of "C correction can give more reliable picture and direction to
developing existing and possibly new systems.

REG.P08 (Id: 50)
RADIOCESIUM ACTIVITY CONCENTRATION
MEASUREMENTS IN GAME MEAT AS A TOOL FOR
MONITORING RADIOACTIVE CONTAMINATION IN
WILDLIFE AND ENSURING RADIOLOGICAL SAFETY
FOR CONSUMERS

JAROSEAW RACHUBIK and ANDRZEJ GROSICKI

National Veterinary Research Institute, Department of Radiobio-
logy, Pulawy, Poland
rachubik@piwet.pulawy.pl

An increased level of cesium radioisotopes was noted in
many foodstuffs after the Chernobyl disaster. The radiocesium
activity concentrations may remain high in products such as
game meat, wild mushrooms, and forest berries. Therefore, an
official monitoring of radiocesium in game meat was established
by Polish Veterinary Inspection. Generally, consumption of game
meat in Poland is low. However, in hunters’ families this sort of
food can contribute a large portion of meat to a diet. Moreover,
some quantities of Polish game meat are exported to many coun-
tries. Meat samples of wild boar, red deer, and roe deer were
taken at game processing facilities by veterinary inspection offi-
cers and then transported to laboratories for analyses. Radiocesi-
um activity concentrations were determined by y-ray spectromet-
ry using scintillation (Nal(T1)) detectors. The **Cs activity con-
centrations were negligible (below MDA) in all the samples
analysed. Generally, the "’Cs activity concentrations varied
between and among the animal species even in the same region
ranged from MDA values to some hundreds Bg/kg. The effective
dose, which general population in Poland received from consu-
ming game meat, may be considered very low with the exception
of hunters’ families. Assuming the mean annual game con-
sumption of 20 kg in hunters’ families and the mean effective
dose of 0.23 uSv per kg (two year studies), an individual in the
most exposed group may receive the effective dose of 4.6 uSv. In
conclusion, consumption of local game meat is safe in terms of
contamination with radiocesium and radiological protection.
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REG.P09 (Id: 65)
DETERMINATION OF STRONTIUM-90 IN
FOODSTUFF

I. LOPES, M. J. MADRUGA, A. MOURATO and J. ABRANTES

Nuclear and Technological Institute/ Radiological Protection
and Safety Unit, Sacavém, Portugal

ilopes@itn.pt

The Nuclear and Technological Institute (ITN) has the le-
gal responsibility to carry out the environmental radiological
monitoring at a national level. This survey was planned to
provide relevant information on radioactivity levels in different
components of the ecosystem (atmosphere, aquatic and ter-
restrial environments). As concerns the terrestrial environment
the strontium-90 (°°Sr) concentrations in food samples have
been determined by analyzing milk, complete meals, meat and
vegetables. Strontium-90 (*°Sr) is a radioactive isotope of
strontium, with a long half life (28.8 years) that could be taken
by man through food chain transfer due to its biochemical
similarity with calcium. A method based on the separation of
“Sr by extraction chromatography and B determination by
Liquid Scintillation Counting technique was used for strontium
analysis in food samples. The trials were carried out using 7g of
ash samples, and then dissolved in concentrated nitric acid.
Following additional precipitation steps the sample is loaded
onto a column with 3 grams of commercial Sr-resin. This resin
is specific to Sr ions and enables a rapid and simple separation
of strontium from calcium, potassium and many other elements.
The column is rinsed with 8M HNO; and 3M HNOj; and after
this two washing steps, the strontium retained in the column is
stripped at the end with 0.05SM HNOs. The strontium solution
eluted is collected in a beaker and the chemical yield was de-
termined by gravimetric method. The strontium precipitate is
dissolved in 8 mL of 0.1M HCI and added to 12 mL of the
Ultima Gold LLT scintillation cocktail. The *°Sr activity was
determined after *°Y ingrowths in the channel region 250-
800 keV using a counting time of 120 minutes. Validation trials
to evaluate the accuracy and the precision of the method were
performed using *’Sr spiked samples. The method has been
applied to the **Sr determination of complete meals, meat and
vegetables. Results of validation trials and food analysis will be
presented and discussed in this paper.

REG.P10 (Id: 68)
AGE DATING OF THE HOT SPRING WATERS IN
KOREA USING NATURAL RADIONUCLIDES

YooN YEOL YOON, KiL YONG LEE, SEUNG GU LEE, TONG
KWEON KiM and TAE JONG LEE

Korea Institute of Geoscience and Mineral Resources, Daejeon,
Republic of Korea
yyyoon@kigam.re.kr

The use of radioactive isotopes as a groundwater-dating
tool plays an important role in assessing the dynamics of
groundwater systems, essential for the characterization of water
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resources and planning its exploitation. In hydrogeological
studies the application of radioisotopes with a short half-life
(below 100 year) is limited in dating old groundwater.
However, they can be extremely helpful in solving another type
of questions such as the identification of mixing between old
and young groundwater systems. Within the environmental
radioisotopes, H cannot be detected in waters more than ap-
proximately 50-60 years old due to the short half-life
(t12 = 12.32 year). Among the radioactive isotopes with a half-
life greater than 1 ka, "C (t;,, = 5730 year) represents the most
important tool in groundwater dating. This radioisotope is
present in the atmosphere, soil, aquifer matrix, eTc. Using these
two radioisotopes, the age of the hot spring waters in Korea
were estimated. Also some other natural radioisotopes, Ra and
U, were analyzed to know the characteristics of the hot spring
waters. Most hot spring waters are found in granite region in
Korea and the Mesozoic granites at the southern part in the
Korean Peninsula are divided into two groups, Jurassic Daebo-
granite and Cretaceous Bulguksa granite. High temperature hot
springs with more than 40 °C occur in the above granite areas.
Therefore, fifteen hot spring waters were collected and the
contents of 3H, YC and other radionuclides were determined.
Tritium concentrations in hot spring waters were very low,
therefore, they were concentrated using the Ni-Ni electrolytic
enrichment method. They were analyzed using low background
liquid scintillation counter. Dissolved carbonate was precipita-
ted with BaNO; to BaCO; form and it reacted with phosphoric
acid to produce CO,. Finally, CO, was converted to graphite.
After then, it was analyzed using AMS. In most hot spring
samples tritium could not be detected and its concentrations
ranged <0.5-131 TU. And 'C contents ranged
2.62-94.13 pMC(%). From the *H and '*C analysis, we found
that some hot springs are mixed with recent groundwater and
that hot spring water aged from 490 years to 33680 years.

REG.P11 (Id: 79)
USE OF SELECTED CHELATING AGENTS TO
MOBILIZE RADIOCESIUM FROM THE BODY

ANDRZEJ GROSICKI and JAROSEAW RACHUBIK

National Veterinary Research Institute, Department of Radio-
biology, Pulawy, Poland
grosicki@piwet.pulawy.pl

Examinations were carried out to compare the effects of
Prussian Blue (PB), Ca-gluconate, and Na-citrate on removal of
radiocesium from male Wistar rats. The animals were randomly
divided into 5 groups of 10 animals each. Radiocesium was
administered by intragastric intubation to all tested rats for 5
consecutive days with a daily dose of 20 kBq. Animals in group
1 (the controls) were administered only cesium-137 chloride
whereas animals in groups 2 to 5 were subjected to the same
radiocesium schedule as rats in group 1 and then treated as
follows: groups 2 and 3 were given PB by gastric intubation at
a dose of 20 mg in 0.5 mL of distilled water 1 hr or 1 hr and
5 hr, respectively, after cesium-137 contamination whereas rats
in group 4 after each PB treatment were subsequently injected
ip for 5 consecutive days with a daily dose of 20 mg of sodium
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citrate and calcium gluconate in 0.5 mL of distilled water. Rats
in group 5 were treated similarly to rats in group 4 but without
PB administration. Animals were killed 6 days after termination
of the experimental protocol. The whole-body retention of
cesium-137 was measured in a well type scintillation counter.
Mean values were compared by Student's t-test. Prussian Blue,
Ca-gluconate and Na-citrate failed to produce any unfavourable
effects on body weight gains and organ to body ratios of the
liver, kidneys, heart, and testes in all rats tested. Control rats
retained 71.2% of administered radiocesium in the whole-body.
Fivefold and tenfold administration of PB or fivefold treatment
with PB plus 5 injections of Na-citrate and Ca-gluconate decre-
ased significantly the whole-body retention of radiocesium to
49.7%, 38.4%, and 43.2%, respectively. On the other hand,
fivefold treatment with Na-citrate and Ca-gluconate (witout PB
treatment) failed to decrease radiocesium retention in compari-
son to that in the controls. The present results showing a high
efficiency of Prussian Blue in removal of radiocesium from
animal bodies are in accordance with earlier reports of others.
On the other hand, no effects of Ca-gluconate and Na-citrate
injection on radiocasium mobilization from the body were in
contrast to the opinion that citrate and gluconate enhance the
removal of radiocesium from animals.

REG.P12 (Id: 89)
SPECIATION OF 1 AND '¥'I IN SEAWATER
PROFILES FROM THE KATTEGAT AND BALTIC SEA

VIOLETA HANSEN?, PENG Y1”, X1A0LIN HOU?, PER ROOS,
ALA ALDAHAN" and GORAN POSSNERT®

“Radiation Research Department, Riso National Laboratory for
Sustainable Energy, Technical University of Denmark- DK-
4000 Roskilde, Denmark, bDepartment of Earth Science, Up-
psala University, SE-758 36 Uppsala, Sweden, ‘Tandem Labo-
ratory, Uppsala University, SE-751 20 Uppsala, Sweden
violeta.hansen@risoe.dk

Long physical half life, long residence time in the marine
environment and continuous releases from nuclear fuel reproces-
sing plants make "I a suitable tracer for the study of marine
geochemical cycle of stable iodine and conversion mechanism of
iodine species by speciation analysis of '*’I and '*’I. Up to date
there are few data on chemical speciation of '’I in seawater and
no "I chemical speciation analyses in seawater profile were
reported. The converting mechanism of iodine chemical species
is still unclear. In the present work, depth profile samples of
seawater collected from the Kattegat Belt Sea and Baltic Sea are
analyzed for '®I, '¥'I as iodide, iodate by using anion exchange
chromatography coupled with accelerator mass spectrometry
(AMS) and inductively coupled plasma mass spectrometry (ICP-
MS), respectively. A relatively high concentration of I (2-
18x10" atom/L) was found in the Kattegat comparing with that
in the Baltic Sea (<2 x 10" atom/L). The results show that in the
Baltic Sea the concentrations of '?°[, '*'I increase with depth and
salinity, while the same trend does not occur in the Kattegat
Basin. In Baltic Sea the predominant species of iodine is iodide
while in the Kattegat the ratio '*I/'*I05" is 1-2. Along the water
profile, the atomic ratios of 1277 and 10577105 decrease
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from the northern Kattegat to the central Baltic Sea. Speciation
analysis of '*I in seawater profile is indispensable for a better
understanding of geochemical cycle of stable iodine and the
converting mechanism of iodine species in the marine environ-
ment.

REG.P13 (Id: 93)
RADIATION MONITORING METHOD FEATURES OF
CONTAMINATION AREAS AGEING IN LANDSCAPE

DMITRY MANZON

Institute of global climat and ecology, Moscow, Russia
dmanzon@mail.ru

The aim of this work is to generalize experimental research
data received in zone of Chernobyl trace in 2007 in Bryansk
region in order to distinguish automorph, transit and accumulati-
on areas. Variability of "*’Cs levels is shown at the 3 experimen-
tal sites.

REG.P14 (1d: 96)
DISTRIBUTION OF NATURAL RADIONUCLIDES AND
137Cs IN THE SEDIMENTS OF A MEDITERRANEAN
FJORD-LIKE EMBAYMENT, AMVRAKIKOS GULF,
GREECE

HELEN PAPAEFTHYMIOU”, DIMITRIOS ATHANASOPOULOS”,
GEORGE PAPATHEODOROU”, MARGARITA IATROU,
MARIA GERAGA”, DIMITRIOS CHRISTODOULOU” and
ELiAS FAKIRIS

“Division of Inorganics, Physical and Nuclear Chemistry,
Departement of Chemistry, University of Patras, Gree-

ce, "Laboratory of Marine Geology and Physical Oceanogra-
phy, Departement of Geology, University of Patras, Greece
epap@chemistry.upatras.gr

Five small sediment cores were collected from the seafloor
of Amvrakikos Gulf for the study of the spatial and downcore
distribution of natural radionuclides and '*’Cs in the sediments.
Amvrakikos Gulf is a shallow (< 65m) marine embayment lying
on the west coast of Greece having a surface of some 405 km’
and a coastline length of 256 km. It is separated from the Ionian
Sea by a beach barrier and is connected to the sea through a
narrow channel, 600 m wide and less than 8 m deep. Amvrakikos
Gulf receives the freshwater inputs of the Arachthos (2202x10°
m’ yr') and Louros (609x10° m* yr'") rivers at its northern shore-
line. The Gulf is characterized by a general two-layer type of
stratification in the water column and is considered as the only
Mediterranean fjord. Sediment samples were analysed for speci-
fic activities of 23%U, **Th, **°Ra, **Th, **K and "’Cs together
with grain size and Cg. 38U and ?*°Ra concentrations range
from 37.2 to 124.0 and 8.5 to 27.2 Bq kg™! with an average value
of 62.1 and 17.9 Bq kg, respectively. The concentrations of
22Th and *K range from 11.2 to 46.5 Bq kg™ and 238 to 892 Bq
kg™ with an average value of 36.6 and 710 Bq kg™, respectively.
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The activities of 2**Th and “’K reported in the present study are
comparable to those of the world average. On the contrary, the
reported *U activities are significantly higher than those of the
world average (UNSCEAR, 2000). The value of the **Ra/***U
ratio ranges from 0.09 to 0.66 with an average value of 0.35
showing disequilibrium between the two radionuclides in all
sediment samples that can be ascribed to the weathering of
phosphorites of Epirus (at the northern margin of Amvrakikos
Gulf) as well as to the high phosphate fertilizers inputs due to the
intensive application of fertilizers in the surrounding agriculture
areas. It is well known that phosphorites and phosphate fertilizers
are characterized by high **U concentrations. The spatial distri-
bution of ¥U, 2°Ra, *’Th and “°K, in the surface sediments of
Amvrakikos Gulf shows a clear increasing eastward trend. Ma-
ximum activities were observed at the eastern deep basin, while
minimum values were found at the western basin of the Gulf. The
man-made radionuclide '*’Cs was found in measurable concent-
rations (5.2-20.2 Bq kg™) in all surface sediments (0-5 cm). The
higher specific activities of '*’Cs were found in the deeper sedi-
ment layers (8-44 cm) than in the surface layer. The high content
of the clay minerals and organic matter found in the sediments of
Amvrakikos Gulf play very important role in the high level of
137Cs. Moreover, the elevated specific activities of Cs in the
deeper sediment layers (44 cm) suggest a high sedimentation rate
for Amvrakikos Gulf.

REG.P15 (Id: 105)

NATURAL RADIOACTIVITY IN TUNISIAN AND IN
SOME IMPORTED PHOSPHATE FERTILIZERS USED
IN TUNISIA

FOUED GHARBI®, SOUAD BACCOUCHE”, MALIK BENTEKAYA®,
MANSOUR OUESLATI?, WAHID ABDELLI" and
ADEL TRABELSI"

“UR-MTDN, National Center of Nuclear Sciences and Tech-
nolgies, bUR-MT, ‘DN, National Center for Nuclear Sciences and
Technology, Pole Technologique, 2020 Sidi Thabet. Tunisia
foued.gharbi@cnstn.rnrt.tn

The radioactivity concentrations of ***Ra, ***Th and “K in
different phosphate fertilizers, triple superphosphate (TSP),
diammonium phosphate (DAP), monoammonium phosphate
(MAP) and in phosphoric acids produced and used in the agricul-
tural soils in Tunisia were measured. Other imported and used
phosphate fertilizers in the country consisting of some NPKs
were also subject to radioactivity concentrations measurement.
Gamma spectrometry using a high purity germanium (HPGe)
detector was used for the measurement. It was found that general-
ly the Tunisian fertilizers contain the highest activity concentrati-
ons with the exceptions of *’K. TSP contains the highest concent-
ration of **Ra  (186.2£14.5Bqkg) and of *’Th
(33.7+3.5 Bg/kg). The highest amount of “’K was found in one
type of NPK (9969.5 Bg/kg). The radium equivalent index was
calculated for all the analysed fertilizers and was found to be the
highest in the imported NPKs samples (the maximum value was
about 775 Bg/kg) because of their high content in **K. For the
Tunisian fertilizers the maximum radium equivalent index was
about 238 Bg/kg in TSP.
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FURTHER RESULTS IN SEARCH OF
TRANSURANIUM ISOTOPES IN EFFLUENTS
DISCHARGED TO AIR FROM NUCLEAR POWER
PLANTS

ZOLTAN HOLGYE, EVA SCHLESINGEROVA

National Radiation Protection Institute, Prague, Czech Republic
zoltan.holgye@suro.cz

In this work we present data on transuranium isotopes in
effluents (quarterly, since 2006 half-yearly determined activity
concentrations of 2**Pu, 2>y, 2'Am, ***Cm and ***Cm in
discharged effluents, annual discharged activities of individual
radionuclides) discharged to air from 7 stacks in 2004-2009. In
the effluents discharged to air from one stack low-level activi-
ties of transuranium isotopes were present throughout the peri-
od under study. Transuranium isotopes had been discharged to
air from this stack also in previous years since 1996 when
defect in the cladding of a fuel element and consequent conta-
mination of the primary circuit occurred. In the effluents
discharged to air from another stack transuranium isotopes
were present only in some monitoring periods in the years
under study. We did not find transuranium isotopes in the
effluents of the other stacks up to 2006. The transuranium
isotopes in discharged effluents were registered in the second
half-year of 2006. In other years (2007-8) especially low-level
241 Am was found in these effluents.

REG.P17 (Id: 116)
RADIOECOLOGICAL SITUATION IN AREAS OF
URANIUM LEGACY OF UZBEKISTAN

ABDISAMAT VASIDOV

Uzbekistan Academy of Sciences, Institute of Nuclear Physics,
Ulugbek, Tashkent 702132, Uzbekistan
samad@inp.uz

Central Asia countries were the main supplier of the urani-
um in former USSR and one of them was the Republic of
Uzbekistan. The mining activity and treatment of uranium ores
resulted in formation of large amounts of radioactive wastes
making an exigent problem with securing radiation safety on
the territories of uranium mines, tails and adjacent settlements.
In this work, the results of measurements of the radon concent-
rations on the territories of former uranium mines and nearby
populated sites are presented. Electronic units of RRA-01M
(Russia) and PRM-145 (Slovenia), acting on semiconductor
detector and scintillation cells, respectively, were used for
radon measurements. Both units record a particles of daughter
radionuclide *'®Po. For reliable estimation of the annual effici-
ent doses (AED) of inhabitants and their lifetime fatal risks
(LFR) a long time registration of radon a particles by nuclear
solid track detectors CR-39 (Italy) has been carried out. Resi-
dences and working premises were selected on free basis and
radon exposure with CR-39 was monitored for two and three
months at summer and winter time. In settlement Yangiabad,
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volume activity of indoor radon was 60-100 Bk/m’, values of
AED of radon for inhabitants 1.7-2.8 mSv/year and LFR esti-
mation at (1.3-2.3) x10*. In village Chorkesar in windless and
matutinal period radon activity on territory of the mine reached
70-100 Bk/m® at a distance of 50-70 cm from ground. Indoor
radon level are in the range from 60 to 450 Bk/m’ and
1.7-12.6 mSv/year for AED, (1.3-10.5)x10™* for LFR at sum-
mer and from 250 to 1200 Bk/m® and 7.0-33.6 mSv/year for
AED, (5.6-27)x10™* LFR at winter time.

REG.P18 (Id: 125)
STUDY OF 'Be CONCENTRATION IN THE NORTH OF
THE SPAIN

ALEGRIA NATALIA, HERRANZ MARGARITA, IDOETA RAQUEL
and LEGARDA FERNANDO

University of the Basque Country
natalia.alegria@ehu.es

From the Sun and interstellar spaces of the universe the
primary cosmic radiation comes to the Earth. These cosmic
rays interact with the nuclei of atmospheric constituents, produ-
cing an interaction cascade and secondary reaction and also
produce a number of radioactive nuclei known as cosmogenic,
"Be between others as a result of spallation reactions. In Bilbao
(north of Spain) there is a high flow rate atmospheric sampler
which belongs to the Radiological Surveillance Network of the
Autonomous region of the Basque Country. Among the radio-
nuclides present in the air acrosols 'Be is found. The network is
in operation since October 2001 and so a long record of "Be
measurements is available. To study the behaviour of Be in air,
the recorded values have been considered as a succession of
data what is usually known as a Time Series. It is made up of 4
components: trend, cyclical component, seasonal component
and irregular component. The cyclical component is not fully
developed because the studied period (2001 - 2009) is shorter
than the solar cycle (eleven years period), which is the ultimate
cause of that component. A trend and seasonal components
have been determined and finally an irregular component has
been observed. This is caused by occasional events, such as
rain, which washes "Be out depositing it onto the ground.
However, it has been found that the atmospheric concentration
of "Be is negligibly affected by rain.

REG.P19 (Id: 152)

RADIOACTIVITY CONCENTRATION IN SOIL
SAMPLES TAKEN FROM REGION OF BANJA LUKA
(BOSNIA AND HERZEGOVINA)

B0JAN STRBAC, MILOMIR MILAKOVIC and
JELENA MARINKOVIC

Radiation Protection Centre
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Surface soil samples (0-15 cm) were collected from the re-
gion of Banja Luka (Bosnia and Herzegovina), in order to evalua-
te their radioactivity. Concentrations of radionuclides in samples
were determined by y-ray spectrometer using HPGe detector. The
obtained results of uranium and thorium series as well as potassi-
um “K and "’Cs activity concentrations are discussed. The
radioactivity levels are compared with the results form other
countries.

REG.P20 (Id: 158)
SPECIATION OF I AND '’ IN SOIL AND SEDIMENT
SAMPLES
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“Radiation Research Department, Riso National Laboratory for
Sustainable Energy, Technical University of Denmark -

DTU, *Department of Earth Science, Uppsala University,
Sweden

violeta.hansen@risoe.dk

Iodine is a biophilic tracer element with thirty-four isotopes
including one long-lived isotope, '’I (15.7 My), and one stable
isotope, 7. Toxicity, mobility, bioavailability, bioactivity, and
the uptake of iodine in environment are governed by its chemical
speciation and the soil or sediment conditions. It is therefore
important to identify and quantify different physicochemical
contaminant species. In this work, a sequential extraction proce-
dure combined with accelerator mass spectrometry (AMS), and
inductively coupled plasma mass spectrometry (ICP-MS), re-
spectively, was applied for investigation of '*°I and "I in diffe-
rent physicochemical forms in soil and sediment samples. The
fractionation allowed identification of water soluble, exchangea-
ble, carbonate, oxides, iodine bound humic acid, iodine bound
fulvic acid and iodine bound humin forms. This is the first study
to identify humic acid, fulvic acid and humin bound '*’I. A Da-
nish soil sample, a soil reference material (IAEA-375), an anoxic
sediment sample collected from Helvik Fjord (South Norway)
and an oxic sediment sample collected from the Barents Sea
(Russia) were investigated. The results of the work show that in
the investigated samples '*’I bound to organic matter accounted
for more than 50% of the total iodine. Approximately 90% of the
'] is bound to organic matter and oxides, and 10% was found in
the readily exchangeable fractions. Speciation analysis of '*I in
soil/sediments is indispensable for a better understanding of
bioavailability, mobility, bioactivity, uptake and toxicity of iodi-
ne in the environment.
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Cs, Pu AND Am SORPTION TO NATURAL CLAY AND
THEIR VARIOUS COMPONENTS: LABORATORY
EXPERIMENTS AND MODELING
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Natural clay and iron minerals of complex composition are
reactive mineral phases which can affect retardation and trans-
port of radionuclides in the environment. Therefore, it is impor-
tant to understand and quantify sorption of radionuclides on
them. Sorption of Cs, Pu(IV), Pu(V) and Am(III) at trace con-
centrations on three well characterized samples of Triassic clay
as a function of pH and composition of solution and contact
time was studied. Sorption experiments were also performed
with three iron oxide minerals found in the clay mineral coa-
tings and microorganisms (bacteria and fungi) isolated from the
clay and groundwater samples with the aim of better understan-
ding the effects of various natural clay components on the
speciation and sorption behavior of radionuclides. The charac-
ter of bonding of Cs, Pu and Am to the clay samples was analy-
zed by sequential extraction (SE). Solvent extraction techniques
(using TTA, HDEHP, DBM and PMBP), ultrafiltration and o
spectrometry as well as ICP-MS were employed to characterize
the oxidation states of the plutonium species in liquid and solid
phases. The results have indicated that iron oxide coatings play
an important role in binding of Pu(IV) on the clay, whereas ion
exchange and CaCO; were found to be responsible for the
binding of Am(III). The coatings also affected Cs sorption from
solutions of variable ionic strength. Sorption experiments with
microorganisms indicated that bacteria and fungi can exert
different effect on the sorption behavior of Pu. Kinetic data
evaluated by kinetic models derived for six different control
processes mostly indicated a sorption mechanism controlled by
Pu or Am diffusion in the inert layer on the surface of clay.
Corresponding kinetic coefficients were determined. Surface
complexation modeling of the sorption dependence on pH
using a two-site surface complexation model showed high
affinity of all the minerals for Pu(OH);" at pH > 4. Iron oxide
minerals also sorbed Pu(OH),": goethite at pH>8, hematite at
pH=7-9 and magnetite at pH > 5.5. Am>" and Am(NO;),"
were found to be the most selectively sorbed species on all the
minerals from NaNOj solutions in the pH range of 3.5-5, whe-
reas AmOH>" and Am(OH)," were sorbed to a different extent
on different minerals at pH 5-9. The stability constants obtained
by modeling have indicated that the sorption affinity of the clay
for Pu is higher than that of the iron oxides studied, while the
sorption affinities for Am are mutually comparable. In addition,
it has been found that Pu is much more selectively (i.e. strong-
ly) bound than Am on all the minerals studied. This well corre-
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sponds with the higher exchangeability of Am found by SE and
can explain its higher mobility in the environment.

The research was supported by the Ministry of Education and
Science of the Republic of Lithuania and the Lithuanian State
Science and Studies Foundation projects V-19/2009, NKS-B
SPECIATION project (2008-2009), FP7 RECOSY, grant No
212287.
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A framework, within which models and studies can be ap-
plied and results analyzed to develop coherent and logical envi-
ronmental impact management methodologies for ionizing radi-
ation, is essential. A number of components, which could form
the basis for such a system, has to include the dilution factor for
radioactive liquid effluent releases. The regulatory mechanism in
Brazil established that the operational management concerning
the radioactive liquid effluents release must take into considerati-
on the characteristics of the discharged liquid, the knowledge of
the dispersion conditions after discharge into the system receptor
(sewage and environment), the characteristics description of the
effluent recieving system environment and the estimate of the
dose. In this study a strategic, fast and cheap methodology was
tested to estimate the dilution factor in the release of liquid radio-
active effluent at Instituto de Pesquisas Energéticas e Nucleares
(IPEN). The radioisotopes 3H, **Mn, “°Co, ®Zn and '¥"Cs, gene-
rated in the routine operation of the Research Reactor IEA-R1,
were used as radiotracers. In the generated liquid radioactive
effluent, stored in a tank of 300 m>, the radioisotopes initial
concentration was determined. The tank flow rate output was
estimated to 10.9+ 0.9 m® h' for liquid controlled dispenser. A
planned release of tank effluent stored was carried out. Simulta-
neously, a sample was taken upstream of the storage tank
discharge point for monitoring the concentrations of *H, **Mn,
%0Co, %Zn and "*'Cs, respectively, in the mix sewage system
discharge point E1 at IPEN. The initial concentration of the *H,
54Mn, 60Co, 87n and *’Cs was determined as 56881 + 3255 Bq
L', 415+29Bq ', 1332+11Bq L', 401+8Bq L' and
291+ 7 Bq L™, respectively. The dilution factors, in the dischar-
ge point of the aqueous effluent, were found to be 4.3 and 7.4 for
°H, 12 and 16.1 for **Mn, 12.6 and 14.2 for “’Co, 12 and 27.9 for
%7n and 6.2 and 13.9 for '*'Cs, respectively. These determined
values correspond to two consecutive days of planned release and
diluted effluents sampling. The developed methodology was
rapid and without additional environmental and financial costs,
because the radiotracers *H, **Mn, ®°Co, ®Zn and *’Cs had
already existed routinely in the effluent. The current goal in the
world is the development and improvement of cleaner production
technologies.
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PLUTONIUM 241 - IMPORTANCE AND WAYS OF
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Plutonium 241 is the only § emitting plutonium isotope for-
med by a nuclear reactor operation. In contrast to the other ones,
its half life is relatively short (about 14 years). Emitting  radiati-
on, it decays to another important radionuclide, **'Am. Hence,
the activity of americium 241 is still increasing in the area of
Chernobyl, Ukraine. Nuclear fission leads to higher-order activi-
ties of the **'Pu than of the other plutonium isotopes. On the
other hand, the B energy of this radionuclide is only 20 keV,
which, in addition with no y radiation, falsely decreases its im-
portance. For example, determination of isotopes activity ratio
between 2*'Pu and other isotopes can lead to the recognition of
the isotope mixture source.

REG.P24 (Id: 226)
URANIUM AND LONG-LIVED DECAY PRODUCTS IN
WATER OF THE MULDE RIVER
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The Mulde River, a tributary of the Elbe River in east-
central Germany, is formed by the confluence of the Freiberger
Mulde and the Zwickauer Mulde, both rising from the Erzgebir-
ge. Running north, the two rivers merge near the small village of
Sermuth to form the Vereinigte Mulde, which flows into the Elbe
River near Dessau. The Erzgebirge or Ore Mountains are a
mountain range, which is located at the border between Saxony /
Germany and the Czech Republic. Due to its rich uranium depo-
sits the area of the Zwickauer Mulde River became the world’s
third largest uranium supplier during the time of the Warsaw
Pact. Today, clean-up of the legacy of the former mining and
milling industry represents one of the largest remediation projects
in progress. Being part of the project "Transport and availability
of uranium and decay products in alluvial soils of the Mulde
River", this work deals with the investigation of radionuclides in
the water of the Mulde River. The radionuclide contents of water
and sediment indicate the overall condition of a river, with the
water showing a faster response to variations. 20 samples were
collected along the course of the rivers Zwickauer Mulde and
Vereinigte Mulde between the city of Aue in the Erzgebirge and
the Saxon border. For comparison, further samples were taken at
the headwaters of the Zwickauer Mulde, along the Freiberger
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Mulde and the Leine River (Hannover), respectively. A total of
26 samples of water were taken and analysed for uranium, polo-
nium-210, and radium-226 content using a-spectroscopy, liquid
scintillation counting, and mass spectroscopy, respectively. The
work focuses on present contaminations deriving from tributary
streams or river sediments and the detection of changes as a
result of remediation effects. Own results are compared with
results from earlier investigations, carried out from 1991 to 1993.

REG.P25 (1d: 242)
LEACHABILITY OF NATURAL RADIONUCLIDES
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“IPEN - Instituto de Pesquisas Energéticas e Nucleares, Sdo
Paulo, Brazil, "IPEN
chsaueia@ipen.br

The presence of natural radionuclides of the U and Th decay
series in phosphate mineral ores and their redistribution in pro-
ducts, by-products and residue is well known. The most common
phosphate fertilizers used in agriculture are single superphospha-
te, triple superphosphate, monoammonium phosphate and diam-
monium phosphate, together with phosphogypsum which is used
as soil amendment. For a long-term safe application of these
fertilizers it is important to study the bioavailability of the radio-
nuclides to the environment. For this purpose, the evaluation of
radionuclides concentration in the labile fraction is more suitable
than the total concentration since this fraction is more available
for the absorption by plants and water contamination. This paper
aims to study the leachability of radionuclides (38U, *%Ra, *'°Pb,
32Th and **Ra) present in phosphate fertilizers and phosphogyp-
sum, using a solution of EDTA as extracting agent. U and Th
activity concentrations were measured by instrumental neutron
activation analysis. 2°Ra, *'’Pb and *Ra were measured by
gross a and B counting after radiochemical separation.

REG.P26 (Id: 250)

NATURAL AND ARTIFICIAL RADIOACTIVITY IN
SOILS FROM ROMANIAN SITES DETERMINED BY
v-RAY SPECTROMETRY
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This paper presents the radioactivity levels of %7Cs man-
made and naturally occurring radionuclides (“K, *°U, %U-
decay series, and “**Th-decay series) in Romanian soils from
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several industrial sites, determined by low background y-ray
spectrometry. Agricultural soil samples were collected from the
vicinity of the phosphate fertilizer plant at Turnu Magurele, as
well as from non-ferrous and chemical industry sites at Copsa
Mica and Pitesti. Control samples from agriculture and non-
specific industry locations were considered (Crevedia and
Magurele). Surface soil samples were collected from six locati-
ons with different degrees and types of industrial activity (Baia
Mare, Copsa Mica, Deva, Galati, Oradea, Afumati), and a
background site with relatively clean air in the Carpathian
Mountains (Fundata). This method makes it possible to assess
U, Th, and K concentrations in soil samples by measuring >**U
and *’Th (in equilibrium with their radioactive daughters), and
K specific activities. Their values were found to be in agree-
ment with those determined by Instrumental Neutron Activati-
on Analysis (INAA), through neutron irradiation of soil sam-
ples and appropriate standards at TRIGA reactor of the Institute
of Nuclear Researches in Pitesti. The radioactivity levels in the
investigated soils were compared with Romanian norms for the
environmental radioactivity and literature data.

The research was supported in part by PNCDI Il 72-172/
01.10.2008 Project in Romania.
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AIRCRAFT-CARRIED SAMPLING SYSTEM FOR
AERIAL RADIOACTIVITY MONITORING

BYOUNG-JIK KIM and DONG-MYUNG LEE

Korea Institute of Nuclear Safety, Daejeon, Republic of Korea
k712kbj@kins.re.kr

The monitoring airborne radioactive particle became a
prominent figure for early warning to form the basis of effecti-
ve and successful prevention against disasters like the misfor-
tune in Chernobyl. Air sampling and analyzing techniques are
essential for early detecting nuclear activities and/or accidents
in neighboring countries. Aircraft-borne sampling system is the
best way to approach the aerial point of interest. In the earlier
study, we designed passive type sampling system using high
speed cruise of aircraft. The design concept was focused on
maximizing the suction flow necessary for achieving high
efficiency of radioactive particles sampling, while minimizing
disturbance to the aircraft which carries the system. The opti-
mization was performed with the computational fluid dynamics
(CFD) code, FLUENT (FLUENT Inc., 2006). A rocket laun-
cher of a fighter was remodeled into the sampling equipment.
The sampler contained a cylindrical filter paper to collect radi-
oactive dust and a charcoal filter to capture radioactive iodine.
Replacing the samplers as the launchers at the fighter wings,
the aircraft passed in the safety evaluation. Several sampling
flights have been performed to provide against emergencies and
to assess environmental background. Right after each flight, the
filters were radio-analyzed in high purity germanium detectors.
The long-half-life radionuclides likely to be made by nuclear
experiments or accidents drew main attentions. Fortunately, no
nuclide of concern was detected over minimum detectable
activity.
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The test field “Gessenwiese” was installed on a leaching
heap at the former uranium mining area Ronneburg (western
Thuringia) for investigations in acid mining drainage and in
heavy metals retention, especially uranium '. The uranium
speciation in seepage water of the Gessenwiese was determined
by TRLFS. Time-resolved laser-induced fluorescence
spectroscopy (TRLFS) posses some superior features, above all
a very high sensitivity for fluorescent heavy metal ions. The
predominance of TRLFS compared to other spectroscopic
techniques, e.g. XRD and IR was showed in ? in analyzing the
speciation of U(VI) in a thin layer of an alteration product
formed on depleted uranium. TRLFS analyses were carried out
to compare it in a later stage with the uranium speciation in
plants, which grow on that grassland and may take up uranium
contaminated water. The uranium content in the seepage water
samples was 75.1 and 291 ppb, respectively, and both samples
delivered an evaluable fluorescence signal for TRLFS. The
positions of the six peak maxima from these signals are in both
water samples in concordance with data for uranium sulfate
species published in the literature * at 477, 493, 513, 537, 562
and 591 nm. Moreover, the time-resolved fluorescence signals
of both water samples possess a mono-exponential decay,
indicating the presence of one main species. These two charac-
teristics, i.e. positions of peak maxima and lifetimes revealed
without doubt that the uranium speciation in the seepage water
is dominated by uranium (VI) sulfate species. TRLFS measu-
rements with plant compartments (e.g. roots, leaves, shoots)
which grow in association with the seepage water will be
carried out in future investigations. Samples could be obtained
from the plant compartments by centrifugation as cell sap, or as
solid milled plant compartment sample and subsequently analy-
sed by TRLFS. The reactivity and toxicity of uranium depend
on the speciation of heavy metals * and accordingly have to be
considered as important possible risk factor as uranium may
enter economic plants and eventually arrive in the food chain.
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Remediation of sites and facilities belonging to the sites
of temporary storage (STS) of spent nuclear fuel (SNF) and
radioactive wastes (RW) at Andreeva Bay and Gremikha
village on the Kola Peninsula is one of the regulatory functi-
ons of radiation protection. After termination of operation of
the ex-Navy serviced facilities, their infrastructure degraded
resulting in radioactive contamination of some parts of the
site. As one end-goal of remediation is putting STS into eco-
logically safe conditions, elaboration of quantitative radiati-
on-ecology criteria and norms for STS site and facility condi-
tions is urgent. Remediation criteria and norms defining
requirements for radiation protection of workers, public and
limits of environmental contamination have been developed
for three main options: conservation, conversion (partial or
overall renovation) and liquidation in the form of:

o dose limits and dose constraints;

e levels of radioactive superficial contamination of
workshops and equipment inside them;

e specific activity of radionuclides in marine media,
including fish;

e activity concentration of radionuclides in ground waters
on-site STS.

The Environmental radiation monitoring findings served
as a basis for the associated databank arrangement. The expe-
rimental results received have been plotted on the electronic
map of the place. Further steps relate to generation of full
geographic information system, which permits to carry out the
computer calculation of the main indexes for simulation and
prognosis of radio-ecological situation with the purpose of the
radiation safety regulation.
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Some regions of Ukraine are radon-dangerous. Geologic
peculiarities of Krivbass region, available mining tunnels,
historical habits in house construction, increased mortality on
malignant tumor of population, specify the actuality of “Radon”
problem investigations in iron-ore region which should be
considered in the estimation of radiation exposure to populati-
on. In our own research it has been determined that as a rule
radon is accumulated in basement and on the ground floor of
buildings. Though significantly higher doses of radon EEVA
were registered in the upper stores of five-storied dwelling
houses built in the period 1968-1970. Thus the levels of **Rn
EEVA in five-storied dwellings were registered as follows: 33 -
113 Bq m™ on the ground floor, 21-63 Bq m™ on the first floor,
43-69 Bq m™ on the second floor, 22-85 Bq m™ on the third
floor, and 67-93 Bq m™ on the fourth floor. During the measu-
rement the daily variation of radon content in air of the dwel-
lings it was determined that the radon volume activity depends
directly on ventilation regime in the dwelling. Thus the radon
level was measured in two apartments of the fourth floor with
two different ventilation regimes - with regular opening of the
window and without this procedure. In the first case the family
consisted of three employed adults. Radon level was measured
in the kiTchen with regular ventilation by window. This level
was 67 Bq m™. Effective dose of radon exposure was 2.9
mSv year”. Radon level was measured in the room with va-
cuum ventilation provided by the house design. This level was
93 Bqm™. In the second case the residents of the apartment
were three employed adults. Radon level was measured in the
room with vacuum ventilation provided by the house design.
This level was 93 Bq m™. Effective dose of radon exposure was
4.0 mSv year’'. In both cases exposure doses were significant in
spite of additional ventilation. Enhanced radon concentration in
the upper stores is caused by lack of ventilation. The rate of air
near ventilation holes was < 0.1 m s™. This peculiarity appears
during the period of heating the apartments, when windows are
closed hermetically and the air inflow is lower. As a result the
contingent of population exposured to radon increases.
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Knowledge of the speciation and partitioning of radio-
nuclides and their natural analogs in nature water have great
radioecological significance for all environmental systems and
Ural region in particular. Distribution of interesting elements in
geochemical fractions in water solutions is one of the more
important points for understanding and modeling mechanism of
radionuclide migration in natural water. In this work the
method of ultrafiltration was used for the determination of
fractionation composition of Sr(II), Th(IV), U(VI]) in natural
basin in the vicinity of the Mayak Production Association
(South Urals, RF) !. Samples of natural water from the Ma-
lishevo Lake; Sosnovskoe Lake; Techa River, Shelkun Lake;
Karasie Lake, Komarovo Pond, Cherviannoe Lake were in-
vestigated. Sampling of the natural water was carried out in
spring (May) 2009 to determine radionuclides and investigate
their physicochemical state (speciation). Samples selection and
preparation techniques met the recommendations of the Public
Health Ministry of the USSR. For the separation of each of the
fractions we used the synthesized nanocomposite track mem-
branes NCTMs with conducting titanium oxynitride coating to
determine fractionation and chemical composition of suspensi-
ons and colloids in natural water. This NCTM were obtained
from polymer track membrane by modification of the surface
and volume of pore space by deposition inorganic high-strength
titanium oxynitride layers with different thickness by the
method of ion-plasma sputtering '. In this work we used mem-
branes produced in Flerov Laboratory of Nuclear Reactions,
JINR (Dubna, Russia) with initial pore size 100-3000 nm as a
precursor to synthesize membranes with advanced chemical
and mechanical properties. These coatings make it possible to
simultaneously vary the size of the entrance pores within the
necessary limits (from 100 nm to 1-10 nm) and the physico-
chemical characteristics of the final composite. NCTMs al-
lowed not only to fractionate suspensions, colloids and molecu-
lar-ions fractions, but visualized and described natural nano-
dimensional objects. Using conducting NCTM we have carried
out non-invasive chemical identification of biological and
geochemical suspensions and colloid materials by means of EM
and EDX methods. NCTM has been shown to separate about
10-20 % of Sr(II), Th(IV), U(VI) concentrations from natural
water samples with the size >0.1 pm. These fractions consist of
Mg-Si-Ca-Fe, CaSO,, biological materials (diatomaceous
algae). Our collaborators from IPAE UB RAS have investiga-
ted and identified the types of algae. It was shown that molecu-
lar-ions fractions of the above elements are in the range
80-90 % of their concentrations.

References:

1. Polyakov E.V., Khlebnikov N.A., Surikov V.T., Trapesni-
kov A.V., Udachin V.N., Remez V.P.: Radioprotection 44,
Ne 5,209 (2009)

RadChem 2010

REG. P

2. Khlebnikov N. A., Polyakov E. V., Borisov S. V., Shepat-
kovski O. P., Kuznetsov M. V., Smirnov S. V., Matafonov
P. P.: Development of nanocomposite track membranes
modified with titanium oxynitride coating. Abstracts of
Young Researchers Competition, Nanotechnology inter-
national forum, Moscow, RF, 336 (2009).

REG.P32 (Id: 325)

ENVIRONMENTAL MONITORING OF NUCLEAR
MATERIALS FOR SAFEGUARDS PURPOSES BEFORE
DECOMMISSIONING OF NUCLEAR FACILITIES

EVA SZELES", ZSOLT STEFANKA” and ZSOLT VARGA®

“Institute of Isotopes of the Hungarian Academy of
Sciencies, "Hungarian Atomic Energy Authority, “Institute of
Transuranium Elements

szeleseva@gmail.com

A comprehensive environmental monitoring and analysis
is very important before the decommissioning of a nuclear
facility to assure the database for reveal undeclared clandestine
nuclear activities. Experiences in the process and sampling
concerning decommissioning are not yet available in Hungary
because the facilities have not still accomplished the end of
their lifecycle. Decommissioning is the final phase in the
lifecycle of a nuclear installation and is to be considered as part
of a general strategy of environmental restoration after the final
suspension of the industrial activities. The first research reactor
in Hungary will need to be decommissioned over the next 10
years therefore the environmental monitoring will be necessary
before the commencement of the process. The international
regulation and the European Union also specify the environ-
mental monitoring and an environmental impact study before
the decommissioning procedure. The development of a com-
prehensive environmental monitoring system including sam-
pling strategy and method development for the analysis of
environmental samples, originating from the vicinity of the
Hungarian nuclear facilities has been begun at the Institute of
Isotopes. The developed method was tested by analysis of real
samples. Environmental samples and its nuclear material con-
tent were analyzed in the near of a Hungarian nuclear facility.
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PLUTONIUM SPECIATION IN THE SOUTHERN
BALTIC SEA SEDIMENTS
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Wet and dry atmospheric fallout from nuclear weapon tests
is one of the most important sources of plutonium in Baltic Sea.
The other sources: plutonium releases from spent fuel facilities
in Sellafield (UK) and Cap de la Hague (France) are less impor-
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tant. Since April 26, 1986 there is a new source of plutonium -
Chernobyl plutonium, which should be taken under note in
estimation of its radiological effects on the environment. In
marine environment plutonium exists on III, IV, V and VI
oxidation state and in the Baltic Sea 99% of total plutonium is
deposited in sediments. In this study 6 different chemical forms
of plutonium (the fraction dissolved in water, connected to
carbonates, connected to oxides, complexed with organic mat-
ter, mineral acids soluble and the rest) in sediments from the
delta of Vistula River, Gdansk Bay, Gdansk Deep and Bor-
nholm Deep were determined. The distribution of ******°Py in
analyzed sediments samples was not uniform and depended on
its chemical form, depth and geomorphology of the sediments.
The highest 2*?*Pu concentrations were found in muddy
sediments of Gdansk Bay at 8-9 cm layer while the lowest, 10
times lower than in Gdansk Bay, near the delta of Vistula Ri-
ver. The lowest plutonium concentrations were found in the
lowest layers (below 22 cm). According to all analyzed fracti-
ons the biggest amount of >***?*°Py in all sediments was found
in the fraction connected to carbonates: the delta of Vistula
River - 34%, Gdansk Bay - 42%, Bornholm Deep - 35%. In
sediments of Gdansk Deep plutonium was mostly connected to
fraction soluble in mineral acids (40%). Significant ******°Py
amount was also connected to organic matter (29%), but the
lowest amount of plutonium was in fraction dissolved in water.

The authors would like to thank to the Ministry of Sciences and
Informatics for the financial support under grant DS/8460-4-
0176-10.
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More than 100 samples of human hair and 15 samples of
dog fur were collected from Pomeranian area for polonium
analysis. The 2'°Po concentration in analyzed hair samples
ranged from 0.33+0.02 to 12.84+0.80 mBq.g™" dw (mean value
is 3.41 mBq.g™"). The highest *!°Po activity values were found
in hair sample collected from men had rich fish diet and smo-
ked about 20 cigarettes per day. The lowest *'°Po concentration
was found in hair sample collected from a lady who did not
consume fish and did not smoke cigarettes. The lowest amounts
were also found in children’s hair (0.43+0.03 and
0.84+0.08 mBq.g™' dw) who did not eat much fish and lived at
homes free of cigarettes. In the case of a child living at home
where exposed at cigarettes this concentration was much higher
- 4.02£0.37 mBq.g"' dw. Among dogs fur the highest *'°Po
concentration was found in 7 years old dachshund dog -
4.48+0.54 mBq.g”' dw, but the lowest >'°Po concentration was
found in 3 years old staffordshire bull terrier biTch -
1.96+0.26 mBq.g™" dw.
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Phosphogypsum refers to the gypsum formed as a by-
product of processing phosphate ore into fertilizer with sulfuric
acid. They are radioactive due to the presence of naturally
occurring uranium and radium in the phosphate ore and enri-
ched in natural polonium ?'°Po, while the uranium radionucli-
des (P**U and *®U) tend to be in waters around waste dump.
The migration and distribution of uranium and polonium radio-
nuclides in analyzed water samples are not uniform. All analy-
zed phosphogypsum samples contained higher *'°Po activity in
comparison with uranium radionuclides. The values of uranium
and polonium concentration in water with immediate surroun-
dings of waste heap are considerably higher than in the waters
of the Martwa Wista River. The activity ratio of 2*U/**%U is
approximately about 1 in the phosphogypsum and between
0.92-9.99 in the water of retention reservoir and pumping stati-
on, while in the water from the Martwa Wista River is slightly
higher than 1. Polonium and uranium concentrations in water
samples of the Martwa Wisla are relatively low in comparison
with value in retention reservoir and pumping station near
phosphogypsum waste heap. This suggests that radionuclides
could be leached from dumping site to the surrounding envi-
ronment. The major source of polonium and uranium in plants
is wet and dry atmospheric fall containing the soil and the air
dust from the phosphogypsum waste dump and also accumu-
lation through the root system. The highest uranium and polo-
nium concentrations were found in older part of grasses (yellow
oat-grass, meadow foxtail, moneywort), turned for atmospheric
fall for a long time.

The authors would like to thank to the Ministry of Sciences and
Informatics for the financial support under grant DS/8460-4-
0176-10.
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Emanation of radon (***Rn) from rock and partition of ra-
don between water and air are important parameters, so its
evaluation is of significance in the study of radiation protection,
environmental geochemistry, climate change and so on. In this
study, emanation of radon from rock particles (1-2 mm) to
water and partition of radon between water and air by tempera-
ture of 0, 10 and 20 °C have been determined using an equilib-
ration partitioning in a closed system (EPICS) method. Specific
activity of radon in the rock particles used here were
4.990 + 20 Bg/kg. The results show that emanation of radon
from rock and partition of radon on air increase with increasing
the system temperature, however partition of radon on water
slightly decreases with increasing temperature. In conclusion,
radon emanation from bed rock or soil and partition of radon
between water and air is controlled by temperature change,
which in turn is also governed by climate change.
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The potential of migration of Pu at contaminated sites and
also from the waste repository depends on the Pu environmen-
tal behavior determined by its chemical speciations. Depending
on the ambient conditions plutonium exists in several oxidation
states due to the low differences in the oxidation - reduction
potentials between the oxidation states '. The geochemical and
physical characteristics of the environment (mineralogy, pH,
chelating agents, redox conditions, temperature, and humidity)
and microbial activity play an important role in plutonium
behavior in various systems. Under appropriate conditions the
activity of microorganisms could affect the chemical nature of
plutonium due to changing redox condition and biotransfor-
mation of its oxidation states. The oxidation states control the
solubility, complexation and thus the geochemical action of Pu
%, The direct enzymatic or indirect nonenzymatic interaction of
microbes with plutonium could considerably cause its solubility
or immobilization because of the formation of stable complexes
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with metabolites and organic degradation products. This study
is aimed at investigations on the change of plutonium oxidation
states due to activity of aerobic bacteria and fungi. Both micro-
organisms and fungi were isolated and identified from samples
collected from the low-level radioactive waste repository.
Acrobic bacteria Bacillus mycoides, Rhodococcus lutes, uni-
dentified Gram-bacteria, and fungi Paecillomyces lilacinus,
Absidia sp., Gliocladium virens have been detected in dust.
Oxidized and reduced Pu was tested by two radiochemical
procedures **. One procedure (co-precipitation with NdF3) only
differentiates between reduced Pu [Pu (IIT) and Pu (IV)] as well
as oxidized Pu [Pu (V) and Pu (VI)]. The second (extraction
chromatography) procedure was designed to differentiate be-
tween Pu (III) and Pu (IV). The amount of reduced and oxidi-
zed Pu was determined by measuring a activity after radioche-
mical separation. The results of the experiment have shown that
all bacteria and fungi can very slightly alter oxidation states of
plutonium due to their microbial activity. No more than 8-9 %
and 15 % of Pu (IV) was reduced to Pu (III) by bacteria during
one hour and 24 hours of the interaction respectively. Pu by
fungi was reduced no more than 1%.
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In the last few decades, increasing attention is paid to rest-
rict exposure of the public to the naturally occurring radiation.
The WHO (WHO, 2004) and the EU Council (EC, 1998; EC,
2010-in preparation) have determined the reference level of the
effective dose received from drinking water consumption at
100 pSv y™'. This value excludes the dose received from *H,
40K, 222Rp, and radon decay products, but it includes the other
o- and B-emitting radionuclides. In general, gross o-f analysis
is used as the first step of the radiological characterization of
drinking waters as a screening method. Its main advantages are
the relatively low costs, simplicity, and stability. In the third
edition of WHO guidelines for drinking water quality (WHO,
2004) the recommended levels are 0.5 Bq L™ for gross o and
1Bq L' for gross B activities, respectively. If the measured
values are below the reference levels of gross activity, the
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drinking water examined is acceptable for human consumption
without any further action with respect to its radioactivity.
Otherwise, nuclide specific analysis is required to determine the
radionuclide content using more sophisticated, more expensive
and time-consuming procedures. Due to the uncertainties of
gross o and § measurements this method is often the subject of
discussions and debates. The aim of this work is to collect
information about recently used standard and routine methods
concerning gross o and B activity determination in drinking
waters in order to evaluate their possibilities. Sample preparati-
on methods - e.g. evaporation, co-precipitation - and detection
systems - e.g. gas flow proportional counting, liquid scintillati-
on counting and scintillation counting - are compared on the
ground of literature data. In the course of our work, the fol-
lowing parameters were analyzed: background, counting effici-
ency, interferences, sample capacity, minimal detectable activi-
ty, typical counting time, time demand of sample preparation.
On one hand, the paper gives an overview of the recently used
techniques and, on the other hand, tries to help finding a suita-
ble gross o B radioanalytical tool adapted to the laboratory's
demands. This work is part of our effort to develop a reliable
method to determine reference values for gross o and f activity
in water samples to be used for an interlaboratory comparison
between EU monitoring laboratories in the near future.
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Alpha-emitting uranium and radium are present practically
in all ecosystems and together with their decay products play an
important role in formation of internal radiation dose of popu-
lation from natural radionuclides. This dose depends essentially
not only on the content of radionuclides in environmental com-
ponents, but also on the radionuclides’ state and migratory
ability in a soil medium. The aim of this work is the determi-
nation of uranium and radium species in soils and natural soil
waters and evaluation of radionuclide migratory ability in
different soils. The objects of investigation were samples of
0-10 cm layers of soils from different regions of Belarus. The
natural system “solid phase - pore water of soil” have been used
for determination of uranium and radium migratory active
forms in the soil samples. The potentially mobile forms and
potentially biologically available forms were determined using
accordingly the model systems "soil - 1 mol/L solution of am-
monium acetate" and "soil - 1 mol/L solution of HCI". Radio-
nuclide species in soil waters were investigated by passing of
the water samples through the filters of different pore size with
subsequent separation of complex radionuclide forms of diffe-
rent electrostatic charge using the method of ion exchange
chromatography. Radionuclide activity in the samples was
determined by radiochemical analysis with radionuclide identi-
fication by o spectrometer SOLOIST U0450 with low-
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background detectors 576 A 600 RV. The specific activities of
the soil samples are 4.8-22 Bq/kg for **U and 4.5-29 Bq/kg for
2Ra. It was found that both 2°U (84-94%) and **°Ra (77-91%)
are mostly in the fixed forms (insoluble in 1 mol/L HCI). The
radionuclide rate in migratory active forms for ***U was
0.06-0.7 % and for **Ra 0.01-1.0 % of the total radionuclide
content in soil samples. The rates of potentially mobile radio-
nuclide forms are 3.1-9.3 % for **U and 1.8-4.5 % for ***Ra
but the radionuclide rates of potentially biologically available
forms are respectively 6-16 % and 9-23 % of the corresponding
radionuclide content in the soil samples. The main part of 2*U
and **Ra of natural soil water samples (65-91 %) is in dissol-
ved state or in composition of fine colloidal (less than 0.45 um)
particles. The radionuclides in this state are the most mobile in
environment. In composition of this portion of natural water
samples ***Ra is mainly in the cationic form, but *2*U coexist in
anionic, cationic and neutral complexes. In organic soil waters,
the anionic uranium complexes prevail, but in mineral soil
waters, the cationic and neutral complexes are the main portion
of radionuclide. The received information allows estimating the
uranium and radium rates in forms participating actively in
radionuclide distribution in the soil medium as well as evalua-
ting the radionuclide reserves in forms that can enter the soil
solutions and participate in processes of biogeochemical radio-
nuclide migration in ecosystems. The results of investigation
are the basis for differentiation of soils according to migration
ability of uranium and radium and for modeling of radionuclide
transferring in the environment.

REG.P40 (Id: 349)
RADIOANALYTICAL INVESTIGATIONS OF
URANIUM CONCENTRATIONS IN NATURAL SPRING,
MINERAL, SPA AND DRINKING WATERS IN
HUNGARY

VIKTOR JOBBAGY”, TIBOR KOVACS”, NORBERT KAVASI®,
JANos SomLal” and GABOR SZEILER”

“Joint Research Centre - Institute for Reference Materials and
Measurements (IRMM), Geel, Belgium, ®Institute of Radioche-
mistry and Radioecology, University of Pannonia, Veszprém,
Hungary, “Social Organization for Radioecological Cleanli-
ness, Veszprém, Hungary

viktor.jobbagy@ec.europa.eu

As many other countries in the Central European region,
(e.g. Czech Republic, Slovakia, Romania) Hungary is rich in
spring-, thermal-, and mineral waters as well. Recently the
consumption of natural mineral- and spring waters comes to be
more and more popular in a certain populations. It is well
known some of these waters have elevated level of dissolved
naturally origin radionuclides, but their concentration may vary
in a wide range. In some cases elevated level of dose exposure
can be expected. In spite of this fact most of the recommendati-
ons do not apply to natural mineral waters and to waters that
are classified as of medicinal benefit. From dosimetric point of
view, it has a great importance to screen the radioactivity of
these waters as well. Within this work, the activity concentrati-
ons of uranium isotopes (**U, %”*U, and ***U) were analyzed in
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some of the popular and regularly consumed Hungarian mine-
ral-, spring-, therapeutically waters and tap waters. Samples
were selected randomly and were taken from different regions
of Hungary (Balaton Upland, Biikk Mountain, Somogy Hills,
Mez616ld, Lake Héviz). Uranium isotopes were separated from
impurities by extraction chromatographic resin and the activity
concentrations were determined by using o spectrometry. Con-
centration (mBq L") of 2*U, #°U, and ***U in the waters is
varied from 0.71 to 741.95, from <0.3 to 9.43, from 0.5 to
274.3 respectively. In general, the highest uranium concentrati-
ons were measured in spring waters, while the lowest were
found in tap waters. It can be established, in most cases radio-
active disequilibrium was observed between uranium isotopes.
The activity ratio between **U and ***U varies from 0.630 to
4.717. The doses for the analyzed samples of spring water are
in the range 0.04 - 35.87 pSv y! with an average 4.86 pSv
y'.This is well below the 0.1 mSv y™' reference level of the
committed effective dose recommended by WHO. The other
naturally occurring o emitting radionuclides (***Ra, 2'°Po) will
be analyzed later to complete the dose assessment. This study
provides preliminary information for consumers and authorities
about their internal radiological exposure risk due to annual
intake of uranium isotopes via water consumption.

REG.P41 (Id: 248)
CHARACTERISTICS OF CONCENTRATION
CORRELATIONS FOR THE PAIRS OF 2*U/HCO®,
Z4U/HCO;-, 2Ra/PU, 22Ra/***Ra, 2 Ra/HCO;-,
usRa/HCO3-, 21°P0/238U, 210p 226R o zsth/nzTh,
28Th/*8Ra, 2°Th/HCO;- AND 1°Po/*1°Pb IN DRINKING
WATER

GUOGANG JI1A

National Institute of Environmental Protection and Research,
Roma, Italy

guogang.jia@apat.it

Some important naturally occuring o and f radionuclides
in seventeen brands of drinking water samples collected in
Italy were determined. The mean activity concentrations
(mBq L) of the radionuclides in the water samples were in
the order: 2636 (***U) > 21+30 (***U) > 8.9+15 (**Ra) >
4.8£6.3 (***Ra) > 4.0+4.1 (*'°Pb) > 3.243.7 (*'°Po) > 2.7£1.2
(*'*Pb) > 1.4+1.8 (**Ra) > 1.1£1.3 (*°U) > 0.26+0.39 (***Th)
> 0.0023+0.0009 (**°Th) > 0.0013+0.0006 (***Th). Based on
the HCOj5™ concentrations and the radionuclide concentrations
in the analysed waters, correlation analyses were made, and
statistical positive correlations were found among the pairs of
*Ra/”*Ra, **Ra/HCOy,  *Ra/HCO;y,  *'°Po/”*U,
10po/*20Ra,  *Th/**Th, **Th/**Ra, **TWHCO; and
219p0/21%Pb in drinking water.
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REG.P42 (Id: 67)
LONG-TERM MONITORING OF RADIOACTIVITY IN
ENVIRONMENTAL OF THE CITY OF MOSCOW

SERGEY GORDEEV

Scientific and production enterprise "Radon", Russia
gordeevsk@yandex.ru

Moscow is the historical center of the atom project of the
former USSR. Radioecological assesment of the territory of
Moscow has been provided in compliance with the conception and
program of comprehensive radioecological monitoring of the City
of Moscow approved by the Moscow Administration. The metho-
dology of the envitonmental monitoring is based on long-term
determination of concentration of the major dose-forming radio-
nuclides in natural environment and some components of metro-
politan megapolis accumulated by mobile and stationary systems.
Such an approach ensures to monitor variations in temporary-and-
spatial distribution of radiation parameters of the environmental
objects as well as to identify the areas where radiation values are
abnormal ones and to assess the radiation situation both at separate
sites and in the city in general. Monitoring data are used in Radi-
ation-Hygiene Passport of the City of Moscow.

REG.P43 (Id: 136)

THE ACCUMULATION OF TRANSURANIC ELEMENTS
OF THE CHERNOBYL EMISSION BY MEADOW
VEGETATION OF THE ZONE CHERNOBYL NPP

MIKALAI PUZAN and VLADIMIR KUDRJASHOV

Institute of Radiobiology, National Academy of Sciences of
Belarus, Minsk, Belarus
sparta-nec@mail.ru

The Chernobyl accident was accompanied by release into
the atmosphere of a large number of radionuclides with long half-
lives. With respect to the exposure of biological objects the most
dangerous nuclides in the long term are a-emitters, particularly
transuranic elements (TUE-239, **Pu, **'Am) from the fuel.
Radionuclides with different half-lives and environmental featu-
res found in the terrestrial ecosystems in various ways become
widespread in the ecosystem. To build realistic models of beha-
vior of transuranic elements it is necessary to carry out a focused
analysis of the features of the long-lived radionuclides distributi-
on in various types of ecosystems. The aim of this work was to
study the behavior of long-lived radionuclides of the Chernobyl
genesis in meadow phytocenosis. The evaluated accumulation
rates, numerically equal to the ratio of specific activity of TUE in
overground phytomass of plants and their concentration in soil
(Bg/kg), have been used for characterizing the level and species
specificity of the ***°Pu and **'Am accumulation in plants.
Fluctuation of values of specific activity phytomass of 239.240py
was observed in range from 0.11 to 0.77 Bg/kg and **' Am - from
1.20 to 21.0 Bg/kg. TUE uptake in plants depends on soil condi-
tions, time of selection and climatic conditions. The experiments
were conducted for several years. The results exhibit very large
scatter, but a number of peculiarities can be observed. Studies
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identified vegetation types that are most active in the TUE upta-
ke. For #**%Py the following plants were found to be the most
active ones: Oenothera biennis L.> Helichrysum arenarium (L.)
Moench> Vicia cracca L.; for **'Am: Koeleria gracilis Pers.>
Oenothera biennis L.> Elytrigia repens L. > Lysimachia vulgaris
L. > Cytisus ruthenicus Fisch. Biological characteristics and life
cycle of plants will undoubtedly affect the value of radionuclide
accumulation, but the spread of values of accumulation factor on
one site within the same family has definite boundaries, characte-
ristic for the family. We have found that the contribution of
2! Am contamination of vegetation is predominant among TUE,
which indicates its greater biological mobility in comparison with
Pu isotopes. This should be taken into account in decisions con-
cerning the use of forage resources in regions polluted in diffe-
rent degrees. The significant uptake of **'Am activity should be
taken into consideration when calculating the dose for the com-
mon public.

REG.P44 (Id: 339)

DISTRIBUTION PATTERN OF NORM IN RED SEA
SHORE SEDIMENTS AND THEIR RELATION TO NON-
NUCLEAR INDUSTRIES

ASHRAF KHATER

King Saud University, Riyadh, Saudi Arabia
khater_ashrafl@yahoo.com

The Red Sea is a deep semi-enclosed and narrow basin that
has an intensive non-industrial activities on and near its shore. Oil
exploration, phosphate mining and trading, navigation activities
and intensive touristic activities are considered as non-nuclear
pollution sources. They could impose a serious radiological and
ecological impacts on the Red Sea marine environment. Both oil
and phosphate related activities could increase the concentration
of Naturally Occurring Radioactive Materials - NORM such as
580 series, 2 Th series and “°K. Forty representative shore sedi-
ment samples were collected from the Egyptian Red Sea shore,
from Shugeir to Marsa Alam City region. Activity concentration
of 28U, »2Th, “K were measured using ICP-MS analytical
techniques. Previous study showed the possible impact of in-
dustrial activities on the activity concentration of NORM in shore
sediment. This study will investigate such relationship and the
distribution pattern of NORM in relation to the elemental com-
position of the shore sediment.

REG.P45 (Id: 367)
SPECIFIC ACTIVITY OF “’K IN DRINKING WATER IN
SLOVENIA

ToNI PETROVIC?, MATEJ LIPOGLAVSEKb, BENJAMIN ZORKOb,
MARIIAN NECEMER” and MATJAZ KORUN"

“Jozef Stefan International Postgraduate School, Ljubljana,
Slovenia, by Stefan Institute, Ljubljana, Slovenia
toni.petrovic@ijs.si
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The European legislation (Council Directive 98/83/ec)
requests the member sates to control the radioactive contami-
nation of drinking water. As a part of these measurements
y-ray spectrometric measurements are performed. Samples of
50 L of water are evaporated and the residue after evaporation
is measured. Typically, 20 g - 40 g of residue is obtained. Since
by y-ray spectrometry activity concentrations of radioactive
isotopes emitting y-rays can be determined also the concent-
ration of natural *’K in the samples is measured. The measure-
ments of activity concentration of K are relatively easy since
it radiates at an energy, where no interference with other y-ray
emitters occurs. Drinking water in Slovenia is gained mainly
from the ground water. Therefore the concentration of potassi-
um in drinking water reflects the properties of the rock of the
aquifer as well as the geochemical conditions there. The activi-
ty concentration of *°K in drinking water may bear information
on the circumstances in the aquifer from where drinking water
is extracted. In the contribution the correlation between the
activity concentration of “’K in drinking water and the potassi-
um concentration in the soil will be presented. The correlation
will be discussed in terms of the geological properties of the
aquifers and the level of the water table.

REG.P46 (Id: 338)

RADIOECOLOGICAL IMPACTS OF NORM
FRACTIONATION IN PHOSPHATE ROCK
BENEFICIATION PROCESSES

ASHRAF KHATER

King Saud University, Riyadh, Saudi Arabia
khater_ashrafl@yahoo.com

Phosphate rock beneficiation processes (crushing, scree-
ning, washing, magnetic separation and wet screening) aims to
increase the phosphorus content of the run-of-mine (ROM) ore.
It starts with the ROM ore and ends with the wet rock, and
different rejects (by-products). These by-products have poten-
tial environmental hazards due to their content of Naturally
Occurring Radioactive Materials — NORM especially uranium-
238 series. They have also potential industrial and agricultural
useful applications due to their physicochemical properties such
as their relative high content of phosphorus, clay and iron.
Representative samples of ROM ore, wet rock, and beneficiati-
on processes by-products (wet screening, magnetic separation,
slim, and clay and dolomite rocks) were collected. Natural
radionuclides (***U, 23U, *’Th, “K, 2!°Pb, *!°Po) were measu-
red using y-ray spectrometer, a particle spectrometer and ICP-
MS analytical techniques. Radiologically, internal hazards
index, external hazard index, representative level index, y ab-
sorbed dose rate and occupational dose equivalent due to inha-
lation were calculated. Potential hazards due to beneficiation
processes and their by-products were discussed. Some of the
by-products could have potential useful applications such as
clay rock and slim for agricultural soil reclamation. The aspects
of these useful applications were discussed.
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6. PRODUCTION AND APPLICATION OF RADIONUCLIDES
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PAR.L01 (Id: 263)

HIGH SPECIFIC ACTIVITY "2Lu FOR METABOLIC
RADIOTHERAPY: DEUTERON CYCLOTRON VS.
NUCLEAR REACTOR

MAURO L. BONARDI, FLAVIA GROPPI and SIMONE MANENTI

Radiochemistry Laboratory, LASA, Universita degli Studi di
Milano and INFN-Milano, via F.lli Cervi 201, I-20090 Segrate,
Milano, Italy

mauro.bonardi@mi.infn.it

This work is focused on production of '77¢Lu for uses in
metabolic radiotherapy of tumors, due to the appropriate ave-
rage B-energy and y rays suitable for detection by y-camera and
SPET: 4,,=6.734 d, B 100%, EB,max =489.3keV,
<E>=163 keV, main E,=113 and 208 keV. It is one of the
most promising B-emitters for small cancers. The production
methods are either direct neutron capture
7SLu(n,y)177(m+g)Lu on (60-70 %) enriched '*Lu target (o-
th=2 + 2100x10*® m?, plus a contribution of epithermal ne-
utrons from resonance peaks), with a lower specific activity AS
than the theoretical carrier-free one: AS(CF) =4.05 GBq.pg,
or neutron capture on highly enriched '7°Yb, followed by
B-decay "*Yb(n,y)'""Yb -> ""8Lu (o-th = 3.1x10%® m?). Due to
the long half-life '""™Lu is relevant for rad-waste and dose to
the patient and medical personnel. The second method produces
a high AS NCA '"""®Lu, whilst the first one a lower AS CA
mixture of both, diluted in stable Lu isotopic carrier. Thus, in
the latter case the '"’8Lu is contaminated by the long-lived
radionuclidic impurity '7™Lu. Several commercial samples of
reactor produced '""Lu were submitted to accurate measure-
ment of both decay patterns and radionuclidic purity vs. time
using HPGe and LSCS. The measurement of the isomeric ratio
of Lu (direct neutron activation) and the absence of other Lu
RNs (indirect neutron or deuteron activation) allows identifying
the production method adopted. In case of direct '"*Lu(n,y)
route, it was evidenced that - at administration time - the typical
amount of the long-lived "7™Lu was of the order of 0.01 %.
The experimental t,, for '"’8Lu (6.724 + 0.006 d) is in very
good agreement with the reference value taken from the litera-
ture of 6.734 d. An alternative method is based on deuteron
activation of !"°Yb, by (d,p) reactions followed by decay of the
short-lived '77Yb and direct (d,n) reactions as well. Deuteron
activations have been carried out at JRC-Ispra Cyclotron
(K=38) of EC, with deuteron beams up to 19 MeV. To
conclude '"7¢Lu can be produced in no-carrier-added form, by
either neutron activation on enriched '"Yb or by deuteron
irradiation on very highly enriched '"Lu, both followed by
decay of '7Yb. In both cases a AS value could be very close to
the CF one, after selective radiochemical separation of Lu from

Yb target. It is remarkable that '77Yb decays solely to the
ground level of Lu, leading to a very high radionuclidic purity
177 u, not contaminated by the long-lived metastable radioiso-
topic impurity '"""Lu. A much higher value of radionuclidic
purity is achievable (theoretically 100 %) in case of direct
17"Yb(d,n)mLu route, whose effective threshold is at 13 MeV.
Several activation of thin Yb targets by deuterons led to the
conclusion that a maximum thin-target yield for '""*Lu of
246 MBq.C"'.MeV™' is achievable (o-max =250x10% m?) at
12.5 MeV, on 100 % '7°Yb target. Our data will be compared
with the data taken from the literature for the two neutron
routes. Finally ET-AAS and NAA were used to determine
chemical purity and AS of the products.

PAR.L02 (Id: 9)

OPTIMISATION OF THE LONG LIVED 2'Te
CONTAMINANT IN PRODUCTION OF I TROUGH
THE '"*Xe(p,x) ROUTE

ALEX HERMANNE", FERENC TARKANYIb, SANDOR TAKACSb,
RAZVAN ADAM REBELES®, S. SPELLERBERG?,
ANATOLY IGNATYUK® and HERMANN SCHWEICKERT'

“Cyclotron, Vrije Universiteit Brussel, *Institute of Nuclear
Research of the Hungarian Academy of Sciences (ATOMKI),
Debrecen, Hungary, “Vrije Universiteit Brussel (VUB), Brus-
sels, Belgium, 3 Institut fiir Nuklearchemie, Forschungszent-
rum Jiilich, Jiilich, Germany, ‘Institute of Physics and Power
Engineering (IPPE), Obninsk, Russia, nyklotron AG
,Eggenstein, Germany

aherman@yvub.ac.be

At present bombardment of highly enriched '**Xe with
35 MeV protons and taking advantage of the cascade decay
183Cs-18Xe-12] is the preferred route for 1231 (Ty,=13.2 h)
production. After irradiation the gas targets are allowed to cool
for 7 h ensuring optimal in-growth of '*I from its precursors. A
separation of I from all other elements is performed resulting in
a nca, pure solution. An unavoidable contaminant is 1217
(Ty,=2.12 h) produced by 124Xe(p,(x) reaction with a cross
section maximum around 20 MeV. This rather short lived
radioiodine will disappear quickly from the '*I solution, but its
long lived decay product '*'®Te (16.8 d) accumulates and im-
pairs the late use (several half lives of '»I after calibration date)
of the solution. This situation could be improved by lowering
the '2'I production through limitation of the target thickness and
imposing a higher exit energy. As the only values for the
124X e(p,0) reaction were reported by Tarkanyi et al. ' at higher
energy, reliable data on the excitation function had to be mea-
sured for the first time. Highly enriched '**Xe was bombarded
with protons between 13 and 37 MeV with the double aim of
determining cross sections for '?'I production and resolving
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discrepancies existing in the previously published values for
production of '*Cs and '**Xe 2. Here only results for '?'I are
presented and compared with results from different theoretical
codes. Under the experimental (and production) conditions
formation of *'Cs and '*'Xe is impossible or extremely low
(practical threshold of 1 mb at 38 MeV ). Direct formation of
12leTe (16.8d) or ?'™Te (154d) through the (p,3pn) reaction are
not of importance because of the needed chemical separation at
EOB+7 h . The cross sections for *'I production show a practi-
cal threshold at 9.5 MeV rising to a maximum of 13 mb at
21 MeV, not in agreement with theoretical results. From a fit to
our excitation curve, production yields for short irradiations of
thick targets are calculated. The '*'I activity present at the
optimal cooling time is then calculated for different energy
degradation in the target and for different irradiation times (up
to 13 h, 1 half life of '*I, saturation of '*'I). By comparing to
the cumulative produced '’I under the same irradiation condi-
tions, the evolution of the relative activity of both 1217 (decrea-
sing in time) and '*'Te (increasing in time) is calculated. By
defining maximal admissible contaminations levels for late use
of the "I solution, limits on target thickness are defined.

References:
Tarkanyi F. et al.: Appl. Radiat. Isotopes 42, 221 (1991).
IAEA TECDOC 1211, Vienna 2001.

PAR.LO03 (Id: 16)
DETERMINATION OF THE VALENCE STATE OF *'U,
OBTAINED IN THE PHOTONUCLEAR REACTION 23U
(y,n) U USING NANOSTRUCTURED MATERIAL.

MARINA GUSTOVA, OLEG MASLOV and ANATOLY BELOV

Frank Laboratory of Neutron Physics (FLNP), Joint Institute
for Nuclear Research (JINR), Dubna, Russian Federation

gust@jinr.ru

U was obtained in the 2*U (y, n) *’U reaction in the
electron accelerator - microtron MT-25 of the Flerov Laborato-
ry of Nuclear Reactions (FLNR JINR, Dubna). The method of
recoil atoms capture with application to the nanostructure mate-
rial - hydrous manganese dioxide (cryptomelane-type) in a
solid-solid system was used for the separation of >*’U and **U.
The change of the distribution coefficient of the isotope **’U
between solution and sorbent in dependence on the acidity of
nitrate solutions was studied. These experiments show that
most of the **”U is in the +4 valence state.
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RADIOCHEMICAL MEASUREMENT OF CROSS
SECTIONS FOR THE PRODUCTION OF THE
THERAPEUTIC RADIONUCLIDE *™p¢

MDb. SHUZA UDDIN", BERNHARD SCHOLTEN?, ALEX HERMAN-
NE”, SANDOR SUDAR®, HEINZ H. COENEN® and SYED M. QA
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“Institut fiir Neurowissenschaften und Medizin, INM-5:
Nuklearchemie, Forschungszentrum Jiilich, D-52425 Jiilich,
Germany, *Cyclotron Laboratory, Vrije Universiteit Brussel
(VUB), B-1090 Brussels, Belgium, “Institute of Experimental
Physics, Debrecen University, H-4001 Debrecen, Hungary
md.shuzauddin@yahoo.com

The radionuclide '**™Pt (T, =4.33 d), a high spin isomer,
decaying by highly converted isomeric transition, emits about 33
Auger electrons per decay. It is of great potential interest in
internal radiotherapy because of its suitable decay properties and
platinum-complexes (like cis-platin and others) used in chemo-
therapy, i.e., potent antitumor agents. In order to avoid side ef-
fects of chemotherapy, it is advisable to use this radionuclide in
the same chemical complex with high specific activity. So far the
specific activity of *™Pt produced has been rather low due to the
use of the '"Pt(n,y) process at a reactor. In a recent study, the
20s(a,3n) reaction was measured up to 28 MeV !. The aim of
the present work was to establish reliable and reproducible chemi-
cal preparation of thin targets from highly enriched osmium and to
extend the measurement of excitation function of the '*Os(0,3n)
reaction up to 35 MeV, where the optimum energy range was
expected, and to increase the yield and the specific activity of the
193mpy¢ at a cyclotron. We optimized the dissolution and conversi-
on of osmium to osmium tetroxide vapor and trapping in KOH
solution, the electrolytic preparation of thin target samples of
highly enriched '**Os on Ni, and the complete radiochemical
separation of radioplatinum. The excitation function of the
19205(0,3n)'**™Pt reaction was measured from 26 MeV to 39 MeV
using the conventional stacked-foil activation technique. Several
stacks containing 99.65 % enriched *?Os targets and thin Ti and
Cu foils were irradiated by 40 MeV a-particle beam of about 100
nA for 2 h at the Brussels Cyclotron. The Ti-nat(a,X)’'Cr reacti-
on induced in the Ti foil was used to monitor the incident beam
intensity. After complete separation of radioplatinum, the radio-
activity of '*™Pt was measured by X-ray spectrometry using the
Pt X-ray line of 66.8 keV. The measured count rates were con-
verted to decay rates by correcting for the X-ray intensities, self
absorption in the source, and the efficiency of the detector using
the well known formula; thereafter the nuclear reaction cross
section was calculated. The cross section of the *?Os(a,3n)'*>™Pt
reaction reaches a value of about 1.5 b at the maximum at about
35 MeV. It was also calculated theoretically using the compound-
precompound nuclear model codes TALYS and STAPRE. The
calculated values are consistent with the measured data. The
optimum production of the '**™Pt radionuclide by this method
was found in the energy range 30-38 MeV; the integral yield of
199mp¢ peing about 40x higher than that in the energy region
below 28 MeV . The results provide basic information on the
production of high-quality '*™Pt for therapeutic application.
Tests on impurity, the yield and specific activity are underway.

Reference:
Hilgers K., Coenen H. H., Qaim, S. M.: Appl. Radiat. Isot. 66,
545 (2008).
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PC-CONTROLLED RADIOCHEMISTRY SYSTEM FOR
PREPARATION OF NCA *Cu
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Lupo DE Vis and RENE WAEGENEER
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Belgium
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Due to the rapid increase of the use of nuclear medicine
techniques in modern clinical diagnosis and in a selected series
of therapies, researchers efforts are focusing for the standardi-
zation and optimization of different production routes for a
series of emerging radioisotopes like 84y, Cu, MM, AL
In particular the EC/B/p- decay of ®*Cu makes it a promising
candidate for both PET imaging and internal targeted radio
therapy. In the last decades several groups studied different
production routes to obtain this radionuclide, i.e. **Ni(p,n),
%Ni(d,2n),**Zn(d,2p). Taking into account the wider availabili-
ty of the medium energy proton beam machines, the (p,n) re-
action on *Ni seems to be the most attractive one, although
847n(d,2p) may be considered as an alternative where lower
activity is necessary, as it may require less investment in enri-
ched material. The production of large activities of **Cu on
regular basis requires a fast and reliable chemistry system.
Based on the experience gathered in the last decades in our
laboratory we present here an efficient, remote controlled che-
mistry system for production of the non-carrier added **Cu via
%*Ni(p,n) reaction. To avoid excessive investment in a gold
target carrier, a good practice is to coat the copper target carrier
with a thin inert material, i.e. 5-6 um of gold, followed by
electrodeposition of the *Ni target layer. In that way, the cross
contamination of the non-carrier added ®*Cu with the copper
present in the target carrier is excluded. In general the irradiati-
ons are performed with protons having incident energy of about
15 MeV, and, depending on irradiation condition, may lead to
curie amount of induced activity of **Cu. To reduce the
thickness of the ®Ni target layer, and, as consequence, to mi-
nimize the problems related with the plating and dissolution of
the target layer, a low beam/target angle geometry (6 degrees)
is desired. Nevertheless, the separation of target/activation
product is required. Upon irradiation, our chemistry system
proposes the dissolution of the ®Ni layer in a heated flow
trough stripper by means of diluted nitric acid. Next, the non-
carrier added **Cu is selectively extracted into benzene (contai-
ning 0.1 M benzoylacetone) at pH 4.5, leaving the enriched
%¥Ni and possible Co induced isotopes in the inorganic phase.
The back extraction of **Cu is done in a small volume of dilu-
ted hydrochloric acid (6 N). The final purification step is achie-
ved using an anion exchange column Dowex 1X8. Finally, the
NCA %Cu is eluted with a small volume (10 mL) of diluted
hydrochloric acid (1 N). The overall yield of the chemistry is
estimated as being higher than 95% with a short total chemistry
time, less than 3 hours, while the gold plated target carriers can
be reused as long as the thin gold layer remains intact, meaning
that scratches and cracking by careless handling are avoided.
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PAR.L06 (Id: 30)
PRODUCTION OF *Al, *Ni, “Ti, *Mn AND “’Fe FROM
PROTON IRRADIATED COPPER BEAM DUMP

MARIN AYRANOV and DOROTHEA SCHUMANN

Paul Scherrer Institut, Villigen, Switzerland
marin.ayranov@psi.ch

The station for pions cancer therapy was operated at PSI
from 1980 to 1992. For this period the copper beam dump of
the facility received a total dose of approx. 0.16 Ah of
590 MeV protons. The sampling collected about 500 g of high
active copper chips that can be used for separation of exotic
radionuclides. The y analyses showed main nuclides present to
be °Co, **Mn, **Na, *Zn and long lived “Ti with a daughter
nuclide **Sc. Further analyses by LSC and AMS demonstrated
that significant amounts of A1, >*Mn, ¥Ni, ®Ni, >Fe and *“Fe
are present in the copper beam dump. The analytical results
estimate that about 100 MBq T4, 500 MBq 3Mn, 7 kBq A1,
8 MBq *’Ni and 5 kBq “Fe are available in the collected cop-
per chips '. Due to the high activity of ®’Co, approx. 5 GBq in
total, the separation should be implemented using a hot cell.
The purpose of this work is to develop a simple, selective,
efficient and easy method for the separation of %A1, *Ni, **Mn,
*Ti and *°Fe from gram amounts of the copper beam dump.
For the separation of the exotic radionuclides from the copper
beam dump, a procedure combining selective precipitation, ion
exchange and solvent extraction was developed. Copper as the
main matrix element interferes with the separation of all ele-
ments of interest. For this reason, after the copper dissolution in
7 M HNOs; the solution is conditioned to 1 M HNO; and Cu (II)
is precipitated selectively by saturation with H,S, while the
exotic radionuclides remain in the solution. Further the solution
is transferred in 12 M HCI and passed on Dowex 1x8 anion
exchange column. Al and Ni are not retained and are washed
out of the column with 12M HCI. The remaining ions are
eluted consequently in the following way, Mn-10 M HCI, Ti-
8 M HCI, Co-5M HCI, Cu-2.5M HCI and finally Fe with
0.5M HCL Finally Al is separated from Ni on Dowex 50x4
cation exchange column and Ni is purified with Eichrom Ni
resin based on the traditional dimethylglyoxime precipitation
chemistry. The proposed separation procedure is easy for remo-
te controlled implementation in a hot cell. The ion exchange
separation of Ni, Al, Mg, Ti and Fe is complete and high de-
contamination factors for copper and cobalt were achieved. The
full scale system is installed in a hot cell where high activity
levels could be handled. During the test period 13.86 g in total
of the proton irradiated copper beam dump were processed for
separation of A1, PNi, “Ti, Mn and ®“Fe. The results
showed the system is operational and the radionuclides sepa-
ration is selective with high chemical yield. The procedure
manages as well the generated liquid wastes containing high
level of ®Co activity, reducing drastically their volume.

Reference:
1.  Schumann D., et al.: Radiochim. Acta, 97, (3) (2009).

s200



Chem. Listy 704, s201-s262 (2010)

PAR.L07 (Id: 99)

FOSSIL FUEL CO, DETECTION BY ATMOSPHERIC
4C AND CO, MIXING RATIO MEASUREMENTS IN
THE CITY OF DEBRECEN, HUNGARY

MIHALY MOLNAR?, ISTVAN MAJOR®, IVO SVETLIK®,
LAszLO HAsZPRAY, MIHALY VERES® and EVA SVINGOR®

“MTA ATOMKI (Institute of Nuclear Research of the Hungari-
an Academy of Science), Debrecen, Hungary, b Isotoptech Co.
Ltd., Debrecen, Hungary, “‘Nuclear Physics Institute AS CR,
Hungarian Meteorological Service, Budapest, Hungary
mmol@atomki.hu

Fossil fuel CO, content in the air of a major Hungarian city
(Debrecen) was determined using simultaneous measurements of
CO, mixing ratio and radiocarbon (**C) content in air. In this
project we developed a high precision atmospheric CO, monito-
ring station in Debrecen. An integrating sampling system (deve-
loped by ATOMKI) was applied for radiocarbon measurements.
One sampler was installed in Debrecen station and two indepen-
dent “CO, sampling lines were installed ~ 300 km far from
Debrecen at Hegyhatsal station as independent background refe-
rences, where high precision atmospheric CO, mixing ratio
measurement is also running since 1997. During the winter of
2008/09 we measured the mixing ratio and radiocarbon content
of atmospheric CO, at Debrecen and the reference station simul-
taneously. It was concluded that trends in CO, mixing ratio
variations in time are very similar at the three different sampling
points (2 m above ground in Debrecen, 10 m and 115 m above
ground in Hegyhatsal). Air quality in Debrecen during September
of 2008 seemed to be relatively clear from the point of view of its
CO, content at least. When winter came closer in October, with
lower outside temperature and less sunshine hours the CO, content
of air increased in all the three sampling points, but this effect was
more intensive closer to the ground level. According our radiocar-
bon observations it was clearly indicated that there was not signi-
ficant amount of fossil fuel CO, in the air of Debrecen during
September in 2008. But during the winter of 2008/09 the average
4C value of atmospheric CO, of Debrecen decreased by more than
40 %o relative to September’s results, and according our calculati-
ons it was caused by about 20 ppm fossil fuel CO, which ap-
peared as a surplus amount in the air above the September level.

PAR.L08 (Id: 101)

INVESTIGATION OF THE DYNAMICS OF EROSION-
ACCUMULATING PROCESSES USING “*’Cs AND
EXCESS 2Pb AS A MARKER OF SOIL MATERIAL
DISPLACEMENT

OLGA ZHUKOVA®, VALENTIN GOLOSOV",
MAKSIM MARCELOV® and VLADIMIR BELYAEV”

“Institute of Global Climate and Ecology, Moscow, Russia
bMoscow state university, Russia
geosynclinal@rambler.ru

Global ploughing up of large areas, increased particularly
in the last two centuries, lead to fundamental changes of the
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sediment load balance of flat territories, namely by the repea-
tedly increasing erosion-accumulating processes. Use of *’Cs
as a marker of erosion-accumulating processes allows to esti-
mate the intensity of these processes during the period from the
mid-fifties, and in a number of cases (especially, in zones of
Chernobyl contamination) during much shorter periods. Atmo-
spheric part of >'°Pb (excess >'°Pb) is recently used as a marker
for estimating the rate of erosion-accumulating processes in
100-120-year intervals. At the same time certain methodical
problems of the radiolead method exist, in particular the insuf-
ficient understanding of the excess *'°Pb fallout spatial variabi-
lity. There are also other factors, bearing on the precision and
reliability of the erosion-accumulating processes rates evaluati-
on. Application of these methods to the central Russian plane
has showed that the arrangement of erosion and accumulation
zones naturally changed along cultivated slopes in dependence
on their morphology; dynamics of the sediment load accumu-
lation rate in dry valley bottoms determines the intensity of the
repeated sedimentation process at the expense of secondary
erosion development.

PAR.L09 (Id: 127)
SORPTION OF TUNGSTEN AND RHENIUM ON
ALUMINA IN *3w/!383Re GENERATORS

FABIOLA MONROY-GUZMAN, VERONICA
ELIZABETH BADILLO-ALMARAZ and C.J. ROSALES

National Institute of Nuclear Research, Mexico
fabiola.monroy@inin.gob.mx

Rhenium-188 is a recommended radioisotope for diagnos-
tic and therapeutic techniques because of its attractive physical
and chemical properties: half-life 16.98 hours, a strong particu-
late emission (3 energy of 2.12 MeV) and an imageable y emis-
sion (15 %, 155 keV) ideal for current y camera imaging of
tumors. Radiopharmaceuticals labeled with '**Re are currently
used in clinical trials, such as: '"®Re-MAG3 as renal excreting
agents, '*Re-HEDP for palliation of metastatic bone pain or
188Re-HDD for treatment of liver cancer.'®*Re is the daughter
product of '*W/!'®Re generator with a useful shelf-life of
several months and can continually provide a supply of '**Re to
remote sites at a reasonable cost. In these generators W is
adsorbed on alumina, charged in a chromatography column,
and '"®Re is eluted with saline solution. A systematic study of
W and Re sorption on alumina as a function of the medium
concentration, medium pH, alumina particle size and alumina
weight (capacity) and an evaluation of the performances of the
188W/1%Re generator systems constructed from the W and Re
adsorption data are reported. '**Re is not adsorbed in HCI and
NaCl media whereas "**W is strongly adsorbed in both media at
pH < 5.5. In accordance with the W and Re adsorption results,
alumina "**W/'"*®Re generators can be prepared and eluted with
HCI (< 0.1 mol/L) and 0.9 % NaCl solutions (pH <5.5), using
alumina with a particle size of 0.075-0.048 mm and a ratio of
10.5 mg W/g alumina, at this ratio the W is sorbed about 99.9%
on alumina and the Re around 3 %. Alumina based '**W/'*Re
generators eluted with HCI or 0.9 % NaCl solutions and with
ratios of 10 or 20 mg W/ g alumina were prepared and evalua-
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ted for six months. Optimum performances were obtained in
the generator eluted with 0.9 % NaCl solutions, a ration of
10 mg W/ g alumina and "W fixed with 0.01 mol/L HCI:
'8Re elution yields of 83%, a "W breakthrough of
4.5x10™ %, a radiochemical purity of 92 %, an eluate volume
and pH of 8.3 mL and 5.5, respectively, and an aluminum
content of less than 10 pg/cm3.

PAR.L10 (Id: 141)

PROGRAMMING OF MATERIAL’S PROPERTIES
OVER EXTENDED TIME INTERVALS VIA SELF-
IRRADIATION PHENOMENA

VALERIY LUCHNIKOV

Institut de Science des Matériaux de Mulhouse CNRS (Centre
National de la Recherche Scientifique - National Center for
Scientific Research), Mulhouse, France
valeriy.luchnikov@uha.fr

We consider theoretically the possibility of programming
the ageing processes in materials via the introduction of small
quantities of unstable nuclei in a material’s structure. Ageing
of materials is usually considered as a harmful and undesira-
ble process which limits the lifetime of many consumer pro-
ducts. In certain instances, however, changing of physico-
chemical properties with time constitutes a part of material's
functionality. Structure transformations due to self-irradiation
of materials by fission products of unstable isotopes constitute
a special case of ageing processes. They are quasi-
independent on environmental factors, such as heat, light,
humidity, aggressive chemicals. A well-known example is
metamictisation of zircon due to the decay of uranium and
thorium atoms present in the mineral's crystal lattice. In our
work we suggest to exploit self-irradiation phenomena to
programming material's properties over extended time inter-
vals. Using literature data on the action of ionizing radiation
on different materials, we argue that incorporation of mi-
nuscule amounts of radioactive species, such as tritium, in the
structure of certain polymers can lead to profound change of
their physico-chemical characteristics over the times ranging
from few months to several years. For instance, introducing
tritium in the structure of polytetrafluoroethylene (PTFE) via
substitution of a small fraction of the fluorine atoms can be
used for programming radiolysis of the polymer and it's self-
destruction to a certain date. The date can be preset by con-
centration of tritium in the material, which is typically a few
mg of tritium per kilogram of the polymer. Radioactive isoto-
pes can be incorporated in the structure of conductive poly-
mers, such as a blend of polyaniline (PANI) with poly (vinyl
chloride) (PVC). Self-irradiation can lead to significant chan-
ge of electronic properties of the material due to self-doping
of PANI by hydrochloric acid released by the partner polymer
upon irradiation. It is known that refractive index of materials
(polymers, glasses) also can vary upon the action of ionizing
radiation. Therefore it might be possible to program the value
of the refractive index by radioisotope engineering. Finally,
self-irradiation can be applied to scheduled relaxation of
internal mechanical stresses in materials. Materials with time-
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programmed characteristics can find numerous applications in
different fields of technology. For instance, polymer or inor-
ganic semiconductors with programmed electronic properties
can be used for the design of electronic devices which can be
disabled or activated at a well-defined date. Due to miniaturi-
sation of electronic circuits, tiny quantities of radioactive
substances might be sufficient for this purpose.

Reference:
1. Luchnikov V.: J. Mater. Sci. 44, 6294 (2009).
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PAR.P01 (Id: 115)
SEPARATION OF *'Cs FROM BARIUM
RADIONUCLIDES

ABDISAMAT VASIDOV and SAIDAKHMAD KHUJAEV

Uzbekistan Academy of Sciences, Institute of Nuclear Physics,
Tashkent, Uzbekistan
samad@inp.uz

The implanted seeds of '*'Cs are successfully used in bra-
chytherapy to treat prostate cancer and other malignant tumors.
X-rays of 'Cs (30 keV) make damage to and kill genetic
materials of cancer cells, making it impossible for these cells to
continue growing while saving or minimizing damage to the
healthy tissue. Besides the radioisotope *'Cs has a short half-
life (T, = 9.7 d), making it possible to deliver 90% of its dose
energy in just 33 days compared to 204 days for '*I (T, = 60
d) and 58 days for "*Pd (T, =17 d). In this work, the radio-
chemical methods of separation of '*'Cs from barium radioacti-
ve isotopes are presented. The targets of barium components
(BaCl,, BaCO;, BaO) were irradiated for 3-7 days by thermal
neutrons at fluxes of 5-10x10" em? s in nuclear reactor.
Irradiation formed about 10 undesirable radionuclides that
represent a certain difficulty and radioactive safety problem in
the separation of *'Cs from radioactive solutions. Carrier-free
B1Cs is separated from the irradiated barium target by precipi-
tation of Ba®" cations with addition of SO,> anions in excess
and filtration of the formed precipitate. Chemical purity of
131Cs was determined by y spectrometer with HPGe detector.

PAR.P02 (Id: 146)
AN EXTERNAL CYCLOTRON TARGET SYSTEM FOR
NANOPARTICLE SAMPLE ACTIVATION

KAMEL ABBAS, NEIL GIBSON, WYBE HORSTMANN,
UWE HOLZWARTH, FERNANDO ARROJA,
FEDERICA SIMONELLI, JAN KOZEMPEL,

ANTONIO BULGHERONI and IZABELA CYDZIK

European Commission, Joint Research Centre, Institute for
Health and Consumer Protection, Ispra, Italy
kamel.abbas@jrc.ec.europa.eu

The need for toxicity assessment of industrially relevant
nanoparticle materials implies that in vitro and in vivo biokine-
tics studies are required. Radiolabelled nanoparticles are an
excellent candidate for such biodistribution measurements and
are also of high interest for particle tracing and fate studies in
other areas. We describe here an external target system for
direct activation of dry nanoparticle samples, with He or water
cooling, which is attached to an external beamline of the JRC
Scanditronix MC-40 cyclotron at Ispra, Italy. A specially
designed capsule is used to hold several tens of mg of nanopar-
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ticle powder material to be irradiated. The target system design
and cooling system is described, and considerations regarding
energy deposition, yield, heat transfer, radiation damage and
radiotracer recoil are discussed.

This work was performed in support of several projects, inclu-
ding the European Commission’s 7th framework programme
"NeuroNano" project - contract number NMP4-SL-2008-
214547

PAR.P03 (Id: 151)
PREPARATION OF *™T¢ RADIOTRACER

MAREK FIKRLE", JAN KUCERA® and FERDINAND SEBESTA”

“Nuclear Physics Institute ASCR, *Czech Technical University
in Prague, Faculty of Nuclear Sciences and Physical
Engineering

fikrle@ujf.cas.cz

Several procedures of the preparation of the radionuclide
9mT¢ a radiotracer useful for various purposes, were tested. A
foil made of natural molybdenum was irradiated with protons
or deuterons and after 5-6 weeks of decay the *™Tc radio-
nuclide was separated. Three different separation procedures
were tested. 1) Alkaline-oxidative fusion of the Mo target with
sodium peroxide and sodium hydroxide followed by the disso-
lution of the melt in water and liquid-liquid extraction of Tc
with methyl ethyl ketone. The organic phase with Tc was eva-
porated and the residue was dissolved in 2 M HNOs;. 2) The
target was dissolved in the mixture of hot concentrated HNO;
and H,0,. The solution was evaporated, the residue was dissol-
ved in 0.1 M HCI and Tc was separated by extraction chroma-
tography with a Tc selective chromatographic resin (PAN-
Aliquat 336 with similar properties as Teva® Resin). 3) The
molybdenum foil was dissolved in the mixture of concentrated
H,SO, and HNO; (25:1) using microwave assisted digestion.
To remove sulphate ions, which would interfere in the sub-
sequent separation, barium chloride was added to the solution,
the precipitate of barium sulphate was separated by filtration,
and Tc was separated from the aqueous phase by extraction
chromatography as given above. The column was washed with
1 ml of 0.1M HCI and Tc was stripped with 5 ml of 8 M HNO;.
The overall separation yield was in the range of 70 to 95 %. All
the three methods can be used for Tc separation. However, the
following difficulties have been encountered in the first two
methods. In the first method, it is necessary to repeat the alkali-
ne fusion step since the amount of reagents in one fusion is to
be limited due to a very reactive nature of the flux used. Con-
sequently, the liquid-liquid extraction step is to be repeated
several times. In the second method tested, a precipitate of
undetermined composition appears during dissolution, which,
unfortunately, contains about 25 % of *™Tc present in the
target. The third method appeared superior over the other two
methods tested, because it is fast, simple and provides a very
good separation yield of technetium (> 90%).
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PAR.P04 (Id: 159)
MEASUREMENT OF EXCITATION FUNCTIONS FOR
(D,X) REACTIONS ON NATURAL MOLYBDENUM

ONDREJ LEBEDA and MAREK FIKRLE

Nuclear Physics Institute, Academy of Sciences of the Czech
Republic
lebeda@uijf.cas.cz

Cross sections for deuteron induced reactions on natural
molybdenum leading to *Tc, **™Tc, *Tc, *™Tc, *Tc, *™Tc,
%Tc, %MTe, PMTe, Mo, *>™Nb, *Nb and **Zr were measured
in deuteron energy range 9.0-19.6 MeV on the cyclotron
U-120M of the Nuclear Physics Institute AS CR. Special
attention was paid to excitation function for formation of *>™Tc,
which is used as a tracer for determining *’Tc in environmental
samples, and to excitation functions and thick target yields for
formation of *™T¢ and **Mo, the most widespread radionuclide
generator pair in nuclear medicine. If appropriate, obtained data
are compared with the heretofore published cross sections.

PAR.P05 (Id: 200)
PREPARATION AND CHARACTERIZATION OF
TARGET FOR *Cu PRODUCTION ON THE IBA 18/9
CYCLOTRON.

PAVOL RAJEC®, VOJETCH CSIBA®, MAREK . LEPORIS,
ERZSEBET LOSONCZI PATAKY”, MicHAL REICH” and
JARMILA OMETAKOVA®

“Biont, Faculty of Natural Sciences, Bratislava, Slova-

kia, bBiont a.s., Bratislava, Slovakia, ‘Comenius University,
Faculty of Natural Sciences, Bratislava, Slovakia
rajec@biont.sk

Copper has many radionuclides (60Cu, 81Cy, “Cu, *Cu,
and ’Cu) that can be used in nuclear medicine and molecular
imaging. Isotope *'Cu (IB"'=17.6%, EB =653 keV,
IB- =38.5 %, Ef-max =579.4keV) is a positron emitter with
half life 12.7 hrs and is suitable for the preparation of radio-
pharmaceuticals for PET imaging. The *Ni(p,n)**Cu reaction
route is popular for its preparation because its entrance channel
is accessible at low energies and yield of reaction is quite high.
Disadvantage of the reaction used is a high price of the enri-
ched *Ni. Thick gold or platinum target were used for target
preparation by electrodeposition. Irradiation surface of target
was optimized for COSTIS station. COSTIS target station was
installed at the end of the external beam line of the IBA Cyclo-
ne 18/9 cyclotron. The target station has been equipped with
aluminum or Nb window foil in front of the target to degrade
energy to optimal energy for nuclear energy less then 12 MeV.
Since the external beam line of the cyclotron has no beam
diagnostic devices, several aluminum plates were irradiated in
the COSTIS target station with a 5 pA proton beam for 15 min
with different settings for the beam focusing quadrupole mag-
nets. After one day decay time the plates were scanned by a
TLC scanner along the horizontal and vertical central axes of
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the plates in order to visualize the beam shape. The settings
providing most homogeneous beam spot on the target were
selected and used further for the real target irradiations. Presen-
tation will concerns of preparation, optimization of target for
irradiation in COSTIS target station, separation procedure and
characterization of **Cu radiochemical prepared.

PAR.P06 (Id: 213)

RECOVERY AND ISOLATION OF HAFNIUM
ISOMERS FROM 176Yb TARGET IRRADIATED BY “He
IONS IN OPTIMIZED CONDITIONS

GOSPODIN BOZHIKOV, NIKOLAY AKSENOV,
SERGEY DMITRIEV, SARKIS KARAMIAN, GENADI STARODUB,
GRIGORIY VOSTOKIN and YURI ALBIN

Flerov Laboratory of Nuclear Reactions, Joint Institute for
Nuclear Research, Dubna, Russia
bozhikov@jinr.ru

Interest to high-spin (16+) long-lived (31 y) '7*™Hf isomer
was established since 20 years ago because of a possibility to
produce it in a micro-weight amount for consecutive studies of
nuclear reactions with high-spin target and for potential appli-
cation as an energy accumulator. Production of '"*™Hf was
described in ' via spallation of Ta by protons at LAMP facility
and via "®Yb(*He,2n) reaction at Dubna cyclotron 2. Series of
experiments with the '"*™Hf target had been carried out due to
cooperation of FLNR with European research centers and the
results were summarized in * and refs. therein. On today, the
innovative perspectives for creation of tiny energy sources
support the continuing interest to '"*™Hf. In the present report,
we describe an optimized production of '"®™Hf using the '*Yb
target of special construction irradiated at internal beam of the
U-200 cyclotron in Dubna. The 96% enriched '°Yb oxide was
deposited onto water-cooled Al backing, and the target surface
was inclined to the beam at angle near 10 degrees. The target
thickness of 7 mg/cm® has provided effective thickness in a
beam direction of about 80 mg/cm’ in ligature weight. The
“He™ ions reach an energy of 35 MeV. With beam intensity
limited to be lower 15 pA, the corresponding beam power does
not exceed 500 W. Such conditions were safe, but the target
could stand even at 3 times higher beam intensity. After irradi-
ation the target material Yb,O3; was washed off from the bac-
king with 16 M HNO; and anion exchange in conc. HCI soluti-
on was applied to separate Hf-fraction. With the same purpose
precipitation of YbF; was also tested 4, Deep purification was
carried out using the anion exchange chromatography in HF
solutions with an overall chemical yield upon the average 85%.
Activity of the irradiation products was controlled by the
y-spectroscopy method using HPGe spectrometer. All y-lines
belonged to '"*™Hf and '""™?Hf were quantitatively measured
and absolute yields of both high-spin isomers were determined
with appropriate accuracy. Under described conditions several
175vb targets were irradiated, and, in total, 6x10"* atoms of
I78m2Hf were produced over beam time of 900 hours. The iso-
mer cross-section and impurities content obtained in the present
experiments are in a good agreement with the data published
earlier 2. Change to the internal beam at the cyclotron and more
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tangential beam-to-target geometry supply higher yield of the
products and make the production method more economic. The
position of a target inside the cyclotron camera leads to the
decreased neutron flux outside and meets the requirements of
modern radiation safety rules. Improving the biological shiel-
ding at the accelerator and increasing the beam current, one can
expect a productivity of about 3x10" of the '"®™Hf isomeric
material per 1000 hours of effective irradiations.

References:

1. Taylor W. A., Garcia J. G., Hamilton V. T., et al.: J. Radi-
oanal. Nucl. Chem. 236, 155 (1998).

2. Oganessian Y. T., Karamian S. A., Gangrski Y. P., et al.: J.
Phys. G, 18, 393 (1992).

3. Karamian S. A.: Acta Phys. Pol. B 26, 375 (1995). 4.
Aksenov N. V. et al.: contribution to this conference.

PAR.P07 (1d: 239)
CHARACTERIZATION OF A CU SELECTIVE
EXTRACTION CHROMATOGRAPHIC RESIN

STEFFEN HAPPEL", CARINA DlRKSb, ALEXANDER ZULAUF”
and HARTMUT JUNGCLAS”

“TrisKem International, bRadiochemie, FB Chemie, Philipps-
Universitit Marburg, Marburg, Germany
shappel@triskem.fr

Cu isotopes (e.g. *Cu) increasingly find use in radiophar-
maceutical applications, accordingly fast and reliable methods
for the production of these isotopes are needed. Aim of the
presented project is the characterization of a Cu selective ex-
traction chromatographic resin for the fast and selective sepa-
ration of Cu radionuclides, e.g. from irradiated Ni targets. The
characterization of the resin includes the determination of k’
values of Cu, Ni and other potentially interfering elements and
impurities for varying acids and pH values, the influence of
macro amounts of Ni on the extraction of Cu as well as the
influence of other potential interferents. Based on the obtained
results a method for the separation of Cu, and its purification,
from irradiated Ni targets was developed and tested on simula-
ted Ni targets.

PAR.P08 (Id: 354)

ISOTOPIC EFFECT OBSERVED BY DISTILLATION
OF 21 AND '] FROM IRRADIATED '**TeO, TARGET
MATRIX

JAN RALIS, ONDREJ LEBEDA

Nuclear Physics Institute of the ASCR, v.v.i.
ralisj@seznam.cz

Non-conventional longer-lived PET radionuclides with
half-life higher than that of '*F (109 min) are very promising
PET tracers for imaging of biochemical processes or body
structures requiring slower kinetics. Among them, '**I (4.18 d)
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plays an important role. Radiochemistry of iodine radioisotopes
("2, "*1, "1 and "'T) is well known. Widely used production
process of '**I is based on the (p,n) reaction on highly enriched
24Te0, (99.4 %), and distillation of iodine from irradiated
target matrix at temperatures slightly above the melting point of
TeO, (733 C). Depending on the entrance beam energy, some
amount of '®I can be produced by the (p,2n) reaction
(Egr - 11.5 MeV). For production we have developed our own
target system. Target layer is water and helium cooled. The
target was irradiated at the beam angle 10 in order to increase
effective thickness of the target layer and to get more favoura-
ble distribution of the beam over the target area. The entrance
proton beam energy varied between 11.5 and 13.2 MeV, beam
currents were 10-22 pA and irradiation times 0.5-2 h. The
distillation was performed in pre-heated quartz tube (735-750
C). The radioiodine was carried out with stream of air. The
flow rate was set to 25 mL/min. Evaporated iodine was trapped
in 0.01M NaOH. Time of separation was 15-20 min. Radio-
nuclidic purity and activity of produced isotopes was measured
with y-ray spectrometry using HPGe detector, in all steps of
production (irradiated target, target after distillation and soluti-
on of separated product). Since the protons’ entrance energy
was higher then treshold of the (p,2n) reaction, we also measu-
red activity of the co-produced '*’I. We have observed an inte-
resting effect. The ratio of decay-corrected activities of '’ and
241 in the target matrix after the separation of radioiodine was
2-3 times higher than in the target matrix after irradiation. In
accordance to this effect, we also observed that ratio of decay-
corrected activities of '*I and '*I in the solution of separated
product was proportionally lower than the ratio in target.
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EFFECTS OFM y IRRADIATION ON POLYETYLENE
ISOPHTHALATE

MARIO MARIANI?, GIOVANNI CONSOLATl",
FIORENZA QUASSO", MICHELE GALLETTA® and
ELENA MACERATA"

“Politecnico di Milano, Dipartimento di Energia - Ita-
Iy, ®Politecnico di Milano, Dipartimento di Fisica - Italy
mario.mariani@polimi.it

Radiation methods are largely used for polymerisation and
polymer modification ', since irradiation induces changes in
the structure of materials which can be exploited to obtain new
features or to improve their performance. On the other hand,
degradation of the polymer properties is observed under the
combined action of ionising radiation and oxygen °; chain
scissions and cross links are often induced *° and the presence
of new functional groups such as carbonyls, carboxyls, esters,
hydroxyls and unsaturation is observed. Correspondingly,
worsening of properties such as mechanical strength, electrical
insulation power and water repellence may be registered. The-
refore, the change of the chemical and physical properties of
polymers under irradiation is an interesting field of research in
view of future applications. In this work we discuss data on the
changes of the physical properties of a polyester, polyetylene
isophthalate (PEI), subjected to vy irradiation. It is a semicrystal-
line polymer with a structure similar to polyetylene terephthala-
te; in particular, the presence of an aromatic ring [6] makes this
polymer a good candidate to withstand radiation effects. We
studied the effects of y irradiation on PEI for doses up to 1
MGy by means of viscosity and differential scanning calorimet-
ry measurements, which allow to express changes in the
structure in terms of variations in the molecular weight, as well
as a percentage crystallinity dependent on the dose. Furthermo-
re, positron annihilation lifetime spectroscopy supplied us
information on the free volume present in the amorphous phase
of the irradiated polymer.
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The accelerated radiation and thermal ageing of cables has
a special importance in the type qualification test of NPP cables
as it should provide for the cable ageing by an accelerated but
real process of ageing, i.e., by the homogeneous oxidation of
the cable polymeric materials. A comparison of three cable
ageing techniques was performed on the representative NPP
cables based on EVA and XLPE jacket and insulation materi-
als. These techniques cover separated and combined radiation
and thermal ageing under high dose rate (3 kGy/h) and low
dose rate (5 Gy/h) at temperatures from 75 °C to 150 C. The
results of mechanical and physico-chemical properties are
discussed and a recommendation for qualification test procedu-
res are proposed.
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Chemistry, Czech Republic
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Radiation method of copper and cuprous oxide preparation
produces material of high chemical purity and catalytic activity.
Reduction of metal ions in aqueous solutions via UV, y irradiati-
on or accelerated electrons results in formation of nanosized
particles of both Cu/Cu,O with uniform spherical shapes at nor-
mal temperature. This method of preparation is very simple and
relatively efficient; it requires mostly only one additive - -OH
scavenger - in order to promote process of reduction. Oxygen
present in water readily oxidises formed nanoparticles of non-
noble metals and causes their dissolution; therefore the solutions
must be deaerated prior to irradiation. In this work, aqueous
solutions containing copper sulphate or formate (0.001 to 0.01
mol.dm™) in the presence of -OH scavenger propan-2-ol (1.3
mol.dm™) and surfactant polyvinyl alcohol PVA were irradiated.
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Following radiation sources were used: Medium pressure mercu-
ry lamp with power input 400W for UV irradiation, LINAC 4-
1200 for electron irradiation and *’Co radionuclide source Gam-
macell 220 for y irradiation. Effects of radiation were evaluated
using UV-Vis absorption spectrophotometry, SEM and XRPD.
Catalytic activity of prepared Cu,0O powder was studied by mea-
suring the rate of catalytic decomposition of hydrogen peroxide
H,0, to oxygen at several temperatures. In separated black or
brown solid phases, the presence of crystalline copper, cuprous
oxide Cu,O or their mixture was confirmed. Irradiation of 0.01
mol.dm™ solutions with low doses yields pure Cu,O, whereas at
lower pH and lower copper concentration, copper particles are
formed predominantly. SEM images showed that prepared par-
ticles are spherical in shape and have wide size range (50 - 500
nm in diameter, average size being cca 200 nm). The stability of
colloidal copper was investigated with respect to changes of
absorption spectra and pH in the presence of air. Whereas the
value of pH steadily increased with time, the absorbance changed
non-monotonously - in the first stage, a rapid increase of absor-
bance in the range from 600 to 900 nm occurred, followed by
long lag-phase (absorbance remained constant) and finally in the
third stage, copper absorption spectrum reappeared, but slowly
decreased.

This work was performed under the auspices of Ministry of
Education, Youth, and Sports grant MSM 68-4077-0040.
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This study deals with the effects of irradiation on the stabi-
lity and extraction properties of thiacalixarenes ', the prospecti-
ve liquid-liquid extractants for the extraction of actinides and
lanthanides from aqueous solutions. Thiacalixarenes dissolved
in various organic diluents were irradiated with °°Co y rays or
accelerated electrons with energy of 4.5 MeV. The absorbed
doses ranged from 0 to 100 kGy. Possible effect of the presence
of aqueous phase during irradiation was also investigated. The
extraction properties were studied in synergistic systems. The
aqueous phase consisted of a solution of cosane (chloro-
protected bis(1,2-dicarbollide) cobaltic acid) in 0.1 mol/L nitric
acid; solutions of thiacalixarenes in nitrobenzen or 1,2-
dichlorethane were used as the organic phase. Distribution
ratios D for '**Eu and **' Am and their mutual separation factors
were evaluated. The concentration of thiacalixarene in the
irradiated samples was measured using HPLC and the activity
of aqueous and organic phase was measured by y spectrometer
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with HPGe detector. The results confirmed previously pub-
lished data > which showed a strong synergistic effect in the
systems containing thiacalixarenes and cosanes. This effect
depends on substituents at the lower and/or upper rim. It was
demonstrated that the synergic effect is independent of the used
type of cosane (chloro-, resp. bromo-protected bis(1,2-
dicarbollide) cobaltic acid or bis(1,2-dicarbollide) cobaltic acid)
and it strongly depends on the diluent used in the organic
phase. The studied systems proved not to be very stable to-
wards the radiation. After irradiation with the dose of 20 kGy,
the distribution ratios dropped to one half for thicalixarene
solutions in nitrobenzene; they dropped even to one tenth for
dichlorethane solutions at the same dose.

This work was performed under the auspices of Czech Science
Foundation grant GACR 104-07-1242 and Ministry of Educati-
on, Youth and Sports grant MSM 6840770020.
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Catalytic activity of catalase from bovine liver was studied
using experimental device designed for kinetic measurements
of hydrogen peroxide decomposition at constant temperature
and pressure. The kinetics of the reaction was evaluated by
measuring the volume of released oxygen. The measurement
was performed at four temperatures in the range of 25 - 45 °C.
Rate constants of the reaction were estimated for all four tem-
peratures. The values of apparent activation energy were obtai-
ned from their temperature dependence in Arrhenius coordina-
tes. Reproducibility of both sample preparation and kinetics
measurement was experimentally evaluated. Solutions contai-
ning 1x107 - 5x10°® g/mL of catalase in phosphate buffer were
used for the study. v irradiation was performed using *°Co
radionuclide source Gammacell 220 with two different dose
rates 7 and 70 Gy/h and doses ranging from 350 to 1000 Gy. It
was confirmed that the observed reaction of catalase with hyd-
rogen peroxide is of the first order in the whole measured inter-
val. Irradiation significantly decreases catalytic activity of
catalase. However, apparent activation energy does not depend
on the dose of radiation indicating that the mechanism of the
hydrogen peroxide degradation does not significantly change
with the dose, either.

This work was performed under the auspices of Ministry of
Education, Youth, and Sports grant MSM 68-4077-0040.
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Relatively high attention is paid to various agents (e.g.
chemical substances ', hyperthermia and/or radiation *°) in-
fluencing the growth of microorganisms. The influence of
radiation on the microbial cells may be indicated not only by
the survival curves, but also by the growth curves of irradiated
and non-irradiated cultures. The aim of the study is to point out
to some aspects of the measurements of such growth curves.
The Saccharomyces cerevisiae culture from variously irradiated
inoculum in liquid peptone-glucose medium was used in all
experiments. Irradiation of yeast cells in solution physiological
(salt) was performed with y-rays of “Co in Gammacell 220 or
with UV-irradiation using ultraviolet lamp UVH 1016-6 for
various time periods. Various dose rates of both types of radi-
ation were used. The absorbed doses reached some hundreds
Gy for both y and UV radiation. The growth curves were mea-
sured using the nephelometric data of yeast suspension in vari-
ous time periods of growth. The results of many measurements
showed that the slope of growth curves expressed relatively
exactly the negative influence of irradiation when the standard
and uniform method of evaluation was used. When the curves
were fitted to the data points by the least-squares method, the
average standard errors were found to be in the range from 0.6
to 0.8 % and from 0.2 to 0.5 % for y- and UV- irradiation,
respectively. The negative effect of irradiation depended mono-
tonously and non-linearly on the applied dose of irradiation.
Quantitatively different effects were found in the case of y and
UV irradiation.

This work was performed under the auspices of Ministry of
Education, Youth, and Sports grant MSM 68-4077-0040.
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ANDREY L1ZIN?, SERGEY TOMILIN®, ANATOLIY LUKINYKH"
and SERGEY YUDINTSEV”

“Radiochemical Association, Joint Stock Company “State
Scientific Center Research Institute of Atomic Reactors (JSC
“SSC RIAR), Dimitrovgrad-10, Ulyanovsk region, 433510,
Russia, *Laboratory of Radiogeology, Institute of Ore Deposit
Geology Petrography, Mineralogy and Geochemistry of Russi-
an Academy of Sciences, Staromonetny Pereulok, 35, Moscow,
119017, Russia

lukinykh@niiar.ru

Isolation of long-lived radionuclides from the environment
requires their immobilization in highly stable forms (matrices).
Crystalline materials of the mineral-like type are considered to
be the most promising form of the matrix incorporating high-
level waste (HLW). Alpha particles and heavy recoil nuclei
destroy the actinide-containing crystalline phase structure up to
their complete amorphization that can effect isolation properties
of the HLW matrices. The aim of the present work was to
investigate radiation and chemical durability of crystalline
matrices based on titanate and titanate-zirconate pyrochlore,
ferritic garnet and murataite. The materials obtained contained
short-lived o-emitting isotopes of 28py (T, = 87.7 years) and
Cm (T,, =18.2 years). Synthesis was performed by cold
pressing with subsequent sintering of the low calcined oxide
mixture. The initial charge was saturated with high-activity
2Cm or ***Pu nitrite solutions. Compositions based on titanate
(Cag 39Gdo.1)(Ug.44HFp 23Pug 22Gdg11)Ti07  (mass  fraction of
Z8py is 8.7%), titanate zirconate Gd;¢35CmggesTiZrO; (mass
fraction of **Cm is 2.1%) pyrochlores, ferritic garnet
Ca; 5Gdg 90sCmy g9y Thy sZrFe4O;, (mass fraction of 2Cm s
2.0%) and murataite Ca,sMn,Thy4Cmy 12Ti75Zr)sAIFeO,y s
(mass fraction of ***Cm is 1.82%) were obtained. Optimum
annealing temperatures for each composition varied from 1300
to 1400°C and were established in the preliminary experiments
with samples which did not contain highly active actinides. The
phase composition of the ceramics was made up by the basic
target phases in the presence of minor phases. The change of
the ceramic crystalline structure during irradiation was studied
using the time-dependent changes of X-ray diffraction indica-
ting swelling and amorphization of the lattice. Amorphization
doses of the matrix phases were as follows: 2.5x10'® for titanate
pyrochlore, 4.6x10" for titanate-zirconate pyrochlore, 1.6x10'®
for ferritic garnet, 2.6x10" for sintered murataite and 2.46-
2.53x10"® a-decay/g for melted murataite. The doses were
obtained during storage of materials in argon at room tempera-
ture (293 K). Chemical durability of crystalline and metamict
samples was studied using the MCC-1 test (distilled water,
90°C, solution sampling for analysis on the 3rd, 7th and 14th
day). Quantitative analysis of cations in solutions was made
using the emission-spectral analysis and a-spectrometry. The
calculated values of the leaching rates for the basic and potenti-
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ally dangerous components (actinides) for all studied ceramics
are within 10 to 107 g/cm’day. The change of the element
leaching rate in the metamict ceramics is different for different
types of matrices.
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The radiation removal of cadmium(II) from aqueous solu-
tions in presence of different scavengers has been investigated.
100 mg/L of cadmium dissolved from Cd(NOs), requires dose
of 15 kGy to be effectively removed from the system contai-
ning 1x10-2 mol/L of HCOOK as a scavenger of OH radicals.
The positive effect of deaeration with N,O or N, was observed
in the range of lower doses. Similarly, the addition of solid
promoters (bentonite, active carbon, zeolite, Cu,O, NiO, TiO,
and CuO) reduced the efficiency of radiation removal of cad-
mium. 25 % of dissolved cadmium is present in the solution
before irradiation in the form of Cd(Formate)’, majority in form
of Cd*. Product of irradiation of the solutions containing
Cd(II) is CdCO;. In the system with cadmium dissolved from
CdCl, radiation reduction takes place up to metallic cadmium.
In the system with lower concentration of scavenger (1x107
mol/L of HCOOK) no radiation removal of cadmium occurs
which was validated up to an absorbed dose of 100 kGy. Sys-
tems contained organic complexants (ethylenediaminetetraace-
tic acid-EDTA and citric acid) were also studied. The solutions
of Cd(NO;), containing initial concentration 27 mg/L of Cd(II)
were mixed with 3x10* mol/L EDTA. The efficient degradati-
on of cadmium complexed with EDTA proceeds up to 90 % at
a dose of 45 kGy with addition of 5x10” mol/L carbonate as
OH scavenger and simultaneously pH buffer (pH 10.5). Diffe-
rent OH radical scavengers (1x10 mol/L and 1x10° mol/L
HCOOK, 2x10” mol/L Na,COs, 2x10” mol/L NaHCOs, or
10 % methanol) were added to these solutions. In the presence
of the carbonate, no effect of further addition of any other
reagent was observed. The product of irradiation is CdCO;. On
the contrary, the presence of 1x10 mol/L of HCOOK in the
solution is necessary for the radiation removal of cadmium
complexed with citric acid (1x10” mol/L) at pH 8. With increa-
sing concentration of HCOOK (up to 5x107* mol/L) decreases
the pH value necessary for the radiation induced precipitation
of cadmium from the aqueous solution. The efficiency could be
enhanced by adding zeolite as a solid promoter in the irradiated
system.

This work was performed under the auspices of Ministry of
Education, Youth, and Sports grant MSM 68-4077-0040.
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RADIATION CHEMISTRY APPROACH TO THE
STUDY OF SEDIMENTARY MICROENVIRONMENTS
AS MODELS FOR THE PROTECTION OF BIO-
ORGANIC MOLECULES ON THE EARLY EARTH

ELLEN AGUILAR-OVANDO, ALICIA NEGRON-MENDOZA and
MARIA COLIN

Instituto de Ciencias Nucleares, Universidad Nacional Autono-
ma de México (UNAM), México, Mexico
ellen.aguilar@nucleares.unam.mx

Studies in radiation chemistry can provide a deeper insight
into the chemical process that may have importance for chemi-
cal evolution studies that led to the origin of life. Chemical
evolution encompasses the physical and chemical aspects that
try to explain the origin/permanence of bio-organic compounds
prior the appearance of life. Our aim is to stress the relevance
of ionizing radiation as a tool for the study of formati-
on/destruction of bio-organic compounds such as nucleic acid
components. Also to remark the importance of chemical reacti-
ons that occurs at the hydrosphere/lithosphere interfaces, and
study if solid surfaces can protect the organic compound adsor-
bed in the clay. On the other hand, it is conceivable that nucleic
acids components or their precursors appeared at early stage in
the evolution of this planet. Nucleic acid bases and their deriva-
tives are important compounds in biological systems. Their
synthesis and stability in environmental conditions is of para-
mount importance in chemical evolution. To ensure that orga-
nic compounds endured in the primitive Earth there are several
possibilities: a) their synthesis was continuous and they reach
steady state concentration; b) the compounds present a long
half-life in the environmental conditions of the primitive Earth;
¢) solid surfaces protect the organic compound adsorbed in the
clay. To this end, we determine the survival of bases and their
corresponding nucleosides exposed to a high radiation field in
an aqueous solution and adsorbed in a clay mineral. We have
studied five nucleosides (cytidine, uridine, adenosine, guanosi-
ne and xanthosine) in simulated primitive Earth conditions.
These samples were irradiated adsorbed in Na-montmorillonite
(a clay mineral). Using X-ray diffraction, UV-Vis spectropho-
tometry and HPLC, the hypothesis of the protective role of
solid surfaces like clay for organic compounds adsorbed on
them, when exposed to external sources of ionizing radiation
(y-ray), was proved.
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CRYSTALS OF NACL DOPED WITH DIVALENT
CATIONS
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In this work, is analyzed the interactions of the y-radiation
with two alkali halide single crystals: NaCl doped with Ca®*
(0.3 %) or Mn>* (0.3 %), at two irradiation temperatures (298 K
and 77 K), and different doses at a fix dose rate, for their possi-
ble use as dosimeters. The irradiated crystals were analyzed
using their thermoluminescence properties. The application of
the thermoluminescence (TL) phenomenon has been proved to
be a very efficient method to evaluate energy deposited by y
radiation on irradiated samples. The productions of irradiation
defects in the solid were correlated with the glow curve. F-
centers were measured as function of the dose. The bleaching
of the F-centers produced a decrease of the peak of the glow
curve. The bleaching of the color centers associated with the
reduction of the glow curve suggests that F centers are intima-
tely involved in the production of the thermoluminescence
phenomenon. Their exact role can not be centered and much
discussion has still to be done. Nevertheless, these behaviors
suggest that the glow peaks very probable are result from the
thermal release of holes from different kinds of traps, recombi-
ning at F centers. The preliminary results show that the linear
response obtained was fairly good for the system NaCl:Cd, at
low irradiation doses.
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RADIOGRAPHIC EFFECTS DURING SELF-
IRRADIATION OF CURIUM INTERMETALLIC
COMPOUNDS

VIACHESLAV RADCHENKO® and VLADIMIR STUPIN®
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Reactors", Dimitrovgrad, Russia, bSC "State Scientific Center -
Research Institute of Atomic Reactors", Dimitrovgrad, Russia
toporov@niiar.ru

Considered are changes in the elementary cell volumes
versus time at room temperature and annealing behavior of
some curium intermetallic compounds with platinum metals
(Pt, Ir, Rh and Pd) eTc. caused by internal irradiation by
a-decay products of radioactive component '**. The intermetal-
lide x-rays show that with increasing irradiation dose a decrease
in the diffraction reflection intensity was observed up to their
complete disappearance due to a crystal structure amorphizati-
on as well as disappearance of “superstructural” reflections of
the Pd;Cm cubic lattice followed by a reversion (decrease) of
the lattice parameter value after several days, and recovery of
the crystalline state and initial parameters of the intermetallide
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crystal lattice under annealing. Swelling of the lattice volume
of most of the intermetallides makes up 1% achieving 3.5% in
separate cases. A phenomenological model is proposed which
considers peculiar features of trends of the experimental curves
(with a maximum change in the physical property). The model
is based on the assumption that the evolution rate in the directi-
on of ordering of initial disordered centers is less than that of
initial disordering (that is proportional to the irradiation intensi-

ty).
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8. NUCLEAR METHODS IN MEDICINE,
RADIOPHARMACEUTICALS AND DIAGNOSTICS, LABELLED
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AFFIBODY MOLECULES, A NOVEL CLASS OF
PEPTIDE-BASED RADIOPHARMACEUTICALS.
OPTIMISING LABELLING CHEMISTRY FOR THE
BEST TARGETING

VLADIMIR TOLMACHEV

Uppsala University, Sweden
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Radionuclide molecular imaging is a promising approach
to detection of molecular targets for cancer therapy. Small
imaging agents provide higher sensitivity and better specificity
than antibodies or their fragments. Molecular display tech-
niques (phage, ribosomal, yeast or bacterial display) allow for
combinatorial selection of small peptides with high specificity
to different proto-oncogene products. The use of scaffolds,
robust frameworks, which hold variable amino acid in place,
enables to improve both stability and affinity of targeting mole-
cular-display selected peptides. Affibody molecules, small
(7 kDa) robust scaffold peptide constitute a new promising
class of high-affinity molecular probes for in vivo molecular
imaging. Affibody molecules were labelled with **™Tc, '''In for
SPECT and 'F, %Ga, %Cu, "°Br and '*I for PET, and demon-
strated excellent imaging in pre-clinical studies. The first clini-
cal results confirm capacity of anti-HER2 affibody molecules
to visualize HER2-expressing breast cancer metastases. Ro-
bustness of the affibody scaffold enabled labelling in harsh
labelling conditions without loosing specificity of target bin-
ding. It is known, that labelling has profound influence on
biodistribution and targeting properties of short peptides, such
as somatostatin or bombesin analogues. Biodistribution of
monoclonal antibodies or their fragments is rather insensitive to
labelling, though label can influence cellular retention of radio-
nuclide in tumours or excretory organs. However, affibody
molecules are four-fold larger than typical short peptide and
four-fold smaller than the smallest antibody fragment, scFv.
This put forward a requirement of systematic studies of in-
fluence of labelling chemistry on biodistribution of affibody
molecules. This was possible due to the development of site-
specific labelling of affibody molecules providing well-
characterised uniform conjugates with defined biodistribution.
The site-specific labelling was obtained either by an incorpo-
ration of chelators during peptides synthesis of affibody mole-
cules or by an introduction of a single cysteine in the originally
cysteine-free affibody scaffold and the use of a thiol-directed
coupling. It was shown that labelling chemistry can influence
biokinetics of affibody molecules. For example, the use of non-

residualizing halogen labels reduced renal retention of radio-
activity in comparison with radiometals. ®®Ga increased clea-
rance rate in comparison with '''In, when the same DOTA
chelator was used. More hydrophilic chelators enabled to sup-
press undesirable liver uptake and hepatobiliary excretion,
improving contrast in the case of abdominal metastases. It was
shown, than not only hydrophilicity of a chelator, but also its
position in the peptide influences imaging properties. Results of
our studies show that selection of optimal labelling chemistry is
essential for the development of scaffold-based imaging agents.
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PET diagnostics using radiolabelled amino acids is an
emerging branch of nuclear medicine. This includes visuali-
sation and grading of brain, neuroendocrine and prostata
tumours, measurement of protein synthesis rate in tumour
cells, quantitative in vivo measurement of dopamine and
serotonin metabolism in brain. Development of clinical appli-
cations is limited by complexicity of robotic devices necessa-
ry for multi-step preparation of the enantiomerically pure
amino acids. Robust and reliable approaches not requiring
sophisticated separation of radiolabelled intermediates have to
be created for everyday clinical routine. Nickel(I[) complexes
of Schiff bases of (S)-N-(2-benzoylphenyl)-1-
benzylpyrrolidine-2-carboxamide (BPB) and a-amino acids
were developed as artificial analogues of pyridoxal 5'-
phosphate (PLP)-dependent enzymes for asymmetric synthe-
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sis of amino acids. Current approach using BPB in nickel(I)
complex of its Schiff base with glycine allows easy preparati-
on of O-(2'-["*F]fluoroethyl)-L-tyrosine (['*F]FET) with 94-
97% e. e. with no need for separation of diastereomers of
alkylated complexes. Preparation of 6-['*FJFDOPA using the
same starting nickel complex gives only 77+5% e. e. without
separation of diastereomers of alkylated complexes while the
same preparation of a-[''CJDOPA leads to 92-99% e. e. Pre-
paration of a-methyl DOPA or a-methyltyrosine labelled with
carbon-11 or fluorine-18 requires formation of quaternary
chiral centre, stereochemistry of which is controlled kinetical-
ly. Kinetic control is much less efficient then thermodynamic
one, thus diastereomeric excess of complexes of a-methyl
amino acids is inferior. Enhancement of stereodivergent
power in both thermodynamically and kinetically controlled
alkylation reaction is the biggest priority in development of
new metallocomplex tools for the preparation of PET amino
acids. In this presentation the evaluation of new amino acids
synthons bearing C,-symmetric benzyl groups with electron-
donating and electron-withdrawing substituents will be
described. Compatibility of amino acid side chains protective
groups will be assessed in relation to the reaction conditions
used for preparation of the complexes.

RFD.L03 (Id: 140)

OPTIMISATION OF THE RADIOSYNTHESIS OF 4-['*F]
FLUOROMETHYL-L-PHENYLALANINE AND ['®F] FET
VIA A SAME SCINTOMICS AUTOMATED SYNTHESIS
HOTBOXTHREE MODULE.

KEN KERSEMANS®, JOHN MERTENS” and VICKY CAVELIERS®

“Vrije universiteit Brussel, *Vrije Universiteit Brussel, “Labo-
ratory of In Vivo Cellular and Molecular Imaging, Vrije Uni-
versiteit Brussel

kkersema@vub.ac.be

It was recently reported that the success of O-(2’-
["*F]fluoroethyl)-L-tyrosine (['*F]JFET) as PET tracer is limi-
ted to brain, head and neck tumours and that there is still a
need for more potent amino acid analogues for peripheral
tumour imaging. We hereby report on the radiosynthesis of a
new tracer 2-amino-3-(4-["*F]fluoromethyl-phenyl)-propionic
acid (4-["*F]JFMP), taken up in tumours by the LAT1 amino
acid transport system, performed with a customised Scinto-
mics automatic synthesis hotboxthree module. The labelling
reaction is based on Br for ['*F] aliphatic nucleophilic ex-
change on 3-(4-bromomethyl-phenyl)-2-L-tert-
butoxycarbonyl-amino-propionic acid tert-butyl ester. The
critical point in the synthesis pathways was the deprotection
of the NCA  3-(4-["*F]fluoromethyl-phenyl)-2-L-tert-
butoxycarbonyl-amino-propionic acid tert-butyl ester obtai-
ned after labeling due to the highly activated '*F-benzyl group
and the presence of a strong acid (trifluoroacetic acid). HPLC
purification and mini-column trapping followed by appropria-
te recovery allowed to obtain NCA 4-['"*F]JFMP in a overall
yield of 30% and with a radiochemical purity of >99 %. This
tracer was found to be stable in its radiopharmaceutical for-
mulation for at least a working day, even at high radioactivity
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concentrations. Additionally, for a comparative clinical study,
["*FIFET was synthesized applying the in literature described
Tosyl ['*F] aliphatic nucleophilic exchange followed by de-
protection and HPLC separation using the same module set-
up. Here a 40% overall yield is obtained with a radiochemical
purity >99%. The described automated radiosynthesis module
allows the high yield production of these two amino acid
analogues with minor alternations to the parameter settings of
the automated system, although two different labeling reacti-
ons are performed, rendering this unit versatile for both re-
search and clinical practice.

RFD.L04 (Id: 186)
HETEROCYCLIC LABELLED DERIVATIVES OF
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166 10 Prague 6, Czech Republic, “Laboratory of Experimental
Medicine, Faculty of Medicine and Dentistry, Palacky Univer-
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martin.vik@fjfi.cvut.cz

The lupane type compounds have played a singular role
among pentacyclic cytotoxic triterpenoids from the beginning
of 21% century, mainly for their various biological activities',
which include antineoplastic, antiviral, anti-inflammatory,
antimicrobial activities and also hepato- and cardioprotective
effects. The derivatives of betulin and betulinic acid have
been tested on various tumor cells lines for their activity®. The
heterogeneous family of triterpenoids, including highly oxidi-
zed lupane, des-E-lupane, oleanane and others derivatives,
posses a significant cytotoxic and antiviral activity and was
named Betulinines®®. Betulinines have proved multispectral
cytotoxic activity on the panel of 10 cell tumor lines of diffe-
rent histogenetical origin, including multidrug resistance. Our
research group has three main pathways of interest. The first
is a chemical path, which is focused on synthesis of new
derivatives based on SARS®. The second one is a radiochemi-
cal path, which is specialized in synthesis of selectively label-
led compounds of the most cytotoxic active compounds’.
Finally, it is a biological path, which tests biological activities
of synthesized compounds, investigates of mechanism of
action and formulates of SARS conclusions®. During the past
years have been synthesized several labelled derivatives, that
have been used for investigation of mechanism, labelled by
deuterium, tritium, carbon-13, carbon-14 and nitrogen-15.
Recent interest of our research is synthesis of heterocyclic
labelled derivatives of heterobetulinic, morolic and betulinic
acid. Mentioned compound will be studied for their biological
activities, especially for antitumor and anti-HIV in cooperati-
on with LEM in Olomouc.
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Engineered nanoparticles are of current interest in many
applications (e.g. industry, medicine, energy). As they are
produced in ever higher quantities, the need to assess their
biokinetics and toxicity becomes more and more important. The
aim of this study was to prepare stable, radiolabelled bioavaila-
ble TiO, nanoparticles to assess their in vivo biokinetics. The
preparation of [*V]TiO, nanoparticles by direct proton irradi-
ation is described. Irradiations were performed on the Scandit-
ronix MC-40 cyclotron at JRC Ispra, Italy with a 5 pA proton
beam of 23.5 MeV energy. After 16 hours irradiation, a com-
mercial sample of TiO, (ST-01, Ishihara Corp. Japan) yielded
approx. 40 MBq of **V activity at EOB. Half of the irradiated
material was processed two weeks after EOB to size-select and
purify the labelled nanoparticles from free By by centrifugati-
on and filtration. This yielded 855 kBq of final suspension of
fine [*®V]TiO, labeled nanoparticles (Z average= 105 nm)
without free V. In vivo results in a rat model indicated good
Y label stability with less than 1% of the administered dose
eliminated by renal excretion, compared to ionic **V with
approximately 50% renal clearance.

Acknowledgement: This work is funded by the European Com-
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JAN RIIN ZEEVAART®, ZOLTAN SZUCS”, SANDOR TAKACS”,
KENNETH GABANAMOTSE® and NEIL JARvIS!

“Radiochemistry, Necsa (South African Nuclear Energy Corpo-
ration Ltd.), Pretoria, South Africa, b Atomki (Institute of
Nuclear Research, Hungarian Academy of Science),Debrecen,
Hungary, “CARST, NWU ( North West University), Mmabatho,
South Africa, “Necsa

zeevaart@necsa.co.za

The use of radionuclides as potential therapeutic radio-
pharmaceuticals is increasingly investigated. An important
aspect is the delivery of the radionuclide to the target, i.e. the
radionuclide is not lost from the chelating agent. For in vivo
generators it is not only the log K of complexation between the
metal ion and the chelator that is important but whether the
daughter radionuclide stays inside the chelator after decay of
the parent radionuclide. In our previous work ' we have showed
that the classical recoil effect is applicable only for decays with
a Q value higher than 0.6 MeV (in the atomic mass range
around 100). However, Rosch et al. * published a result for
MONd/"Pr (Q = 0.222 MeV) which indicated that >95% of the
daughter (**°Pr) was lost by a DOTA chelator upon decay of
ONd. This was explained to be due to a “post-effect” by the
authors. Their experiment was repeated with the '“Dy/'®*Ho
potential in vivo generator to confirm that our calculations were
correct. It was found that indeed some of the daughter (‘**Ho)
was liberated from the DOTA chelator, therefore indicating that
the “post effect” does exist in contrast to our recoil calculations.
Upon further investigation we determined that one should not
only consider recoil energy levels but also the mode of decay
(decay of the parent nuclide and the height of excitation states
of the daughter nucleus). If decay takes place via electron cap-
ture (EC), Auger electrons are emitted resulting in a daughter
radionuclide with a very high oxidation state due to the loss of
these electrons from the electron shells. From the well known
described biological effects of '*°I * which decays to (‘*Te)*'
one knows that chemical bonds in the vicinity of the decay are
broken. It is therefore postulated that the EC decay of
1ONd/"Pr results in a "“’Nd daughter that destroys the DOTA
chelate and is therefore released from this chelator. In the case
of '*Dy/"Ho (Q =0.486) the decay mode is via B- decay
(which according to our recoil calculations is not strong enough
to break the bond with the chelator) followed by dissipation of
excitation energy of the excited state of the formed daughter
nuclide via a branched decay - y radiation and conversion
electron process. The percentage of decay via the conversion
electron process was found to maTch the percentage of the
amount of '“Ho that was measured to be released from the
DOTA chelator in our experiment. It is therefore concluded that
the recoil effect below 0.6 MeV is not sufficient to rule out
release of the daughter nuclide from chelators but one needs to
consider the mode of decay as well. This knowledge has impor-
tant implications for the design of future radiopharmaceuticals.
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212Bj is a potentially interesting o radionuclide for targeted
a therapy. The principle is based on the stable binding of a
emitting radionuclides to cancer selective carrier molecules,
such as antibodies or peptides. The challenge is to deliver the
radioactive atoms to the target with the objective to find the
right balance between toxicity and anti-tumour effect. Conside-
ring its short period (t,, = 60.6 min), 2'*Bi is limited to situati-
ons where the labelled carrier molecule rapidly accumulates in
the target tumor. To expand the range of applications, an inte-
resting method is to use its parent, 212pp (t;, = 10.6 h), which
will generate in vivo 2'?Bi. Data in the literature show that the
classical chelation approach does not work. Although the chela-
ting agent used (DOTA) is known to form strong complexes
with both Bi and Pb, a significant part of Bi escapes from the
carrier molecule as a result of the radioactive transformation
212pp/212Bj 1. An interesting alternative is to use liposomes .
Once *'?Pb is encapsulated in its internal compartment, the
phospholipidic membrane prevents Bi release provided that the
liposome size is large enough (~ 100 nm). In this work, liposo-
mes functionalised with DTPA at the surface are used. Once
complexed with In, the In-DTPA species corresponds to the
recognition site for the targeting. An active encapsulation was
tested, i.e. the liposomes are preformed before the encapsulati-
on, using a methodology implying the Chelex-100 resin. DTPA
is present in the internal compartment (0.025 M) to keep *'*Pb
in the core as an anionic complex after its uptake. The passage
of the membrane was obtained using different weak comple-
xing agents (1,10-phenanthroline-2,9-dicarboxylic acid (DCP),
2,3-dimercapto-1-propanol (BAL), sodium acetate), the one
leading to the best results being acetate. Under the optimised
conditions ([Pb]e, =107 M (*'*Pb activity of 700 Bq ), [lipo-
some] = 2.5 mM, 65 C), 64% of Pb was shown to be encapsula-
ted after 1 hour leading to 1 liposome labelled per 100. The
stability of the labelled liposomes was monitored in biological
media using chromatographic techniques (HPLC, AF4: Asym-
metrical Flow Field-Flow Fractionation) coupled with y de-
tection.
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Radiometric enzyme assays are based on the conversion of
radio-labeled substrates to labeled products, and on the measure-
ment of radioactivity of either products or residual substrate after
their quantitative separation. In the present studies, we aimed to
establish valid assay conditions for radiometric determination of
the activities of several enzymes, which are involved in the meta-
bolism of thyroid hormones (TH): Thyroid peroxidase (TPO), the
key enzyme in the biosynthesis of TH in the thyroid gland, and
uridinediphospho-glucuronyl-transferase (UDPGT) and iodothy-
ronine sulfotransferases (ST), the enzymes responsible for bio-
transformations of TH in peripheral tissues. Further, with the aid
of such developed assays, we attempted to follow the effects of
some exogenous substances - bromide and perchlorate ions as
supposed goitrogenic agents, and an antidepressant drug fluoxe-
tine (Prozac) - on the metabolism of TH in the rat. The procedure
of the radiometric assay for TPO in vitro was based on the ability
of TPO to oxidize ["*'I]-iodide in the presence of H,O,, generated
in situ by glucose oxidase, and to catalyze subsequent iodination
of specific tyrosyl residues in the added thyroglobulin. The mea-
sure of TPO activity in microsomal fractions of the thyroids was
the amount of radio-iodine incorporated into thyroglobulin. This
was determined either after TLC separation of the incubated
samples, or simply after precipitation of radio-labeled protein and
measurement of "*'I radioactivity in separated fractions. In the
radiometric assay for UDPGT in rat liver microsomes, the rate of
conjugation of phenolic group of L-3,3',5'-['**I]-triiodothyronine
(["I]rT3) with glucuronic acid, which was catalyzed by
UDPGT was measured. Reaction mixtures, containing uridinedi-
phospho-glucuronic acid, the substrate ['*I]-rT3 and samples of
microsomes, were analyzed after the incubation by chromatogra-
phy on micro-columns of lipophilic Sephadex LH-20. The basis
for radiometric determination of ST activity in liver cytosolic
fractions was the transfer of sulfonate moiety from the "active
sulfate", 3'-phosphoadenosine 5'-phosphosulfate, to the substrate
['®I]-rT3. The extent of conversion was determined after the
separation of the sulfated product from the unmodified ['*I]-rT3,
again by Sephadex LH-20 chromatography. With the use of the
described radiometric assay for TPO, we found that the influence
of exogenous bromide on the TPO activity in the rat thyroids was
biphasic, with regard to the extent of bromide intake in the ani-
mals. Administration of fluoxetine alone caused a significant
(about 2-fold) increase in UDPGT activity. In contrast, the radi-
ometric determination of ST did not demonstrate any significant
effects of the application to the rats of fluoxetine alone, or toge-
ther with T3, on the induction of these enzyme activities.
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6-["*F]Fluoro-3,4-dihydroxyphenyl-L-alanine

(6-["*F]fluoro-L-DOPA) is an analog of L-DOPA and it is used
for studying metabolism of dopamine function in humans with
Positron Emission Tomography. Therefore, the need for relia-
ble and simple production of this tracer had led to the impro-
vement of the routine production. Various electrophilic and
nucleophilic methods for the synthesis of this radiopharmaceu-
tical have been reported in past two decades. Nowadays, the
electrophilic fluorodemetalation has been preferred as a reliable
and simple method especially via fluorodestannylation that is
stereoselective and gives a good radiochemical yield '. Freon
11 is widely used as a solvent to dissolve a precursor in the
radiofluorination step. Because the solvent depletes ozone, it is
important to use deuterated chloroform instead of Freon 11 2,
However, this solvent is a carcinogen, therefore, it would be
advantageous for occupational health to use acetonitrile instead
of chloroform, because acetonitrile is a less hazardous solvent.
['*F]F, was produced by the nuclear reaction 2Ne(d,0)'®F with
8.4 MeV deuterons from GE PETtrace cyclotron. The delivery
line of [18F]F2 was flushed with 1% F, in neon before irradiati-
on. The ['*F]F, was released from target gas after the bom-
bardment (1 hr, 40 pA) to TRACERIlab FX-FDOPA module
that was used for the synthesis of 6-['*F]fluoro-L-DOPA. N-
(Formyl)-3,4-di(tert-butoxycarbonyloxy)-6-(trimethylstannyl)-

L-phenylalanine ethyl ester (45 mg) was dissolved in 5 mL of
acetonitrile at 5 C. The solution was bubbled with ['*F]F, for
6 min. The solvent was evaporated at 80 °C in vacuum system.
2 mL of 5M HCI was added to the residue at 130 °C for
10 min. 2 mL of 112 mM acetate buffer was added to the resi-
due after the reaction vessel was cooled down to 40 C. The
solution was purified by HPLC on two reversed phase C18
column using the acetate buffer as an eluent. The fractions
eluted from the column were monitored by UV absorption at
280 nm and y radioactivity. The fraction of 6-['*F]fluoro-L-
DOPA was sterilized by filtration through a 0.22 pm membrane
filter. The final product was analyzed by HPLC, GC, pH meter,
dose calibrator and limulus amebocyte lysate test prior to hu-
man use. An overall radiochemical yield obtained from this
synthesis was 10.52% (decay-corrected) and radiochemical
purity was >99%. The total synthesis time was about 45 min.
The pH was around 4. The radiochemical purity and the speci-
fic activity were greater than 99% and 800 mCi/mmole, re-
spectively. Although the radioactivity decreased during the
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evaporation step of the solvent, the sufficient amounts of 6-
['®F]fluoro-L-DOPA can be produced for clinical use. In
conclusion, the reproducibility and simplicity of the production
of 6-["*F]fluoro-L-DOPA were improved for a routine pro-
duction by using acetonitrile as a solvent.
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For labeling pharmacological preparations of furosemide
and drotaverine we used the method of labeling by thermally
activated tritium. Furosemide and drotaverine were labeled by
thermally activated tritium in apparatus for tritium labeling.
The optimum regime of labeling was selected. The systems of
purification of tritium-labeled furosemide and drotaverine by
thin layer chromatography (TLC) has been developed. Tritium-
labeled furosemide was purified by TLC on silicagel in system
hexane:acetone (1:1). Tritium-labeled drotaverine was purified
by TLC in system isopropanol:ammonia:water (8:1:1). Appli-
cation of TLC for purification of tritium-labeled furosemide
and drotaverine allows to purify completely furosemide and
drotaverine from by-products. The output of purified tritium-
labeled furosemide was 12 %, with specific radioactivity
202 MBg/mmol. The output of purified tritium-labeled drotave-
rine was 36%, with specific radioactivity 1.39 GBg/mmol. We
have investigated the drug-binding capacity of serum proteins
of patients using the tritium-labeled pharmacological drugs of
furosemide and drotaverine (no-spa). Series of groups of pedi-
atric patients in the age of 3 to 14 years with acute and chronic
hepatitis A and B have been investigated. Control group inclu-
des the conditionally healthy children of same age. The binding
capacity of serum proteins was determined by binding tritium-
labeled drotaverine and furosemide with serum proteins in
vitro. The micromethod consists in incubation in vitro samples
of 20 microliter of serum with tritium-labeled drotaverine and
with trittum-labeled furosemide. After incubation serum pro-
teins were fractionated by chromatography and tritium radio-
activity bound with fraction of serum proteins was measured. It
was found that at the severe form of virus hepatitis B the bin-
ding capacity of serum proteins actually of all investigated
patients in a stage of peak of disease was reduced in compari-
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son with control group. At the moderate form of acute virus
hepatitis B the decrease of binding capacity of serum proteins
was observed at 69 % of patients. We have also investigated
dynamics of changes of binding capacity of serum proteins
during standard therapy of hepatitis A and B. We found, that
during convalescence at application of standard therapy the
binding capacity of serum proteins comes nearer to values of
control group. Thus dynamics of changes of binding capacity of
serum proteins at patients with hepatitis B differed from dyna-
mics at patients with hepatitis A. It was found that children
with an acute virus hepatitis B after basic treatment have an
increased level of binding of tritium-labeled drotaverine by
serum proteins, and at children with acute virus hepatitis A it
does not occur. Obtained results in the whole indicate the redu-
cing of binding capacity of serum proteins at virus hepatitis that
allows to determine the optimal strategy of a pharmacological
load on patient organism and thus to optimize the treatment of
patients.
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The behavior of biologically active compounds in aque-
ous/oil systems is usually used as a model of their interaction
with the lipid membrane of the cells. Thus, study of the proces-
ses proceeding in the system of two immiscible liquids is a
central question of the research. In this work we propose to use
tritium-labeled bioactive compounds and scintillation phase
method ! for studying adsorption and partition of the substances
in aqueous/oil systems. Two water-soluble proteins, lysozyme
and human serum albumin, were under the test. Tritium label
was introduced into the protein molecules by tritium thermal
activation technique. The labeling was carried out according to
the improved procedure * that allowed increasing the specific
radioactivity and the yield of labeled compound. Keeping target
temperature during the reaction with atomic tritium at 295 K
was an innovation. Variation of the W-wire temperature, the
gas pressure and the exposition time leads to optimum conditi-
ons for tritium introduction into the proteins. Tritium-labeled
proteins were purified by dialysis and size exclusion chromato-
graphy. Scintillation phase experiment was conducted for three
organic liquids that were used as scintillators, namely p-xylene,
octane and octanol. To provide octane and octanol with scintil-
lation properties naphthalene and 2,5-diphenyloxazole were
added. The experiment was carried out according the procedure
described in Ref. '. Partition coefficients and adsorption iso-
therms of the proteins in aqueous/oil systems were obtained.
The profound effect of the organic phase nature on the protein
behavior was observed. The presence of ionic surfactants in the
system can influence on protein behavior. Tritium probe is a
unique instrument that allowed experimental studying interfe-
rence of surfactants and proteins in aqueous/oil system. We
observed that e.g. lysozyme can be substituted from water/p-
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xylene interface by both cationic and anionic surfactants and
vice versa protein substituted surfactant. But the mechanism of
protein-surfactant interaction depends on the charge of protein
and surfactant. The reasons for the different results of substitu-
tion will be discussed.

This work was supported by RFBR (grant # 09-03-00819).
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For labeling the pharmacological preparation of isoniazide
we have used the method of labeling by thermally activated
trittum. Isoniazide was labeled by thermally activated tritium in
apparatus for trittum labeling. The effect of the labeling proce-
dure on isoniazide has been investigated. During labeling the
change of color of isoniazide was observed that indicates partial
destruction of isoniazide. The optimum regime of labeling was
selected. The system of purification of tritium-labeled isonia-
zide by thin layer chromatography (TLC) has been developed.
Tritium-labeled preparation of isoniazide was purified by TLC
on silicagel in the system ethyl acetate:isopropanol:liquid am-
monia (concentrated):acetone (15:20:5:2). Application of TLC
for purification of tritium labeled preparation allows to purify
completely isoniazide from by-products. The output of purified
tritium labeled preparation of isoniazide was 41.4%. The obtai-
ned preparation had specific radioactivity of 468.5 MBg/mmol,
radiochemical purity of the preparation was 95 %. TLC purifi-
cation seems inexpensive and fast method, suitable for purifi-
cation of tritium-labeled isoniazide. Thus, the used method
allows to obtain tritium labeled preparation of isoniazide suita-
ble for medical and biologic research. Received tritium-labeled
preparation of isoniazide is supposed to be used in studies of
binding capacity of blood transport proteins of patients with
various pathological conditions.

s217



Chem. Listy 704, s218-s262 (2010)

RFD.P05 (Id: 73)

ASSESSMENT OF LABELLED PRODUCTS WITH
DIFFERENT RADIOANALYTICAL METHODS: STUDY
ON 18F-FLUORINATION REACTION OF P-["*F[MPPF

TEJA KOIVULA, JAANA LAINE, TIINA LIPPONEN,
OUTI PERHOLA, EEVA-L1ISA KAMARAINEN, KIM BERGSTROM
and OLOF SOLIN®

Laboratory of Radiochemistry, University of Helsinki, Helsinki,
Finland
teija.s.koivula@helsinki.fi

The crude reaction mixture consisted of p-['*F]MPPF and
2-4 labelled impurities eluting after the product fraction, and
the reverse-phase HPLC method reported in the literature '
failed sometimes to separate p-['*F]MPPF from its radioactive
by-product with close retention time. Analytical HPLC was
based on similar chromatographic conditions. By comparing it
to preparative results it could be used in the estimation of radi-
ochemical incorporation yield of p-['*F]MPPF. However, ra-
dio-TLC was not a reliable method for the radiochemical analy-
sis of crude p-['"*F]MPPF: the sample in DMSO was not well
distinguished on silica plates and there was labelled impurity
with same Rgvalue. Heating mechanism had no significant
effect on the composition of labelled compounds. Based on the
molecular structures of the substituted benzamides, p-MPPF
and its precursor p-MPPNO,, the reaction of basic nitrogen on
piperazinyl moiety and/or amide hydrolysis could be reasonable
explanation for the formation of side-products. Corresponding
fractionated masses, molecule peaks with 192 and 120 smaller
m/z ratios, were also measured in the ESI-MS studies of the
inactive reference compounds. In the preliminary LC-(ESI)-MS
tests of the radiolabelled product these peaks were not detected,
suggesting different kind of decomposition of labelled product
and/or precursor. However, p-['*FJMPPF was identified with
m/z ratio of 435. More than one radioanalytical method is
needed to evaluate reliably the radiochemical incorporation of
p-["*FIMPPF. Identification of various labelled impurities by
radiochromatographic methods without broad reference mate-
rial is difficult and characterisation by more complex method,
MS, is needed. The ion trap MS seemed to be sufficient for the
qualitative analysis of p-[""F]MPPF. Reliable identification of
the labelled side-products, however, needs optimisation of the
radioLC-method.
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The synthesis, labeling and careful spectroscopic investi-
gation of meta-iodo-benzyl guanidine has been performed. As
result of ESI MS and single crystal X-ray diffraction the correct
structure was found to be meta-iodo-benzyl guanidine hemi-
sulfate hemihydrate (2MIBG.H,SO,.H,0).
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SELECTIVELY LABELLED TARAXASTANE AND
LUPANE DERIVATIVES
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JAN SAREK®, ToMAS ELBERT? and MARIAN HAJDUCH®

“Department of Nuclear Chemistry, Faculty of Nuclear
Sciences and Physical Engineering, Czech Technical Universi-
ty, Brehova 7, 115 19 Prague 1, Czech Republic, bDepartment
of Organic Chemistry, Faculty of Science, Palacky University,
Trida 17. listopadu 12, 772 07 Olomouc, Czech Repub-

lic, ‘Laboratory of Radioisotopes, Institute of Organic Chemist-
ry and Biochemistry, Academy of Sciences, Flemingovo n. 2,
166 10 Prague 6, Czech Republic, “Laboratory of Experimental
Medicine, Faculty of Medicine and Dentistry, Palacky Univer-
sity, Puskinova 6, 772 07 Olomouc, Czech Republic
mamamar5@etsii.upv.es

Triterpenes are a group of natural compounds. They are
studied for their wide spectrum of biological activities: antitu-
mor, antimutagenic, antiinflammatory, antiallergy, endocrine,
immunomodulatory, antiviral, hepatoprotective, cardioprotecti-
ve, antithrombotic activities or activities on central nervous
system. | Nowadays the investigation of antitumor drugs is
really important because over one million people get cancer
each year and this quantity is increasing every year. Some of
the most important triterpenes are betulin and betulinic acid and
their derivatives %, which have demonstrated selective cytotoxi-
city against a number of specific tumor lines, HIV disseas, a
variety of infectious agents such as malaria and bacteria, and
the inflammatory process in general. The derivatives and po-
tencial drugs from betulinic acid can be used to kill and/or
inhibit multiplication of tumor cells. This type of drugs need to
have high cytotoxic activity, low toxicity and have to be easily
aviable. We are focusing on the synthesis of semisynthetic
derivatives of betulin and betulinic, heterobetulinic and morolic
acids (lupane and taraxastane type) selectively labelled by
deuterium *H and tritium >H, *C, and “C. These labelled com-
pounds are essential for supporting the pharmacokinetic and
toxicological evaluations which help to better understand the
metabolic pathways which are proceeding in investigated orga-
nism. We trust that labelled derivatives are helpful in the in-
vestigation of mechanism of action and indentification of pri-
mary target. All the synthesized compounds are tested on the
board of tumors lines for their cytotoxic activity in vitro and in
vivo in LEM, with the aim to obtain new anticancer drugs.
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RADIOIODINATION AND BIODISTRIBUTION OF THE
MONOCLONAL ANTIBODY TU-20 AND ITS SCFV
FRAGMENT
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“Nuclear Physics Institute of the ASCR, 250 68 Rez by Prague,
Czech Republic, bEN VINET, a.s., Czech Republic
kleinova@uijf.cas.cz

The ability of the monoclonal antibody TU-20 and its scFv
fragment to bind specifically to the C-end of the class III
B-tubulin makes these substances useful as potential diagnostics
for neurodegenerative diseases - especially peripheral neuropa-
thies. TU-20 and its scFv were labeled with '*°I and '*I by chlo-
ramine-T (with average yield 0.75 and 0.50, respectively). Radi-
ochemical purity and stability was revealed by gel filtration
(decrease to 80 % and 50 % in two months, respectively). Immu-
noreactivity of the labeled TU-20 was determined by ELISA - the
range of the preserved immunoreactivity varies from 60 % to
95 % in accordance to the used radiolabeling process. RIA and
affinity coupling analytic methods were specifically designed
with focusing on specifics of the antibody and its fragment. The
results of RIA differ in depandance on the type of the reaction
vessel (glass or polystyrene) and the affinity coupling results
depend on the experimental arrangement - in the baTch or at the
column. Fragmentation of the labeled antibody and its fragment
was estimated by bis-tris gel electrophoresis followed by silver
staining and autoradiography (over 95 % of radioactivity bound
in the substances). The antibody binding in tissue slices was
studied in vitro by immunohistochemistry. The Purkinje cells
were observed conjugated with the radiolabeled substances -
either TU-20 or its scFv fragment in the area of the cerebellum.
In vivo biodistribution of '*I-TU-20, '*I-scFv TU-20, *I-scFv
TU-20 and Na'*I was proceeded in normal mice (wild type
C57B/6/J). Both biomolecules labeled by '*I were also proved in
an imaging biodistribution study with use of the SPECT camera.
Finally, a transgene population G93A1 Gur was used for compa-
rative study to show the different behaviour of the substances in a
normal mouse and in the modified organism with amyotrophic
lateral sclerosis (ALS). The most part of differences is observed
in the area of the muscles, rostal and caudal spinal cord. In sum-
mary, the monoclonal antibody TU-20 and its scFv were success-
fully radioiodinated and afterwards analysed by several quality
control methods and biodistribution studies which confirmed
their preserved or expected immunoanalytical characteristics in
normal and genetically modified organism.
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TECHNOLOGY OF DTPA CONJUGATATION
IMMUNOGLOBULINS AND THEIR LABELING WITH
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Model study of the y-immunoglobulin G (Human or Bovi-
ne IgG, polyclonal antibodies) and bifunctional chelating agent
diethylenetriaminepentaacetic acid dianhydride (cDTPAA)
conjugation was carried out. Various values of the cDT-
PAA/antibody conjugation ratio (15/1, 40/1, 105/1, 125/1 and
250/1) and the weight concentration of IgG 10, 5 and 1 mg
mL" in 0.1 mol L phosphate buffer (pH 7.3) and 0.1 mol L™
carbonate buffer (pH 8.5) were used. Further, the labeling
conditions of the DTPA-IgG conjugate by radionuclides *°Y
and """Lu were optimized and the labeling yield, the conjugate
degrees of prepared radionuclide-DTPA-IgG conjugates were
determined. The DTPA-MEM-97 (monoclonal antibody) was
another tested conjugation system. This system was investiga-
ted at above-mentioned conjugation ratio of the cDT-
PAA/antibody and 2.5 mg mL"' MEM-97 (the weight concent-
ration) in 0.1 mol L™ phosphate buffer and 0.1 mol L' carbona-
te buffer. Incubation time of the immunoglobulin conjugation,
analogous to the monoclonal antibody MEM-97, was obtained
after 30 minutes from mixing of individual components. The
labeling yield of radionuclide-DTPA-antibody conjugate higher
than 80 % was achieved. Higher values of conjugation degree
of radionuclide-DTPA-antibody conjugate were achieved in
0.1 mol L™ carbonate buffer, pH 8.5. It follows that the 0.1 mol
L' carbonate buffer is suitable for the studied conjugation
systems. This study has shown that the labeling yield as well as
the conjugation degree of tested systems depend on the amount
of antibody substance, on the bifunctional chelating
agent/antibody conjugation ratio and on pH value of buffer in
which the conjugation was carried out.

This research was supported by projects of the Ministry of
Education, Youth and Sports of the Czech Republic under the
project MSM 6046137307.
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COMPARISON OF BIFUNCTIONAL CHELATES FOR
Ga RADIOISOTOPES
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KATHARINA GUENTHER®, PAUL JUREKb, GARRY KlEFERb,
MICHAEL WoODs® and DONALD YApp®

“MDS Nordion, Vancouver, BC, Canada, bMacrocyclics Inc.,
Dallas, Texas, USA, “University of Victoria, Victoria, British
Columbia, Canada, “British Columbia Cancer Agency Re-
search Centre, Vancouver, BC, Canada
dennis.wester@mdsinc.com

Both ®Ga (t,,, 3.26 d) and **Ga (t,,, 68 min) are radioiso-
topes with appropriate emissions for nuclear imaging. ®*Ga is of
particular interest due to its potential availability from a
%8Ge/®Ga generator. The short half-life of ®®Ga requires the use
of targeting vectors with fast localization such as small pepti-
des. In addition, bifunctional chelates (BFCs) that facilitate fast
radiolabeling under mild conditions and produce a high specific
activity (SA) product in high radiochemical yield (RCY) that
does not require time-consuming post-radiolabeling purification
are needed. Two promising chelating moieties for gallium
radioisotopes are Oxo (l-oxa-4,7,10-triazacyclododecane-
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4,7,10-triacetic acid) and PCTA (3,6,9,15-tetraazabicyclo
[9.3.1]pentadeca-1(15),11,13-triene-3,6,9-triacetic acid). The
radiolabeling efficiency, SA and stability of the BFCs of Oxo
and PCTA were compared directly to analogous BFCs of
DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic
acid) and NOTA (1,4,7-triazacyclononane-1,4,7-triacetic acid).
Small animal PET imaging and biodistributions were also
studied to compare the in vivo clearance of the ®Ga radiolabe-
led BFCs. Advantages with respect to RCY, SA, and stability
were noted for the BFCs of PCTA and NOTA. An RGD-
containing peptide was conjugated to three different BFCs, two
commonly used BFCs of DOTA and NOTA and the novel BFC
of PCTA. The resulting constructs were evaluated to ascertain
the potential of the BFCs for ®Ga peptide imaging. RCYs of
>95% were achieved within 20 minutes using the PCTA and
NOTA conjugates when the reaction was done at either room
temperature or with mild heating (37 C). Further purification
was not needed under these conditions. SAs of >0.5 mCi/nmol
were achievable. The radiolabeling reaction required heating at
higher temperatures (80 C) or extended reactions times at 37 °C
in order to obtain equivalent RCY and SA with the DOTA
conjugate. A challenge with apo-transferrin for 1 h showed that
both the PCTA and NOTA Ga-radiolabeled conjugates were
stable whereas the DOTA conjugate lost ~15% of Ga. In
conclusion, BFCs of PCTA and NOTA were found to have
superior Ga radiolabeling and stability properties compared to
the BFC of DOTA. Cell and small animal imaging studies are
planned to examine the effect of the BFCs on the receptor
binding and biodistribution of Ga-radiolabeled peptide conjuga-
tes.

RFD.P11 (Id: 327)

RADIOMETRIC ENZYME ASSAYS: DEVELOPMENT
OF METHODS FOR EXTREMELY SENSITIVE
DETERMINATION OF TYPES 1, 2 AND 3
IODOTHYRONINE DEIODINASE ENZYME
ACTIVITIES

STANISLAV PAVELKA

Dept. of Radiometry, Inst. of Physiolgy, ASCR Prague; and
Inst. of Biochemistry, Masaryk Univ. Brno, Czech Rep.
pavelka@biomed.cas.cz

We claborated novel, reliable methods for extremely sensi-
tive radiometric determination of enzyme activities of iodothy-
ronine deiodinases (IDs) of types 1, 2 and 3 in microsomal
fractions of different rat and human tissues, as well as in homo-
genates of cultured mammalian cells. These enzymes catalyze
selective 5°- (outer ring) and 5- (inner ring) monodeiodinations
of iodothyronines and play crucial roles in the biotransformati-
ons of thyroid hormones (TH). The newly developed radiomet-
ric assays for IDs were based on the use of appropriate high-
specific-radioactivity '*I-labeled iodothyronines as substrates;
high-performance TLC separation of radioactive products from
the unconsumed substrates; film-less autoradiography of radio-
chromatograms using storage phosphor screens; and quantifi-
cation of the separated compounds with a BAS-5000 (Fujifilm
Life Science Co.) laser scanner. This methodology enabled us
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to determine IDs enzyme activities in the range as low as 10-18
katals. For the proper measurement of the individual IDs enzy-
me activities, we found out first the optimum assay conditions,
including the concentrations of the respective radioactively
labeled substrates, appropriate concentrations of thiol cofactor,
the amount of total protein and enzyme concentration in the
incubation mixtures, and suitable incubation times. Further, we
demonstrated the applicability of our sophisticated methods by
following the alterations of IDs activities induced in cultured
rat astroglial cells by a series of purinergic agonists, retinoic
acid, and their combination. In the case of ATP as a representa-
tive of purinergic agonists, we determined also time-course and
dose-response curves to characterize in more details the in-
duction of each type of deiodinase by purines. The introduced
radiometric assays proved to be very sensitive and rapid and, at
the same time, reliable and robust. Acknowledgments:

This work was supported by the Ministry of Education of the
Czech Republic (Research project No. MSM0021622413), by
the Academy of Sciences of the Czech Republic (Research
project No. AV0Z50110509) and by the Czech Science Foun-
dation (Grant No. 304/08/0256).
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25 L ABELLED IODOTHYRONINES: USEFUL TOOLS
FOR STUDIES OF EFFECTS OF AN
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With the use of adapted radiometric enzyme assays for io-
dothyronine sulfotransferases (ST) and uridine 5’-diphospho-
glucuronyltransferase (UDPGT), as well as of our newly deve-
loped radiometric assays for iodothyronine deiodinases (IDs) of
types 1, 2 and 3 (D1, D2 and D3), we studied the interaction of
an antidepressant drug fluoxetine with the metabolism of thyro-
id hormones (TH) in the rat. TH are supposed to control the
activity of some neurotransmitters (e.g., serotonin), which are
hypothetically involved in the pathogenesis of depressive ill-
ness. One of the pathogenic factors of depression might be
inadequate activities of brain IDs that could lead to local insuf-
ficient concentration of 3,3’ 5-triiodo-L-thyronine (T3). This
hypothesis led to the development and production of a new
group of non-tricyclic antidepressant drugs known as selective
serotonine re-uptake inhibitors; fluoxetine is the most frequent-
ly used representative of this group. Effects of subchronic
administration (for 25 days) to Wistar rats of fluoxetine by
itself, or in combination with T3 were followed. The measure-
ments of ST activities in liver and kidney cytosolic fractions
did not demonstrate any significant effects of the administration
of fluoxetine, alone or together with T3, on the induction of
these enzymes. In contrast, in samples of liver microsomes of
rats treated with fluoxetine, we found about two-fold higher
UDPGT activities in comparison with control rats. Even more
profound changes in enzyme activities were found in case of
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IDs, especially in the pituitary and cerebellum. The treatment of
rats with fluoxetine alone caused a moderate increase in D2
and, in turn, a slight decrease in D3 activities in cerebellum and
some other regions of the CNS. No significant changes in D1
activity were detected. On the other hand, the administration of
T3 alone caused, in accordance with our expectation, a substan-
tial decrease in pituitary D2 activity and a simultaneous increa-
se in D1 and D3 activities practically in all tissues studied.

This work was supported by the Academy of Sciences of the
Czech Republic (Research project No. AV0Z50110509), by the
Ministry of Education of the Czech Republic (Research project
No. MSM0021622413) and by the Czech Science Foundation
(Grant No. 304/08/0256).
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PRODUCTION AND QUALITY CONTROL OF ""Lu
FOR LABELLING

MARTIN KROPACEK, MAREK TOMES, JIRI SRANK,
LIBOR PROCHAZKA, FRANTISEK MELICHAR, JIRI VENTRUBA
and JAN PAVLIK

Nuclear Physics Institute of the ASCR, 25068 Rez by Prague,
Czech Republic
kropacek@uijf-cas.cz

Lutetium-177 is a radionuclide used in nuclear medicine
for therapeutic application. Both B and y radiations emitted
from '""Lu allow imaging of the therapeutic radionuclide wi-
thout need of adding any other radionuclide. It can be prepared
in the nuclear reactor via direct (n, y) activation from enriched
lutetium target or via indirect neutron activation from ytterbium
oxide. In this case, carrier free '""Lu is prepared, however,
separation from irradiated target is necessary. '’ Lu decays with
a half life of 6.7 days. The research was focused on develop-
ment of the semi-automatic module for processing the neutron
irradiated targets and on optimizing the conditions of producti-
on and quality control of the '""Lu radiopharmaceutical precur-
sor. Enriched lutetium oxide in 5 M nitric acid was put into the
titanium vial and evaporated to dryness. The screwed and tigh-
tened vial was irradiated for 96 hours in LVR-15 nuclear reac-
tor (reactor power 7-9 MW) at the approximate neutron flux of
5x10" n.em™s”'. The irradiated penal was allowed to cool for
two days and then processed using semi-automatic module.
Titanium ampoules were opened and filled subsequently by
four aliquots 0.5 - 1.5 mL of nitric acid 1mol/L in order to
dissolve irradiated target. All aliquots were collected, evapora-
ted to dryness and re-dissolved with hydrochloric acid 0.01
mol/L. Final solution was passed through 0.22 mm filter and
after dispensing, final solution was autoclaved for 20 minutes at
125 C. All production steps were operated using touch screen
set-up on the front wall of the hot cell. The radioactivity was
measured by ionization chamber Atomlab 100. The radionucli-
dic purity was determined by y spectrometry. The radiochemi-
cal purity was determined by radio-TLC with ITLC-SG strips
as a solid phase. The method consisted of two steps: Test for
insoluble and colloid forms - liquid phase 0.15M NaCl in
0.02 M HCI and the test for lutetium organic forms - liquid
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phase mixture of NH,OH : CH;0H : H,O (0.2 : 2 : 4) . The gas-
flow proportional counting tube (Minigita, Raytest) was used
for detection. The pH was measured by microelectrode Hamil-
ton Biotrode. Bacterial endotoxins test was carried out using
kinetic turbidimetric methods. The chemical impurities of Ti
and Fe were checked by ICP for couple of baTches (external
collaboration with Nuclear Research Institute ReZ, plc.). The
specific activities of '’Lu at the end of irradiation ranged from
100 to 264 GBq/mg (2.9 to 7.1 Ci/mg), Specific acrivity of
L at the time of production ranged from 61 to 86 GBq/mg
(1.6-2.3 Ci/mg). The y-spectrometric measurements showed the
content of '""™Lu at the level 0.005% at the time of production.
Content of Ti ranged from 0.004 to 0.385 pg/GBq of '"’Lu and
content of Fe ranged from 0.023 to 0.708 pg/GBq of "Lu at
the time of production. The semi-automatic elution device for
production of '""Lu was developed, tested and the operation
qualification was carried out. Manufacture process was valida-
ted on three baTches of '""Lu product. Methods for quality
control were verified and GMP compliance documentation is
currently under preparation.
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NATURAL ORGANIC MATTER (NOM)
CHARACTERIZATION IN URBAN - AND NUCLEAR-
WASTE IMPACTED WATERS USING MULTI-
RESPONSE FLUORESCENCE

FRANCOIS CARON® and SCOTT SMITH”

“Chemistry and Biochemistry Department, bSDepartment of
Chemistry, Wilfrid Laurier University, Waterloo, Ontario,
Canada N2L 3C5

fearon@laurentian.ca

It is well established that natural organic matter (NOM)
plays an important role in metal speciation, in the transport of
radioactive contaminants, in the acid-base control of natural
waters, eTc. NOM originates from various natural and human-
impacted processes, and its constituents feature various molecular
sizes, functional groups, and other properties which could be
important for metal or radionuclide speciation. In this work,
NOM impacted by two contrasting human impacts was analyzed
using by multiresponse fluorescence, decoupled with the multi-
way resolution routine PARAFAC. In the first site at Chalk
River, Ontario, Canada, water downstream from a former low-
level waste infiltration pit and deep groundwaters were sampled.
The second site is surface water from the Grand River in
Cambridge, south-central Ontario, Canada, which is impacted by
urban activities and agriculture. Our analysis was done on se-
lections of raw water, fractions isolated by ultrafiltration, and
solid phase aqueous extracts (SPE). The fluorescence spectra of
the NOM, resolved with PARAFAC, showed three common
features: humic-like components, at excitation/emission wave-
lengths 325-350/450-475 nm, fulvic-like components at 325/380-
420 nm and protein-like components, at 275/300 nm. Most of the
NOM from the urban-impacted sites and the clean Chalk River
site was submitted to ultrafiltration, with >4% of the total in the
large fraction (colloidal range, larger than 5000 Da). The propor-
tion of colloidal-sized material in the NOM was substantially
higher in the Chalk River contaminated water, with ~18-26% of
the total. The protein-like components in the contaminated Chalk
River water were largely removed by ultrafiltration, but less so in
the clean Chalk River sample and the urban-impacted waters.
SPE preferentially removed the protein-like component in the
contaminated Chalk River water (typically 89-95% signal decrea-
se), but had a limited effect on humic-like and fulvic-like compo-
nents. The fulvic-like and humic-like components of the urban-
impacted samples and from Chalk River behaved fairly similarly,
exhibiting a slight enrichment of humic-like material in the large
(colloidal) fraction. Finally, addition of metals (Cu and Co) to
Chalk River sample colloidal fractions changed the fluorescence
signals for the humic-like and fulvic-like components, but not the
protein-like components. In contrast, there was no significant
change in signal with addition of Cs. In conclusion, multirespon-

se fluorescence is a promising technique to determine the origins
and dynamics of NOM in field samples, with potential applicati-
on to metal (Cu) and radionuclide binding (with Co, but not so
for Cs). Other new applications will be discussed.

SEP.L02 (Id: 46)
EFFECT OF SHORT CHAIN CARBOXYLIC ACIDS ON
U(VI) SORPTION ON SILICA AND RUTILE STUDIED
BY THE USE OF CAPILLARY ZONE
ELECTROPHORESIS

VLADIMIR SLADKOV, YUJIA ZHAO and FLORENCE MERCIER-
BION

UMR CNRS 8608 - Institut de Physique Nucléaire, France
sladkov@ipno.in2p3.fr

Capillary zone electrophoresis (CZE) was used to study of
uranyl sorption on silica and rutile in the presence of short chain
carboxylic acids. These acids are chosen as they may be released
into the environment by decay of plant, animal and microbial
tissues . They can be also used as simple models of more com-
plicated natural organic matter. First, separation and simultane-
ous determination of a number of short chain carboxylic acids
(oxalic, formic, acetic and propionic) and U(VI) with direct UV
detection is developed for analysis of solutions after the U(VI)
sorption by CZE. From literature data it is known that complex
formation of U(VI) with carbonate, used as a carrier electrolyte,
allows U(VI) to be determined, as negatively charged species, in
a single run with organic acid anions % Matrix effect of Si(IV)
(possible silica dissolution products) and perchlorate (added for
constant ionic strength in sorption experiments) on the separation
of U(VI) and organic acids is investigated. The influence of
methanol in carrier electrolyte on separation selectivity of given
mixture is also studied. Under the chosen conditions calibration
plots are linear in two ranges of concentration from ~1x107 to
1x10° M for oxalate, acetate, propionate, U(VI) and ~1x10™* to
1x107 for formate. Accuracy of the procedure is checked by the
“added-found” method in standard mixture solutions. Relative
standard deviation is within the range of 2-10% and the recovery
is in the range of 90-110%. This method is applied for the analy-
sis of real solutions after U(VI) sorption on silica and rutile in the
presence of short chain carboxylic acids. The sorption experi-
ments indicate that given organic acids decrease uranium sorpti-
on either on silica or on rutile. These experiments demonstrate
that short chain carboxylic acids can influence the mobility and
chemistry of uranium in the environment.
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The solubility of the Th(IV)/Fe(Ill) system has been stu-
died as function of pH in the range 2.00-3.50. In the individual
systems of thorium(IV) and iron(Ill) precipitation takes place
due to formation of hydrolysis products. However, in the mixed
Th(IV)/Fe(Ill) system precipitation of ferrihydrite takes place at
low pH value, pH = 2.00, whereas at higher pH no precipitation
was observed after 20 months. The mixed heteronuclear com-
plex of composition [Th,F ez(uz-OH)g(HZO)lz]10+ was formed in
solution, with Th-Th, Th-Fe and Fe-Fe distances of 3.95 and
3.949; 3.42 and 3.4; 3.05 and 2.921 A as determined by
EXAFS and LAXS, respectively. Two and four line ferrihydrite
was formed in solutions at low pH values, 2.00-2.30, as identi-
fied by X-ray diffraction (XRD). SEM analysis of these preci-
pitates showed that some of them contained only iron, whereas
the others contained both iron and thorium. Mixed Th/Fe sys-
tem showed increased solubility what may affect the design of
tanks for spent nuclear waste.
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Nuclear waste management is nowadays based on the
usage of light hydrocarbon liquids as diluents in extraction
technology. PUREX process deals with tributylphosphate
solution in n paraffins; various extraction processes developed
for high level waste treatment also use light hydrocarbon dilu-
ents (e.g. dodecane) to be PUREX-compatible. Heavy polar
diluents that are widely studied for purposes of extraction are
an alternative to light diluents. The most attractive among them
are fluorinated diluents. Polar fluorinated diluents have some
advantages over hydrocarbons, e.g. high chemical and radiation
stability, high density, low fire risk. Fluorinated compounds of
various classes (ethers, esters, nitroaromatic compounds, fluo-
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rinated sulfones) have been tested as possible diluents for ne-
utral extractants. The using of polar fluorinated diluents in
solvent extraction allow to significantly increase the extraction
capacity and solubility of neutral ligands. In the present work
new polar fluorinated aromatic-free compounds were tested as
diluents for various diamide extractants. New diluents -
2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoroheptylmethyl ether
(DDFHME), 2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoroheptyl acetate
(DDFHA) 1,1,2,2,3,4,4,10,10,11,11,12,12,13,13-
hexadecafluoro-6,8-dioxatridecane (Formal-2) were compared
with well known meta-nitrobenzotrifluoride (F-3) and trifluo-
romethylphenyl sulfone (FS-13). The extraction ability of
diamides of dipicolinic acid, diamides of 2,2’-dipyridyl-6,6’-
dicarboxylic acid, diamide of diglycolic acid in polar diluents
towards some radionuclides and post-transition metals were
studied. It was found that the extraction ability of diamide
ligands could be highly increased while using DDFHME and
Formal-2 as diluents.
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Solvent extraction techniques were developed to separate
"As from bulk amounts of proton-irradiated germanium dio-
xide targets, ®*Ge from proton-irradiated gallium(IIl) oxide
targets and ®®Ga from parent ®*Ge. Several methods have been
reported to isolate arsenic radionuclides from irradiated Ge and
germanium dioxide targets . In this work the germanium
dioxide target, irradiated with 17 MeV protons, was dissolved
in either HCI or KOH. Then the ratio of As(IIl) to As(V) was
determined via thin layer chromatography using *’Si phase
plate as a stationary phase and a mixture of sodium bitartra-
te/methanol in the ratio of 3:1 as the mobile phase. Our sepa-
ration method utilizes the observation that arsenic (III) can be
extracted selectively and quantitatively by cyclohexane from
hydrochloric acid solution containing alkali iodide '. The in-
fluence of concentrations of different acids and of KI as well as
the effect of various organic solvents was investigated. Opti-
mally, the extraction of As(Ill) into cyclohexane occurred with
4.75M HCI and 0.5M KI, and its back-extraction into the aque-
ous phase with water containing 0.1% hydrogen peroxide. The
overall radiochemical yield of the radioarsenic separation was
about 95+2%. The method was used in the separation of high
purity "*As, a potentially useful positron emitter, formed via the
"Ge(p,n)-reaction. An optimised method of separation of the
radionuclide ®Ge, used as a tracer in gallium/germanium sepa-
ration studies, was worked out. The gallium (III) oxide target,
irradiated with 17 MeV protons, was dissolved in 8M sulphuric
acid and used as a stock solution. To an aliquot HCI was added
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and its concentration adjusted to 0.4M in order to transfer
germanium to the chloride form. With this the extraction of
radiogermanium using toluene was then studied at varying
concentrations of H,SO,. From a solution of 8M sulphuric acid
and 0.4M HCI the extraction was maximum. Using the optimi-
sed separation, the radionuclide %Ge, formed via the
%Ga(p,2n)-reaction, was separated from a gallium (III) oxide
target irradiated with 45 MeV protons. Further on, the separati-
on of ®Ga from the parent ®*Ge was investigated. The method
is based on anion exchange solvent extraction using Aliquat
336 in xylene from hydrochloric acid *. Aliquat 336 in xylene
has been used for the first time for separations involving radio-
gallium and radiogermanium. Optimisation studies were related
to the influence of HCI concentration and different solvents.
The solvent extraction using Aliquat 336 in xylene led to a high
separation yield of ®Ga from its parent ®*Ge. The time of sepa-
ration was short, about 20 min, the contamination from ®Ge
was less than 0.1 % and the final product was obtained in 0.5M
KOH.
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Preconcentration of radionuclides is a necessary stage for
their accurate determination in aqueous natural and technologi-
cal solutions. Sorption methods are the most perspective for
selective recovery and separation of radionuclides from other
elements. Various sorption materials containing complexing
groups have been widely applied due to their selectivity and
high degree of recovery. It is especially important for radio-
nuclide preconcentration from high salinity nitric acid solutions
generated under the reprocessing of spent nuclear materials.
The solid-phase extractants have gained considerable attention
for preconcentration of trace elements. Special interest is given
to the solid-phase extractants prepared by non-covalent immo-
bilization of ligands on the surface of solid supports. For acti-
nide and lanthanide preconcentration some organophosphorus
and other ligands (tri-n-butylphosphate, carbamoylmethyl-
phosphine oxide, malonamides, amines, macrocyclic com-
pounds, eTc.) have been widely used. These reagents are usual-
ly immobilized on silica-based matrices, polystyrene and poly-
acrylate polymers and other supports. In the present work we
used ionic liquids and various ligands as reagents for immobili-
zation and the most perspective solid supports to prepare the
novel solid-phase extractants designed for radionuclide precon-
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centration. The ability of ionic liquids to be kept on solid surfa-
ces and to reveal ion-exchange and complexing properties
makes possible the synthesis of novel type solid-phase ex-
tractants. We prepared the solid-phase extractants by the non-
covalent immobilization of tetraalkyl phosphonium and
1-alkyl-3-methyl imidazolium ionic liquids with different ani-
ons and studied their sorption properties. The matrices with
large surface and high sorption ability were chosen as supports:
multi-walled carbon nanotubes, highly cross-linked polystyre-
ne, Amberlite XAD-7 and polyacrylonitrile fiber. The conditi-
ons of ionic liquid immobilization and radionuclide recovery
were determined. The application of prepared solid-phase
extractants for preconcentration of actinides, rare earth ele-
ments and radiopalladium from 1-3M nitric acid solutions was
demonstrated. Special attention was being paid to the use of
carbon nanotubes as a support for solid-phase extractant prepa-
ration. Carbon nanotubes have come under intense multidisci-
plinary study due to their unique physical and chemical proper-
ties, which make them attractive for myriad uses including
radiochemistry. The features of nanostructure and large surface
ensure high sorption ability of carbon nanotubes and the possi-
bility for their modification. We prepared the solid-phase ex-
tractants on the base of multi-walled carbon nanotubes
“Taunit”® (Russia) modified with ionic liquids and various
ligands. Experimental data have shown high efficiency of the
novel solid-phase extractants for radionuclide preconcentration
from nitric acid solutions.

The work was supported by the Russian Foundation for Basic
Research (project 08-03-00766).
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A theoretical description of speciation and of the thermo-
dynamic properties of lanthanide and actinide ionic solutions is
proposed in the framework of the mean spherical approximati-
on (MSA) . In this model the ions are regarded as charged
hard spheres immersed in a dielectric continuum representing
the solvent (water). An interesting feature of the MSA is that it
yields analytic expressions. To account for complex formation,
the multivalent cation (a lanthanide or an actinide ion) is assu-
med to possess a finite number of sites on its surface, on which
anions can bind °. This property leads to the formation of 1:1,

s224



Chem. Listy 104, s225-s262 (2010)

1:2, 1:3,... complexes according to a stepwise complexation-
equilibrium process. Explicit formulas are obtained for the
speciation and the thermodynamic properties (osmotic and
activity coefficients) within this model. They include the effects
of complexation and electrostatic interactions. The model is
applied to the case of binary and ternary aqueous solutions of
divalent, trivalent and tetravalent lanthanides and actinides.
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The contribution is focused on geotechnical, chemical, ge-
ochemical and mineralogical research of bentonite stability
with the aim to determine the effect of saturation medium
composition and loading by heat on bentonite stability. The
main part the research is directed to the experimental results of
bentonite and bentonite leachate samples obtained for the ben-
tonite interaction under laboratory or in situ experiments. The
markedly different values of Na*, K¥, Ca**, Mg?" and SO,* ion
concentrations are caused by the mineralogical transformation
and interaction of the original bentonite material with synthetic
granitic water. Bentonite is included in buffer and backfill
materials in most high-level waste repository concepts. Its low
hydraulic conductivity, micro-porous structure, good sorption
properties and plasticity make this material an effective barrier
- protecting the canister and restricting the movement of radio-
nuclides released from the waste packages after canister failure.
The effect of the variable aqueous phase composition on bento-
nite stability using Ca-Mg and Na-Ca bentonites for the expe-
riments was studied. The synthetic granitic waters with the
higher concentration of the K™ and Mg*" cations were applied
for the study of bentonite stability. These investigations were
carried out for the 12 months under the laboratory and tempera-
ture increase conditions (95 - 100 C). The mineralogical trans-
formation and characterization of the solid phase by RTG
diffraction, infrared spectroscopy and cation exchange capacity
measurement were evaluated after the termination of these
experiments. These mixtures were simultaneously applied for
the sorption study of the selected radionuclides (‘**Cs, '*°I and
#TcOy) with the aim to evaluate the changes of sorption beha-
viour as the result of bentonite with synthetic granitic water
interaction. The geochemical software tool Geochemist’s Wor-
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kbench calculated the simple thermodynamic model of bentoni-
te transformation during bentonite with synthetic waters in-
teraction. It was confirmed that smectites are transformed to
more stable silicates phases, such as illite/smectite mixed
layers, illite. The kinetics of the smectite to illite reactions
strongly depends on temperature, time and K' porewater con-
centrations. Radionuclides of *Tc and '*I may exist in the
various oxidation states in the dependence of the redox conditi-
ons of the aqueous environment. Technetium exists in oxidation
states from +7 to -1. In natural environments, the most stable
oxidation states of technetium are +7 and +4 under oxidizing
and reducing conditions, respectively. The -1, +5, and molecu-
lar I, [Izo(aq)] oxidation states are those most relevant for iodi-
ne in environmental systems. lodine usually exists in fresh
water in the -1 oxidation state as iodide (I'), in alkaline and
marine environments, iodine usually exists in the +5 oxidation
state as iodate (105").
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Due to their radiation and heavy metal properties, radio-
nuclides represent a serious health risk to humans in case of
incorporation. To understand their toxicity, transport, deposi-
tion and elimination in the human organism, it is therefore
crucial to elucidate their chemical behavior and properties on
a molecular level. For trivalent actinides originating from
nuclear power plants knowledge about their metabolism is
very limited. In case of incorporation, they tend to accumulate
in liver and skeleton and are excreted to maximum 10 - 20 %
within the first week. Nevertheless this excretion occurs
mainly through the kidneys, which are known to be particu-
larly radiation sensitive. To address the lack of knowledge,
we studied the speciation of curium (as a representative of
trivalent actinides) and europium (as the lanthanide analogue)
in human urine and their complexation with single consti-
tuents. Since both of these heavy metals exhibit unique fluo-
rescence properties, time-resolved laser-induced fluorescence
spectroscopy (TRLFS) is an adequate tool for this purpose.
Fresh 24-hours-urine samples were collected from healthy
volunteers and analyzed within few days. The inorganic com-
position of all samples was determined using mass spectrome-
try with inductive coupled plasma (ICP-MS) and ion chroma-
tography (IC). Then all samples were spiked in vitro with
curium or europium and single as well as time-resolved laser-
induced fluorescence spectra were measured. We analyzed at
least 10 different urine samples and were able to divide all
samples into two different groups according to their fluores-
cence spectra. We found that all samples with pH below 5.6
and all samples with pH above 6.0 each exhibit strikingly
similar spectra. Compared to each other the spectra of both
groups are very different and therefore easy to distinguish.
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Furthermore the lifetime of the metals in samples with higher
pH is substantially longer than in samples with lower pH.
ICP-MS and IC analysis revealed that the inorganic composi-
tion of samples which exhibit the same fluorescence spectra
can vary broadly within magnitudes. Therefore the most
important factor influencing the speciation of metals in hu-
man urine does not seem to be the composition but rather the
pH value. To identify the dominating species we also recor-
ded the fluorescence spectra of both metals in electrolyte
solution containing all inorganic but no organic components
of urine. Furthermore we studied the complexation of both
metals with urea and citric acid as main organic urine consti-
tuents. Comparing the measured spectra and lifetimes with
this reference data, we found that at lower pH a complex
citric acid species dominates the speciation of both metals
while at higher pH the spectra were identical to those in elect-
rolyte solution ruling out any involvement of organic ligands.
The exact nature of this inorganic metal species has yet to be
clarified.
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The aerobic groundwater bacterium Pseudomonas fluo-
rescens (CCUG 32456) isolated from the aquifers at the Aspo
Hard Rock Laboratory, Sweden, secretes siderophores of the
pyoverdin-type. Besides iron(I1I), these unique bioligands are
also able to form strong complexes with actinides (e.g.,
U(VI), Np(V), and Cm(IIl)) '=. For U(VI) and Np(V) we
could show that mainly the catecholate and to less extent the
hydroxamate functionalities of the pyoverdin molecule are
involved in the actinide coordination "*. For Cm(III) it is still
not clear which functional group of the pyoverdin molecule
causes the great stability constants. In general, Cm(IIl) in-
teractions with pyoverdin-model compounds and especially
with chromophore-models are poorly understood. To address
this lack, we present findings regarding the speciation of
Cm(IIT) with 2,3-dihydroxynaphthalene in aqueous solution
by time-resolved laser-induced fluorescence spectroscopy
(TRLFS) at trace Cm(III) concentrations (0.3 puM) over a
wide pH range. TRLFS is a well established direct speciation
technique for investigating the complexes formed by actinides
in both geochemical and biochemical environments. Four
Cm(IIT)- dihydroxynaphthalene species of the type MxLyHz
could be identified from the spectroscopic measurements. The
stability constants of these strong Cm(III)-bioligand com-
plexes and their individual spectroscopic properties (excitati-
on and emission spectra, lifetimes) are reported. TRLFS
shows that Cm(II)-dihydroxynaphthalene species cause a
strong red shift of the characteristic Cm(IIl) (aq) emission
band at 593.8 to 614.4 nm. The findings of our Cm(III) speci-
ation study in comparison with the literature indicate a stron-
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ger affinity of Cm(III) to the catechol functionality of the
pyoverdin molecules as found for U(VI) and Np(V).

This work was funded by the BMWi under contract number:
02E9985.
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Astatine (At), element 85, is below iodine in the periodic
table of elements. One of its isotopes, 2''At, is a promising
candidate as a therapeutic agent in nuclear medicine '
Although it is clear that much of the chemistry described for
halogens is applicable to astatine, a more metallic character is
expected as compared to its nearest halogen neighbor, iodine.
However, At chemistry in aqueous solution remains poorly
understood. There are no stable isotope of astatine, its lon-
gest-lived isotope having a half-life of 8.3 h. All investigati-
ons are thus derived from radiochemical studies at ultra-trace
concentration, typically between 1072 and 10> mol/L and no
spectroscopic tools can be used to identify unambiguously the
formed species. The chemical forms of astatine are usually
deduced from its behavior in given conditions with respect to
the behavior of expected model compounds. In this work, a
combined experimental and theoretical approach is used to
define the potential/pH diagram of astatine (Pourbaix dia-
gram) in non-complexing medium with the aim of answering
the two main questions raised in the literature: does At(0)
exist in aqueous solution and what is the chemical form of
At(III), if it exists? The experimental methodology considers
that a given species is characterized by its distribution coeffi-
cient (D) experimentally determined in a biphasic system. The
change in speciation arising from a change in experimental
conditions is observed by a change in D value 2. Unlike most
of previous studies, we present a quantitative analysis of the
experimental data based on equilibrium reactions, to identify
the species formed and derive the thermodynamic parameters.

$226



Chem. Listy 104, s227-s262 (2010)

The theoretical methodology is based on quasi-relativistic
quantum chemistry computations and solvation free energy
calculations using polarizable continuum models. The results
show that At at the oxidation state 0 cannot exist in aqueous
solution. The three oxidation states present in the range of
water stability are At(-I), At(I) and At(III) and exist as At
At and AtO", respectively, in the 1 to 2 pH range *. When the
pH increases, AtO" reacts with water to form two hydrolysis
species, AtO(OH) and AtO(OH),".
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Fossil fuels are no longer a choice for energy production,
both because of their diminishing availability and the by-
products of their combustion processes. A possibility to
replace the fossil fuels would be utilization of nuclear power.
No green-house gases are produced, but as any industry, it
generates wastes. A proper plan for reusing valuable nuclides,
both by preparing another kind of fuel or by transmutation,
which, besides transforming the long-lived nuclides into
short-lived ones, generates energy, seem to be P&T (partitio-
ning and transmutation). The partitioning is the process of
separation nuclides from the rest of the waste and involves a
separation process which utilize an organic solvent containing
one or several molecules and a diluent for extraction purpo-
ses. Among the last extractant families developed in Europe,
the 2,6-di(5,6-diethyl-1,2,4 triazin-3 yl)pyridine (BTP) and
6,6’-bis(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-
benzo[1,2,4]triazin-3-yl)-[2,2’]bipyridine (BTBP) were/are
the most promising molecules for an eventual industrial ap-
plication. The present work focuses on several aspects insuf-
ficiently studied before and concerning the influence of the
side groups attached to the "core" of the molecule, for both
BTPs and BTBPs. The importance of the diluents regarding
both the extraction capabilities of the formed system and the
role of the diluents in protecting the molecule against radioly-
sis without adding a scavenging molecule will be very briefly
discussed. However this part will not be further developed
here. The importance of the side groups added to the molecule
first to facilitate dissolution, easing the phase transfer and
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thus enhancing the extraction capabilities and the role the side
groups, in protecting the molecule against the radiolysis will
be discussed.
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Application of solid extractants containing di-(2-
ethylhexyl)phosphoric acid (HDEHP) in the support based on
modified polycrylonitrile (PAN) has been proposed at the CTU
in Prague, Department of Nuclear Chemistry, for the determi-
nation of *’Sr by means of measuring the activity of its *°Y
daughter utilising a procedure similar to that developed by
Burnett et al. in 1975 for the determination of ***Ra '. For the
introductory study, '**Eu and '*’Ba were used as chemical
homologues of *°Y and *Sr. For these radionuclides, depen-
dences of mass distribution coefficients (Dy) on the nitric acid
concentration were measured for several types of HDEHP-PAN
solid extractants; the results obtained were compared with the
data presented by Horwitz et al. in his 1975 paper . For one of
the solid extractants, similar dependence was also determined
for the hydrochloric acid. The mechanism of the Eu’” and Ba®*
ions was confirmed to follow the theoretical two-phase equati-
on for the chelating extractants. The shifts of the curves measu-
red for various solid extractants could be ascribed to the diffe-
rent amounts of HDEHP in the extractants. Further, influence
of the presence of nitrates (total salinity), calcium (Sr homolo-
gue) and iron (Y major interferent) ions on the D, values were
determined. For both Eu and Ba, a decrease of D, values with
increasing nitrates concentration was observed. As expected,
the Dy(Eu) values were suppressed already by relatively low
iron concentrations. The influence of iron ions could be masked
by the addition of ascorbic acid if working in hydrochloric acid.
The Dy(Eu) values were not influenced by the presence of
calcium while, as expected, uptake of barium at low acidities
was strongly suppressed already by relatively low calcium
concentrations. The results obtained make application of solid
extractants containing HDEHP in PAN support prospective for
*Sr determination.

This work was supported by grant MSM 6840770020.
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Fractionation of plutonium isotopes (**Pu, ***°Pu) was
conducted for environmental samples including soil and sedi-
ment, and bio-shielding concrete from decommissioning of
nuclear reactor in this work. The fractionation were carried out
by dynamically sequential extraction system using an on-line
sequential injection (SI) combined with a specially designed
extraction column. Plutonium in the fractions from the sequen-
tial extraction was separated by ion exchange chromatography
and measured using o spectrometry. Different distributions of
plutonium in environmental samples and bio-shielding concrete
were observed. The analytical results show a higher mobility of
plutonium in concrete sample than in environmental samples
analyzed in this work, which means attention should be paid to
the treatment and disposal of low level concrete waste from
decommissioning of nuclear facilities.
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Solvent extraction was described for the analytical deter-
minition of americium in the liquid samples. Arylesters of
imidodiphosphoric, imidothiodiphosphoric, imidodithiodi-
phosphoric acids and tetraphenylimidodithiodiphosphine were
used as representatives of bidentate organophosphoric chelating
agents. Pentaphenyldiimidotriphosphate, from the group of
tridentate agents, was used. The extraction properties of tetra-
phenyl imidodiphosphates and their sulphur analogues for
trivalent americium in 0.1-1 mol/L HNOj into toluene and also
in linear combination with TOPO were investigated. The de-
pendences of equilibrium ratios of americium on analytical or
equilibrium concentration of chelating agents, pH, initial con-
centration of nitric acid and initial concentration of TOPO were
studied. The structures of the complexes in the organic phase
were determined and the value of extraction constants were
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calculated for all systems. The optimal extracted species were
AmA;, AmA;3(HA), the addition of TOPO induced synergistic
extraction of AmA3;.TOPO. The utilization of sulphur analo-
gues was insignificant.
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The CyMe,-BTBP  (6,6’-bis(5,5,8,8-tetramethyl-5,6,7,8-
tetrahydro-1,2,4-benzotriazine-3-yl)-2,2’-bipyridine) has been
demonstrated to be a prospective extractant for the liquid-liquid
extraction of minor actinides. For industrial applications, its
solubility in 1-octanol is low and the kinetics of extraction in
this diluent is slow. Better performance has been demonstrated
in cyclohexanone, however, the partial miscibility of this sol-
vent with water makes its industrial use problematic. Therefore,
the main purpose of this study was to find the most suitable
diluent for the CyMe,-BTBP. The separation of americium(III)
from europium(IIl) was studied. This is in particular reference
to the separation of minor actinides from the high-level liquid
waste issuing from the reprocessing of spent nuclear fuel. The
results obtained using the diluents tested were compared with
the data for cyclohexanone or 1-octanol as reference diluents.
The principal diluents tested were alkylcyclohexanones. The
parameters studied included the dependence of distribution
ratios of americium(III) on the position of the alkyl group on
the cyclohexanone ring, on the length of the alkyl substituent
and on the number of alkyl groups in the ring. Extraction by the
neat diluents (without CyMe,-BTBP extractant) was also stu-
died as well as the dependence of the distribution ratio on the
concentration of nitric acid. It has been shown that the alkylated
cyclohexanones are promising diluents for the partitioning of
minor actinides from lanthanides by CyMe,-BTBP. In particu-
lar, 3-methylcyclohexanone was found to have the optimum
properties compared with the other cyclohexanones.

This work was supported by the grant MSM 6840770020
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Europium is often used as a model of the fission products
from the lanthanides and minor actinides group. Glycolic acid
is used in modern decontamination solutions and has been also
proposed as a complexing agent in the reprocessing of spent
nuclear fuel. The aim of this study was to carry out a more
detailed study of europium complexation with glycolic acid
using Time-Resolved Laser-Induced Fluorescence Spectrosco-
py (TRLFS), including determination of the stability constants
of europium complexes with glycolic acid, and to compare the
results with published data '. Furthermore, this work should
also clarify the impact of sample preparation in air and under
N, atmosphere, i.e. the role of hydroxo- and carbonato- com-
plexes at pH > 7. Because Eu complexes with glycolic acid
show good fluorescent properties, the TRLFS method was
chosen for their study. The studied parameters included the
influence of the concentration of CO32' on the formation of
europium carbonato- complexes, effect of pH on the formation
of hydroxo- complexes of europium (solutions prepared under
N, atmosphere), and europium complexation in solutions with
glycolic acid (comparison of the samples prepared on air and
under N, atmosphere). The fluorescence spectra of individual
samples and the time of fluorescence of prepared complexes
were recorded. The results obtained were compared with those
published by Stumpf et al. '. Based on the comparison of the
results obtained for samples prepared on air and under N, at-
mosphere, it can be concluded that the transfer of atmospheric
CO, is negligible even at relatively high pH value and that the
influence of carbonate complexes in europium-glycolic acid
systems is negligible. The TRLFS method was further supple-
mented with the extraction method, which can be also used for
determining the stability constants of complexes of europium
with glycolic acid. In the following step, stability constants of
prepared complexes will be obtained from measured data using
factor analysis.

This work was supported by grant MSM 6840770020.
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Astatine (At, Z = 85: [Xe]4f145d106s26p5) is below iodi-
ne and belongs to the halogen group. One of its isotopes, >!'At,
is a promising candidate as a therapeutic agent in nuclear medi-
cine '. It has been reported that astatine presents a metal-like
behavior when existing under the oxidation states +I and +I1I as
At" and AtO" species 2. However, the number of studies dealing
with the complexation properties of these cationic forms is
limited. Low availability of astatine makes experimental work
difficult (usually investigations derived from radiochemical
studies at ultra-trace concentrations, typically between 10™% and
107" mol L™). In this work, we propose a combined experimen-
tal and theoretical approach to characterize the interaction
between these metallic forms and simple inorganic anions (CI,
Br’, SCN’). A competition method based on solid/liquid sepa-
ration or liquid/liquid extraction is proposed to determine the
equilibrium constants >. To assess the reliability of the experi-
mental results, they are compared to theoretical computations.
The spin-orbit density functional theory (SO-DFT) approach,
which uses two-components relativistic effective core potenti-
als (RECPs), has been used to investigate the spectroscopic
properties of At, At, and HAt species. In conjunction with our
own built up basis sets (double and triple { augmented with
diffuse and polarization functions), SO-B3LYP and SO-M06
functionals offer results in good agreement with that in the
literature. In order to compare measured and computed equilib-
rium constants of the astatine reactions, aqueous solvation
effects have been introduced using polarizable continuum
models (PCM with UAHF and UAKS cavities). Obtained
results show a good agreement between theoretical and experi-
mental values. They also indicate that astatine species have a
soft character according to the HSAB theory.
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Uranyl-sulphate complexes are the most significant U(VI)
species in acid solutions containing sulphate ions. The study of
their properties is of practical significance for characterisation
of solutions used in underground uranium ore leaching and
following remediation of leaching sites. At low pH values, the
speciation of U(VI) mainly depends on its total concentration
[UY"] and sulphate ions concentration [SO,>]. As absorption
UV-VIS spectra of UO,(NO;), + Na,SO4 solutions were found
significantly dependent upon the ratio ® = [SO,>)/[U""], the
spectrophotometric method for closer study of U(VI) - SO~
complexes speciation was used. The solutions under study were
of constant uranium concentration [UY']=5x10"mol L.
Required values of the @ ratio were adjusted by proper additi-
ons of Na,SO, solution and varied from ® =0 up to ® =20.
Constant pH value pH =2 was maintained by the additions of
either HNO; or NaOH solution of negligible volume. Absorpti-
on spectra were recorded using UV/VIS spectrophotometer
CARRY 100 within the wave-length range 190 - 900 nm. The
following U(VI) species were considered under the given con-
ditions: UO,>", U0,S0; (aq), UOy(SO4),> and UOy(SO,);*. As
the most pronounced effects of the @ value changes on the
spectra appeared at wave-lengths between 380 and 500 nm,
these parts of spectra were used as a database for the identifi-
cation of individual U(VI) species and for determination of
their individual spectra by deconvolution of the experimental
spectrum. Proposed simple deconvolution method requires a
preliminary estimation of relative amounts of individual spe-
cies. Stability constants from NEA database and SIT method of
activity coefficients calculation at high ionic strength were used
for this purpose. The spectrum of UO,(NO;), solution without
Na,SO, (® =0, pH=2) was considered to be the individual
spectrum of pure UO,”" species. Absorbance data following
from it and calculated relative amounts of all four species for
each @ value were taken as the basic set of input data for de-
convolution. The absorbance of each of the three remaining
species (UO,SO, (aq), UOy(SO4),>, UOy(SO,)5*) at given
wave length can be find by solving the system of three linear
equations involving experimental data from three spectra of
different @ ratio. The disagreement of spectra calculated from
different triplets of experimental spectra can be caused either
by experimental errors or by incorrect estimation of relative
amounts of individual species. The presented method can be
helpful even for estimation of accuracy of stability constants
and SIT activity coefficients used in speciation calculations.
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THE EFFECT OF INDUCED a-RADIOLYSIS ON THE
UIV)/U(VI) RATIO IN URANIUM ORES
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The variation of the concentration of U(IV) and U(VI)
species from uranium ores due to the a-radiolysis induced by an
2 Am source in several deposit conditions is studied. The X-
rays patterns show some differences for the studied ores before
and after external a-radiolysis. The concentrations of U(IV) and
U(VI) species was determined spectrophotometrically.
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Behaviour of radionuclides in such processes as sorption,
ion-exchange, ultrafiltration, eTc., that are used for removal of
radionuclides from solution, is largely determined by their
speciation in solution. The hydrolysis of metal ions in solution
is particularly interesting in that respect, since most of the
liquid radioactive wastes are aqueous solutions. The following
forms of metal ions (Me*") occur in aqueous solution as the pH
increases from acidic to basic conditions: - hydrated cations
(Me(H,0)"") - mononuclear hydroxocomplexes (Me(OH), ")
- polynuclear hydroxocomplexes (Mep(OH)q(pZ'q”) - pseudocol-
loids. Each of the above forms possesses specific physico-
chemical properties that can be effectively used for separation
of radionuclides from solution. It has been shown that using the
differences in ability of various metals to form hydroxocom-
plexes and the differences in behaviour of the above species in
sorption and ultrafiltration processes it is possible to develop
highly selective methods for extraction of radionuclides from
solution, including anionic species.
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Manganese dioxide was synthesised from hydrometallur-
gical wastewater simulant and the material was identified as
cryptomelane-type MnO, (potassium form of o-MnQO,). The
material showed good trace level heavy metal uptake proper-
ties, uptake preference Co>Cd>Ni, from 0.1M NaNO; bac-
kground solution. The material showed also very fast copper
uptake kinetics but its powdery physical form prevented its use
in typical column experiment. However, using the material in
baTch mode in application, such as fluidized bed-type UV-
photoreactor was found to be ideal for the material. The synthe-
sised cryptomelane-type MnO, was tested in UV-photoreactor
for its Co-EDTA degradation properties (10 uM Co and 10 uM
EDTA concentrations in 0.1 M NaNO; background). In these
experiments cobalt uptake of 99% was observed after 1 hour of
UV photon irradiation. As for comparison, a well known TiO,
was tested as reference material that showed about 90% cobalt
uptake after 6 hours of irradiation under identical experiment
conditions. It was also noted that the cobalt uptake on crypto-
melane without UV irradiation was very modest, only about
10%. It was concluded that synthesis of cryptomelane-type
MnO, was successful from rather complex precursor solution
(hydrometallurgical wastewater simulant) and that the material
has interesting ion exchange/catalytic properties but the powde-
ry physical form of the material prohibits its use in traditional
column applications.
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Strontium, plutonium and americium are isotopes the de-
termination of which is most often encountered in practice
(from all o and pure  emitters) because of their radiotoxicity,
long period of half life and potential hazardous effects on hu-
man life. It is well known that their determination, because of
their radiochemical properties, requires isolation from sample
and separation from other elements (active or inactive) before
detection. In past many methods were developed for their sepa-
ration from different kind of samples. Main characteristics of
almost all this methods is that separation and determination of
strontium isotopes are separated from o emitters. Therefore the
main aim of this paper is the development of a method for
strontium and o emitters separation in one step by mixed sol-
vent anion exchange. It will be shown that Sr, Y and the menti-
oned o emitters can be isolated from complex samples and
separated from great amounts of Ca and many other elements
and, subsequently, separated mutually on the chromatographic
column filled with strong base anion exchangers (Amberlite
CG-400 or Dowex 1x8) in nitrate form combined with alcoho-
lic solutions of nitric acid as eluent. It will be also shown how
combination of the used alcohols can improve separation effici-
ency between mentioned isotopes. Separation of Sr and Y from
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Am and Pu can be achieved on the column filled with the men-
tioned exchanger and alcohol (ethanol, methanol)-water mixtu-
re as eluent. Pu and Am can be easily stripped from column by
water. In addition, it will be shown how this type of isolation
can accelerate *°Sr determination on LSC or proportional
counter and determination of Pu and Am by a spectrometry.
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ANALYSIS OF *Fe BY COMBINATION OF
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Fe is an activation product, low energetic B emitter with
approximately 2.74 year half life. Therefore, its presence in
natural systems is limited in time and mainly dependent on
nuclear reactor operation. As a rule determination of >’Fe requi-
res chemical separation prior detection. For this purposes sepa-
ration on anion exchange column in two steps is usually used
which makes it time-consuming. In addition, in the last decade
improvements of methodology were described in few publicati-
ons but mainly for its determination in liquid radioactive waste
samples. Therefore, the main aim of this paper is to show the
way for iron isolation from liquid samples with a high concent-
ration of ions that enable simple determination of *°Fe. Iron
binding on extraction chromatographic resins developed by
Horwitz and co-workers, so called TRU and Ln resin, will be
discussed. The method for concentration and separation from
all interfering isotopes on extraction chromatographic column
which enables rapid and simple determination will be proposed.
It will be shown how Fe can be easily separated from great
amounts of macro elements, o and 3 emitters on column filled
with TRU or Ln resin by using HCI and/or HNO; in one step.
The advantages and disadvantages of using of Ln and TRU
resins will be discussed. After the isolation, activity of 3Fe is
determined by counting on the liquid scintillation counter by
using quench correction curve. It will be described which type
of quenching mainly affects the accuracy of determination.
Type of the polynomial approximation for efficiency determi-
nation (and quench correction) in sense of minimization of
determination error will be proposed. Budget of uncertainty of
determination will be discussed.
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This method describes electrodeposition of selected group
of a-emitting radionuclides such as method suitable for measu-
ring by means of solid-state a spectrometry. The effect of vo-
lume and pH of electrolyte, distance of electrodes, current and
plating time versus different o-emitting radionuclides was
observed in order to optimize conditions to obtain maximum
yield.
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The study has been aimed at development of cheap sor-
bents of toxic heavy metals and radionuclides based on low
rank, low energetic coals in combination with chitosan for use
in treatment of both waste and drinking water and construction
of active geochemical barriers. Sorbents based on lignite and
naturally oxidized lignite (oxihumolite, leonardite) were prepa-
red, both raw and impregnated with chitosan from its solution
in oxalic acid. The sorbents were characterized by chemical and
structural analyses. Their sorption performance for Co, Cu, and
Cd was tested in equilibrium sorption experiments with respect
to pH. The sorption efficiencies were calculated from the
amount of metal retained by the sorbent, which was determined
by instrumental neutron activation analysis in the short time
irradiation mode with epithermal neutrons (in Cd shielding).
Although chitosan provides only surface coating of the coal
sorbents, its presence has affected significantly their sorption
performance. At identical pH values, the sorption efficiencies
of the chitosan coated coals were higher than those of the raw
coals for all three metals, and this difference increased with pH.
The chitosan coating obviously stabilizes coal in basic solution
and inhibits leaching of humic substances and their complexes
with the metals from coal into solution. Besides fixing metal
humates within the sorbents, chitosan may positively affect the
sorption efficiency also by its buffering action against the
hydroxide addition.
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The aim of this study was suggestion and examination of
method for radioanalytical determination of **Ni in radioactive
wastes using low energy photon spectrometry (LEPS). New
composite material PAN-DMG, containing chelating agent dime-
thylglyoxime (DMG) immobilized in porous matrix of binding
polymer polyacrylonitrile, was used for nickel separation and
concentration. Method for preparation of *Ni sample for LEPS
was developed using homogeneous precipitation of nickel with
DMG. Proposed radioanalytical method was tested with two
types of real radioactive wastes (boric acid concentrate from NPP
evaporator and primary circuit coolant ionex resin).
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Because of the energy loss of a particles by self-absorption,
o spectrometry requires thin, uniform, and nearly weightless
samples. Several methods exist for sample preparation e.g.,
electrodeposition, or co-precipitation. Unfortunately, the methods
yielding the best energy resolution are not always quantitative
and are usually relatively demanding and time-consuming. This
fact makes application of o-spectrometry for screening tests with
radiotracers complicated. For its simplicity and fastness, the
possibility to prepare samples for a spectrometry by direct evapo-
ration was investigated in order to evaluate the efficiency of
Am/Cm separation. The simple aliqouts of aqueous or organic
phase, aliquots in the presence of an excess of volatile organic
solvent (acetone) or mixed with tensioactive (tetracthylene gly-
col) were deposited on stainless steel planchets, evaporated under
infrared lamp and heated in flame until glowed with dull red
colour. The influence of sample preparation technique on coun-
ting efficiency and energy resolution has been investigated. The
results show there is not one versatile technique, but the prepa-
ration should consider the particular composition of samples to
be measured.
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Using the method of solubility it is shown that long (15
days) exposure of monazite powder in the aqueous solutions of
natural or synthetic humic acids (HA) give rise to 10 to 100 times
higher solubility of heavy p-, d- and f-elements of Mendeleev
periodic system in comparison with solutions without humic
acids. The level and rate of the solubility is shown to depend on
the initial concentration of HA in solution and pH. It has been
concluded that the resistance of inorganic phosphates toward HA
should be taken into consideration in the construction of
phosphate matrixes for immobilization of poisonous and radio-
active chemical elements. Another aspect of monazite solubility
in HA natural water solutions concerns the transfer of the solubi-
lity products, the humic complexes of p-, d- and f-elements
through heterogeneous porous media with ion-exchange proper-
ties. This problem is extremely complicated and manifold '2. As
the first approximation the transfer (or sorption, S) of the microe-
lements (ME) in the “gross-system”, which assumed to include
the water soluble and colloid HA, HA- and hydroxo-complexes
of ME, the ion-exchanger, depends on the heterogeneous in-
teraction in the sub-systems “ME-ion-exchanger”, “ME-HA”,
“HA-ion-exchanger”. Within the frame of this concept [2] the
presentation summarizes experimental data on sorption behavior
of La(Ill), Th(IV), U(VI), Sr(Il) and other microelements, the
soluble chemical components of monazite in HA water solutions,
toward strong cation-exchanger in Na-form. Example of such a
data shows that sorption of a ME is strongly dependent on the
HA solubility as a function of pH. Another coexisting factor is
the “ME - HA(colloid)” - “ME- ion-exchanger” competitive
sorption at critical micelle concentration point (pH<4). Physico-
chemical aspects of the gross-system evolution in the field of
such parameters as pH, HA content, monazite solubility are
discussed in the presentation.
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Arsenic contamination of drinking water has been reported
from many parts of the world. The maximum permissible level
of total arsenic in drinking water is 10 ug L™ as recommended
by WHO. Natural geochemical contamination through soil
leaching is the primary contributor of dissolved arsenic in
ground water around the world. The most common species
present in water are the inorganic species: As(V), predominates
in well oxygenated waters, and As(IIl), predominates in ground
water. The reduced state, As(Ill), is more toxic, more soluble,
and more labile than the oxidized As(V). Methods for removal
of arsenic from water have been reviewed '. Arsenic remediati-
on from water using manganese dioxide has been reported in
the literature % In the present work, uptake of As(IIT) and As(V)
by manganese dioxide was studied. Manganese dioxide was
chemically synthesized in laboratory by various methods.
Uptake was studied by baTch equilibration method using "*As
as radioactive tracer. The influence of various parameters such
as method of preparation and storage and aging, pH, initial
concentration of arsenic and contact time has been studied.
Uptake of arsenic is dependent on method of preparation of
MnO,. Also, uptake efficiency for As(IIl) and As(V) is diffe-
rent.
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The need for engineers and scientists who can ensure safe
and secure use of nuclear energy is large in Sweden and inter-
nationally. Chalmers University of Technology has therefore
launched a new 2-year master’s program in Nuclear Enginee-
ring, with start from the autumn of 2009. Since the program is
open to both Swedish and foreign students and the teaching
language is English, the first year enrolment showed an unex-
pected interest. The program starts with compulsory courses
dealing with the basics of nuclear chemistry and physics, radi-
ation protection, nuclear power and reactors, nuclear fuel sup-
ply, nuclear waste management and nuclear safety and security.
There are also compulsory courses in nuclear industry appli-
cations and sustainable energy futures. The subsequent elective
courses can be chosen freely but there is also a possibility to
choose informal tracks that concentrate on nuclear chemistry or
reactor technology and physics. The nuclear chemistry track
comprises courses in e.g. chemistry of lanthanides, actinides
and transactinides, solvent extraction, radioecology and radioa-
nalytical chemistry and radiopharmaceuticals. The program is
finished with a one semester thesis project. The projects can be
performed both in the University’s headquarters (Nuclear Che-
mistry Department or Nuclear Technology) on own research
themes or in cooperation with different nuclear facilities on
themes of interest. The advanced combined courses in both
nuclear chemistry and nuclear technology make this master
program quite unique on international level so far.

EDU.L02 (Id: 363)
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Department of Nuclear Chemistry (DNRC) exists at the
Faculty of Nuclear Sciences and Physical Engineering of the
Czech Technical University in Prague since the establishment
of this faculty in 1955. From the beginning, many recognized
scientists were involved in the department activities, among
others FrantiSek Bé&hounek (student of Marie Curie), Jifi Stary
and Petr Benes. Since 2003, part of the research activities has
been carried on in the newly established Centre for Radioche-
mistry and Radiation Chemistry (CRRC). The Department,
together with the Centre, provide education in nuclear chemist-
ry at three different levels - each commonly taking three years
of study; we put emphasis on versatility and adaptability of
graduates of all levels. Education of students at bachelor level
is firmly rooted in physical and nuclear chemistry, with good
basics in analytical, organic, inorganic and biochemistry, inclu-
ding practical exercises. Candidates of bachelor degree must
pass state exams from general chemistry and nuclear chemistry.
They must also successfully defend bachelor theses. Master
level courses encompass all disciplines of nuclear and radio-
chemistry, including separation chemistry, trace radiochemist-
ry, radiation chemistry, chemistry of radioactive elements,
radioanalytical methods, chemistry of nuclear fuel cycle, appli-
cation of radionuclides, radiation methods in biology and medi-
cine eTc. Students may choose from three specializations -
applied nuclear chemistry, environmental nuclear chemistry
and nuclear chemistry in biology and medicine, practical abili-
ties are trained in extended laboratory exercises from nuclear
chemistry. Candidates defend diploma theses and pass state
exams from nuclear chemistry, physical chemistry and one
elective subject. The Ph.D. level course is oriented on indepen-
dent research of the candidates. Moreover, all of them must
also attend highly specialized lectures relevant to their specific
field of study; the main fields of research are oriented on the
chemistry of nuclear fuel cycle, radiation methods and radio-
nuclide behaviour in the environment. Students have to pass
Ph.D. state exam and defend their theses.
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The renaissance of nuclear power is already requiring a
significant increase in the number of the respective specialists,
amongst others are nuclear chemists. Because the current si-
tuation in nuclear chemistry education and training in Europe is
quite diverse, a project for cooperation in education in nuclear
chemistry (CINCH) seemed to be needed. The project aims to
coordinate the education in Nuclear Chemistry, both at Ph.D.
and undergraduate levels, within the EU, in collaboration with
Russia. The system developed should enable formation of a
long-term Euratom Fission Training Scheme (EFTS) providing
a common basis to the fragmented activities in this field and
thus move the education and training in nuclear chemistry to a
qualitatively new level. The main cornerstones of the project
are: coordination of the education, training and e-
learning/dissemination in Nuclear Chemistry. A careful super-
vision and evaluation will be carried-out by an Advisory Board
of end-users, academia and NGO (such as e.g. ENEN associati-
on). Previous experience gained by ENEN association during
the coordination of nuclear engineering education together with
data collected by the Division of Nuclear and Radiochemistry
of EuChemMS (DNRC) and IAEA will strengthen the base of
CINCH. Also, the project will serve as support and supplement
to the training modules of EUROATOM “chemical” IPs and
NOEs, namely that of ACTINET, ACSEPT, eTc; thus provi-
ding synergy rather than competition in the field.
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