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Abstract

To provide an inspiring working environment for young students and scientists, it
is important that they at an early stage can take part in a network of scientists
working in their fields of interest. However, within each of the five Nordic coun-
tries the network of people involved in the fields of radiophysics, radiochemistry,
radioecology, radiation protection and other related fields is rather small. Educa-
tional networking is a key factor in keeping young researchers motivated to con-
tinue working within these fields, and to recruit new students.

For that reason the first YoungRad-seminar was held in Helsinki 14-15 December
2006. 43 young participants including MSc and PhD students at universities, re-
searchers at different institutes and personnel from Nordic authorities took part in
the seminar. All Nordic countries except Iceland were represented. The seminar
was divided into four sessions including oral and poster presentations. In addition
two senior researchers were invited to speak about Nordic radioecology and
NKS. This report contains the abstracts and presentations made at the seminar.
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RADIOACTIVE PARTICLES ORIGINATING FROM
EVENTS INVOLVING NUCLEAR WEAPONS

<
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SOURCES OF RADIOACTIVE PARTICLES
NUCLEAR EXPLOSIONS AND SAFETY TESTS
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Particle from Nevada test site (Crocker et al., 1966) ;e;ifs”l;”:ﬁ;%mfgngds"”C'ea' explosions (PUNE)
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i et
Nuclear weapon accidents: McGuire
air force base, Johnston At.,
Palomares, Thule

Reactor accidents:
Windscale, Chernoby! (up to
105 particles/m2)
e Re-entry to earths atmosphere of satellites
with radioisotope thermoelectric generator
(RTG)
» SNAP 9A US satellite (1964)
e or nuclear reactors
» Cosmos 954 Soviet satellite (1978)
» Cosmos 1402 Soviet satellite (1983)
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{% Satellite accidents
e
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RADIOACTIVE PARTICLES — DEFINITIONS

Releases of anthropogenic radionuclides in various
forms commenced with the nuclear era
One important form is so called radioactive particles

“Radioactive particles are defined as localised
aggregates of radioactive atoms that give rise to an
inhomogeneous distribution of radionuclides
significantly different from that of the matrix
background” (international Atomic Energy Agency (IAEA) CRP, 2001)

eAquatic environment: >0.45 um (IAEA CRP, 2001)
eAerosol particles in air: 1 nm - 100 um (Manahan, 1994)

SOURCES OF RADIOACTIVE PARTICLES
RELEASES FROM REPROCESSING PLANTS AND PRODUCTION SITES
FOR WEAPON GRADE PU

Hanford reprocessing plant, 1944

o Particles observed at several
sites, for example:

» Hanford and Rocky Flats, i |
USA v K
« Mayak PA, Tomsk and ety
Krasnoyarsk, RUSSIA : i " e
+ Dounreay and Sellafield, U fuel particle, Ravenglass,

UK Irish Sea

SOURCES OF RADIOACTIVE PARTICLES
DUMPING OF NUCLEAR WASTE AND USE OF DU AMMUNITIONS

1B

Dumped containers located in
the inner parts of the
Stepovogo fjord (JRNEG, 1994)
7o WTAr =, e

Use of DU ammunitions in testing
ranges and conflicts: Gulf war,
Balkan conflict, Iraq war

Radioactive particle in Stepovogo
Fjord sediments, Novaya Zemlya
(JRNEG, 1994)
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IMPACT OF RADIOACTIVE PARTICLES
SHORT TERM

o Radioactive particles can be subject to atmospheric transport

@ Problems within micro-dosimetry
« Skin dose
« Inhalation- transmembrane uptake
« Ingestion via food — retention times in the gastrointestinal
tract
e Underestimated total inventory of radioactive contamination:
= Inhomogeneous distributions— problems with
representative sampling
= Incomplete dissolution — measuring too low
concentrations
o Problems with effective countermeasures

« Often designed for ionic species

ENVIRONMENTAL IMPACT ASSESSMENT MODELS -
INFO NEEDED

Source term — Transport—p» Biological uptake —p Bfi?elogical
effects

physico- mobility bioavailability
chemical transformation accumulation
forms processes f(t)

Countermeasures

t t t

Short- and long-term assessment of consequences

Information on Becquerels is not enough!

SCREENING FOR HETEROGENEITIES
DIGITAL AUTORADIOGRAPHY

eDrying at room temperature to avoid altering the speciation

Palomares

@ Reusable image sensor (Imaging Plate, Molecular Dynamics)

o 10-100 times higher sensitivity than conventional X-ray or alpha
radiation sensitive film

© 50-200 um resolution

96
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IMPACT OF RADIOACTIVE PARTICLES
LONG TERM

@ Uncertainties in dose-estimates

@ Problems within micro-dosimetry associated with
resuspension: inhalation - ingestion

o Transformation prosesses f(t)

» Weathering rates and remobilisation

» Underestimation of transfer factors for ecosystems and
environmental effects in particle contaminated areas
(change in speciation, Kd and CF)

Biclogical uptake Particle solubility
-

depends on:
particle
un off T . | characteristics
o Particles such as matrix
solution 9
composition,

5 ‘ -.T o
Reversibly bound |
exchange reactions

crystallography
and oxidation
states and on

'| environmental
factors

| Irreversibly bound
chemisarplion, fixation

FRACTION

CiNERT
FRACTION

METHODS

e Sample preparation include digital autoradiography
(identification of heterogeneities) and sample
splitting/gamma measurements

@ Scanning Electron Microscopy (SEM) and Environmental SEM
(ESEM) with x-ray microanalysis (XRMA)
« Identification, surface structure and elemental
composition
@ Synchrotron radiation (SR) based x-ray micro techniques

» SR-based p-XRF (micro X-ray fluorescence)
» Subsurface elemental composition and distribution
= SR-based p-XANES (micro X-ray absorption near edge
structure spectrometry)
» Oxidation state determination
» SR-based p-XRD (micro X-ray diffraction)
« Crystallographic forms
» u-tomography
« Spatial distribution of structure and oxidation states
o Dissolution, radiochemical separations, mass spectrometry

ISOLATION OF RADIOACTIVE PARTICLES
SAMPLE SPLITTING COMBINED WITH y-SPECTROMETRY

Isolated grain
of soil: ~1 mg
90% of the
241Am activity

Isolation of U/Pu particles from Palomares soils
(Garcia-Tenorio et al., EU ADVANCE, 2003)
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IDENTIFICATION IN SEM/ESEM (BEI)

@ Backscattered Electron Imaging (BEI) mode
« Bright areas reflect high average atomic number elements

SYNCHROTRON EXPERIMENTS BL, HASYLAB
XRF and XANES i

fued exit monschiomator

Beam size ~20x20 ym

XANES
«Measure changes in the absorption coefficient u(E) as a function
of the incident radiation x-ray energy: log(I/I;)=uxd
<Tuning the X-ray energy over the absorption edge (U L;;;/PuLy;)
«Charge on the actinide atom influence edge position
«Increased ox. state> increased absorption edge energy
«Information on the oxidation state of the matrix (U and Pu)
«Based on white line/edge position and spectrum shape

SEMIPALATINSK
NUCLEAR DEVICE TESTS (456 during 1949-1989)

TEL'KEM CRATER LAKE

o Tel'’kem I and II:
U, Pu and 2'Am
incorporated in large

rains of soil
not vitrified)

° ggtl)aurgdnlzero and Tel’kem (underground nuclear tests):
Vitrified ﬁarticles ® SEM-XRMA: No U, Pu signals on the
from hig surface
temperature o Confocal u-SRXRF: U and Pu intensity
scenarios correlal:eéL
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PARTICLE CHARACTERISATION: ELECTRON MICROSCOPY

ESEM x-ray line scan analysis
reveal inhomogeneities in
Palomares Pu/U particle

SEM x-ray mapping
indicating homogeneously
mixed U and Pu

SYNCHROTRON EXPERIMENTS ID22, ESRF
RESOLUTION: 1 um SCALE

e Experimental set-up for absorption (or fluorescence), XANES,
diffraction (similar set-up at ID18)

monachromator
- Fresnel
Zore Plate
T S T e ——
undulator source —

o Experimental set-up for
tomography or XANES imaging

- —

SEMIPALATINSK PARTICLES
Confocal 3D u-XRF (ANKA, Karlsruhe)

Y
«
Exciting
PC
Confocal 4
3D XRF By«
(e

11 slices (X; 30 um) x 2D ZY scans 61 (10 um) x 46 (10 pm) LT 3-4 sec
beam size: 8 pm (Z) x 9 pm (X) x 25 pm (Y)
= 30866 voxel-spectra
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PALOMARES AND THULE PARTICLES
NUCLEAR WEAPON ACCIDENTS

p-XANES Pu L,

P : -

A A B A
4—TT— pB 4 )

s s g o P TA
i { . PD 3 A 1w
I -

2
3 Puilv)
i I Puv)

1 J N Pufill) § | A puil

) Palomares ) Thule

50 100 50 100

[ 50 [ 50
Rl enengy (eV) Red enengy (6V)

e Predominately UO, with presence of U504

e Pu present as Pu(III)/Pu(1V), Pu(1V)/Pu(V) or
a mixture of all three oxidation states

CONCLUSIONS

o Following a severe nuclear event with releases of refractory
elements, a major fraction of released radionuclides will most
probably be associated with particles.

o Particle characteristics are source-related and release-scenario
dependent.

o Uranium and Pu contained in particles formed during explosive fires
involving nuclear weapons or nuclear detonations in PUNE devices
co-existed in inclusions or in the particle matrix

o Characterisation of particles formed due to explosive fires involving
tnrl].JctIear weapons in the Palomares and Thule accidents revealed
at:
« the particles contained significant amounts of enriched U in
addition to weapon grade Pu in the form of mixed oxides,
« source term has been a more important factor influencing
weathering than local environmental conditions
o In view of the highly correlated U/Pu relationship, it seems plausible
that the weapons involved in the Palomares and Thule accidents
were based on composite 235U + 239Pu material fissile cores
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PALOMARES AND THULE PARTICLES: VERY SIMILAR
NUCLEAR WEAPON ACCIDENTS

@ Same source - similar accident and release scenarios

In both accidents:
» B-52 carrying thermonuclear bombs
« Crash after fire in planes
. fI§ombs detonated conventionally, subsequent explosive
ire
e Enriched U and weapon grade Pu coexist (mixed oxides), but
not homogeneously mixed (inclusions)
« ICP-MS results: Low 23°Pu/235U (0.62-0.78) and
240py/239py (0.055-0.061) atom ratios
© Similar morphology (Electron Microscopy)

@ Very similar XANES profiles

e But, residing in very different environmental compartments
since late 1960s
(semi-desert for Palomares vs benthic marine for Thule)

- Particle characteristics apparently more dependent on the
source and the release scenario than the environmental
conditions

THANK YOU FOR YOUR
ATTENTION!
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Radioactive tracers for oil reservoirs -
concept, tracers and analysis S

Hartvig, Sven K and Bjornstad, Tor

Institute for Energy Technology, Reservoir and Exploration Technology, P.O. Box 40, NO-2027 Kjeller,
Norway

Gas and water are being injected into oil reservoirs to give pressure support, avoid subsidence of the
formation and to enhance the recovery of oil. To keep track of the injected water and gas, tracers
are added to the different injection wells so that preferential flow directions, communication
pathways, sweep volumes and breakthrough times can be calculated. Tracer technology can
provide data about channelling and thief zones, large scale heterogeneities and sweep efficiencies
that are almost impossible to get using other techniques.

Radioactive compounds such as tritiated water, tritiated alcohols, “Na*, **CI" and **C labelled
thiocyanate are used for water tracing, while tritiated or **C labelled hydrocarbons are used for gas
tracing.

Due to the very large dilution volumes in the reservoirs, sensitive techniques must be utilized for
the detection of the tracers in the produced water and gas. The B-emitting tracers are analysed using
Quantulus Ultra Low Level Liquid Scintillation Spectrometer ® after removal of natural
radioactivity and compounds that would cause quenching. Detection limits as low as 2 Bg/l of
produced water for HTO and 5 mBq/L of produced gas for tritiated methane can be achieved.

Name Sven Kristian Hartvig
Company / University Institute for Energy Technology
Web-page www.ife.no

Phone (direct line) +47 63 80 61 47

Fax +47 63 81 11 68

E-mail Sven.Hartvig@ife.no
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Radioactive Tracers for Oil Reservoirs —
Concept, tracers and analysis

Sven K Hartvig and Tor Bjgrnstad

Institute for Energy Technology (IFE) IFQ
02007 Kieller, Norway e

Size compari-
son of different
well-known
constructions

Town Hall in Oslo

Keops Pyramid

IF2

Outline

 Basics for oil exploration and production
« Qualification of tracers for reservoirs
* Analysis of samples

* Results from field experiments

3D seismic examination

IF2 IFE
Exploratory drilling Residual oil in water-wet rock
+~— Discovery RO‘ik Residual oil
2 B
Pore space Flowfield vectors
IF2 IFE
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Oil & gas production

Oil production requires
some type of “drive” to
extract the oil from the
source rock

1. Water Drive

IF2

Enhanced recovery

Producing well

4

/ Injector well

Secondary recovery
techniques involve
augmenting the natural
drive by injecting water
(or gas) at the edges of
the field.

IF2

Water expels oil

IF2

Concentrtion
—_|
/ }

Preferential flow directions
Horizontal and verti-cal
communication between wells
Permeability strata

Sweep volumes

== Large-scale hetero-
geneities

IF2

Water injection

IF2

Efficiency of water injection

Fraction of detected tracer

.\
) o
P-4 P-2
[ J
P-3

P5 (11.96%) P1 (14.67%)

P4 (30.62%) P2 (13.56%)

P3 (29.19%)

IF2
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Tracer types

It is found practical to divide available
interwell tracers into three types based
on their principally different production,
treatment and analysis:

» Stable isotopic ratios (3D, 513C...)
 Non-radioactive chemical species
¢ Radioactive atoms and molecules

IF2

Behavior of interwell tracers

PASSIVE AND PARTITIONING TRACER FLOW
IN A FLOODING PORE OF F

Two main tracer
categories:

Passive tracers
(conservative, non-reacting)

Active tracers
(sorbing to rock,

partitioning between liq. =)
phases, reacting....)

Passive-tracer requirements

Selection criteria for passive fluid tracers
are:

o Insignificant degradation during the experiment

o Insignificant phase partitioning and sorption to
rock

o Insignificant natural occurance in reservoir fluids

e Detectable at very low concentrations

« Toxicity and radiotoxicity at an acceptable level

* Non-problematic logistics and handling

o Sufficient commercial availability

» Acceptable cost

IF2

Qualification of tracers

SHCN- AND HTO IN BEREA SANDS TONE

0.07 4
= HTO

x stacN
Temperature = 90 °C
Pressure = 200 bar

200 cm crushed BEREA core
Mobil phase: Seawater
Linear flowrate = 1 em/h

0.06 4

0.05 4

0.04 4

0.03 o

0.02 4

001 4

NORMALIZED FRACTIONAL COUNTING RATE, RIR,

a

T R T T
o7 s 11 1.3 1

PORE VOLUME

o
n

IF2

or wne

=

=

Common interwell radiotracers

As conservative (passive) water tracers:
Tritiated water, HTO, EB =18keV, T,,=1232y

SUCN, E, = 159 keV, T,;, = 5730y

. Tritiated methanol, T-MeOH, EB =18keV, T,,=12.32y
. %Co(CN)¢*, E, = 1173 and 1332 keV, T,, =5.2y

#Na*, E, =511 and 1274 keV, T,, =25y

As oil/water partitioning tracers:

. n-butanol, *C/ 3H-labelled
. IsoPropyl Alchohol, **C/?H -labelled

As gas tracers:

3H — labelled methane
3H — labelled ethane

IF2

LSC in Tracer-technology

TRACERS:

HTO (tritiated water)
SCN- (Carbon 14-labelled thiocyanat)

CH,T/C,HsT (tritiated methane/ethane)

IF2
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1220 QUANTULUS

The ultra low level
liquid scintillation
spectrometer from
Wallac

IF2

Quantulus detector and active guard

IF2

Analysis of HTO

* Produced water from oil-reservoirs, is filtered to remove oil
and is then distilled to remove natural radioactivity

« 8 ml of the distilled water is mixed with 12ml of Scintillation
cocktail (Ultima Gold, Low-Level Tritium, from Packard) in a
PET vial and counted for 2 * 4hours

« Background counting rate : 1,6-1,8 cpm (tritium window)

« Counting efficiency: 30-32 %, calculated for each sample
from external standard quench correction method

« Detection limit : 1,5-2,0 Bg/l

EEEZEFHEN

s1 BO7#17592-040920 5,353

s2 C28#17548-040918 1,466 Distilled

s3 MRA#17554-040915 23,302

4 5ML#1725-040910 1,964

S5 SML#17605-040918 2870 —— Un-Distilled
6 SML#17232-040717 2,753

Corresponding :
to 20Bg/L 1Ml

IF2 :
[ = T
. : 14 -
Production curve of HTO Analysis of S*CN
Sample is filtered and then concentrated (a factor of 100) on
Production curve HTO - Injected 01.10.1996 anion-exchange column. The eluate (8 ml), containing
250,000 concentrated NaClO,, is mixed with 12ml of scintillation
g 20000 cocktail and counted using the Quantulus.
2 ' I \ Scintillation cocktail: Optiphase Supermix, Wallac.
28 150,000 ) -
58 N Counting Efficiency: 55-65 %, calculated for each sample
g8 10 \NJECTION / \ from external standard quench correction method
§ 50000 \x\ P2 atenn WP Background counting rate : ~3,5 cpm (*4C window)
© 0,000 v / \\/
15.05.1996 05.01.1998 28.08.1999 19.04.2001 10.12.2002 01.08.2004 24.03.2006 14.11.2007
Date Detection limit: 0,01 Bg/l sample (1 Bg/l in eluate)
] ]
IFE IFE
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Spectra of concentrated S™*CN samples

1,8 Bg/l
0,36 By/l
0,10 B/l

Production curve S¥CN

Production curve 14C-SCN injected 01.02.1999
First detection June 2000, peak 01.01.2002

NN
\/\‘"\*\‘\

14.01.2004

7,0000

6,0000 /\/\/\
~ 5.0000
34,0000 /
£ 3,0000
&
© 2,000
1,0000

0,0000
24.07.1998 06.12.1999 19.04.2001

01.09.2002 28.05.2005 10.10.2006

Date

] ]
IF3 IF3
Tritiated gas-tracers Conclusions
The tritiated methane or ethane is synthesised at IFE.
Producgd reservoir-gas is combusted and the water- Tracing of injected water and gas
vapour is condensed in a cooler ) i )
) « increase the understanding of the reservoirs
Reaction: CH,T + 20, => CO, (1) + H,0 + HTO « Leads to enhanced oil recovery
» Reduces the amount of produced water
The HTO-content of the collected water is measured
using the Quantulus B-active tracers can be detected in extremely low
concentrations, adequate for the large dilution volumes in
Analytical conditions equal to the HTO-analysis the reservoirs
Gas tracer detection limit: 5mBg/L gas
] ]
IF2 IF2
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Evaluation of degree of readsorption of

radionuclides during sequential extraction

in soil: comparison between batch and S
dynamic extraction systems

Roongrat Petersen, Elo Harald Hansen and Xiaolin Hou

Department of Chemistry, Technical University of Denmark, Building 207, Kemitorvet, 2800 Kgs.-Lyngby,
Denmark

Radiation Research Department, NUK-202, Risg National Laboratory, Frederiksborgvej 399, P.O. 49, DK-
4000 Roskilde

Sequential extraction techniques have been widely used to fractionate metals in solid samples (soils,
sediments, solid wastes, etc.) due to their leachability. The results are useful for obtaining
information about bioavailability, potential mobility and transport of element in natural
environments. However, the techniques have an important problem with redistribution as a result of
readsorption of dissolved analytes onto the remaining solids phases during extraction. Many authors
have demonstrated the readsorption problem and inaccuracy from it.

In our previous work, a dynamic extraction system developed in our laboratory for heavy metal
fractionation has shown the reduction of readsorption problem in comparison with the batch
techniques. Moreover, the system shows many advantages over the batch system such as speed of
extraction, simple procedure, fully automatic, less risk of contamination and less dependency on
extraction conditions. Therefore, it is thought that the dynamic extraction system would show less
readsorption problem for radionuclides.

This work emphasizes on the study of readsorption of Pu and Am when both batch and dynamic
extraction systems are employed. For the dynamic extraction procedure, an extraction column
(cylindrical shape, volume ca. 3 mL) is designed and implemented into the conduit of sequential
injection setup. The sample is filled in the extraction column and different extracting reagents are
pumped sequentially through the column by mean of the syringe pump. In this study, a method of
standard addition into extractants was used to evaluate readsorption phenomena in the modified
standard, measurement and testing programme's (SM&T) sequential extraction scheme.

The result showed that the dynamic extraction system gave similar degree of readsorption for both
Pu and Am compared with the batch system. Step-wise tests indicated that 80% of Pu and over 90%
of Am extracted from exchangeable fraction was readsorbed. And over 95% of Pu and Am from
acid soluble and reducible fractions were readsorbed. Pu and Am mainly readsorbed to oxidizable
fraction or organic matter phase even at low organic content (2.5 wt.%).

Name Roongrat Petersen

Company / University Department of Chemistry, Technical University of Denmark,
Building 207, Kemitorvet, 2800 Kgs.-Lyngby, Denmark

Web-page www.kemi.dtu.dk

Phone (direct line) +45 4525 2357

Fax +45 4588 3136

E-mail toey@kemi.dtu.dk
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Chemical Fractionation of Pu and Am
in Soils and Sediments

Readsorption Study

Roongrat Petersen
Technical University of Denmark (DTU)
In collaboration with Radiation Research Department, Risg

Why Chemical Fractionation in Soils and Sediments?

Metals bound to different They are different in leachability /
phases in soil samples with mobility to the environment
different mechanisms

> M-Carbonate

M-Oxyhydroxides
of Fe, Mn

» M-Organic matter

--->M-Sulfides
> M-Silicate minerals

Soil Fractionation

IUPAC: Distribution of elements in the solid phase

Soil Extraction (Operationally defined speciation)
Started in the early 1970s

How to perform soil extraction?
Batch Sequential Extraction

Operationally-defined Extractant
fraction
Exchangeable CaCl, , MgCl, , BaCl, //-_ \\ %
Acid soluble (Carbonate) HOAc , NaOAc
) ) ) =)
Easily reducible (Mn oxide) NH,OH.HCI
> Easily oxidisable K,P,0, , NaOCl Soil sample  + Extracting Shake Centrifuge Filter
= (Humic and fulvic acids) reagent ~16h
g Moderately reducible ~ NH,OH.HCIHOAC , NH,Ox/HO ‘l’ Next extraction step I
T (Amorphous Fe oxide)
[}
b Oxidisable H,0, , H,0, /NH,0Ac
(Oxides+sulphide)
Residual HF , HF+HNO, 3
. . Flow-through dynamic extractions
Batch Sequential Extractions )
(Previous work -stable elements)
SEQUENTIAL INJECTION METHODS
LIMITATIONS:

v Lengthy and tedious procedures ( 4-5 days)

v’ Risk of sample contamination due to manipulation

v' Non-selectivity of reagents (phase overlapping)

v/ Readsorption and redistribution of extracted compounds

¥ Lack of automation

v No information on the kinetics of the leaching (equilibrium based)

v Impossibility of mimicking dynamic environmental conditions

Carrier

Detector Fraction
Collector
« Fully automated, programable and enclosed system
« Selection of extractant volumes and flow rates at will Analytical Chemistry 77 (2005) 2720-2726
« Can mimic the real environments better than the batch system Analytica Chimica Acta 536 (2005) 183-190
« Offer a versatile mode of operation Analytica Chimica Acta 526 (2004) 177-184

Trends in Analytical Chemistry 24 (2005) 759-771
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Flow-through dynamic extractions
(Previous work -stable elements)

SEQUENTIAL INJECTION METHODS

Carrier

Detector Fraction

Collector

« Fully automated, programable and enclosed system

« Selection of extractant volumes and flow rates at will

« Can mimic the real environments better than the batch system
« Offer a versatile mode of operation

Analytical Chemistry 77 (2005) 2720-2726
Analytica Chimica Acta 536 (2005) 183-190
Analytica Chimica Acta 526 (2004) 177-184

Trends in Analytical Chemistry 24 (2005) 759-771

Flow-through dynamic extractions
(Previous work —stable elements)

SEQUENTIAL INJECTION METHODS

Forward/Reverse
-

Carrier

On-line‘,a’

Detector Fraction

Collector

« Fully automated, programable and enclosed system

« Selection of extractant volumes and flow rates at will

« Can mimic the real environments better than the batch system
« Offer a versatile mode of operation

Analytical Chemistry 77 (2005) 2720-2726
Analytica Chimica Acta 536 (2005) 183-190
Analytica Chimica Acta 526 (2004) 177-184

Trends in Analytical Chemistry 24 (2005) 759-771

Dynamic extraction with on-line and off-line FAAS detection

45
40
35
30
25
20
15
10

—=— Off-line detection
—&— On-line detection

Concentration (mg 1Y)

0 5 10 15 20
Extract volume (ml)

Extractograms for Cu with EDTA of Cu in each
Off-line, 1.0 mL per subfraction: on-line, 175 L per injection; sample, CRM483 (300 mg)

traction the

Analytical Chemistry 77 (2005) 2720-2726

Distribution of metal in soil

(predict the mobility of metal in soil to the environment)

Mg(NO,), i CH:COOH § NH,0HHCI H,0,
600
T . J#xchangatieid solubliReducibl€lxidizablg
=2 fraction | fraction | fraction ifraction
é 400
8
,E:. 300
2
8
S 200
8
E|
k) 100
=
0 d
0 s 10 15 2 2

Subfraction number

Association of metals in soil

(predict source and occurrence of metal in soil sample)

Control soil
K
— & Mg(NO,), CH,COOH NH,OHHCI H,0, -
o -
2 g
5 300 ca 0 5
=
- Fe E
z 20 so £
£ 5
T 200 400 oS
5 &
s S
5 150 300 E
H E
8 100 200 £
5 8
3 g
Al 1 w8
0

Subfraction number

Association of metals in soil

(predict source and occurrence of metal in soil sample )

Contaminated soil

Mg(NO,), CH,COOH _§ _NH,OHHACI
2 220q[|Ca o
g g
T 150 8
£ 5
g
5 Fe =
5 100 H
] -]
g 50 1 L Al 8
5 2
3 /\ \m 8
e

Subfraction number
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Chemical Fractionation
of Pu and Am in Soils and Sediments

Analytical Solutions to Current Problems

January 1968 : an american bomber carrying 4 Plutonium-bearing weapons
crashed on the sea ice in Bylot Sound, 11 km west of the Thule Air Base.

Released of kilogram quantities of Pu

Pu investigation : Thule Air Base

Since 1969, a numbers of expeditions have been organized by Risg
to investigate the inventory of Pu, its distribution and dispersion
in the accident area (1969, 1971, 1974, 1980, 1988, 2002).

No chemical speciation studies of Pu and its decay products (®’Np, 241Am)

241py (B -)241Am(a)2"Np

. B

Itis very important to predict of the fate of these radionuclides
and accurate risk assessment of the radiation

Aims of the research

= To develop a dynamic sequential extraction technique
for fractionation of Pu, Am in soils and sediments

Extraction column for
dynamic sequential extraction

Previous work

This work

Sample size
Contaminated sample : ca. 0.5-1 g
Normal sample : upto 5 g
Microcolumn ca. 400 pL

Max 300 mg soil Extraction flow rate : 2 mL/min

Uniform flow rates are obtained.

Extraction column for
dynamic sequential extraction

Release gas
generated in
oxidizble step

Extract out

Aims of the research

= To develop a dynamic sequential extraction technique
for fractionation of Pu, Am in soils and sediments

= To investigate the readsorption/redistribution problem
of radionuclides in the developed methods
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Readsorption/redistribution problem
during sequential extraction

What is readsorption?
Readsorption and redistribution
Trace metals released by one extractant could associate

again with other undissolved solid components within the time-scale of
the extraction step

0O Readsorption problem

Dissolving phase —— underestimated
Receiving phase —— overestimated

Readsorption/redistribution problem
during sequential extraction

Compare degree of readsorption between batch and dynamic
sequential extraction method

Method of readsorption study

- Model soils containing single and mixed synthetic phases

v

Standard additionin the extractant mthod
242Pu ang?3Pu
243Am ant 24Cm

” It is thought that dynamic systems would have less readsorption problem ‘l

Readsorption/redistribution problem
during sequential extraction

Table 1 Summary of %recovery of spiked Pu in extracting reagents for each step by a dynamic
system as compared to a conventional batch system

Readsorption study | System | Replicate| Spiked |Pu-242 extracted with | Pu-242 extracted with] % Recovery of %
in Step Pu-242 | unspiked extractant | spiked extractant | spiked Pu-242 | of Pu-242
®q) () Ea)
1. Exchangeable phase| Batch 1| 02015 ND 00469 2
2 | 02008 ND 0,0430 21
Flow 1 0,2005 ND 0,0580 29 QE)
2 | 02084 ND 00472 2
1. Acid soluble phase | Batch 1 | 02017 ND 00075 37
2 | o202 ND 0,0056 28
Flow | 1 | 02011 ND 0,0086 43 Q;g)
2 | 02540 ND 0,0080 39
11l Reducible phase | Batch | 1 [ 0,1009 ND 0,0013 06
2 | o010 ND 0,0017 08 %
Flow 1 | 01997 ND 0,0033 17 @
2 ND

sample: soil from Tystofte 3 g in all cases
ND: not detectable

Readsorption/redistribution problem
during sequential extraction

Table 2 Summary of %recovery of spiked Am in extracting reagents for each step by a dynamic
system as compared to a conventional batch system

Readsorption study | System | Replicate| Spiked JAm-243 extracted with|Am-243 extracted witH] % Recovery of |%
inStep Am-243 | unspiked extractant | spiked extractant | spiked Am-243|  of Am-243
®) ®Ba) ()
1. Exchangeable phase| Batch 1 | 02006 ND 00156 78
2 | o201 ND 00195 10
Flow 1 0,2006 ND 0,0049 24 @
2 ND
1. Acid soluble phase | Batch 1 0,1994 ND 0,0031 16
2 | 02023 ND 00026 13 9
Flow T | 01991 ND 00016 08 @
2 ND
11l Reducible phase | Batch [ 1 [ 02010 ND 00148 74
2 | 02003 ND 00018 09 99
Flow 1 | 01990 ND 0,0060 30 @
2 ND

sample: soil from Tystofte 3 g in all cases
ND: not detectable

Readsorption/redistribution problem
during sequential extraction

Table 3 Percent recovery of spiked Pu-242

Spiked | System [Replicate| Spiked %Recovery (Ba)
Pu-242 Pu-242
instep (8a) Step 1 Step 11 | Step i1~ | Step IV | Step v* Total
(Exchangeable) | (acid soluble) | (Reducible) | (Oxidizable) | (Residue)
1 Batch 1| 02015 | 24 (0,0469) [0,1(0,0023) | 0,3 (0,0006) | 37 (0,0740) | 0.6 (0,0012) | 62 (0,1250)
2| 02008 | 21(0,0430) [ 05 (0.0010) ] 0.3 (0,0007) | 46 (0.0930) 0.2 (0.0005) | 68 (0.1382
Flow 1| 0.2005 | 29(0,080) [ 1,0 (0,0016) | 0.5 (0,0006) | 60 (0,1170) | 6.0 (0,0117) | 96 (0,1889)
2| 02064 | 23(0,0472) [10(0.0021) | 0.4 (0,0008) 24(0,0491)
[ Batch 1| 02017 ND 3,7 (0,0075) | 0,3 (0,0007) | 70 (0,1419) | 0,3 (0,0007) | 74 (0,1508)

2 0,2021 ND 2.8 (0,0056) | 0.2 (0,0005) 65 (0.1321) | 0.3 (0,0007) | 68 (0.1389)

Flow 1 0,2011 ND 4,3(0,0086) | 0.5 (0,0010) |8,6 (0.0174)| 1.4 (0,0028) | 15 (0,0298)
2 | 02054 ND  [3,9(0,0080) [ 0.5 (0,0010) | 65 (0,1340) | 3,7 (0,0076) | 73 (0,1506)
3
m | Bach 1| 01999 ND ND [ 0,6(0,0013)| 66 (0,1342)| 0.4 (0,0008) | 67 (0,1363)
2 0,1993 ND ND 0.8 (0,0017) } 62 (0.1256) | 1.1 (0.0022) | 64 (0,1295)
Flow 1| 01907 ND ND [ 1.7(0,0033) |45 (0,0912)| 40 (0.0831) | 87 (0,1776)
2 ND ND

‘Sample: soil from Tystofte 3 g in all cases, ND=Not detectable
* Original Pu-242 concentrations in soil in each step are less than detection limit.

Lanthanide added-Can solve the problem?

Table 4 Percent recovery of spiked Pu in extracting reagent for acid soluble step (step 1)
plus adding lanthanide elements as competing elements by batch extraction method (n=1)

Lanthanide Spiked Spiked |Pu-242 extracted with [Pu-242 extracted with| % Recovery of | % Readsorption|
elements | concentration | Pu-242 | unspiked extractant |  spiked extractant | spiked Pu-242 | of Pu-242
(ppm) (Bg) (Bg) (B9
La 2 0,2098 ND 0,0032 15 99
20 0,2083 ND 0,0033 16 98
Gd 2 0,2092 ND 0,0046 2.2 98
20 0,2101 ND 0,0028 13 99
Pr 2 0,2099 ND 0,0038 18 98
20 0,2105 ND 0,0029 14 99
Nd 20 0,2076 ND 0,0033 16 98
Eu 20 0,2118 ND 0,0035 17 98

sample: soil from Tystofte 3 g in all cases
ND = Not detectable
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Readsorption/redistribution problem
during sequential extraction

= Extracted Pu trends to readsorb mainly to organic matter phase
eventhough the selected sample contains low organic matter
(2%).

= Inorder to have less readsorption, organic matter phase has to
be extracted at the beginning of sequential extraction.

= Complexing agents can be used as hold-back reagents to lessen
the effect of readsorption but further investigation is needed.

Readsorption/redistribution problem
during sequential extraction

Eventhough dynamic extraction cannot solve the readsorption problem
But the system is still very promising because

= The dynamic extraction system is a closed system, no sample loss, less
risk of personal errors and contamination. Therefore it gives higher
recoveries (ca. 67% recovery by batch and ca. 85% by dynamic )

= Almost continuous extraction can be performed which can better mimic
the real environments

= The system is automated and controlled by computer and offers a
versatile mode of operation

= Extraction time for 4 steps extraction is totally 8 h compared to ca. 50 h
(without separation procedure by centrifuge and filtration) in batch
systems

= A more detailed knowledge of the leaching kinetics can obtained in
comparison with the batch system
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Time series and correlations in **'Cs
concentrations in the fish fauna of the
lake Apukkajarvi in Finnish Lapland

Jarkko Ylipieti and Dina Solatie

STUK Radiation and Nuclear Safety Authority (Regional laboratory in Northern Finland)

The radioactive fallout in Finnish Lapland from the nuclear reactor accident in Chernobyl in 1986
was low, for *’Cs in average 1000 Bg/m®. The enrichment of radionuclides in the special food
chain like lake water - fish - man is however very effective.

Lake Apukkajarvi is situated in the Northern Finland near by the Artic Circle. The lake is small,
low and highly eutrophic. The fish fauna consist of pike, perch, burbot and roach. From year 1982
to 2006 the Radiation and Nuclear Safety Authority’s Regional Laboratory of Northern Finland has
caught fishes in the lake. All samples have been collected with traps, which have been emptied
twice a week in a summer time (June-July-August). In this study pike, perch and roach **'Cs
concentrations have been analysed by gammaspectrometry and the results of the measurements
have been processed statistically.

The aim of this study was to find out trends in time series and correlations in measured parameters
of the samples. Trends are important indicators to help to understand the ecology of the lake and
correlations give information, which are needed to see the relationships between two or more
parameters.

Name Jarkko Ylipieti

Company / University Radiation and Nuclear Safety Authority (Regional laboratory
in Northern Finland)

Web-page http://www.stuk.fi/tutkimus/units/en_GB/northern_finland/

Phone (direct line) +358 16 1814482

Fax +358 16 3794369

E-mail jarkko.ylipieti@stuk.fi
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Trends and Correlations in ¥’Cs Concentrations in the Fish Fauna of
the Lake Apukkajarvi in Finnish Lapland

Jarkko Ylipieti and Dina Solatie STUK-Radiation and Nuclear Safety Authority,

Regional Laboratory in Northern Finland, 96500 Rovaniemi, Finland

Abstract

The radioactive fallout in Fin-
nish Lapland from the nuclear
reactor accident in Chernobyl in
1986 was low, for ¥"Csin average i~ ...\ 1 ==
1000 Bg/m?. The enrichment of &~ £ T o4
radionuclides in the special food —
chain like lake water - fish - man
is however very effective. Lake -
Apukkajirvi is situated in the p
Northern Finland near by the
Arctic Circle. The lake is small,
low and highly eutrophic. The
fish fauna consist of pike, perch,
roach and burbot. From year 1982 to 2006 the Ra-
diation and Nuclear Safety Authority’s Regional
Laboratory of Northern Finland has caught fish
in the lake.

The aim of this study was to find out trends and
correlations in measured parameters of the samp-
les. Trends are important indicators to help to un-
derstand the ecology of the lake and correlations
give information, which are needed to see the re-
lationships between two or more parameters.

Fig 1. Location of
the Lake Apukka-
jarvi

Materials and Methods

All samples were collected with traps, which were
emptied twice a week in a summer time (June-
July-August). In this study *’Cs concentrations
in pike, perch and roach were analysed by gam-
maspectrometry and the results of the measure-
ments were processed statistically.

Results

Number of the samples, deviations and averages
of the *Cs consentrations in perch, pike and ro-
ach meat are presented in table 1.

Table 1. Statistical numbers divided to different time se-
ries.

perch pike roach

period 1

Calculated averages per
year '¥Cs concentra-
tions [Bg/kg f.w] are il-

n 30 28 12
dev 21-151 26150 1039
avg 55 72 22

period 2

" o o0 s 1ustrate_d inscatter plots
avg z = e |inlogarithmicscale as a

function of time (Fig 2.1, 2.2, 2.3). Time series are
divided in to two periods; years after Chernobyl
accident 1986 to year 1994 and the second from
1995 to 2006. Finally observations of the time se-
ries were aproximated to stright line and with
the given equation ecological half lives were esti-
mated to each class.

Discussion and Conclusions

After the Chernobyl accident in the late spring
in 1986 *Cs concentrations increased rapidly in
the flesh of perch and pike. Altough they were
not high in the same summer, but next year 13"Cs
concentrations were ten times higher than before
the accident. The speed of decrease in 3'Cs con-
centrations were fast in the first eight years and
then it has seemed to slow down significantly (Fig
2.1,2.2,2.3).

Estimated ecological half-lives in years [a] for
perch, pike and roach are presented in each plot.

e : ~_ 3,7a

Fig 2.1 Perch \ L 21,3a
1st period 3,7a L
2nd period 21,3a

s concentation i p ke

* Gt \6,5(1
iy = >
I "‘ : . " . -

Fig 2.2 Pike
1st period 6,5a
2nd period 28,8a

4,3a

Fig 2.3 Roach
1st period 4,3a
2nd period 16,5

16,5a

Correlations between fish and the lake water were
not analysed in this study, because of the incohe-
rence of the fresh water data. Further studies are
needed to get information about the transfer fac-
tors in the foodchain water - fish - man.
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Soluble and particle bound #?*®U-series
radionuclides in ground waters S

Kaisa Vaaramaa and Jukka Lehto

Laboratory of Radiochemistry, P. Box 55, 00014 University of Helsinki, Finland

Appreciable concentrations of natural uranium and its daughter radionuclides may occur in drinking
water obtained from drilled wells. About 300,000 people in Finland permanently use water from
drilled wells. Elevated concentrations of natural radionuclides in drinking water can cause
unacceptable radiation doses to the consumers. Therefore, the waters should be purified before use.
The aim of the study was to determine whether uranium, ?°Ra and **°Po and ?'°Pb are present in
drilled well waters in ionic form and so might be removed with ion exchangers [1].

Water of five drilled wells was filtered with three membranes (pore size 0.45 pum, 50 nm and 5 kD)
to determine the soluble and particle-bound forms of 2**?*®U, **Ra and #*°Po. Three of the waters
were of CaHCOj; type and two of NaCl type. Some of the waters also have high concentrations of
Fe, Mn and humic substances. 2*?3U was present entirely in soluble form in all waters, probably as
uranyl ion complexed with carbonate. Radium was mainly in soluble form, but 10% of the total
226Ra activity was bound to particles in the Fe-Mn-rich waters. The behaviour of polonium is
complex in natural waters; >°Po was present in both soluble and particle-bound forms in all the
ground waters. A correlation was observed between the fractions of particle-bound *°Po and the
concentrations of iron in raw waters.

Uranium and radium were almost completely in ionic form and ion exchange is an effective method
for removal these radionuclides from drinking water. Polonium and ?'°Pb [1] were present both
soluble form and bound in particles. Thus ion exchange would remove part of the polonium and
2% hut membrane filtration would also be required.

Reference
1. Vaaramaa, K., Physico-Chemiacal Forms of Natural Radionuclides in Drilled Well Waters and

Their Removal by lon Exchange, Doctoral Thesis, University of Helsinki, Department of
Chemistry, Laboratory of Radiochemistry, 2003 (http://ethesis.helsinki.fi)

Name Kaisa Vaaramaa

Company / University University of Helsinki

Web-page http://www.helsinki.fi/kemia/radiokemia/english/
Phone (direct line) +358 9 191 50162

Fax +358 9 191 50121

E-mail Kaisa.Vaaramaa@helsinki.fi
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Soluble and particle-bound 238U-series
radionuclides in ground waters

About 300,000 people in Finland permanently use water from drilled wells. The use of the
granitic bedrock water can cause unacceptable radiation doses to the consumers and
therefore the removal of natural radionuclides is necessary. The aim of the study was to
determine whether uranium, 226Ra and 2'°Po and 2'9Pb are present in drilled well waters in
ionic form and so might be removed with ion exchangers.’

Materials and methods

Ground water samples

« from five drilled wells

» waters had been used as a source
of drinking water

* high concentrations of natural
radionuclides (238U, 226Ra, 219Po
to 923 pgl/l, 23 Byg/l, 7 B/l
respectively)

* Ca—HCOQOg3 type waters (water 1, 2,
and 3) and Na-Cl type waters (water 4
and 5). Waters 3, 4 and 5 had high Fe,
Mn and organic matter concentrations.

up

Filtration of ground waters

* Sartorius Ultrasart® Cell 50 ml
pressure filtration system with a stirrer

* 250 ml sample

» Gelman Laboratory polyethersulfone
filters (@47 mm): 450 nm, 50 nm,

5kD (~ 1 nm in pore size)
» overpressure 0.5-2 bar
* two parallel determinations

Determination of the radioactivities

* 226Rg from its daughter, 214Po, with a
low background scintillation counter
Quantulus™ (Wallac)

* 210Pg and 234238 by alpha
spectrometric methods

Kaisa Vaaramaa and Jukka Lehto

Department of Chemistry

Laboratory of Radiochemistry

Finland

Figure 1. Distribution of 219Po activity (%) in

different particle-size fractions in ground waters.

The fraction of 2'°Po adsorbed on the filtration

system and filters is shown on the right side of

the figure (adsorption).

Results

234,238 was in soluble form in the drilled
well waters, i.e. all of the U activity passed
through the 5 kD filter. Of the total 226Ra
activity, 10% was bound on particles in Fe—
Mn-rich waters. 21°Po was present in both
soluble and particle-bound forms in all the
ground waters (Fig. 1 and Table 1). A
correlation was observed between the
fractions of particle-bound 2'°Po and the
concentrations of iron in raw waters.

Table 1. Fractions of 2'9Po in soluble form in the
ground waters.

Water Fe tot. Mn Soluble 29Po
(mg/l) (mg/l) (%)*

1 0.011 0.015 67.9+8.92

2 0.018 0.011 43.4 +4.82

3 1.05 1.12 32.4+2.68

4 1.1 0.25 4.86 £ 0.34

5 1.8 0.85 7.54 +0.64

“Soluble 219Po i.e. fraction left after 5 kD filter.

Conclusions

Uranium and radium were almost
completely in ionic form and ion exchange
is an effective method for removal these
radionuclides from drinking water. 219Po
and 2'9Pb* were present both in soluble
form and bound in particles. Thus ion
exchange would remove part of the
polonium and 210Pb, but membrane filtration
would also be required.

Reference

1. Vaaramaa, K., Physico-Chemical Forms of Natural
Radionuclides in Drilled Well Waters and Their Removal by lon
Exchange, Doctoral Thesis, University of Helsinki, Department of
Chemistry, Laboratory of Radiochemistry, 2003
(http:/lethesis.helsinki.fi).
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Detection of irratiated foods by the
thermoluminescence of mineral
contamination

M.H. Palosaatri

Laboratory of Radiochemistry, Department of Chemistry, University of Helsinki, P.O. Box 55, FIN-00014
University of Helsinki, Finland

The irradiation of foods, except for spices and sterile diets for hospital use, were prohibited in
Finland under statue 844/87. A suitable method for identifying irradiated foods was developed in
the laboratory of Radiochemistry at the University of Helsinki during years 1988-1990.1 This
method is based on measuring the termoluminescence (TL) of mineral contaminants in food and the
official European procedure can be found in the CEN (European Committee for Standardization)
standard EN1788.

The minerals are normally separated from the sample with CCl, or flushing the samples with water.
The minerals are freed from organic material with high density liquid sodium polytungstate and
isolated minerals are rinsed with water and dried with acetone. The TL of the separated minerals are
measured with Risg TL-DA-10 instrument with a blue Corning 7-59 filter and a glow curve -data is
recorded. The measured minerals are irradiated with a ®°Co source to a dose of 1 kGy and measured
again for a second glow curve. The TL intensities of the glow curves are integrated over
temperature range 200 °C to 250 °C and the curves are compared. If the glow curve ratio is 0.1 or
under, the sample is not irradiated and if the glow curve ratio is over 0.5, the sample is irradiated.
Between glow curve ratio 0.1-0.5 the identification of irradiation is based on the shapes of the
curves.

This method of TL analysis has been used for the official control of irradiated foods in Finland
since 1990.

REFERENCES
1. Autio T. and Pinnioja S., 1990. Zeitschrift fir Lebensmittel-Untersuchung und -Forschung 191,
pp. 177-180.

Name Miia H. Palosaari

Company / University University of Helsinki

Web-page http://www.helsinki.fi/kemia/radiokemia/
Phone (direct line) +358 50 368 7016

E-mail miia.h.palosaari@helsinki.fi
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Detection of Irratiated Foods by the
Thermoluminescence of Mineral Contamination

INTRODUCTION

The irradiation of foods, except for spices and sterile
diets for hospital use, were prohibited in Finland
under statue 844/87. A suitable method for identifying
irradiated foods was developed in the laboratory of
Radiochemistry at the University of Helsinki during
years 1988-1990.! This method is based on
measuring the termoluminescence (TL) of mineral
contaminants in food and the official European
procedure can be found in the CEN (European
Committee for Standardization) standard EN1788.

METHODS

The minerals are normally separated from the sample
with CCI, or flushing the samples with water. The
minerals are freed from organic material with high
density liquid sodium polytungstate and isolated
minerals are rinsed with water and dried with
acetone. The TL of the separated minerals are
measured with Risg TL-DA-10 instrument with a blue
Corning 7-59 filter and a glow curve -data is
recorded. The measured minerals are irradiated with
a %°Co source to a dose of 1 kGy and measured
again for a second glow curve.

CONCLUSIONS

The TL intensities of the glow curves are integrated
over temperature range 200 °C to 250 °C and the
curves are compared. If the glow curve ratio is 0,1 or
under, the sample is not irradiated (fig. 5) and if the
glow curve ratio is over 0,5, the sample is irradiated
(fig. 6). Between glow curve ratio 0,1-0,5 the
identification of irradiation is based on the shapes of
the curves (fig. 7).

This method of TL analysis has been used for the
official control of irradiated foods in Finland since
1990.
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Practical course on radionuclide production

Lalli Jokelainen, Mervi Soderlund and Kerttuli Helariutta S

Laboratory of Radiochemistry, Department of Chemistry,
University of Helsinki, P.O. Box 55, FIN-00014 University of Helsinki, Finland

Combining the teaching of radiochemistry with a real scientific research work both allows students
to get a glimpse of professional possibilities after their graduation as well as to ties them as a part of
scientific community already at early stage. In University of Helsinki, Department of Chemistry,
Laboratory of Radiochemistry we have realised this twice, in years 2004 and 2006, organising a
course "Practical course on radionuclide production™.

The practical course on radionuclide production is meant for undergraduate and postgraduate
students of radiochemistry. It is held every second autumn at the Laboratory of Radiochemistry in
collaboration with the scientists from V.G Khlopin Radium Institute, St. Petersburg. During the
course the different stages involved in preparing a radioactive tracer are covered. The course
consists of lectures and practical laboratory work involving chemical separations and radiation
measurements.

The practical part of the course starts with irradiation of a set of targets, using stack foil method.
After 24 hours of irradiation and 24 hours of cooling the activity of the produced nuclides in targets
is measured with alpha- and gamma detectors. The position of the beam spot is located with
autoradiography and cut out. Chemical separation of different reaction products from target material
is carried out according to the procedure described in an article by Horwitz et al. [1]. Fractions
produced in chemical separations are first measured with a gamma detector and then prepared as
alpha samples for alpha spectroscopy. For each produced tracer nuclide, precentual yield in each
fraction is calculated and combinded as total activity. The production cross sections of different
nuclides are calculated from measured activities. The course in finalised by written reports by the
students. The final results will be published in a scientific journal.

Practical working is probably the best way to learn and understand things. In this course the degree
of learning is greatly dependent on the students own activity and interest because of the intensive
nature of the course; chemical separations take up to twelve hours per target and the pace of work is
hectic. Despite of being challenging and demanding, the comments from the students are that the
course is very satisfying and rewarding, mostly because of the inspiring visiting lectures.

References:
[1] Horwitz et al Separation and preconcentration of actinides from acidic media by extraction
chromatography; Analytica Chimica Acta, Volume 281, Issue 2, 10 September 1993, Pages

361-372
Name Lalli Jokelainen
Company / University University of Helsinki
Web-page http://www.helsinki.fi/kemia/radiokemia/
Phone (direct line) +358 40 565 7971

E-mail lalli.jokelainen@helsinki.fi

117




Practical course on 1sotope production

Mervi Soderlund, Lalli Jokelainen and Kerttuli Helariutta

Laboratory of Radiochemistry, Department of Chemistry, University of Helsinki,
Finland

Introduction

The practical course on radionuclide production is meant for
undergraduate and postgraduate students of radiochemistry. It is held
every second autumn at the Laboratory of Radiochemistry in
collaboration with the scientists from V.G. Khlopin Radium Institute,
St. Petersburg. During the course the different stages involved in
preparing a radioactive tracer are covered. The course consists of
lectures and practical laboratory work involving chemical separations
and radiation measurements.

Methods

The practical part of the course started with irradiation of a set of targets, arranged in a stack (see picture
above and target scheme below). After 24 hours of irradiation, the targets were left to cool for a day. After
that, activity of the produced nuclides in targets was measured with alpha- and gamma detectors (fig.1). The
position of the beam spot was located with autoradiography and cut out. Chemical separation of different
reaction products from target material was carried out according to the procedure described in an article by
Horwitz et al. [1]. Fractions produced in chemical separations were first measured with a gamma detector
and then prepared as a- samples for a- spectroscopy. For each produced tracer nuclide, percentual yield in
each fraction was calculated and combined as total activity (fig. 2).

+ i1 9.8 8.6 || 8.3 Il 6.9 11 6.5
10 MeV p I i I | |i m > 4.8 Mev
I I I I I
I
I 10 um Al catcher foil U-235 layer on 100 um Al U-236 layer on10 um Al
: backing backing

Conclusions

Practical working is probably the best way to learn and understand things. In this course the degree of
learning is greatly dependent on the students own activity and interest because of the intensive nature of
the course; chemical separations take up to twelve hours per target and the pace of work is hectic. Despite
of being challenging and demanding, this course is very satisfying and rewarding, mostly because of the
inspiring visiting lecturers.

Fig.1 Gammaspectrum of the irradiated U-235 target
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[1] Horwitz et al Separation and preconcentration of actinides from acidic media by extraction chromatography; Analytica Chimica Acta, Volume 281,
Issue 2, 10 September 1993, Pages 361-372




YoungRad-seminar
Proceedings
Helsinki 14-15 December 2006

SESSION IV

Radiochemistry and Analytical Techniques

Oral presentations
Natallia Torapava
EXAFS Technique for Structure Determination of Metal lons in Solution

Susanna Salminen, J. Suksi
Study of U Redox State During Anoxic Sample Dissolution

Rajdeep Sidhu
Radiochemistry at the Environmental Monitoring Section at Institute for Energy

Technology (IFE), Kjeller, Norway

Poster presentation
Jussi Jernstrom, L. Perna, L. Aldave de las Heras, J. De Pablo, M. Betti, J. Lehto
Novel Chromatographic Separation Methods for Pu and Am

119



YoungRad-seminar,
14-15 December 2006

EXAFS technique for structure
determination of metal ions in the solution S

Torapava Natallia

Swedish University of Agricultural Sciences

There are a lot of processes with metal ions which take place in the aqueous medium and from this
point of view it is important to know the structure of the hydrated metal ions. Structural information
helps to understand and assess peculiarities of behavior of the metal ions in different natural and
technological processes taking place in aqueous solutions. EXAFS (extended X-ray absorption fine
structure) technique provides information about distances between atoms and coordination
numbers. My research is dealing with structure determination of hydrated, solvated and hydrolyzed
thorium(1V) species in both solution and solid state. | used the EXAFS method to study the
structure of the hydrated thorium(IV) ion and to determine the Th-O bond distance, and from that
estimate the coordination number. Th-O distance in the case of hydrated thorium appeared to be
2.45 A which corresponds to 9-coordination, as also found in the solids
[Th(H20)s(Cl04)](ClO4)3H,0 and [Th(H,0)s(CF3S03)3]CF303. The Th-O bond distance in
dimethylsulfoxide (dmso) solvated thorium(IV) is ca. 2.42 A, which corresponds to eight-
coordination. The Th-O bond distance in N,N'-dimethylpropyleneurea (dmpu) solvated thorium(lV)
is ca. 2.37 A, which corresponds to seven-coordination; dmpu is a space-demanding solvent upon
coordination. This shows that there is a correlation between ligand size and coordination number for
thorium(1V). Hydrolysis studies of thorium(1V), it is shown that thorium(1V) concentrations below
1x10™ M no precipitations take place, while centrifuging when pH < 4 and doesn't restrain by
membrane while dialysis in pH range 1 - 4. It can be concluded that in the pH range 1 - 4
thorium(1V) is in monomeric form, and when increasing pH to above 4 thorium(IV) is restrained
while centrifuging showing that thorium(IV) is in non-ionic form (probably colloids).

Name Natallia Torapava

Company / University Swedish University of Agricultural Sciences
Web-page www.kemi.slu.se

Phone (direct line) +46 18 671549

Fax +46 18 673392

E-mail Natallia. Torapava@kemi.slu.se

120




EXAFS technique for structure
determination of metal ions in
solution

Natallia Torapava
Swedish University of Agricultural
Sciences

Uppsala, Sweden

Electron-storage ring as a source
of synchrotron radiation.

EXAFS oscillations for hydrated
thorium(IV) species in the liquid state.
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L * Schematic representation of the
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Table 1. The actinoid(IV)-oxygen bond
distances depending on coordination number.

lemenven | Th-90 | U-92 Np-93 Pu-94 |Am-95
coort§5i;1ated 231 2.28 — _ _
coorcﬁ‘naled 242 237 233 234 241
coord%;ated 2.44 2.43 2.40 2.39 2.45
coor]c;?n-aled 2 . 50 2 45 _ 2 44 _
coor]é?n-ated 2.55 — — = =
coor]cilzn-aled 258 251 250 248 _

The actinoid(lV)-oxygen bond distances and
coordination numbers.

12
2’5 Z 12
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2,4 s o
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8
8
23 A
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6
2.2
2,1
Ac Th Pa U Np Pu Am

STRUCTURE DETERMINATION
OF HYDRATED THORIUM(IV) SPECIES

* The Th — O bond distance in the case of
hydrated thorium(IV) appeared to be
2.45 A in aqueous solution, which

corresponds to 9-coordination, as also
found in the solids
[Th(H,0)4(CIO,)](CIO,);-H,0 and
[Th(H,0)s(CF3S0;);]CF;SOs.

Fourier transforms for solvated
thorium(lV) species.

1.4

FT Magnitude

The actinoid(lV)-oxygen bond distances and
coordination numbers.

2,5 £

v lm A a

[ | 5 8
23 A
¢ o — a
6
2,2
21
Ac Th Pa U Np Pu Am

STRUCTURE DETERMINATION
OF SOLVATED THORIUM(IV) SPECIES

e The Th — O bond distance in dimethylsulfoxide

solvated thorium (V) ion is 2.42 A in solution,
which corresponds to 8-coordination.

* The Th — O bond distance in N,N'-dimethylpropylene-

urea solvated thorium(IV) ion is 2.37 A in solution,
which corresponds to 7-coordination.
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.5
B

Hydrolysis studies for
thorium(1V)

e Thorium(IV) hydrolysis at micro concent-

rations (< 1-10-> mol/l).

» Thorium(IV) hydrolysis at high concentra-

tions (~ 0.5 mol/l).

Interrelation of optical density and
thorium(lV) concentration versus
nuclearity degree

lg (D, — D) = p-lg [Th*] + const

» D, — optical density predicted by the
Lambert-Beer law
» D — optical density of thorium in the
presence of polynuclear forms

The slope ratio of Ig (D, — D) to abscissa

20

showing the nuclearity of thorium(IV)
polynuclear hydroxo complexes

F Cgr'ﬂd D)

e

o\

A 4 tgd = 49203

4 35 I‘..r.l pg fTh;dJ'

Fourier transforms of hydrated and
hydrolyzed thorium(IlV) species

FT Magnitude

hydrolyzed

0.2 \
\ hydrated
- \/J o 4 R-AR/A

00 v —_—

0,0 0,5 10 15 2,0 25 3,0 3,5 4,0 45 5,0

Hydrolyzed thorium(lV) dimer
structure.

OH
[(H,0)sTh Th(H,0)**

OH

The actinoid(lV)-oxygen bond distances and
coordination numbers.
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Conclusions.

* Hydrated thorium(IV) in aqueous solution is 9-coordinated with the
mean with Th — O bond distance 2.45 A. The same coordination
number has been found in the solids.

* The coordination number of dmso and dmpu solvated thorium(IV)

ions is dependent on the size of solvent molecules; the more space-

demanding ligand the lower coordination number and the shorter
bond distance is.

« The hydrolyzed thorium(IV) complex is the dimer with double
hydroxo bridge, which was confirmed both by dialysis and EXAFS
studies.
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Study of changes in U oxidation states
during anoxic sample dissolution S

S. Salminen and J. Suksi

Laboratory of Radiochemistry, P. Box 55, 00014 University of Helsinki, Finland

Study of U oxidation states in many low U content solid samples requires wet chemical methods
when instrumental techniques can not be applied. Reliable results are obtained if possible redox-
perturbations during sample dissolution system are taken into account. The interferences in uranium
oxidation state distribution have been investigated by adding natural iron-containing minerals to the
sample dissolution system [1]. In our approach possible changes in uranium oxidation states were
studied by adding U tracers 22U** and #*°U°®* in sample dissolution system. The dissolution was
intensified by bubbling sample solution with argon in ultrasonic bath. U oxidation states were
separated from the sample solution by anion exchange and U** and U®* fractions were measured by
alpha spectrometry. The oxidation or reduction of U during dissolution was monitored via oxidation
state change of the tracers (e. g. 2*?U peak in U®" spectrum). With this method we could eliminate
all other redox-perturbations except the redox potential of a solid material itself. The dominating
factor in redox balance is Fe-containing minerals which after dissolution of Fe might affect redox
balance. The method was tested using varying masses of Fe-containing sample material. Sample
dissolution and anion exchange operations were performed under argon atmosphere and the anoxic
conditions of samples and reagents were confirmed. Experiments with 2?U** and 2°U®" tracers
proved that U*" is unexpectedly stable against oxidation, while U®* is reduced to U** significantly in
the function of sample mass. Therefore, it is concluded that the reducing conditions are maintained
during the dissolution and oxidation state separation procedure.

1. Ervanne, H. J. Radioanal. Nucl. Chem. Vol. 256 (3), 2003, p. 497-500

Name Susanna Salminen

Company / University Laboratory of radiochemistry, University of Helsinki
Web-page http://www.helsinki.fi/kemia/radiokemia/english/
Phone (direct line) +358 41 522 5797, +358 9 191 50137

Fax +358 9 191 50121

E-mail susanna.salminen@helsinki.fi
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‘ Uranium oxidation states in geochemical
N environments

@ Two relevant oxidation states in geochemical environments, U(IV) and (VI)

I U(IV) is sparingly soluble form of U whereas U(VI) is soluble and more mobile
form of U

™ Oxidation and reduction of U(IV) and U(VI) take place in sorption, dissolution,
precipitation and complexation

% Environmental parameters like eH, pH, mineral composition of rock,
composition of water and mineral-water interaction affect to U oxidation state

= Lower mobility of U(IV) can be utilised in nuclear waste disposal, by placing
the U waste repository into bedrock composed of reducing minerals

k3

. What can U oxidation state distribution
(Usytetal) of solid sample tell?

= Information about environment where the sample has
been taken from (oxic or anoxic conditions)

= Depth profiles of rock body, sediment or lignite formation,
changes in environmental conditions during time

1 Supportive information for 230Th/234U or 234U/238U activity
ratio in sediment or rock sample (age dating)

‘ U oxidation state determination from solid
- samples by wet chemical method

I oxidation state of U may easily change during the sample dissolution and
oxidation state separation procedure

M 0, and Fe are the most important redox-active factors disturbing the
original U oxidation state distribution of sample, therefore it is essential to
perform the separation procedure in anoxic conditions

¥ The advantages of wet chemical method, compared to instrumental
techniques, are lower detection limit and easy availability (ion exchange &
alpha spectrometry)

% Reliable results require elimination of interfering factors (mainly O,) and
ensuring the proper oxidation state of U tracer used in analysis

Instrumental techniques in U oxidation state

!. determination

W EXAFS, XANES and other X-ray based spectrometries
= Non-destructive techniques

™ don’t have required sensitivity for environmental samples
with low U concentration

!. The objectives of this work

™ modify the existing method for U oxidation state
separation for simpler and user-friendly procedure

@ determine the oxidation state distribution in two different
samples, U-Th ore and lignite

W investigate effect of varying solid/solution ratio in oxidation
state distribution

™ find out possible redox changes during sample dissolution
of added U** and U®* tracers
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k3

Sample 1
Certified reference low-grade U-Th ore DL-1a (Canada)
U concentration 116 ppm

Main U minerals uraninite UO,,, (0<x<0.25) and brannerite
(U,Ca,Ce)(Ti,Fe),0f

Oxidation state distribution previously determined in
Laboratory of Radiochemistry by wet chemical method, no

other results in literature (?)

Both U(IV) and U(VI) in sample

. Approximate chemical composition of DL-1a.
Element weight fraction (%)
u 0.0116
Fe 0.9
S 0.4
Al 5.3
Ca 0.29
K 0.23
Mg 0.19
Si 40

k3

Sample 2

Lignite samples from so-called clay/lignite sand horizon of
Ruprechtov natural analogue site (Germany)

Depth of sampling was 54-60 m
U is accumulated in layers
Varying sample composition

Uranium concentration ~300 ppm

—~
Leceno
- NA13 £ NA14
OB - 1

- cronaceos
fays i pyrackstics

Pyroctstic sodiments
B inaim), argiaea:

[ Seconsary aoin

(Kaolnt cays and sands)
primary kaolin

0 (aciead grante)
Granie

B gy taomnizes)

Granie
(Kusne hory type)

Samples from boreholes
NA13 and NA14 were
utilised in this study.

k3

Experimental procedure

sample disk _,Oxidation states

Ar Chromatograshy)

Bulk U

Residual U
(conc. HNO:

“aquaregia)

i 7]
v

Ar-atmosphere

—_—
Anoxic Centrifugation

extractant Sample.

solution

Residue

Scraped sample material Extraction under Ar-atmosphere
agitated by Ar bubbling and

ultrasonic “cleaning”

sampling

»

Extraction time was 10 minutes

Experimental procedure, contd.

aliquots for total U determination (to check the complete dissolution of U)

and oxidation state determination
Oxidation states were separated by ion exchange in Ar atmosphere

Second ion exchange for U(IV) and U(VI) fractions (purification from Th, Ra

and its daughters)
Micro-coprecipitation of U with CeF5

Activity determination of U(IV) and U(VI) by alpha spectrometry
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* Preparing 232U%* tracer and ensuring the right % Experiment with both U4 and U®* tracers
oxidation state

Both 232U4* and 236U6* were added to sample dissolution
system before extraction

Known amount of 232U tracer solution was reduced with
TiCl; — 232U%*in argon-bubbled extraction solution (4 M
HCI + 0.03 M HF)

Three solid/solution ratios were tested (DL-1a)
Re-oxidation of U** was monitored and after 3 days small

fraction of U (2% of total) was oxidised to Us* From alpha spectra of separated U(IV) and U(VI) fractions

could be seen if tracer(s) had been oxidised or reduced

To ensure that all U in tracer was in U** form, after 3 days during the analysis procedure

from preparing tracer, U** and U%* were separated from
each other and U#* fraction was immediately used for
sample extraction

. Results: U oxidation state distribution as a function of . . . R . .
Results: U oxidation state distribution in
DL-1la sample mass “ﬁ\ Lo
. . lignite samples
Sampl U(VY[U(V)+U(VI
SEDTER(ED) || COREOAY Samples 13NA and 14NA were assumed to have similar U
40 0:£2 _ 1 oxidation state distributions due to similar sampling site and
49 0:58 S . » composition
41 0,69 2 e
2
47 0,65 % 40 We used large masses in extraction because previously
52 0,52 S » performed double-tracer tests with DL-1a proved the necessity of
58 0,71 > 0 new experiment with high solid-solution ratio (will be explained
192 078 0 001 002 003 004 later)
Solid/solution ratio [g/g]
196 0,78
- E 13NA proved to be unsuitable sample for this study having low
} fraction of reduced uranium
205 0,77
2 Lo U did not dissolve quantitatively from lignite samples (80%
308 081 dissolved)
. . Results
- Results for lignite samples, contd. N 2324+ oxidation during sample dissolution
Sample Mass (g) U(IV)/[U(IV)+U(VI)] (%) Sample description mass (mg) Oxidised 232-U/
13NA 1513 7 total 232-U (%)
1a lignite 50 0,27
" 854 20
1b g 123 0,29
" 1237 8 2a ; 207 0,39
2b ’ 442 0,24
14NA 993 30
3a g 200 0,50
” 922 27 3b g 248 0,73
1 DL-1a 49 14
901 32
2 g 175 038
3 g 293 0,5
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‘% Results from double tracer test (DL-1a ore)

Tracer 2°2U%* was stable against
oxidation during extraction and

separation procedure, only <2% of

48 26 16
added was present in U* fraction
On the other hand, tracer 2368+ 2 120 1.1 48
was reduced during the analysis
procedure, quantitatively with the
highest solid/solution ratio 3 499 0.1 100

DL-1a Mass u@v)in | UVI) in
(mg) UvI) (%) | U(IV) (%)

Counts

i
i JJ 1.l

= W = HIE %

Channel Channel

Alpha spectra of Sample 2 from experiment where both 232U%* and 236U%* were
added before the extraction. Left: Spectrum of the U(IV) fraction, the counting
time was 619 minutes. Note the large 23U tracer peak indicating the reduction
of 238Us*, Right: Spectrum of the U(VI) fraction, the counting time was 2760
minutes.

e N

Conclusions

Oxidation of U4* due to atmospheric oxygen during extraction and U4+/Us*

separation could be avoided

Increasing solid/solution ratio — increasing amount of
reduced natural U
reduced U®* tracer

more dramatic effect on tracer U than natural U, difference in redox

reaction kinetics?

POSSIBLE REASON: increasing amount of Fe2*-minerals capable for

reducing U(VI1)?

More sample analyses with high solid/solution ratio are needed

Conclusions

In the beginning we considered external interference, O,,
as the most likely factor for changing U oxidation state
distribution of samples and tracers by oxidising U in
sample-solution system. Instead, we made opposite
observations about reduction of U, which may be due to
internal redox interferences (dissolution of Fe2*-rich
sample matrix) and cannot be fully explained yet.

Future work

Evaluation of uncertainties in results

Comparison of wet chemical method with EXAFS and XANES:
U oxidation state distribution in DL-1a and lignite samples

Measurements in Karlsruhe (ANKA) in March 2007, if funding
is admitted
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Radiochemistry at the Environmental
Monitoring Section at Institute for
Energy Technology (IFE), Kjeller, Norway

Rajdeep Sidhu

Environmental Monitoring Section, Health and Safety Department,
Institute for Energy Technology, Kjeller, Norway

The Environmental Monitoring Section monitors radioactive pollutions and studies the mechanisms
influencing the dispersion and transfer of radioactive materials in nature. The section is responsible
for control of radioactive discharges from IFE’s nuclear activities at Kjeller and for monitoring of
radioactive contamination in the local environment. The Environmental Monitoring Section runs
one of Norway's leading laboratories for analyses of radioactivity in environmental samples.

The section performs analysis of anthropogenic and natural radionuclides in a variety of sample
materials in connection with discharge control, environmental monitoring, research projects, and on
assignment from external customers. In many cases a chemical separation of the element of concern
must be performed before activity measurement. The measurements may often be performed
directly on the sample, or following a simple pre-treatment. When measuring pure alpha or beta
emitters or nuclides with very week gamma lines, the nuclide of concern must be separated
chemically before measuring by alpha spectrometry or gross beta counting respectively.

Some of the radiochemical procedures in use, and procedures in development will be presented.

Name Rajdeep Sidhu

Company / University Institute for Energy Technology, IFE
Web-page www.ife.no

Phone (direct line) +47 63 80 60 53

Fax +47 63 81 25 61

E-mail rajdeep.sidhu@ife.no
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Radiochemistry at the
Environmental Monitoring Section
at Institute for Energy Technology

(IFE), Kjeller, Norway

Rajdeep Sidhu

IF2

15.01.2007

Environmental Monitoring Section

* 9 employees
« Environmental monitoring programme
« Low-level liquid radioactive effluents
« Environmental samples from the surroundings

« Personnel monitoring (bioassay)
* Research projects
+ Commercial services

IF2

15.01.2007

Low-level liquid radioactive effluents

+ Collected in large tanks for characterization prior to
discharge

+ Discharged after determination of gamma-emitters

* Analysed radiochemically for ®°Sr, U-, Pu-, Am- and
Cm-isotopes

IF2

15.01.2007

90Sr, U-, Pu-, Am- and Cm-isotopes
in liquid effluents

« 200 ml sample added tracers is evaporated and dry
ashed

+ Dissolved in 3 M HNO, added sulfamic acid, ascorbic
acid and Al(NOg), (Fe(ll), Pu(lll))

« Loaded on UTEVA-TRU-Sr columns coupled
together

* On-column oxidation of Pu(lll) to Pu(lV) with NaNO,

* UTEVA: U(VI) eluted with 0.01 M HCI

*« TRU: Am(IIl) and Cm(lll) eluted with 4 M HCI
Pu(lll) eluted with 4 M HCI and TiCl,

 Sr: Sreluted with 0.05 M HNO, (ingrowth of %Y)

IF2

15.01.2007

IF2

15.01.2007

Environmental Monitoring Programme

IF2

15.01.2007
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Samples

NALFA
« Sediment (y-emitters and Pu)
« Water (y-emitters, 3H and %°Sr)
= Rain water (y-emitters, 3H, %°Sr and Pu)
Farms
< Milk (y-emitters and 0Sr)
< Agricultural products (y-emitters, %Sr and Pu)
Gras (y-emitters, %°Sr and Pu)
* River
« Water (y-emitters, 3H, ®°Sr and Pu)
< Sediment (y-emitters, 2°Sr, U and Pu)
< Fish (y-emitters,?Sr and Pu)
«  Water plants (y-emitters, °°Sr and Pu)

lon exchange separation of Pu

« Preconcentration (drying, ashing, precipitation,
evaporation)
« Leaching of Pu with conc. acids
« Large samples
« Evaporation and dissolution in 8 M HCI
« 10% TIOA/xylene extraction
* Smaller samples
« Evaporation and dissolution in 8 M HNO,
« Separation on AG1-X4
« Source preparation: electrodeposition

15.01.2007 I Fe 15.01.2007 I Fe
Ex.chrom separation of Sr and Pu -
pare Sr, U, Puand Am in urine
(sediment)
+ Drying and ashing - Phosphate precipitation followed by ashing
¢ Leaching with aqua regia - Dissolution in 3 M HNO, added sulfamic acid,
» Evaporation and dissolution in dilute HCI ascorbic acid and AI(NO), (Fe(ll), Pu(lll))
» Oxalate precipitation followed by ashing * Load on UTEVA-TRU-Sr columns coupled together
 Dissolution in 3 M HNO, added sulfamic acid, * UTEVA: U(VI)
ascorbic acid and Al(NO5); (Fe(ll), Pu(liT)) « TRU: Pu(lliIV), Am(lily, Cm(lll)
» Loaded on TRU-Sr columns coupled together « Sr:Sr
* TRU: Pu(lll/IV) (source prep.: co-precipitation)
e Sr:Sr
15.01.2007 I Fe 15.01.2007 I Fe
: : 210pp, 226Ra and 2?8Ra in produced water
Commercial services
» 210pp, 226Ra and 228Ra in produced water 2 litre produced water is heated with HNO5 and
U and Th in materials from Si production MnO, after addition of *33Ba tracer
+ Sr, Uand Thin artificial fertilizer ¢ pH adjustment to 1-2
« Srin seawater * Reduction of MnO,” to MnO,
.  Addition of sulphate (H,SO, and Na,S0O,)
« Addition of Pb and Ba (Pb(Ba)SO,)
+ Collection of MnO, and Pb(Ba)SO,
« Drying of the precipitate
» Gamma determination of 21°Pb, 226Ra and 228Ra
15.01.2007 I Fe 15.01.2007 I Fe
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U and Th in materials from Si production

15.01.2007

Dissolution of Si-materials with HNO, — HF
Fe(OH), precipitation of U and Th
Dissolution and evaporation

Dissolution in 3 M HNO, added sulfamic acid,
ascorbic acid and AI(NO,), (Fe(ll))

Load on UTEVA

UTEVA: Th(lV) eluted with 4 M HCI
U(VI) eluted with 0.01 M HCI

Source prep.: co-precipitation

IF2

15.01.2007

Sr, U and Th in artificial fertilizer

Partial dissolution with HNO; — oops Sr is fixed to the
undissolved material

Ashing and partial dissolution with HNO; — oops Sr is
fixed to the undissolved material

Partial dissolution with HNO,

Ashing of the undissolved material

Fusion with Li,B,0,

Dissolution with 3 M HNO4

Separation using UTEVA coupled on Sr-Resin

IF2

15.01.2007

%Sr in seawater

90Sr co-precipitation with Ca(Sr)CO,

Sr separation from Ca by repeated nitrate
precipitations

Sr separation from Y by repeated hydroxide
precipitations

Sr separation from Ba, Ra and Pb by repeated
chromate precipitations

Ingrowth of %0y

90Y separation from 2°Sr by hydroxide and sulphate
precipitations

IF2

15.01.2007

%Sy in seawater — method under
development

Acidification and equilibrium between Sr and Y
Co-precipitation of °°Y with Fe(OH),

Dissolution and evaporation

Y extraction with TBP from 14 m HNO,

Y strip with H,O

Is further separation from Th required? Phosphate
precipitation of Th?

Further Y separation and source preparation by
hydroxide and oxalate precipitation

IF2

15.01.2007

Radioactivity in Produced Water from
Norwegian Oil and Gas Installations

Determination of 226Ra and 228Ra in:
« Fish and bottom feeders
« Seawater

IF2

226Ra and 228Ra in fish and bottom feeders

» Drying and ashing

 Dissolution with HNO,

« Large amount of Ca in bone will cause problems for Ra
(nitrate precipitation?)

* PbSO, co-precipitation of Ra

« Dissolution with DTPA

» BaSO, co-precipitation of Ra — a-spec.

= Ingrowth of 228Th from 226Ra — Th separation and a-spec

15.01.2007

IF2
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15.01.2007

226Ra and 228Ra in seawater

MnO, co-precipitation of Ra (pH 7-8!!)

Washing of the precipitate (wash out traces of Ca)
Dissolution with HCI - H,0,

PbSO, co-precipitation of Ra

Dissolution with DTPA

BaSO, co-precipitation of Ra — a-spec.

Ingrowth of 226Th from 2?6Ra — Th separation and a-
spec

IF2

15.01.2007

IF2

15.01.2007

IF2

15.01.2007

Puffing on Polonium

Ehe New Pork Eimes

A fraction of a trillionth of a curie may not sound like
much, but remember that we're talking about a
powerful radionuclide disgorging alpha particles —
the most dangerous kind when it comes to lung
cancer — at a much higher rate even than the
plutonium used in the bomb dropped on Nagasaki.
Polonium 210 has a half life of about 138 days,
making it thousands of times more radioactive than
the nuclear fuels used in early atomic bombs

By ROBERT N. PROCTOR Published: December 1, 2006

IF2
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Novel chromatographic separation
methods for Pu and Am S

Jernstrom, J.2, Perna, L.?, Aldave de las Heras, L.,
De Pablo, J.9, Betti, M., Lehto, J.2

a Laboratory of Radiochemistry, University of Helsinki

b Institute for the Protection and Security of the Citizen IPSC, European Commission
¢ Institute for Transuranium Elements ITU, European Commission

d Chemical Engineering Department, Universidad Politecnica de Catalunya

An on-line method has been developed for separating americium from environmental samples. The
procedure utilizes extraction chromatography (TEVA, Eichrom) to separate americium from light
lanthanides, and cation exchange (TCC-II, Dionex) to concentrate americium before the final
separation in an mixed-bed ion chromatography column (CS5A, Dionex). The separated
radiochemically pure americium fraction is measured by alpha spectrometry. The method has been
tested with certified sediment and soil samples and found to be applicable for the analysis of
environmental samples containing a wide range of Am-241 activity.

Proceeding from the on-line method developed for americium, a method has also been developed
for separating plutonium and americium. Plutonium is reduced to Pu(lll), and separated together
with Am(111) throughout the procedure. In the final stage of the process, Pu(l11) and Am(l1I) are
eluted from the ion chromatography column as anionic dipicolinate and oxalate complexes,
respectively, and measured by alpha spectrometry.

Name Jussi Jernstrom

Company / University University of Helsinki

Web-page http://lwww.helsinki.fi/kemia/radiokemia/english/
Phone (direct line) +358 9 191 50131

Fax +358 9 191 50121

E-mail jussi.jernstrom@helsinki.fi
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Novel chromatographic separation methods for Pu and Am

a Jernstrom, J., ° Perna, L., ¢ Aldave de las Heras, L., 9 De Pablo, J., ¢ Betti, M., @ Lehto, J.

a Laboratory of Radiochemistry, University of Helsinki

b Institute for the Protection and Security of the Citizen IPSC, European Commission
¢ Institute for Transuranium Elements ITU, European Commission

d Chemical Engineering Department, Universidad Politecnica de Catalunya

» Two on-line methods were developed: * Benefits:
« separation of Am from sediment and soil « reduced analysis time
samples » reduced sample handling (contamination risk)
« separation of Pu and Am from tracer « automatization possible
solutions

 Use of ion exchange and chromatography:
* extraction chromatography (TEVA,
Eichrom)
« cation exchange (TCC-Il, Dionex)
« ion chromatography (CS5A, Dionex)

Leaching
243Am tracer
Ca oxalate precipitation
Sample in 2 M NH,SCN /
0.1 M HCOOH

l

Am retained in TEVAin 2 M
NH,SCN /0.1 M HCOOH,
Ln elutes through

<
>
i
'_
Ln 4—,{ Am eluted from TEVA with

0.5 M HCI

Am retained in TCC-Il in 0.5
M HCI

Am eluted from TCC-Il with
0.1 M oxalic acid in 0.19 M
LiOH

<+«— TCC-Ill

Am fraction separated and
eluted in 5-10 minutes with
0.1 M oxalic acid in 0.19 M
LiOH

CS5A+CG5A

l

Am fraction for
a-spectrometry

Perna et al., Anal. Chem. 75 (2003) 2292.
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Sample in 2 M NH,SCN in 0.1 M
HCOOH
239py, 243Am tracers
R = ascorbic acid + hydroxylamine
hydrochloride

l

Pu(lll) and Am(lll) retained
in TEVAin 2 M NH,SCN/
0.1 MHCOOH +R

H,0 + R

Pu(lll) and Am(lIl) eluted
with 0.5 M HCI + R

< TEVA

Pu(lll) and Am(lIl) retained
in TCC-Il in 0.05 M HCI + R

Pu(lll) and Am(lll) eluted
with 0.05 M HCI + R

+—— TCC-ll

Pu(lll) fraction eluted with
0.018 M PDCA + R solution
between 26 and 32 minutes

Am(Ill) fraction eluted with
0.1 M oxalic acid solution
between

2 and 6 minutes

CS5A+CG5A

—

Pu, Am fractions for
a-spectrometry
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Contact information, non-presenting participants

Name

Company / University
Web-page

Phone (direct line)
Fax

Jon Drefvelin

Norwegian Radiation Protection Authority (NRPA)
WWW.Nrpa.no

+47 67 16 26 16

+47 67 14 74 07

E-mail jon.drefvelin@nrpa.no

Name Kai Hamélainen

Company / University Dating laboratory / University of Helsinki
Web-page www.fmnh.helsinki.fi/english/datinglab/

Phone (direct line)
Fax

+358 9 19150743
+358 9 191 50741

E-mail Kai.Hamalainen@Helsinki.Fi
Name Kerttuli Helariutta

Company / University University of Helsinki
Web-page www.helsinki.fi/kemia/radiokemia

Phone (direct line)
Fax

+358 9 19150133
+358 9 19150121

E-mail kerttuli.helariutta@helsinki.fi
Name Nina Huittinen

Company / University University of Helsinki
Web-page www.helsinki.fi/kemia/radiokemia

Phone (direct line)
Fax

+358 44 2950969
+358 9 19150121

E-mail nina.huittinen@helsinki.fi
Name Stefan Isaksson
Company / University Gammadata Instrument AB
Web-page www.gammadata.se

Phone (direct line)
Fax
E-mail

+46 18 480 58 07
+46 18 55 58 88
Stefan.lsaksson@gammadata.se
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Name

Company / University
Web-page

Phone (direct line)
Fax

E-mail

Jarno Jalomaki

University of Helsinki
www.helsinki.fi/kemia/radiokemia
+3589407084488

+358 9 19150121
jarno.jalomaki@helsinki.fi

Name

Company / University
Web-page

Phone (direct line)
Fax

E-mail

GO0ran Jonsson

Gammadata Instrument AB
www.gammadata.se

+46 18 480 58 20

+46 18 55 58 88
Goran.Jonsson@gammadata.se

Name

Company / University
Web-page

Phone (direct line)
Fax

Teija Koivula

Laboratory of Radiochemistry, University of Helsinki
www.helsinki.fi/kemia/radiokemia

+358 9 191 50 134

+358 9 191 50 121

E-mail teija.s.koivula@helsinki.fi

Name Jyri Lehto

Company / University MAP Medical Technologies Oy

Web-page www.mapmedical.fi

E-mail jyri.lehto@helsinki.fi

Name Astrid Liland

Company / University Norwegian Radiation Protection Authority (NRPA)
Web-page WWW.Nrpa.no

Phone (direct line)
Fax
E-mail

+47 67 16 25 38
+47 67 14 74 07
astrid.liland@nrpa.no
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Name

Company / University
Web-page

Phone (direct line)
Fax

Mervi Soderlund

University of helsinki
www.helsinki.fi/kemia/radiokemia
+47 44 5451943

+358 9191 50 121

E-mail mervi.soderlund@helsinki.fi
Name Hanna Tuovinen

Company / University MAP Medical Technologies Oy
Web-page www.mapmedical.fi

E-mail hanna.p.tuovinen@helsinki.fi
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Concluding remarks

Some questions were raised after the seminar to initiate a plenary discussion among the
participants.

Do you think this seminar was a good idea?

Do you consider the seminar successful?

Should a seminar like this be repeated on a regular basis? If yes, how often?
How can we get more participants to a seminar like this?

Most importantly, the participants agreed that the seminar was a good idea and that it had
been successful.

Comments from the participants:

Some students had never heard about the NKS before the YoungRad seminar. It was
therefore suggested that the NKS should market themselves towards more institutions than
today.

The low number of participating students can be partly explained by the fact that this was
the first seminar of its kind in the Nordic countries. Once the rumours about the successful
seminar start to spread, more students will want to participate in future seminars.

Some students could not participate in the seminar because they had exams during the
same period.

It was difficult recruiting students from Denmark. Not because the students did not want
to participate, but because their supervisors did not want them to participate. It can be
explained by several factors, e.g limited traveling budget combined with other relevant
international conferences coming up next year. If more YoungRad seminars are to be
arranged, special attention should be paid on informing professors and supervisors of
students in all Nordic countries. Positive attitude of these senior scientists towards the
seminar can encourage their students to participate.

PhD students have limited conference travel funding, and will therefore often choose a
more relevant conference than YoungRad. On the other hand, NKS could sponsor the
travel expenses of students to facilitate their participation.

The main target group for the seminar should be PhD students. However, the mixture of
participants with most PhD students, some undergraduate students, authorities, research
and industry personnel at this seminar was good, and the aim must be to keep this variety
in future seminars.

It is important for students to meet other young people that work with similar subjects.

It is nice for students to experience that there is a life outside the laboratory and the
university.

The low recruitment of students to these fields has been widely discussed earlier, but little
has been done. Now the NKS has done something and should brag about it!
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Comments from the Norwegian Radiation Protection Authority:

- The NRPA experiences difficulties in finding people with relevant background to
important positions at the NRPA. A seminar like YoungRad is important for securing
future recruitment of personnel

- All subjects covered by the seminar are relevant for the NRPA, and this broadness in
subjects should be kept in future seminars.

- The YoungRad seminar should be arranged on a regular basis, but the location of the
seminar should alternate between the Nordic countries.

Some questions were also raised to the NKS:

= Do the NKS feel that it is worth the money to sponsor a seminar like the YoungRad
seminar?

= Has the expectations for the seminar been reached?

= Will the NKS be interested in making such a seminar a tradition?

Comments from the NKS:

- Itis important that the young generation themselves arrange seminars like this. This will
give them a better feeling of ownership to the seminar.

- Could it be suggested to arrange a YoungRad seminar every second year, with a NKS
summary seminar the years between?

- The young generation can take responsibility and “advertise” for the NKS to get more
institutions involved in the Nordic co-operation.
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List of participants, YoungRad-seminar Helsinki, 14-15 December 2006

No. | Name Institution, country

1 Drefvelin, Jon Norwegian Radiation Protection Authority

2 Fure, Kristin Institute for Energy Technology, Norway

3 Gustafsson, Hakan Linkoping University, Sweden

4 Hartvig, Sven K. Institute for Energy Technology, Norway

5 Helariutta, Kerttuli University of Helsinki, Finland

6 Helin, Semi Turku PET Centre, University of Turku, Finland
7 Holm, Joachim Chalmers University of Technology, Sweden
8 Huittinen, Nina University of Helsinki, Finland

9 Hamaldinen, Kai University of Helsinki, Finland

10 Isaksson, Stefan Gammadata, Sweden

11 Jaloméki, Jarno University of Helsinki, Finland

12 Jernstrom, Jussi University of Helsinki, Finland

13 Jokelainen, Lalli University of Helsinki, Finland

14 Jonsson, Goran Gammadata, Sweden

15 Kelokaski, Maarit University of Turku, Finland

16 Kirjavainen, Anna University of Turku, Finland

17 Knutsson, Andreas Chalmers University of Technology, Sweden
18 Koivula, Risto University of Helsinki, Finland

19 Koivula, Teija University of Helsinki, Finland

20 Kyllénen, Jarkko University of Helsinki, Finland

21 Kérkeld, Teemu VTT, Finland

22 Lehto, Jyri MAP Medical Technologies Oy, Finland

23 Leskinen, Anumaija University of Helsinki, Finland
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No. | Name Institution, country

24 Liland, Astrid Norwegian Radiation Protection Authority
25 Lind, Ole-Christian Norwegian University of Life Sciences

26 Lipponen, Tiina University of Helsinki, Finland

27 Magnusson, Asa Lund University, Sweden

28 Makkonen-Craig, Stewart University of Helsinki, Finland

29 Mononen, Heli STUK, Finland

30 Paintner, Risto MAP Medical Technologies Oy, Finland
31 Palosaari, Miia H. University of Helsinki, Finland

32 Petersen, Roongrat DTU, Denmark

33 Rokka, Johanna Turku PET Centre, University of Turku, Finland
34 Salminen, Susanna University of Helsinki, Finland

35 Sidhu, Rajdeep Institute for Energy Technology, Norway
36 Stralberg, Elisabeth Institute for Energy Technology, Norway
37 Soderlund, Mervi University of Helsinki, Finland

38 Togneri, Laura University of Helsinki, Finland

39 Torapava, Natallia Swedish University of Agricultural Sciences
40 Tuovinen, Hanna MAP Medical Technologies Oy, Finland
41 Vaaramaa, Kaisa University of Helsinki, Finland

42 Ylipieti, Jarkko STUK (Rovaniemi), Finland

43 Zakaria, Mohamad Malmo Hogskola, Sweden
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YoungRad participants in the auditorium at Hotel Arthur. Not all participants were present
when the picture was taken (photo: Sigurdur Emil Palsson)
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