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I. EINLEITUNG

Der Euratom-Vertrag beauftragt die Kommission der Europdischen
Gemeinschaften mit der "Untersuchung der schidlichen Auswirkungen
von Strahlungen auf Lebewesen". Fiinf mehrjghrige
Forschungsprogramme auf dem Gebiet des Strahlenschutzes wurden seit
1960 durchgefithrt. ©Sie haben einschliesslich des laufenden
Programms fiir 1980-1984 zur objektiven Beurteilung der Auswirkungen
und Gefahren i1onisierender Strahlungen sowle zum Schutz des
Menschen und seiner Umwelt beigetragen., Wenn auch Fille
ibermissiger Strahlung &dusserst selten sind, so miissen die
Forschungen auf dem Geblet des Strahlenschutzes doch fortgesetzt
werden, um die Kenntnisse iiber den Schutz der Bevdlkerung und der
Arbeitskrifte gegen alle mdglichen Gefahren 1ionisierender
Strahlungen zZu erweitern. Damit wird eine risikofreiere
Kernenergiegewinnung sichergestellt und ein Beitrag zur
Lebensqualitit geleistet.Das Programm der Gemeinschaften nimmt im
Rahmen der europiischen Forschungstdtigkeiten auf dem Geblet des
Strahlenschutzes eine strategische Stellung ein, da es durch
Koordinierung aller Anstrengungen auf diesem Gebiet auf einen
dusserst wirkungsvollen Einsatz der begrenzten Ressourcen abzielt,
was 1in unserer durch Einschridnkungen gekennzeichneten Zeit eine

Notwendigkeit ist.

Der Tatigkeitsbericht fiir 1982 des Strahlenschutzprogramms der
Kommission gibt einen Uberblick iiber die Forschungsarbeiten, die im
Rahmen von rund 320 Einzelprojekten - auf sechs Bereiche verteilt -
durchgefitlhrt wurden: Strahlendosimetrie und 1ihre Interpretation;
Verhalten und Kontrolle der Radionuklide in der Umwelt; somatische
Sofortwirkungen, somatische Spadtwirkungen und genetische Wirkungen
ionisierender Strahlung sowie Abschidtzung der Strahlenrisiken.

In diesem Bericht wird auf iiber 900 Verdffentlichungen hingewiesen,
woraus die Bedeutung und der Umfang des Gemeinschaftsprogramms

hervorgeht.

Die Aktionen der Kommission beschridnken sich jedoch nicht nur auf
eine Betelligung an den laufenden Forschungen sondern befassen sich

ferner damit, bestehende Daten zu Themen von dringendem Interesse



auf dem Gebiet des Strahlenschutzes zu revidieren und - falls

erforderlich - Arbeiten iiber neu auftretende Probleme einzuleiten.

Konferenzen und Seminare, die unter der Schirmherrschaft der
Kommission abgehalten wurden, haben sich in dieser Hinsicht als
sehr wirkungsvoll erwiesen. Unter den behandelten Themen befanden
sich Neutronenkanzerogenese, Risiken der Tritiumexposition und
Mikrodosimetrie (s.Kapitel IV). Sitzungsberichte werden regelmissig
zur Verfigung gestellt, um den Austausch von Informationen =zu

erleichtern und zu erweitern (s.Kapitel V).

Dieser Bericht gibt einen Querschnitt der laufenden
Forschungstitigkeiten in Europa wieder und vermittelt dariiber
hinaus einen Uberblick {iber die Fortschritte im Strahlenschutz; er
sollte sich - so hoffen wir - sowohl fiir Forscher als auch fiir
beschlussfassende Organe auf dem Gebiet des Strahlenschutzes als

eine niitzliche Informationsquelle erweisen.

E. BENNETT F. VAN HOECK
Direktor Direktor
Gesundheit und Sicherheit Biologie,Strahlenschutz und

Medizinische Forschung
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I. INTRODUCTION

The Euratom Treaty requires the Commission of the European
Communities to 'study the harmful effects of radiation on living
organisms'. Five multiannual research programmes on radiation
protection have been carried out since 1960 and these, including the
current 1980-1984 programme, have contributed to the ongoing
evaluation of the effects and hazards arising from ionizing
radiation and to the protection of man and his environment. While
it is true that cases of excessive irradiation are extremely rare,
research on radiation protection must continue to improve knowledge
on the protection of the public and the workers from all potential
hazards arising from ionizing radiation, thus ensuring a safer
production of nuclear energy and contributing to the quality of
life. The Community programme occupies a strategic position in the
overall research activities on radiation protection in Europe, since
it aims at wusing the 1limited resources most effectively by
coordinating all efforts in this area - a necessity in this time of

austerity.

The 1982 progress report of the Commission's Radiation Protection
Programme presents in a condensed form the research work carried out
in about 320 individual projects covering six sectors: radiation
dosimetry and 1ts interpretation; behaviour and control of
radionuclides in the environment; short-term somatic effects, late
somatic effects and genetic effects of ionizing radiation; and
evaluation of radiation risks. More than 900 publilications are
referred to in this report, providing an indication of the

effectiveness and wide scope of the programme.

The activities of the Commission are not, however, restricted to
participation in ongoing research but include the reviewal of
existing data on subjects of immediate interest from the radiation
protection standpoint and, where appropriate, the initiation of work

on any new problems.



Conferences and seminars held under the auspices of the Commission
have proved valuable in that connection. Among the subjects dealt
with have been neutron carcinogenesis, risks of exposure to tritium,
and microdosimetry (see Chapter IV). Proceedings are regularly made
available in order to facilitate and extend the exchange of

information (see Chapter V).

Besides giving a cross-section of ongoing research in Europe, this
report provides an overview of the advances made in radiation
protection and should, we hope, prove useful both to research

workers and to decision-making bodies concerned with the radiation

protection.
E. BENNETT F. VAN HOECK
Director Director
Health and Safety Biology, Radiation Protection

and Medical Research
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I. INTRODUCTION

Le traité Euratom a chargé la Commlission des Communautés
européennes de "l1'étude des effets nocifs des radiations sur les
8tres vivants". Depuis 1960, c¢inq programmes de recherche
pluriannuels de radioprotection ont &té menés & bien et, en
incluant le programme 1980-1984 en cours, ils contribuent 3 une
évaluation objective des effets et des dangers des rayonnements
ionisants et & la protection de 1l'homme et de son environnement.
S'il est vrali que les cas d'irradiation excessive sont extrémement
rares, les recherches en matiére de radioprotection doivent
néanmoins continuer & améliorer les connaissances sur la protection
du public et des travailleurs contre tous les dangers éventuels des
rayonnements ionisants afin de garantir ainsi une production
d'énergie nucléaire plus silire, et de contribuer & la qualité de la
vie. Le programme communautaire occupe une place stratégique dans
les activités globales de recherche sur la radioprotection en
Europe, du fait qu'il vise & une utilisation la plus efficace
possible des ressources limitées, par une coordination de tous les
efforts dans ce domaine, ce qui est indispensable dans la période

d'austérité actuelle.

Le rapport d'activité 1982 sur le Programme de Radioprotection de
la Commission résume les travaux de recherche effectués dans le
cadre de 320 projets environ, répartis selon. six secteurs:
dosimétrie des rayonnements et son interprétation; comportement et
contrdle des radionucléides dans 1'environnement; effets somatiques
ad court terme, effets somatiques & long terme et effets génétiques
des rayonnements 1{onisants ainsi que 1'évaluation des risques
d'irradiation. Ce rapport fait référence & plus de 900
publications, ce qui témoigne de l'efficacité et de 1l'étendue du

programme.

Toutefois, les activités de la Commission ne se limitent pas & une
participation aux recherches actuelles mais comprennent 1'examen
des données existantes sur des thémes présentant un Intérét
immédiat pour la radioprotection et, le cas &ch&ant, l'amorce de

travaux sur les nouveaux problémes qui se posent.



Les conférences et les séminaires tenus sous les auspices de 1la
Commission se sont révélés efficaces a cet égard. Ces réunions ont
porté entre autres sur les effets cancérigénes des neutrons, les
risques d'une exposition au tritium et la microdosimétrie (voir
chapitre IV). Des comptes rendus sont établis réguliérement afin
de faciliter et &largir 1'échange permanent de 1'information (voir

chapitre V).

Ce rapport, tout en présentant un profil des recherches en cours en
Europe, donne un apercu des progrés en matiére de radioprotection
et, nous l'espérons, sera utile aux chercheurs et aux organismes

décideurs concernés par la radioprotection.

E. BENNETT F. VAN HOECK
Directeur Directeur
Santé et Sécurité Biologie, Radioprotection

et Recherche Médicale
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Weitere Forschungsarbeiten zu diesen Themen werden auch in folgenden
Tatigkeitsberichten beschrieben :

Further research work on these subjects is also described in the following
progress reports :

D'autres travaux sur ces thémes de recherche sont &galement décrits dans
les rapports suivants :
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Progress Report
1982

Contractor: Contractno.;  B10-A-300-81-NL
REP-Institutes of the
Organization for Health
Research, TNO
P.0.Box 5815
NL-2280 HV Rijswijk

Head(s) of research team(s):

Prof. G.W. Barendsen
Radiobiological Institute
TNO

P.0.Box 5815

NL-2280 HV Rijswijk

General subject of the contract:

Evaluation of the biological effectiveness of various types of radiation for
different types of damages in cultured mammalian cells.

List of projects:

1. Measurement of the biological effectiveness of fast neutrons of
different energies for cell reproductive death and for chromosome
aberrations in different types of cultured mammalian cells.

2. Measurement of the biological effectiveness of different
radiations for malignant transformation of cultured cells.



Title of project nr. 1:

Measurement of the biological effectiveness of fast neutrons of
different energies for cell reproductive death and for chromosome

aberrations in different types of cultured mammalian cells.

Head of scientific staff:

G.W. Barendsen and J. Zoetelief

The dose-effect relationships obtained for induction of cell re-
productive death and of chromosome aberrations (dicentrics and centric
rings) by different qualities of radiation and for different cell lines
have been analysed for non-cycling cells from plateau phase cultures
exposed to single doses of radiation. Experiments with fractionated
doses have been performed but the results are not yet complete enough to
be analysed in detail. The studies on chromosomal aberrations were
restricted to dicentrics and centric rings, which are mainly produced in
the G0 and G1 phases of the cell cycle. This endpoint is of importance,
since the cell proliferation at risk in humans is not rapidly proliferating,
i.e. most cells will be in the GO or G1 phase of tiie cell cycle.

The RBE values for neutrons obtained for both biological endpoints
are presented in the table for the different cell lines employed. The
results for levels of effect corresponding to different doses of 300 kv
X rays are given. Corrections for the contributions of the photon com-~
ponents of the neutron beams are not included in this table. It can be
seen from the table that RBE decreases with increasing dose of X rays.
No significant differences are observed between the RBE values for the
different biological endpoints. The largest RBE values (average for cell
death and chromosome aberrations) are found for 0.5 MeV neutrons, which
show values of about 8, 12 and 12 at the low dose levels for R-1,M,
RUC-2 and V-79 cells, respectively. These RBE values do not exceed sig-
nificantly the Q value of about 10. For 4.2 MeV neutrons, the mean RBE
values at low dose levels are about 3, 6 and 7 for R-1,M, RUC-2 and V-79
cells, respectively. However, for the experiments with this type of

neutrons, the relative photon contribution to the total dose was rather



high (26 per cent). Correction for the photon contribution will increase
the RBE values to about 4, 8 and 9 for 4.2 MeV neutrons alone; the
relevant 5 value is about 8. The mean RBE values at low doses for

15 MeV neutrons are about 2.5, 6 and 5 for R-1,M, RUC-2 and V-79 cells,

respectively, and these values can be compared with 5 values of about 7.

It can be concluded that the mean RBE values for R-1,M cells are
lower than those for the relatively resistant RUC-2 and V-79 cells,
which are similar. The RBE values for these latter lines extrapolated to
levels corresponding to low doses of X rays do not exceed the quoted Q
values. However, due to the large uncertainties in the RBE values,
especially at the low dose levels, a variation by a factor of 2 to 3
cannot be excluded. Since the linear dose term is most important for the
evaluation of the effectiveness of small doses relevant for radiation
protection and for the derivation of RBE values, a more accurate de-
termination is required than is possible from single dose data. There-
fore studies will be continued with fractionated dose experiments for
photons since the largest uncertainty in the derived RBE values is due

to the photon results.
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Title of project nr. 2:

Measurements of the biological effectiveness of different radiations

for malignant transformation of cultured cells.

Head of project and scientific staff:

G.W. Barendsen and J. Zoetelief.

Studies have been carried out on morphological transformation of
cells in culture by X-rays, 15 MeV neutrons and 0.5 MeV neutrons. As
discussed in earlier reports it is considered necessary to obtain data
for different cell lines, because the absolute effectiveness as well
as the Relative Bioclogical Effectiveness can vary among cell lines.
Significant variations in RBE among cell types have been amply
demonstrated for the induction of cell reproductive death and of chromo-
some aberrations, and similar differences are likely to be found for

cell transformation.

With C3H 10T% cells various groups of investigators have studied
cell transformation in culture by different radiations and in different
conditions and therefore we have started experiments with this cell
line. The systems of culture and assay differ among laboratories and
as a consequence the actual transformation frequencies observed vary
also. In our studies we have irradiated cells in plateau phase and
after treatment cultures were trypsinized immediately. Subsequently
105 cells were seeded per dish in 10 dishes. After a culture period of
6 weeks, fixation and staining reveals transformed foci which are

densely stained, piled up cells with a criss-cross pattern of growth.

Data have now been obtained for doses of up to 4 Gy of X-rays,

1.5 Gy of 15 MeV neutrons and 0.5 Gy of 0.5 MeV neutrons.

The results have been analysed by fitting curves which to a first

approximation can be represented by:

_ o2
F(D) = a1D+a2D (1)



The data for X-rays yield values of a, = 1.5x10_5 Gy_1 and
a, = 1.Ox10_5 Gy_z. For 15 MeV neutrons a value Zf a11= 1.2x10_4 Gy"1
and for 0.5 MeV neutrons a value of a; = 3.0x10 Gy were obtained.
The parameter al/az, which represents the dose at which the linear
and quadratic terms contribute equally to the total frequency of
transformation is only evaluable for X-rays and yields a value of

1.5 Gy.

The absolute values of the transformation frequencies are a
factor of about 20 smaller than those obtained by other investigators
who plated fewer cells per dish. In a few experiments we observed indeed
an increase in the transformation frequency for lower cell numbers
plated per dish. However, because the reproducibility was better with

larger numbers of plated cells we have retained the original system.

With respect to the RBE values which can be deduced from our data,
a relation is shown with the dose. At very small doses the RBE tends
to a maximum value of about 20 for 0.5 MeV neutrons and a value of
about 8 for 15 MeV neutrons. These values are somewhat larger than
for cell killing, but further studies are required to establish sig-

nificant differences.

With the newly developed WAG/Rij embryo cell line, experiments
have been started on cell transformation by X-rays, but data for
neutron irradiations require confirmation before an analysis can be

made.



List of publications in 1982

I. Publications in Scientific Journals, Monographs, Proceedings.

J. Zoetelief and G.W. Barendsen, 1982.

RBE of neutrons for induction of cell reproductive death and chromosome
aberrations in three cell lines. In: Neutron Carcinogenesis, Eds. J.J. Broerse
and G.B. Gerber, EUR 8084, Commission of the European Communities Luxembourg,
357.

G.W. Barendsen, 1982.

Quantitative relations between effective and sub-effective cellular
lesions in radiation carcinogenesis. In: Neutron Carcinogenesis, Eds.
J.J. Broerse and G.B. Gerber, EUR 8084, Commission of the European

Communities Luxembourg, 407.

II. Short Communications, Theses, Internal Reports, Patents ...

J. Zoetelief, W.C. Kuijpers, A. Wittwer and G.W. Barendsen, 1982.
Comparison of dose-effect relationships for induction of cell
reproductive death and chromosome aberrations by photons and neutrons

of different energies. Int.J.Radiat.Biol., 42, 76.
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Progress Report
1982

Contractor: Contract no.; BI0-A-295-81-F

Association pour le Développement
de la Physique Atomique, ADPA
Route de Narbonne 118

F-31062 Touluuse-Cédex

Head(s) of research team(s):

Prof. D. Blanc

Centre de Physique Atomique
Université Paul Sabatier
Route de Narbonne 118
F-31062 Toulouse-Cédex

General subject of the contract:

Transport simulation of particles, and measurement of the ionization
potential of some polar liquids approximating to biological media.

List of projects:

1. Transport simulation of particles : applications to dosimetry,
microdosimetry, radioprotection and radiobiology.

2. Measurement of the ionization potential of some polar liquids
approximating to biological media.
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Title of project n°1

TRANSPORT SIMULATION OF ELECTRONS, PHOTONS AND HEAVY PARTICLES BY MONTE-
CARLO METHODS.

Head of project and scientific staff :

J.P. PATAU, M. MALBERT, M. LHERMINE, A. PIQUEMAL, J.C. PERES.

Nous avons pratiquement terminé une étude sur le transport des élec-
trons dans 1'eau au dessous de 30 keV, dont le but était de déterminer 1'in-
fluence des liaisons chimiques sur les distributions axiales et radiales de
dépdts d'énergie.

Nous avons considéré dans un cas 1'eau naturelle en phase liquide &
1'état "moléculaire", dans 1'autre le milieu ralentisseur est constitué par
1'ensemble des atomes isolés de cette méme molécule.

Qutre les dépdts d'énergie cette étude compare les parcours moyens,
la portée, les distances radiales atteintes par les faisceaux, les trans-
ferts d'énergie linéiques et les faisceaux rétrodiffusés.

Ce travail nous permettra d'évaluer les incertitudes sur les quanti-
tés physiques obtenues en simulant le transport des électrons de basses éner-
gies dans des matériaux dont on ignore les sections efficaces moléculaires.

Nous avons mis au point un modéle de simulation de 1'interaction iné
lastique hadron-nucléon entre 1 et 20 GeV. Cette simulation comprend deux
phases :

1) la création de particules trés excitées lors de la collision,

2) la désexcitation de ces particules, en cascade.

Nous avons utilisé le modéle thermodynamique statistique de HAGEDORN

et un trajtement cinématique relativiste. L'identité quantique des particules
secondaires stables est fixée & 1'aide du modéle statistique de FERMI.
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Le code de simulation permet :

- de reproduire les corrélations cinématiques des particules exci-
tées ou stables émises depuis la méme particule excitée,

- de conserver 1'histoire entiére d'une désexcitation et de 1'étudier
en fonction du temps dans le contexte du noyau.

La simulation reproduit correctement les multiplicités et les corré-
lations cinématiques ; dans le cas des collisions "non diffractives", les
quantités de mouvement longitudinales et transversales des particules secon-
daires sont également en bon accord avec les résultats expérimentaux.

Un modéle de simulation de 1'interaction nucléaire inélastique des
protons de 50 a 350 MeV tenant compte de 1'existence de sous-structures -
deutons, tritons, ions 3He et alpha présentes dans les noyaux-a &té élaboré.
Cette premiére simulation, fondée sur le "modéle du spectateur" conduit 3 des
résultats encore médiocres, que nous comptons améliorer par la simulation du
phénoméne de "pick-up".



List of publications in 1982

I - Publications.

“"Contribution a la simulation de 1'interaction inélastique hadron-nucléon
entre 1 GeV et 20 GeV" ; A. PIQUEMAL, M. MALBERT, M. LHERMINE et J.P. PATAU ;
8 th Symposium on Microdosimetry, JULICH (R.F.A.), 27 Sept.-1° Oct. 1982.

"Etude dosimétrique de 1'Iridium 192 par la méthode de Monte-Carlo" ;
J.P. PATAU et C. CAZES, XXI° congrés de la Société des Physiciens des hopitaw
d'Expression Frangaise, BORDEAUX, juin 1982.

II - Théses.

DUPRE Corinne : "Contribution a& 1'étude de la réponse d'un scintillateur 1i-
quide organique irradié par des photons par la méthode de Monte-Carlo" ;
Thése de spécialité en physique radiologique, TOULOUSE, n° 2704, 25 octobre
1982.

PIQUEMAL Alain : "Contribution & la simulation par la méthode de Monte-Carlo
de 1'interaction inélastique hadro-nucléon entre 1 GeV et 20 GeV" ;

Thése de spécialité en physique radiologique, TOULOUSE, n° 2617, 19 mars
1982.

PERES Jean Claude : "Contribution & la simulation de 1'interaction inélasti-
que de protons de 50 a 350 MeV avec les noyaux par la méthode de Monte-Carlo
Thése de spécialité en physique radiologique, TOULOUSE, n° 2711, 29 Novembre
1982.
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Title of project n°2

MEASUREMENT OF THE IONIZATION POTENTIAL OF SOME POLAR LIQUIDé
APPROXIMATING TO BIOLOGICAL MEDIA.

Head of project and scientific staff :

J. CASANOVAS, R. GROB, J.P. GUELFUCCI and R. LAQU SIO HOI.

Taking into account that our final objective is, as far as possible,
to measure the ionization potential value of liquid water, we have in 1982
essentially attempted to improve the sensitiveness of the experimental set-
up we have built for the determination of this value by an electrical way.

We have been able to decrease the amplitude of the signal to be
measured down to 10'11 A and at the same time to increase the level of the
background in which this signal has to be detected up to 10—3 A.

These values seem to us to be adapted for measurements on modera-
tely polar liquids but they have still to be improved for water. This
would be done at the beginning of 1983.

On the other hand the experimental -set-up we have built for N20
scavenging experiments has been tested. We have irradiated water containing
about 10~4 M of N20 with V.U.V. photons of several energies. The nitrogen
originating from N20 dissociation after electron capture has been detected
with an Hewlett-Packard gas chromatograph type 5880 A.

At present these experiments did not still allow us to give a pre-
cise value for the photoionization energy threshold value of 1liquid water.
However, we have observed that the minimum value for the lowering of the
ionization potential of water in going from gas state of liquid state is
about 3 eV. These experiments would be prosecuted in 1983.
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General subject of the contract:

Dosimetry of low doses by the electret and tracks effect. Application to the
individual dosimetry of fast neutrons.

List of projects:
1. Dosimetry of low doses by the electret effect and tracks effect in

polymers. Development of a read out system adapted to radilation
protection.



Titled of project nr

Dosimetry of low doses by the electret and tracks effect. Application to
the individual dosiretry of fast neutron.

Bead of project and scientific staff :

Dr D. BLANC Dr. J.L. TEYSSIER

Centre de Physique Atomique Labo. des Radiations Ionisantes
Univ. Paul Sabatier Univ. de Limoges

Route de Narbonne 118 123, rue Albert Thomas

P-31062 TOULOUSE CEDEX 87060 LIMOGES CEDEX

1 - Etude de la charge et de la décharge d'un électret

Nous avons essentiellement utilisé deux types d'électret : le
polyéthyléne basse densité (d = 0,92) et le polypropyléne (d = 0,91) que
nous avons chargé selon deux méthodes : la premiére correspond & la charge
du matériau (polarisé sur sa face arriére positivement par exemple dans le
cas d'une charge négative) en ions créés a l'aide d'un pistolet piézoélec-
trique ; la seconde est basée sur l'utilisation d'un microscope électronique¢
dont l'ouverture du faisceau est commandée a l'aide d'un obturateur & iris
et & commande mécanique réalisée avec un soufflet calorstat.

Les mesures des densités de charge des électrets sont effectuées
par la méthode dite de compensation (annulation du potentiel électrique
externe) jointe & l'utilisation d'une électrode vibrante.

Les charges maximales sont obtenues avec du polypropyléne (P.P.)

métallisé sur une face (arriére et polarisée & + 20 V) et soumis & un flux
ionique produit par le pistolet piézolectrique:

une charge quasi permanente correspondant & un potentiel externe
de - 200 V a été obtenue.

Actuellement, nous effectuons une étude systématique de la mé-
thode de charge & partir du faisceau du microscope électronique, qui pré-
sente l'avantage d'indiquer la nature des charges (électrons) et leur é-
nergie.

Les premiers résultats nous ont montré la encore que le P.P.
métallisé sur une face présentait une charge plus élevée et plus stable
que le P.P. non métallisé ou que le polyéthyléne (métallisé ou non). La
détermination des paramétres (énergie des électrons et temps d'exposition)
correspondant & des caractéristiques de charge optimum sont actuellement
en cours (1 s pour 40 keV vraisemblablement).

2 - Calcul de la sensibilité théorique aux neutrons rapides du dosimétre

Les distributions spectrales des protons émis par un radiateur de
lyéthyléne (rapport 1981) conduisent par intégration au nombre total N
de protons émis. N_ a été étudié en fonction de l'angle d'émission, de
1'épaisseur du radlateur, de l'énergie des neutrons. Il apparalt que






List of publications in 1982

I - Publications in Scientific Journals, Monographs, Proceedings.

II - Short Communications, Theses, Internal Reports, Patents....

Rapport de stage D.E.A. - J.L. DUROUX
"Mesures électriques sur des polyméres chargés". Septembre 1982.

Rapport interne - A. MOLITON, L. MAKOVICKA, B. GUILLE
"Les &lectrets" -~ Novembre 1982.
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General subject of the contract:

Neutron dosimetry instrumentation for radiation protection and radiobiology.

List of projects:

1. Neutron dosimetry instrumentation for radiation protection and
radiobiology.



Title of project nr. 1:
Neutron dosimetry instrumentation for radiation protection and radiobiology.

Head of project and scientific staff:

J.J. Broerse and J. Zoetelief.

The operation of tissue-equivalent (TE) ionization chambers under high
gas pressures will increase the sensitivity and can provide information on
the radiation quality. The reading of a chamber at a fixed value of the
collecting potential increases with increasing pressure, but this increase
is limited by ion recombination. With a thimble-type TE ionization chamber
with a gas volume of about 1 cm3 measurements have been performed at
pressures of up to 80 bar (8 MPa) of methane based muscle equivalent (TE) gas
for 137Cs gamma rays, 0,9 and 14,5 MeV neutrons (Zoetelief et al., 1981).

The results previously obtained for TE gas at pressures of up to about 70 bar
showed that the sensitivity of the ionization chamber operated at 600 V can
be increased with reference to atmospheric pressure (1 bar) by factors of
about 32, 15 and 6,3 for 137Cs gamma rays, 14.5 and 0.9 MeV neutrons, res-

pectively.

With the aim of obtaining a system with higher senstivity, the response
of the high pressure TE ionization chamber has been studied as a function
of pressure with gases of different composition for 137Cs gamma rays. At
a collecting potential of 600 V, the ionization chamber reading relative
to the reading at 1 bar as a function of gas pressure is shown in the figure
for various gases. As a function of gas pressure an increase in the relative
reading is observed for all gases in the investigated pressure region. For

pressures of up to about 10 bar (1 MPa) the increase in the sensitivity is

approximately proportional to the pressure for all gases used.

For argon, initial recombination is small over the pressure region in-
vestigated. A supralinear relative reading as a function of gas pressure
is observed for this gas. This might be expected on the basis of the Van der
Waals' equation of state predicting that the number of argon atoms in the
constant volume rises faster than the pressure. It is assumed that the

ionization produced by secondary electrons (originating from the chamber
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General subject of the contract:

Development of improved X-ray counters for assessment of plutonium in lungs.

List of projects:

1. Development of improved X-ray counters for assessment of plutonium
in lungs.



Title of project nr 1.

Development of Improved X-ray Counters for
Assessment of Plutonium in Lungs.

Head of project and scientific staff:
Dr A C Chamberlain

Dr J W Leake
Dr D Newton

The wiring of the prototype counter work was completed in the first
half of the year; the frame contains 140 anode, 570 cathode and 165
drift wires. The counter envelope, with a temporary stainless steel
window facility, was also ready by mid-year and the frame was put
into the envelope and the whole was vacuum tested. The cathode
strips (used to detect and hence reject electron events originating
in the end MWA frame) are made of printed circuit board and the drift
wire sub—-assembly uses PTFE insulation: thus a long period of vacuum
pumping was undertaken to reduce the effects of out-gassing from
these materials. The counter was then filled with one atmosphere
Argon—-CO2 (98/2) and tests were carried out using a 22KeV source.
This gas was chosen at this stage because it is cheaper than Xenon.
The measurement with Ar/C02 showed that the gain and resolution
across the wires, ie from wire to wire, is not as uniform as had been
hoped. The resolution varied between 10 and 13% between wires, while
the gain varied by about plus or minus 1%. Measurements parallel to
the wire direction gave resolution and gain variations of +/- 1% and
+/- 2% respectively. Over a period of 20 days the resolution
deteriorated from 10 to 11.9% while the gain changed by almost a
factor of 2. The next stage was to pump out the counter, ie without
exposing the inside to air, and then to refill it with a Xenon—CO2
(97/3) mixture. Measurements have been made using rise time and
energy discrimination. These have proved very satisfactory but some
shortcomings in the commercial electronic RTD system (rise time
discrimination) have been observed. Preliminary results are shown in

the table below:
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Conditions Count Count rate Energy With
rate in region Channel 5
>0.5keV 11-22KeV 11-22KeV Sided

+ RTD Guard

Lab natural 21.32 3.1 0.38 0.12

bgd

60Co at fixed

distance to 2720 427 27.9 5.2

counter

16 KeV Zr - 100% 74 .47 69.4%

K X-rays normalised

All count rates are counts/sec.
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List of projects:

1. Thermally stimulated exo-electron emission (TSEE) dosimetry in beta-ray,
X-ray and mixed neutron/gamma-ray fields.



Title of project nr BIO-A-307-81-UK.

The investigation of BeO exo-electron dosemeters.

Head of project and scientific staff: Dr M J Rossiter, Mr J L Makepeace.

1. Equipment and procedure. A detailed description was given at the

European Dosimetry Group meeting, Homburg, West Germany, in September 1981.
The procedures have been modified only in the following respects. Firstly,
the radiation facility housing cobalt-60 sources used for the routine
calibration of BeO discs was dismantled prior to its relocation in another
laboratory and was unavailable for the rest of the year. An alternative
equipment using a Cs-137 source was then used for routine calibration, and
the experimental value for the response of TSEE BeO in Cs-137 radiation
relative to cobalt-60 is near 0.8, a low value for which we can offer no
simple explanation. Secondly, whereas the BeO discs were each held
individually in graphite cups for the majority of the irradiations, for the
later measurements described here using tissue equivalent phantoms, it was
found possible to remove the discs from the cups for the irradiations,to

minimise discontinuities in the phantom as far as possible.

2. Fast neutron response of BeO dosemeters and the measurement of the

gamma component of a collimated neutron field.

Details of the measurements of the fast neutron response of BeO dosemeters in

graphite and teflon holders were given at the Homburg meeting.

The results were given as ku values (near 2.5% in graphite, 4.2% in teflon
irradiators) with an uncertainty of about * 10% at the 95% confidence level.
The graphite cup produced no significant anisotropy when teflon holders were

used.

Using BeO discs in graphite holders and the above ku values ,measurements
were made of the gamma comoponent of the NPL collimated 14.7 MeV neutron beam
at 65c¢m from the collimator. Gamma component values in the range 3% to 4%
were measured but the uncertainty on these figures may be as high as ¥ 15%
due to uncertainty in the ku value and additional uncertainties arising

from the photon energy dependence of the BeO response, and the presence of

lower energy neutrons in the collimated beam. Furthermore, as geiger tube



and TLD measurements indicated gamma contributions near 6% to 7% it was
clear that further experiments were required to establish the validity of
the TSEE method. To date this has not been possible due to the utilisation

of the collimated beam facility for other work.

3. Response to beta-radiations.

The response of BeO discs expressed in terms of absorbed dose to tissue
relative to the response to cobalt-60 fell from a figure near 0.9 at 0.9 MeV
mean beta energy (Sr/Y-90) to near 0.7 at 0.08 MeV (Pm-147) indicating that

the dosemeters cannot be considered as 'infinitely thin'.

4. Photon-energy dependence (medium energy X-rays) and determination of

depth doses.

This work has been conducted in collaboration with Mr M Fitzgerald,
St Bartholomew's Hospital, London. The experiments described here may be
viewed as a preliminary investigation of the use of TSEE BeO dosimetry in

diagnostic X-ray work.

a) photon energy dependence. Between 25 and 110 keV the response
of BeO dosemeters was constant at 60% * 10% of their response to

Co-60 radiation,in terms of absorbed dose in tissue.

b) BeO dosemeters (without graphite cups - see Section 1) have been
used to determine depth dose curves for 90 and 120 kV X-ray
beams in tissue eqguivalent phantoms with FSD 137 cm and field
diameter 45cm. Reasonable agreement was obtained with Grenz
chamber measurements. The greater sensitivity of the BeO
dosemeters allows their use at lower exposure levels than required

by the Grenz chamber.

c) potential for bone-interface dosimetry. The ratio of response
of Be0O dosemeters under 7 mm bone-equivalent material relative
to that under 7 mm muscle equivalent material was found to be
(i) for 120 kV X-rays, 1.68, (ii) for 90 kV X-rays, 1.06.
These numbers are uncorrected for attenuation in the bone-
equivalent material, but in each case the ratios are much

larger than those obtained with the Grenz ray chamber.
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Investigation of low energy neutron sources in the energy range 5-100
keV using particle accelerators and their application to radiation
protection dosimetry.

List of projects:

1. Investigation of low energy neutron sources in the energy range 5-100

keV using particle accelerators and their application to radiation
protection dosimetry.
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Title of project no. 1:
Investigation of low energy neutron sources in the energy range 5-100 keV
using particle accelerators and their application to radiation protection

dosimetry.
Head of project and scientific staff:

Dr J B HUNT

Introduction:

It has been demonstrated that in many working environments associated with
the nuclear power programme, a significant part of the dose—equivalent to
which personnel may be operationally exposed, is due to neutrons with
energies below 100 keV. Many important operational neutron survey instru-—
ments are sensitive within this energy range, but with present techniques
it is difficult to calibrate these devices due to the lack of suitable

monoenergetic neutron sources.

It is the purpose of this project to investigate in detail the neutron-
producing properties of (p,n) reactions with medium-weight nuclei, and in
particular, the little-used 4ssc(p,n)45Ti reaction. The project is being
carried out in co—operation with the Physikalish-Technische Bundesanstalt
(P.T.B), making use of the facilities available at both laboratories. It
is intended to intercompare the neutron fluence measuring systems at both
laboratories and to calibrate typical neutron survey instruments and

transfer devices over this neutron energy range.

Measurements of the 4550(p,n) Excitation Curves:

Preliminary measurements have been made using the NPL long counters of the
45Sc(p,n) neutron yield curves, as a function of the incident proton beam
energy, at 0° and at 60° to the beam direction. These measurements were
made using thin scandium metal targets, &5 ug/cm2 thick, which is
equivalent to approximately 0.3 keV energy loss for incident proton

energies near the reaction threshold of 2.908 MeV.

An initial analysis of the data shows that there are a number of prominent
resonances in the excitation curve that could be extremely useful for

instrument calibration. However, these measurements have already
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demonstrated that in order to make full use of these peaks it is essential
to use targets with an equivalent thickness less than the energy width of

the peak, and this means that an extremely stable accelerator is necessary.
The measured excitation curve will be compared with time—of-flight neutron

spectra measured at P.T.B.

A typical neutron survey instrument, the Harwell 0949/3, an updated version
of the Harwell 0075, has been calibrated at about 8 keV and at about 27 keV
and these measurements are at present being evaluated. This device will
then be used as a transfer instrument in order to intercompare the fluence

measuring systems at Both laboratories.
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List of projects:
1. Design and construction of a dosimetry system for the

determination of the quality factor and the dose equivalent in
neutron-gamma mixed fields.



TITRE DU PROJET :

Etude et réalisation d'un syst@me dosimétrique permettant la déter-
mination du facteur de qualité et de l'équivalent de dose dans un
champ mixte neutron-gamma.

Chef du projet et collaborateurs scientifiques

Mme HERBAUT
M.LEROUX
M.VIVIA

1 - INTRODUCTION

A partir des spectres microdosimétriques mesurés 3 l'aide d'un compteur
proportionnel de ROSSI type FWT "Let 1/2" (/1/), il est possible d'ob-
tenir la dose et le facteur de qualité dans un champ mixte neutron-

gamma (/2/, /3/,/4/, /5/).

Le compteur type "Let 2"d'un diamétre géométrique intérieur 4 fois plus
important,pourrait donc €tre utilisé comme capteur du futur appareil
portable. Les caractéristiques de la maquette réalisée & partir d'une
électronique 3 microprocesseur ont été définies et l'@tude des perfor-
mances de cette derniére devrait commencer au début de 1'année 1983.

Parallélement, avec la chaine spectrométrique existante, nous avons
comparé deux capteurs Let 2 n° 152 et n° 1062.

2 - RESULTATS

Les caractéristiques principales de 1'appareil portable sont les sui-
vantes

Les signaux fournis par le préamplificateur de charge sont appliqués
sur deux voies identiques, l'un d'un gain X1 pour les dépdts d'énergie
importants, l'autre d'un gain X100 pour les faibles tailles d'événement ,

. Trols zones spectrales sont définies correspondant aux trois natures
de particules secondaires suivantes : électrons, protons, iomns lourds.

. La fréquence maximum admissible, quelle que soit la zone du spectre,
est de 15 kHz : ceci correspond & une borne supérieure de 1'ordre de
15 rad.h”!.

. L'appareil posséde deux modes de fonctionnement : &talonnage et
mesure. Au bout d'un temps réglable les résultats sont imprimés en
cGy (cGy.h'l) et cSv (cSv.h']).

A l'aide de la chaine spectrométrique existante, deux détecteurs Let 2
ont &té &tudiés pour un diamétre simulé de 2 Um correspondant 3 une
pression de remplissage de 26 mmHg, l'un (n°152) posséde un gain cons-
tant sur une période de 1 mois (Fig 1) tandis que nous constatoms pour
1l'autre une baisse voisine de 40 % de cette quantité pour ume durée de
l'ordre de 15 jours (Fig.2). Nous avons observé de plus pour ce détec-
teur 1'influence relativement importante de la température (/6/).
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La prise en compte de la composante photonique d'un champ mixte néces-
site pour le capteur un bruit de fond aussi faible que possible. En
effet cet inconvénient a des répercussions non négligeables sur la dé-
termination de la contribution relative gamma d'un rayonnement neutron-
gamma (Fig 3). Ces impulsions parasites, dues probablement & des micro-—
claquages, sont d'autant plus importantes que la haute tension appliquée
est plus élevée ou le diamétre simulé ds plus petit : pour dg = 3 um

et une haute tension de 840 V, elles correspondent respectivement & :

3.6 107
2.2 1074

rad.h”! pour le détecteur n°152

rad.h-] pour le détecteur n°1062

Nous nous sommes attachés,a l'aide de ces détecteurs, 3 déterminer sous
irradiation photonique pure au 60Co dans des faisceaux caractérisés en
exposition, les valeurs des paramétres midrodosimétriques 7 , p pour
plusieurs diamétres simulés (tableau 1) : nous pouvons consgater qu'dles
sont comparables i celles obtenues & l'aide du détecteur type "Let 1/2"
(/7/) .Ces mesures permettent de plus de calculer le diamétre géométri-
que de la cavité détectrice : une valeur moyenne de 5.70 cm a été obte-
nue en bon accord avec le constructeur.

3 - CONCLUSION

La détermination de la contribution photonique d'un champ mixte n—gamma
et la stabilité en fonction du temps du gain du dosimétre sur des pé-
riodes longues nécessitent la réalisation de capteurs de grande fiabi-
lité.
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5 - LISTE DES FIGURES ET TABLEAUX

Figure 1 : A = f(t) pour les détecteurs Let 2 N° 152 et n® 1054
Figure 2 : A = f£(t) pour le détecteur Let 2 N° 1062. Influence de la
température

Figure 3 : C9mparaison des distributions yd (y) sous irradiation neutro-
nique avec les compteurs Let 2 n° 152, n°1062 et Let 1/2

Tableau | : ?% , ?b pour le détecteur type '"Let 2" irradié au 60Co
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General subject of the contract:

Biological effectiveness of incorporated radiocactive nuclides and fast
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List of projects:

1. Biological effectiveness of incorporated radioactive nuclides
other than bone seekers.

2. Assessment of the quality factor of neutrons and gamma-rays.

3. In vivo studies of biochemical reaction rates from low dose
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Title of project no 1:
Biological Effectiveness of Incorporated Radioactive Nuclides
other than bone seekers.

Heads of project and scientific staff: J. Booz and G. Tisljar,
B. Bauer, J. Humm, E. Pomplun, F.H.A. Schneeweifi, Th. Smit,
D. Wermelskirchen

This year's work has concentrated on the microdosimetric and

biological conseguences of the Auger effect.

Using a Monte Carlo technique, photoelectric interactions in
the phosphorus of the DNA have been simulated and the energy
deposition due to Auger emission as well as the resulting
multiple charge calculated. It appears that for sensitive
volumes > 3nm a biologically significant energy deposition
occurs at all photon energies (see figure 1). However, the
photoeffect in the phosphorus of DNA plays only a minor role
in comparison to the interactions with other atoms (in parti-
cular oxygen) at energies above 537 eV. On the other hand,
interactions with DNA bound phosphorus are important with
respect to local energy deposition and to the mean dose in DNA
for photon energies between the L-absorption-edge of P (131 eV)
and 537 eV.

Further calculations have been performed on molecularly bound
iodine studying the problem of neutralization of the multiple
charge induced by Auger cascades. Several energy-transfer
processes were distinguished and in a firstattempt a quanti-
tative evaluation of their contributions to the total energy
deposition estimated. These investigations led to a new term
in the expression for the mass-energy-transfer-coefficient and
to a new relation between kerma and dose.

Studies of the effects of low numbers of 3H—decays accumulated
in DNA of cultured human Ti-cells were continued with “H-IUdR.
Effects were compared with those of low doses of p-rays (5-25
Gy). Induction of DNA strand breaks under aerobic and hypoxic
conditions and measured by the DNA unwinding method served as
the biological endpoint. SSB and DSB were determined individu-
ally by evaluation of their repair kinetics. For the oxygen en-
hancement ratio of total breaks, induced by 137¢cs p -rays, a
value of 3.1 + 1.1 was found. It appears low which presumably
is due to the low doses administered. SSB induced in the ab-
sence of oxygen could not be detected. This may be due to fast
repair of SSB induced in nitrogen atmosphere.






Title of project no 2:

Assessment of the Quality Factor of Neutrons and Gamma Rays

Head of project and scientific staff: J. Booz, L.E. Feinen-

degen, H. NeuhauB, E. Pomplun, Th. Smit

The theoretical and experimental investigations on the develop-
ment of a radiation-quality and absorbed-dose monitor based on

a microdosimetric counter have been continued.

Distributions d(y) from different types of mixed neutron-gamma
radiation fields have been measured, collected and processed.
Various methods of evaluating Q on the basis of microdosimetric
counters have been tested. Finally the simple and sufficiently
accurate Three Sections Method has been adopted for the moni-
tor in development. Further, 3 different methods of accounting
for overkill at y-values > 175 keV/um have been tested: a)

no overkill, b) biological overkill, and c) overkill corres-
ponding to a constant Q-value of 20. The latter method was
adopted and with this correction the dose mean of d(y) turned
out to be nearly independent of the simulated diameter between
0.5 and 10 pum. To obtain sufficient sensitivity, the counter
was decided to have a size of 20 - 30 cm simulating 10 pm
diameter. Since the helix as used in spherical counters pre-
sented principal problems resulting in limited resolution,
cylindrical geometry was chosen with the height equal to the
diameter.

From the electronic point of view, the availability of a
logarithmic preamplifier is a must for the development of a
portable monitor. The development of such a preamplifier has
been initiated in collaboration with the Zentralinstitut fir
Elektronik, KFA Jiilich. The first prototype has been built
which is linear in its response function for the first decade
and logarithmic for the others. The results are encouraging.

A test counter has been constructed with the first stage of
the logarithmic preamplifier built in into the counter housing.
Counter and preamplifier are being tested with different

types of radiations.
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Titel of project no 3: In Vivo Studies of Biochemical

Reaction Rates from Low Dose Irradiation

Head of project and scientific staff: W. Porschen, H. Mihlen-

siepen, J. Marx, C. Lindberg, L.E. Feinendegen

It is the objective of this project to investigate the
phenomenon of suppression of IUdR incorporation in cells after
irradiation of mice with low and very low doses (0.5 to 10
rad) with the aim of developing an ultra-sensitive biological

dosimeter.

In former years the effect itself has been carefully investi-
gated and an assay system has been developed which allows for
an observation of the effect at very low doses: At different
times after irradiation, bone marrow cells are obtained and
incubated in-vitro with tritiated thymidine for 10 minutes.
Then the cells are centrifuged, washed and measured for the
activity bound to cellular DNA. A pH-value of 7.4 and bi-
carbonate are required for observing the radiation induced
depression of tracer uptake. The results showed that the de-
pression of thymidine-uptake into the bone marrow cells after
irradiation increased to a maximum at 4 hours and then dis-
appeared to reach control within about 15 hours. A second assay
system has then been developed in which blood serum of irrad-
iated mice is added to the culture medium of unirradiated cells.
These cells show the same depression of tracer uptake as des-
cribed above.

Several test measurements brought us to the hypothesis that

the inhibition of uptake was due to an increase of thymidine

in the serum. In the last year this hypothesis has been proven
right: Total body exposure of mice to gamma- or fast neutron-
irradiation of 1 to 10 rad and even below 1 rad also produced
the temporary appearance of thymidine in the circulating blood
serum toca maximum at 4-5 hours and a return to normal values
(4 x 10 molar) within about 15 hours. The time courses of the
elevation of thymidine in the blood serum and of the reduction
of tracer uptake into cellular DNA are concordant (see Fig. 1).
Also the dependence on absorbed dose are similar for both
effects. Further, depression of thymidine uptake was shown to

be linked to an inhibition of thymidine kinase. With the
exception of some degree of effect for deoxyuridine, no effect
was observed for other nucleic acid precursors, nor for glucose
or fatty acids.

Therefore it is concluded that the elevation of thymidine
concentration in blood serum after irradiation at very low
dose levels is due to a diminished rate of removal of
thymidine from the reutilization pathway.
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General subject of the contract:

Determination of effective organ doses.

List of projects:

1. Determination of effective organ doses.
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Title of project nr 1.
Determination of effective organ doses.

Head of project and scientific staff:

Dr.Burger Dr.Kollerbauer
Dr.Drexler Dr.Leuthold
Dr.Combecher Dip1.Phys. Morhart
Dr.Schraube Dip1.Phys. Wittmann

1. Physical aspectsof radiation effectiveness

There is sufficient indication now, that the target sizes of interest for
some cellular endpoints are in the nanometer region, which can be best in-
vestigated by using low energy electrons. We have therefore further ana-
lysed single tracks of loo,200,500 and looo eV electrons in water. For
each energy loo independent tracks were generated by means of the existing
and continuously improved Monte Carlo codes. The spatial pattern of inter-
action events was fed piecewise into an arrayprocessor at a given local
resolution represented by the pixeldistance in twodimensional planes of
the array. An analysis of the pattern topology is then possible by means
of mathematical morphology, as used in quantitative image analysis. It can
be easily understood thatfor example a "blow" - operation applied upon
each single volume element occupied by an event will deliver immediately
Lea's associate volume, including the overlapping regions.The frequency
distributions of associate volumes as functionof size of the sampling ele-
ment reveal the existence of event clusters and their amalgamation. The
overlapping components of the ass.vol. deliver directly number distribu-
tions of events or even the corresponding energy distributions as being
sampled randomly by the chosen target bodies.The method opens a new field
of track structure analysis for the improvement of models of quantitative
radiobiology and radiation risk analysis./1/

The experimental investigations were restricted to the measurement of
energy spectra and angular distributions of secondary electrons around
collimated beams of 1.7 MeV/amu He-3 ions and 180 keV/amu deuterons in
water vapour. Both ion beams have the same LET, but different electron
starting spectra and hence radial energy deposition profiles. The results
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were intercompared with numerical data from Monte Carlo calculations. To
be able to perform such calculations for the mentioned ion beams the cross
section library had to be extended. Measurements and calculations showed
good agreement in a wide energy range. The intercomparison revealed how-
ever also some experimental problems measuring high electron energies,
which have to be overcome in the future./2,3,4/

2.0rgan and phantom models improvement and calculations of effective

doses.
The electron transport was not treated in 1982. Instead of this increased
emphasis was layed upon the final development of the sex specific phantoms
ADAM and EVA. The design is based upon average organ masses, as given by
ICRP 23, and the geometrical layout following the MIRD concept. From ADAM
EVA was derived by first shrinking all organ and body sizes linearly down
to a total body mass ratio of 0.83. Than the ovaries, uterus and the breasts
were added in a suitable manner. Finally a chin was intoduced to both phan-
toms to obtain a realistic thyroid geometry for external radiation, and
eye lenses and skin were defined. The phantoms are described in/5/, and
used extensively for Monte Carlo calculations of organ doses and the effec-
tive dose equivalent in case of external gamma and X-ray radiation./6/.

For the investigation of neutron organ doses the Monte Carlo calculations
of the anthropoid phantom by means of the SAM-CE code could not be con-
tinued. Instead of this the versatile CHORD programme was improved.The new
version is now applicable to the total phantoms at all exposure geome-
tries, including the interesting isotropic situation.To get reasonable
results for small organs, as testes, ovaries, thyroids and eyelenses

an adjoint computation mode was developed. Finally revised depth doses
ascalculated in cylindrical phantoms by means of SAM-CE were introduced .
It could be shown, that the depth doses used up to now in radiation pro-
tection from the Oak Ridge group ( NCRP 38) have to be slightly revised.
The new CHORD version was used to derive organ and effective dose equiva-
lents assuming several exposure geometries for a series of compiled
neutronspectra as occurring in realistic reactor fields and behind shields
of several other neutron sources. It could be demonstrated, that conven-
tional REM-counters under normal calibration and measurement conditions
considerably overestimate the effective dose equivalent./7/
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Proceedings of a Seminar, EUR 8084, pp.255-274,1982
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General subject of the contract:

Investigation of different dose equivalent quantities in phantoms externally
irradiated with photons, electrons and neutrons.

List of projects:

1. Experimental determination of dose equivalent quantities in
phantoms for photon and electron radiatiom.

2. Determination of different dose equivalent quantities for
external exposure with neutrons.



Title of Project nr. 1

Determination of dose equivalent quantities in phantoms for photon

and electron radiation.

Head of project and scientific staff:

Prof. Dr. H. Reich
Photonen- und Elektronendosimetrie
Physikalisch-Technische Bundesanstalt

Bundesallee 100, D-3300 Braunschweig

The present discussion concerning the definitions of the dose equi-
valent quantities defined in a 30 cm diameter tissue equivalent
sphere which are finally to be used must be based on a knowledge of
the characteristics of various feasible quantities. The problem is
how these properties can be matched possibly by existing instrumenta-
tion or by (small) modifications thereoff. Investigations with the
emphasis on angular dependence of selected quantities were carried
out. It proved, that the angular response of commercial dosimeters is
quite similar to that of the depth dose equivalent at a specified
point in the sphere. That means that these instruments with non-iso-
tropic response can be used for the determination of this quantity
without the risk of its underestimation provided they are positioned
so as to "face" the radiation source. The angular behaviour of other
quantities proposed so far is not always in accordance with that of

existing instrumentation. [;]

Similar considerations as to the angular dependence apply to the
energy dependence of response with respect to sphere quantities. The
only possibility to measure directly the true energy dependence of
response of an instrument is to use monoenergetic radiation. As this
is often not available or alternatively its dose rate may be too low,
a method has been developed allowing the use of a spectrum of finite
width for the determination of this intrinsic characteristic of the

instrument. Up to now the result of such a measurement was generally



considered as being the true energy dependence of response, which, of
course, it is not. Therefore a method was devised which is essential-
ly a computer based decompositioning of the contributions from instru-
ment properties and of those properties associated with the shape of
the spectrum employed. This method was applied to a few selected in-
struments with the result that structures in the energy dependence
became more pronounced. As the energy dependence of response of unmo-
dified detectors is often similar to that of conversion factors such
instruments are equally well suited to meet the requirements given
with respect to sphere quantities and with respect to receptor free

quantities. [2]]

As the conversion factors from receptor free quantities like e. g.
exposure to sphere quantities may depend strongly on photon energy,
information on the spectral distribution of the radiation will often
be required. Therefore an improved method to derive approximate X-ray
spectral distributions from attenuation data has been developed which
can be applied, if either time or facilities are not available for
obtaining highly resolved spectra. It is well known that the tube
voltage and the first and possibly second half value layer in a cer-
tain material characterize the spectrum only to a limited extent. In
this situation a method is required which yields more precise infor-
mation on the spectrum and which at the same time is simple enough to
be applicable in a large number of laboratories. In an attempt to
provide such a method measurements of attenuation curves in a range
up to about the seventh half value layer combined with a computer
evaluation have been examine? with respect to their potenfials. With
such a procedure spectral information can be obtained which in con-
trast to quoting half value layers is unambiguous and of sufficient
accuracy. The investigations represent also a first step in furnish-
ing experimental data on photon spectra inside a phantom, a typé of
information which is currently only available from Monte Carlo cal-
culations. [3, 4]



[1]

[a]

(4]

II.

(2]

List of publications in 1982

Publications in Scientific Journals, Monographs, Proceedings.

B. GroBwendt and K. Hohlfeld: Angular Dependence of Specified Depth
Dose Equivalent Quantities in the ICRU Sphere for Photon Radiation.

Rad. Prot. Dosimetry, in press.

H. M. Kramer and H. von Seggern: The Determination of X-ray Spectra
from Attenuation Data: Part I: The Potentials of Various Methods.

Nucl. Instr. Meth., to be published.

H. M. Kramer: The Determination of X-ray Spectra from Attenuation

Data: Part II: Experimental Results, to be published.

Short Communications, Theses, Internal Reports, Patents ...

H.-J. Selbach: Untersuchungen zur Energieabhdngigkeit des Ansprechver-
mogens von Strahlenschutzdosimetern beziiglich der MefgroBe Tiefendqui-
valentdosis. Report of Laboratory 6.41 in the Physikalisch-Technische

Bundesanstalt, Braunschweig, January 1983.



Title of project nr2: Determination of different dose

equivalent quantities for external exposure with neutrons

Head of project and scientific staff : R, Jahr;
R. Bdttger, H.J. Brede, G. Dietze, S. Guldbakke,
R. Hollnagel, H. Klein, H. Schdlermann, B. Siebert

Theoretical concept for determining dose equivalents using
individual monitors.

In radiation protection surveillance, organ doses, whole body
doses or other suitable dose equivalent quantities are
usually determined by means of individual monitors fixed on
the exposed individual's trunk. The monitor readings general-
ly depend on the exposure conditions such as the directional
distribution and the energy spectrum of the radiation field.
They may vary as a function of time, or as a function of
uncontrolled, arbitrary movements of the exposed individual
within the radiation field. A concept has been developed
which allows the evaluation of monitor readings independently
of these exposure conditions in terms of the desired dose
equivalent quantities. In two publications /1, 2/, the design
aim for the construction of an individual monitoring system
is formulated as a mathematical relation. A distinction is
made between "fitted" dosemeters satisfying this relation,
and "non-fitted" dosemeters which do not. The calibration of
both types is discussed in detail. For non-fitted dosemeters,
procedures to determine the error limits are given. The
application to accident dosimetry is briefly discussed.

Dose calculations and measurements

In publication /3/ it is shown that the mean quality factor
for neutrons in tissue can be calculated in a good approxi-
mation directly from initial energy spectra of the secondary
charged particles. Tables are given which make it possible to
compute quality factors for monoenergetic neutrons from 11
meV to 20 MeV in any tissue-simulating material composed of
H, C, N and 0. The calculations are based on water as slowing
down medium. This approximation is shown to be correct within
5 % at all energies considered. '

In collaboration with the Institut fir Biophysik der Univer-
sitdt des Saarlandes /4/, a consistency check was performed
between kerma values in tissue-equivalent plastics (A 150)
determined by means of microdosimetric methods, by means of
an A 150 ionization chamber and by means of neutron fluence
measurements in connection with calculated kerma factors. The
inconsistencies of up to about 17 % observed between these
three methods are discussed /4/.
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Neutron c¢ross section data

Uncertainties of measured neutron cross section data limit
the accuracy of computed fluence distributions in phantoms
and derived quantities such as absorbed dose (kerma) or dose
equivalent (quality factor). This is clearly illustrated by
the fact that the kerma factors for C-12 calculated at 14 MeV
by different authors differ by as much as a factor 1.65

(M.A. Behrooz, et al., Phys. Med. Biol. 26 (1981) 507).
Therefore, publication /5/ dealing with differential cross
sections of the C-12(n,a)Be-~9 reaction for neutrons between 8
and 10 MeV, and publication /6/ dealing with the differengial
cross section of the C-12(n,n)C-12 and the C-12(n,n')C-12
reaction at 10 MeV contribute to a reduction of such
inconsistencies.

List of publications in 1982

I. Publications in Scientific Journals, Monographs,
Proceedings

/1/ B.R.L. Siebert, R. Hollnagel and R. Jahr: A Theoretical
Concept for Measuring Doses from External Radiation
Sources in Radiation Protection (accepted by Phys. Med.
Biol.)

/2/ B.R.L. Siebert, R. Hollnagel and R. Jahr: Bestimmung von
Teil- oder Ganzkodrperdosen mit Personendosimetersystemen.
16. Jahrestagung des Fachverbandes fiir Strahlenschutz,
Miinchen, 1982 (to be published)

/3/ B.R.L. Siebert, R.S. Caswell and J.J. Coyne: Calculations
of Quality Factors for Fast Neutrons in Materials
composed of H, C, N and 0. 8th Symp. on Microdosimetry,
Jiilich, 1982 (to be published)

/4/ G. Dietze, S. Guldbakke, H.G. Menzel, H. Schuhmacher,

G. Biihler: Correlated Microdosimetric, Dosimetric,
Spectroscopic and Fluence Measurements with Monoenergetic
Neutrons between 14 and 19 MeV. ibid. (to be published)

/5/ G. Dietze, H.J. Brede, H. Klein and H. Schdlermann:
Differential Cross Sections of the C-12(n,a)Be-9 Reaction
in the Energy Range from 8 - 10 MeV. Internat. Conf. on
Nuclear Data for Science a. Technology, Antwerp, 1982 (to
be published)

/6/ H. Klein, B.R.L. Siebert, R. Bottger, H.J. Brede and
H. Schélermann: Sample Size Corrections of Neutron
Scattering Data and the Analysis of Angular
Distributions. ibid. (to be published)



Progress Report
1982
Contractor: Contractno.:  BI0-A-286-81-D

Universitdt Wiirzburg
Sanderring 2
D-8700 Wiirzburg

Head(s) of research team(s):
Prof.Dr. A.M. Kellerer
Inst.fiir Med.Strahlenkunde
Univ, Wirzburg
Versbacher Strasse 5
D-8700 Wiirzburg

General subject of the contract:

Microdosimetric studies and risk assessment for late somatic effects.

List of projects:

1. Studies in microdosimetry for application to radiation protectionm.
2. Biophysical and epidemiological studies of neoplasms in the
Japanese survivors of the atomic bomb explosions.
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Allgemeines Thema des Vertrags:

Microdosimetric Studies and Risk Assessment for Late Somatic Effects

This research program is directed towards the elucidation of the bio-
physical basis of the biological effectiveness of different types of
ionizing radiations and at the application of these considerations to

epidemiological studies of radiation carcinogenesis.

The development of Project 1 has been such that its objectives have been
somewhat broadened. The computations of microdosimetric functions and
parameters have been continued, but the linkage of microdosimetric pro-
blems to similar problems encountered in other fields of dosimetry, and
in particular its connections to geometric probability, have taken added
importance. Another new aspect has been the development - although at
this point not yet the technical implementation - of a new method that
permits the determination of microdosimetric variables in high intensity
pulsed fields as they occur, for example, in the vicinity of accelera-

tors.

The further execution of Project 2 will largely depend on the recon-
struction of the dosimetry for Hiroshima and Nagasaki. As it appears now,
the reassessed personal dose estimates will probably not be available be-
fore 1984; in the mean time the emphasis of the project has therefore
been on the development of the suitable theoretical tools that can be
utilized when the new data from Japan are available. Particular atten-
tion has been on the work on isotonic regression, and on the develop-
ment of other non-linear optimization routines also in terms of maximum
likelihood. Tentative studies with the new dosimetry have also been per-
formed, but the intent was mainly a methodological one, rather than the

wish to obtain final data now.



Results of Project No.l

Head of Project and Scientific Staff: Prof.Dr.A.M.Kellerer, Dr.F.Zilker,
Dr.H.-W.Thomas, Dr.H.Roos,
Dr.T.Fekete, Dipl.Biol.H.Wulf

Project Title

Studies in Microdosimetry for Application to Radiation Protection

An important objective of the project has remained the computation of
microdosimetric parameters and distributions for various radiations.

For heavy ions we have performed further computations of such functions
on the basis of an approximation that disregards straggling. For very
small diameters and for sparsely ionizing radiations we have written our
own program for the Monte-Carlo simulation of particle tracks, and have
then made this program coherent with a similar program written by

Dr.Brenner (Los Alamos) and Dr.Zaider (Columbia University).

The problem of the intersection of geometric objects with random struc-
tures, such as charged particle tracks, has been investigated further.
In earlier work it had been shown that the proximity functions of the
particle tracks and of the geometrical sites can be utilized to compute
the important weighted mean event sizes for energy imparted, specific
energy, or lineal energy. More general considerations of geometric pro-
bability have now shown that this is a particular aspect of far more
general theorems. Such theorems permit the computation of the unweighted
and the weighted mean overlap of randomly placed geometric objects. The
unweighted mean values depend only on the fundamental parameters of the
geometric ojects, such as volume and surface. The weighted mean values
depend on the proximity functions and they determine the variance of the

overlap for unweighted randomness.

in a more general approach a fundamental relation has been found for the
average Minkowski functionals (measures of a geometric body) of the union
of random sets that form a Poisson process in n-dimension space. This
theorem can be based on the kinematic Fundamental Formula of W.Blaschke.
Although it is of somewhat abstract nature it has various implications,

relevant to microdosimetry, dosimetry, or other fields such as image



analysis. Among the results one may mention a very broad generalization
of the so-calied Cauchy theorem for the mean intersection of two geo-
metric objects, one can also refer to the result that has been obtained
for the mean number of clumps formed when figures are randomly placed in
2-dimensional space. The latter result has applicability to track etching
dosimetry and has been utilized in an automatic computer evaluation that

we have developed for the quantification of track etching.

Another result has been the derivation of a method that permits the de-
termination of microdosimetric parameters in fluctuating radiation fields
of high intensity. Up to now it was not possible to perform microdosi-
metric measurements when the dose rates or instantaneous dose rates were
too large for the resolution of individual charged particles. The only
possibility was then the application of the variance method. The variance
method, however, requires repeated measurements over intervals with ab-
sorbed doses that are exactly constant. In fluctuating fields, as they
are produced by the micro- and macro-pulses of accelerators, the con-
straint can never be fulfilled. As has now been found, the difficulty is
removed by the utilization of a pair of microdosimetric detectors in
simultaneous measurements during a series of consecutive intervals. The
weighted mean values of the event sizes are then obtained from the var-
iance of the response of one of the detectors minus the covariance of

the response of the two detectors. In principle the method is also appli-
cable to the determination of higher moments of the single event distribu-
tion. The technical implementation of the method is likely to be beyond
the scope of this project. However, initial studies are being initiated

now.

Publications:

Kellerer, A.M., Rossi, H.H. On the Determination of Microdosimetric
Parameters in Variable Radiation Fields - The Variance-Covariance Method -
Submitted to Radiat.Res.

Kellerer, A.M. On the Number of Clumps Resulting from the Overlap of
Randomly Placed Figures in a Plane. J.Appl.Prob. to appear March 1983

Kellerer, A.M. The Kinematic Fundamental Formula - A Theorem with Im-
plications to Dosimetry and Microdosimetry - Proceedings of the 8th Sym-
posium on Microdosimetry.
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Project Title:

Biophysical and Epidemiological Studies of Neoplasms in the Japanese

Survivors of the Atomic Bomb Explosions

Substantial aéreement has been reached now on the need to abandon the
former T-65 dosimetry established at Oak Ridge for Hiroshima and Nagasaki,
The essential change has been that, according to the reevaluation in dif-
ferent laboratories, the neutron component is much smaller in Hiroshima
than was assumed up to now. On the other hand, the y-ray doses at larger
distances in Hiroshima are now taken to be substantially higher than the
values from the T-65 dose estimation. Claims that the risk estimates must
be increased because the neutron component - formerly held to be respon-
sible for most of the small dose effect in Hiroshima - has disappeared,
are therefore erroneous. The increased y-component can explain the ob-
served effects in the range of small doses in Hiroshima without the need
to invoke risk factors that are much in excess of those earlier assumed.
The detailed analysis of leukemias, of other neoplasms, and of the ob-
served chromosome aberrations will, however, require the newly determined
personal dose estimates that include shielding factors for the individual
survivors. These data are not, as yet, available and the final numerical
computations will therefore have to await the completion -of the dose re-

assessment.

In the meantime the project has been directed towards the development of
the mathematical tools required for the ultimate analysis, and towards
those evaluations that are meaningful even without individual new dose

estimates.

In the work on statistical techniques we have given special attention to
the method of isotonic regression that provides maximum likelihood solu-
tions of the prevalence as a function of absorbed dose without the need

to classify the estimated doses into a coarse grid of dose intervals.
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Instead individual dose estimates can be utilized in the computations.
1-dimentional isotonic regression can be based on an established algorithm.
2-dimensional isotonic regression is more difficult. However, we have im-
plemented a little known method earlier proposed by F.Gebhardt. The al-
gorithm is now functional but we have not yet achieved a version that
works for arbitrarily high numbers of observations. Work on this problem
will therefore be continued. The use of non-linear optimization routines
for more general regression that is subject to more sophisticated con-
straints than monotony has also been continued and we have established
satisfactory algorithms that require the utilization of large computers
and the relatively complex program GRGA of Abadie. Considerable additiona!l
effort has gone during the last year into the attempt to produce analogous
routines suitable for small computers that could also be implemented at

the computer center of RERF, Hiroshima, with its more limited capabilities.

As indicated in the previous report the non-parametric analysis of a chro-
mosome aberrations data permits a meaningful analysis even without the de-
termination of individual shielding factors. It has been performed both
with the old and the new dosimetry. {n addition a thesis has been completed
during the past year with a reevaluation of the parametric analysis for
chromosome aberrations. It has improved the earlier analysis by identifying
the bias that was produced in previous studies by the coarse classification
of doses. Furthermore the relation between the parametric analysis and non-
parametric estimates of the RBE has been examined under the assumption

that the presently assumed small neutron doses may still be responsible

for the observed difference between the yields for Hiroshima and Nagasaki.
The conclusion has been that RBE values of neutrons somewhat in excess of

100 at small doses could account for the observed differences.

Pubtications:

Kellerer, A.M. Biophysikalische Grundlagen der Wirkungen kleiner Strahlen-
dosen. Atomwirtschaft Vol.27, 99.103, 1982,

Kriener, E. Dosis-Wirkungs-Beziehungen und RBW von Neutronen errechnet
aus persistierenden Chromosomenaberrationen bei Uberlebenden der Kern-
waffenexplosionen von Hiroshima and Nagasaki.

Dissertation, Wiirzburg, 1982.
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LYOLUMINESCENCE DOSIMETRY OF INCORPORATED EMITTERS -Project 1
Head of research team: Prof. J R Mallard
Deputy project leader : Dr K V Ettinger

Colaborators : Dr A R Forrester , Dr U J Miola, S Dixon BSc,
G Shentall MSc, D Temperton MSc

Research on the dosimetry of emitters incorporated into biochemicals in
the solid phase continued during the year 1982. One category of experi-
ments dealt with quasi-homogenwus materials, i.e. biochemicals containing
some amount of a labelled identical compound. The emitters are incorpora-
ted into the matrix by co-crystallization. In order to determine the in-
corporated activity it is necessary to measure concentration of the ra-
dioactive atoms by means of a scintillation counter in the preparation.
It was found,that for tritium label up to few percent of activity may
escape into air from the solution undergoing crystallization,after all
the activity in reagents and mother liquor is taken into account. This
eff?ct is possibly present with other emitters as well,but at much lower
scale.

It has been found that the response of homogeneous biochemicals ,which
were used as lyoluminescent phosphors ,to internally incorporated tritium
label indicates a small but statistically significant defect,amounting

to about 10% in sugars and aminosugars ( glucose,mannose,glucosamine).This
defect does not depend on the position of the label ( i.e. is the same
within experimental errors for D-(1-3H)-glucose, D-(2-3H)glucose and for
D-(6-3H)- glucose), The dose defect was also the same for samples kept in
the freezer ( -309C)*during the time of storage and for samples kept in

a vacuum desiccator. There is no measurable influence of the specific
activity of the sample on the response defect. All the measurements

were performed with sufficient reproducibility to assure that the obser-
ved effect does not arise from the conditions of read out.

In experiments in which small amounts of biochemicals with high specific
activity were mechanically dispersed in inactive matrix, the response de-
fect is of the same order of magnitudy. This applies when the dispersal
matrix is of the same composition and when the dispersal matrix is diffe-
rent i.e. glucose in mannose matrix. However, for mechanical mixing (by
grinding and blending) the statistical errors in read out are larger than
for homogeneous mixtures.

For 14C labelled glucose the effect was statistically insignificant af-
ter corrections for irradiation temperature were applied to the results,
which were oYlgina11y interpreted as indicating a presence of response
defect. For !*C if the effect exists it is smaller than 3% and for

¥ There 15 a pronounced efiect of temperature during i1rradiation,i.e.du-
ring the storage on the lyoluminescent response,equal to about
0.5 - 0.3 %/deg.OC ,depending on the material and temperature range.
This correction has been determined with Co-60 gamma rays and was acco-
unted for in the calculation of the response defect of biochemicals sto-
red in low temperatures. This temperature effect is apparently associa-
ted with the yield of free radicals and has been observed directly in
experiments with an ESR read out of free radical concentration. It is
explicable on the grounds of non-stationary thermodynamics.
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35s-methionine it is smaller than 5 %.

Amongst the gompounds in which agternal doses were measured were 5-Iodo-
-2'-deoxy(6-SH)uridine and 5-(1251)Iodo-2'-deoxyuridine. It is now
possiage to relate doses from tritium labelled deoxyuridine to that

of I labelled material. It is still iggossib]e to estimate the magni-
tude of response defect,if any, in 5 -(1 I}Iodo-2'-~deoxyuridine,owing
to uncertainty in the energies carried by individual Auger electrons.

The possibility of stimulating the Auger cascade emission from iodinated
compounds has been investigated theoretically,together with the Brookha-
ven group and it is expected that some preliminary experimental irradia-
tion of samples will be carried out using the Brookhaven Synchrotron Light
Source. Similarly,preparations are being made for irradiations of samples
containing bromine,using the Daresbury Light Source. The outcome of the-
se preparations depends upon the availability of machine time.

In order to provide calibration of radiation doses imparted by very low
energy emitters an electron gun has been tried,with accelerating voltage
adjustable in the range of 5 -25 kV. The use of this gun as an irradiator
requires preparation of very thin samples and the initial experiments has
shown that deposition,stripping and other handling of thin layer targets
introduce uncertainties that make it impossible to use the gun for calibra-
tion or even standardization of samples. A design has been initiated of

a low energy X-ray source with an internal irradiation chamber i.e.without
the use of a window.The source,permanently connected to a vacuum pump,will
incorporate a thin aluminium foil as a heat shield between the generating
assembly and the sample holder. The foil,of about 2 ym thick,will be much
thinner than any exit window,because it will not be ekposed to pressure
gradient.

Apart from few sugars and amino acids most of lyoluminescent materials
require radiation doses in the range of 5 - 100 Gy in order to obtain

a response sufficient to reduce the read out errors below about 10 % ,if
the dissolution is take place in pure water. A substantial increase of
intensity of response, often up to 100 times and more, was observed in
the presence of luminol and lucigenin , This increase in response was,
however, accompanied by a steep increase in the chemical background,
particularly pronounced in brominated and iodinated compounds.

The results of the research on the lyoluminescence dosimetry of incorpo-
rated emitters provide interesting information on the interaction of
ionizing radiation with biochemicals forming part of living tissues like
carbohydrates and amino acids. The lyoluminescence effect is a measure of
ability of incorporated radionuclides to produce free radicals and thus

a measure of the direct radiation effect in radiobiology.
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LYOLUMINESCENT ACCIDENT DOSIMETRY WITH DESICCATED HUMAN TISSUES

AND PERSONAL EFFECTS OF THE VICTIM - Project 2
Head of research team : Prof. J R Mallard
Deputy project leader : Dr K V Ettinger

Colaborators: Dr A R Forrester, S Dixon BSc, M Watkins MSc

The presence of free radicals in desiccated tissues i.e. hair,finger- and
toenails and in flakes of epithelium following irradiation can be easily
demonstrated by means of electron spin spectroscopy. These radicals per-
sist for hours and even days, depending upon the amount of water still
present in the tissue. It is an interesting observation that so little is
known about recombination of radicals in tissue-like media.

Calculations based on a theoretical model,developed in our laboratory,
predict that in a viscous medium free radicals attached to the molecules
not bound into a polymer would recombine with a rate inversely proportio-
nal to the square of the viscosity. The Arrhenius law should apply to this
process,with an exponent depending upon the configuration of the molecu-
le. Disappearance of free radicals in desiccated tissues is ,at present,
not understood. The diffusion mechanism permits oxygen to permeate the
tissues and peroxidize the raficals originally formed by radiation. It is
a well known fact that the peroxy radicals are difficult to observe with
ESR,but it appears that a genuine recombination mechanism operates here,
despite the fact that radicals in collagen are trapped within a polymeric
network and are relatively immobile.

There are at present three techniques available to visualize presence of

free radicals in the irradiated tissues and in organic compounds in gene-
ral, The most direct technique is the measurement of the ESR absorption.

Lyoluminescence requires that the sample should be soluble and the third

method is based on the chemical detection of free radicals e.g. by means

of colorimetry.

In the previous report we have mentioned measurement of ESR signals in
human hair following irradiation. There are two components of the ESR
signals, which decay with different half 1ives, but could not be separa-
ted spectroscopically. One component decayed with a half-life of about

10 min, the other was characterized by a half-life of about 2 hours,with
the actual value changing from sample to sample in the range of 1.5 to

6 hrs. No correlation was observed with the colour of hair,even with

the totally grey hair included in the variety.

The instrument used for the measurement was Bruker ER-200 interfaced to

a microcomputer. The analysis of factors affecting the sensitivity of
ESR method indicates that lowering the temperature during the measurement
down to liquid helium temperatures will give better detectivity. The
higher the field in the cavity,the more sensitive the spectrometer. The
design of the cavity is also important. We have found that dual transmis-
sjon cavity system,followed by a parametric amplifier and balanced mixer
is superior to the more conventional arrangement of reflection cavity,
single mixer and no front end amplifier of any sort at all.
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In conjunction with the Fourier Transform mode of operation the ESR method
of detection of free radicals may be adequate for the measurement of acci-
dental exposures to gamma radiation of an order of 1 - 5 Gy,using the eff-
ects of the victim made of p1ast1c leather,cotton,¥60T. etc.This is ovr conclu-
sion from measurements on a series of commercial acrylic plastics,inclu-
ding acrylic fibers, buttons and items of apparel.

The lyoluminescence technique of measuring the presence of free radicals
in irradiated objects requires that the material is dissolved. Lyolumines-
cence in aqueous media is of limited use in the analysis of desiccated
tissue samples, even if solubilizers based on sodium sulphide or tertiary
amines are employed. The problem is that these solubilizers generate very
strong luminescence,possibly as a result of involvement of oxygen radicals.
This chemiluminescence interferes with the measurement of 1yo1um1nescence,
raising the minimum detectable dose to more than 8 - 12 Gy,which is beyond
the practical app11cat1ons of accident dosimetry. The use of radical
scavengers ,described in the previous report, was partially successful.The
work continues on the enzymatic digestion of irradiated samples as a tech-
nique for producing lyoluminescence without the disadvantages of strong
chemiluminescent background.Other approaches to improve the range,viz.infra.
It has been found that in order to accelerate the dissolution or digestion
an efficient minification of material is required .Most of plastics being
soft can be crushed almost into powder by freezing to liquid nitrogen tem-
peratures,at which they become hard and brittle. The same applies to fin-
gernails. Textiles can be reduced to fibres by a process of combing with
a very fine metal comb, a modern analogue of making oakum. We have found
this techniques very useful, yielding material suitable for lyoluminescen-
ce measurements.

Dissolution of diminuted acrylic resins ( including perspex) in intensely
agitated organic solvents yields a LL signal,which can be enhanced by the
presence of sensitizers suitable for organic media,like rubrene. We were
able to obtain an increase in the LL signal by a factor of about 10. The
solvent in which LL is unsuccessful is dioxane,probably because of diffi-
culty of purifying the solvent from traces of peroxides.

There is hovewer a caveat when using acrylic resins as lyoluminescence
phosphors in accident dosimetry: some of the techniques used for polyme-
rization involve use of initiators seeding the monomer with free radicals.
We are at this moment looking for a reliable method of distinguishing.

the radicals produced in plastics by ionizing radiation from those intro-
duced during the manufacture. Fortunately,not all plastics are produced

in that way.

In order to increase the light yield of lyoluminescence we have investiga-
ted properties of sensitizers based on energy transfer to trivalent ter-
bium and europium ions in solution. Such sensitizers are needed in acci-
dent dosimetry because of low 1light yield of materials used as accidental
dosimeters. It has been found by us that free terbium ions are useful in
aqueous media and that chelated terbium jons are very efficient enhancers
of Tyoluminescence in organic solvents. Doses below 5 Gy were detected

in acrylic resins using chelated rare earth compounds as sensitizers ba-
sed on energy transfer from relatively inefficient lyoluminescence
emitters to highly efficient rare earths ions.

In dealing with LL of irradiated hair it was possible to obtain 1ight from
dissolution of hair cortex in 17% KOH after initial treatment with sodium
sulphide to loose the scales. This work continues with other reagents.
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List of publications in 1982

1. UJ Miola, KV Ettinger and J R Mallard - Solid state lyoluminescence
dosimetry for neutron therapy. Proc.World Congress on Medical Physics,
Hamburg,Sept.1982. Ed.by W.Bleifeld et al. p.27.47

2. UJ Miola, K V Ettinger and J R Mallard - New developments in clinical
lyoluminescence dosimetry. Idem ,p.29.36

3, UJ Miola, K V Ettinger ,S Srirath and J R Mallard - Lyoluminescence
dosimetry for therapeutic dose range. Proc.Third World Congress on
Nuclear Medicine and Biology,Paris,1982. Ed. C.Raynaud p.2926-2929 .

4, R G Fairchi1ld® A B Brill1®nd K V Ettinger - Radiation Enhancemant with
Iodinated Deoxyuridine, Invest.Radiol. 17,407-416,1982

5. K V Ettinger, A R Forrester and C J Hunter - Spin trapping and lyolu-
minescence, Can.J.Chem. 60.1549 - 1559,1982

6. KV Ettinger and K J Puite™- Lyoluminescence Dosimetry pt.I.Priciples.
Int.J.Appl.Radiat.Isotopes 33.1115-1138.1982 .

7. K J Puitetand K V Ettinger - Lyoluminescence Dosimetry pt.IIl.State-of-
the-art . Int.J.Appl.Radiat.Isotopes. 33.1139-1158.1982

8. C.Hunter, D.H.Temperton,K.V.Ettinger and A.R.Forrester - Lyoluminescen-
ce spectra of typical dosimeter materialss Int.J.Appl.Radiat.Isotopes,
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in addition two theses were accepted by the University of Aberdeen:

Ueber Jose Miola, Ph.D.thesis,Department of Bio-Medical Physics and
Bio-Engineering (1982)

Glyn Shentall, M.Sc. thesis,Department of Bio-Medical Physics and
Bio-Engineering. (1982)

A contributed paper presented during the Conference on Radioprotectors
and Radiosensitizers (NBS,Washington,1982) has been issued as a labo-
ratory report and is available upon request:

K V Ettinger, R B Hussain,S Dixon, D Temperton and W L McLaughlin* -

- Quenching of lyoluminescence by some radioprotectors and by superoxide
dismutase. '

*-Center for Radiation Research, NBS,Washington DC,20234 USA.

@ - Medical Research Center,Brookhaven National Laboratory,Upton,
N.Y. 11973 USA

1 - Foundation ITAL, 6700AA Wageningen, The Netherlands .
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General Subject: The development of a ratiomalised approach to
the dosimetry of external beta and photon
radiation for radiological protection purposes

Title of Project No 1: Study of the principles to be embodied in
detectors for the practical estimation of new
quantities in radiation protection for area
monitoring and personal monitoring

Project Leader and Scientists: T M Francis, T O Marshall, D A J Morris,
and P H Burgess

The objective of this project is to study the ways in which the
response of existing survey instruments can be modified to have the
correct response in terms of new dosimetric quantities (eg, dose
equivalent rate at a depth of 1 g cm_'2 in a tissue equivalent sphere of
30 cm diameter which is one of the possibilities being considered for
introduction into applied radiological protection) in order to establish

design criteria for future survey instruments.

During the period of this report work has concentrated on
modifications to ion chambers. The chamber chosen on which to apply
the modifications was that normally incorporated in the Eberline RO2

ion chamber monitor.

Two sets of modifications to the chamber, as a means of achieving
a response which varies with enmergy in a manner suitable for the measure-

ment of the dose equivalent H, at a depth of 1 g cm-2 along the central

d
axis of a tissue equivalent sphere of 30 cm diameter with the radiation

directed along the central axis, were tried.

In the first case the collector electrode of the chamber,
originally of synthetic resin bonded paper was replaced with one of
aluminium of the same diameter. The thickness of the electrode was
optimised to 2.12 mm. In addition the chamber was surrounded by a 1 cm
thick perspex cap which covered all but the rear wall to which is

attached the support plate.
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The variation in response of the modified chamber with photon energy
was observed to match the variation of dose equivalent Hd with energy
to within 0.94 to 1.14 relative to the response to Cs-137 gamma rays,

over the energy range tested, ie, 33 keV to 1.25 MeV.

The polar response of the chamber was also investigated over the
same energy range. The variation of response over 4rm solid angle,
relative to the response at normal incidence to the front window, was
within 0.8 to 1.0 for all energies of 48 keV and above. The minimum

value for 33 keV photons was 0.72.

A second approach was made to design a chamber with a good
performance for the measurement of Hd which with a simple adjustment
could be used, in addition, for the measurement of skin dose. It was
found that the chamber had the desired response. If a 1 mm thick
aluminium collar was fitted externally around the cylindrical walls of
the chamber, the diameter of the collector was reduced by 50%, the
inside back wall was covered with aluminium of thickness 0.12 mm and
a 19 mm deep cecllar of aluminium of thickness 0.12 mm placed inside
the chamber with its mid line in the same plane as the collector
electrode. The front window of thin aluminised melinex was covered

with an easily removed aluminium disk of thickness 1 mm.

In this case the variation of response with energy for the measure-
ment of Hd was found to be within 0.92 to 1.04, relative to the
response to Cs-137 gamma rays, over the photon energy range 33 keV to
1.25 MeV. The polar response over the front 27 solid angle was found
to be within 0.94 and 1.02 relative to the response for normal
incidence over the energy range 33 keV to 1.25 MeV. Over the rear 2w
solid angle the polar response was inferior with minimum values,
relative to the response at normal incidence to the front face, of
0.62 at 33 keV, 0.72 at 48 keV and 0.77 at 65 keV. For all energies
greater than 65 keV the response at all angles is always within 0.8 to

1.0 relative to the response at normal incidence to the fromt face.

Work is continuing in an attempt to improve the polar response
over the backward 27 solid angle. The suitability of the chamber is
also being investigated for the measurement of skin dose, ie, the dose
equivalent at a depth of 0.07 mm in the ICRU sphere for both photon and
beta radiations with the 1 mm aluminium disk removed from the front

window.
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Title of Project No 2: Development of beta and gamma calibration
standards for the direct determination of the
new radiation protection quantities

Project Leader and Scientists: T M Francis, T O Marshall, D A J Morris,
and P H Burgess

The objective of this project is to develop calibration standards
for both photon and beta radiations which will allow direct calibration
in terms of the proposed dose equivalent quantities and which can be

directly traced to the existing metrological standards.

Based on satisfactory results obtained for the measurement of the
dose distribution over a circular area of radiug 10 cm in a slab phantom
of sides 30 cm and thickness 11 cm (CEC Radiation Protection Progress
Report 1981), it was decided that a cubic phantom should be investigated
further as a substitute for the ICRU spherical phantom on which to base
the standards. A cube of 30 cm sides was designed and constructed
using tissue equivalent material MS20 (the material used for the
construction of 30 ca diameter spherical phantom used in previous studies
(CEC Radiation Protection Progress Report (1980)). The phantom consists
of an assembly of closely machined slabs of various thicknesses with a
facility for incorporating TL dosemeters at desired depths. The design
also allows the measurement of the dose distribution over a circular
area of radius 10 cm at each depth. Each of the slabs which constitute
the phantom has been checked for density and x-ray attentuation character-

istics to ensure uniform dosimetric properties throughout the phantom.

Lithium borate pellets (4.6 mm diameter x 0.8 mm thick) have been
used for the measurement of absorbed dose within the phantom. The depths
of measurements ranged from 0.7 to 6 cm from the front face of the phantom
At each depth the dose distribution was measured over a circular area
of radius 10 cm from the central axis. The photon energies used for
these measurements were 30.9 keV, 74.1 keV and 661.6 keV; theseradiation
qualities conformed to the reference radiation qualities specified by
the ISO (1979). The results of the measurements indicate that the dose
distribution over a circular area of radius 8 cm does not differ by more
than 2% from the dose at the centre of the area and that a parallel plate
ionisation chamber with an area at least equal to the above could be

accommodated within the phantom without introducing significant



inaccuracies in the measurements. The depth dose distributions measured
(mean dose over the area of the measurements) through the central axis

of the cubic phantom were compared with those measured previously within
the ICRU sphere (CEC Radiation Protection Progress Report (1980)). The
distributions within the cubic phantom did not differ by more than + 2%
from those measured in the spherical phantom for photon energies of

74.1 keV and 661.6 keV. However, in the case of 30.9 keV, the distributions
differed by approximately 7Z. Whilst this is not considered highly
significant and would not rule out use of a cubic phantom as the basis of
the standard, further investigations are being carried out to check this
result,

Based on these observations, preliminary work concerning the
development of extrapolation chambers for use within the photon and beta-
ray standards has begun. As far as possible these chambers will be
constructed using MS20 but inevitably small amounts of other materials
such as aluminium will also have to be used and the effects of this on
the dose distributions has been studied. Measurements at an energy of
74.1 keV and at a depth of 700 mg cm_z with and without a 2 cm thick
aluminium ring of internal diameter 6 cm and external diameter 7 cm
surrounding the lithium borate dosemeters indicate that the introduction
of small quantities of aluminium into the phantom does not alter the

dose distribution within the volume of interest significantly.

A prototype electrode assembly for use with an extrapolation
ionisation chamber for the beta-ray standard has been designed and
constructed. Special features have been included to overcome difficulties
due to the relatively poor electrical insulation properties of MS20.
Preliminary measurements using this electrode in an existing extrapolation
chamber gave satisfactory results. Work has begun on the design of an
in-phantom extrapolation chamber incorporating electrodes of a similar

construction but with various collecting areas.
References

CEC Progress Report — Radiation Protection (1980)

CEC Progress Report — Radiation Protection (1981)

ISO 4037 'x and y reference radiations for calibrating dosemeters and
dose rate meters and for determining their response as a function of

photon energy' (1979).
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Title of project nr 1,

Head of project and scientific staff : Dr., D.E.Watt, I.A.M.Al-Affan.

There are no direct methods of measuring the quality of neutrons
in the intermediate energy range below 50 keV. The most
satisfactory way of specifying quality is in terms of microdose
spectra. These can be calculated and measured at energies above
50 keV(l'z'B). In the present programme the intention is to
calculate details of the microdosimetry at lower energies where
energy transfer by elastic scattering becomes iﬁportant as this
enhances the energy deposition by the charged particle recoils.
In parallel, a practical microdosimeter which is capable of
selectively detecting low energy events associated with
intermediate energy neutrons whilst excluding those events due to

fast neutrons and other radiations is being developed.

Caswell's(4) basic formulae for calculation of energy deposition
events due to insiders, starters, steppers and crossers, using the
continuous slowing down approximation have been modified to allow
for the enhanced energy deposition in spherical volumes due to
elastic scattering interactions which reduce the penetration
depth of the charged particle recoils. Energy loss spectra have
been obtained for neutron energies of 1, 10, 50, 100 keV in 0.2
uwm and 1 um tissue-equivalent spheres. From these

frequency and dose distributions in lineal energy and in specific
energy density have been calculated. Fig. 1 shows values of the
frequency mean of y, ;F anu the dose mean of y, ;D as a function
of neutron energy. Also calculated are values of /’ , the energy
average of event size as a function of the diameter of the

sensitive site. The structure of the energy loss curves can be /
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be interpreted in terms of the basic physics,

The effect of the modifications to the formulae is to increase the
number of energy deposition events due to insiders and stoppers at
the expense of the starters and crossers respectively. As may be
expected, the degree of the effect increases with decreasing neutron
energy, increasing sphere size, and the change is most significant
for low energy deposition events. This latter is noticeable even

for neutron energies 4of 1 MeV, A publication is in preparation.

Some technical difficulties are being experienced in the
construction of a mesh inner wall in the co-axial cylindrical
proportional counter in which the inner (microdosimeter) will be
operated in anti-coincidence with the outer detector to record
only insiders. This, combined with theoeretical and practical

knowledge of the components of the microdose spectra for fast
neutrons, should enable the full intermediate energy neutron

contribution to be deduced.

References.

1. Caswell, R.S, and Coyne, J.J. EURS452, 97-123, 1975.
2. Booz, J. and Coppola, M. EUR5122, 983-1000, 1974.

3. Rodgers, R.C. and Cross, W. [EUR5122, 1027-1042, 1974.
4. Caswell, R.S. Rad. Res. 27, 92-107, 1966.
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Title of project nr 1

Microdosimetric sttudies of radiobiological effects at low doses

Head of project and scientific suvaff: Prof. M. Coppola

Dr. G. Bertoncello

Research on the biological effectiveness of radiation of various
qualities was continued at low radiation doses for different biolo-
gical end-points. This included the analysis of results of meas-
urements already completed, the continuation of long range
experiments already started before this year, and the performance
and planning of new measurements.

Investigation of the effectiveness of fast neutrons to induce
ovary tumors in female mice exposed to low neutron doses has been
continued in collaboration with the Laboratory of Pathology. It is
expected that all animals will come to death during the next year,
and that data collection and analysis could start soon after.

In a cooperative endeavour with the Biology Group of Ispra cell
survival of Nicotiana Pl. protoplasts irradiated in vitro with fast
neutrons was further measured to complete the previous observations.
In particular, additional irradiations of diploid cells were carried
out with 16 MeV neutrons in fractionated mode, as an extension of the
previous positive results, to study the influence of time between
fractions as well as of size of fraction on the global effect. Survi
val curves were also repeatedly measured with 1 MeV neutrons.Finally
a test of in vivo irradiation of small plants, both haploid and
diploid, was initiated using 16 MeV neutrons, to detect somatic effect
differences due to different repair capacity in the two species. The
results are presently considered for evaluation.

An experiment designed to study the influence of the presence
of heavier elements such as iodine on cell reproductive death of
V-79 Chinese hamster cells’irradiated with X- and 60Co gamma-rays was
completed and the results were published. This experiment has indic
ated that the increase of cell death is essentially due to an in

creased absorbed dose related to the higher photoelectric cross=-
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section of iodihe, at least in the dose region of interest for diagnosis.
Because of the potential implication of these results for the protection
of patients undergoing X-ray examinations, and the possibility of compa-
rison with actual clinical data, it has been planned to repeat a similar
test on peripheral blood human lymphocytes.

Human lymphocytes have also been irradiated with 1 MeV neutrons at
doses down to 2.5 mGy to ascertain the shape of the dose-effect curve for
dicentric formation in the very low-dose region. Eurther irradiation
series will be required to acquire the necessary statistical accuracy.

Micronuclei formation in the eye-lens proliferative epythelim of
mice irradiated with X-rays and fast neutrons is under continuing
investigation. The results of irradiations with 1 and 16 MeV neutrons
for doses down to 10 mGy are now available and will soon be published.
Further irradiations have recently been carried out at lower doses both
in acute and in fractionated modes, and the histological samples have
prepared for microscope observation. An attempt of increasing the reading
efficiency and of improving the data analysis is presently underway by
the introduction of a semi-automatic image analysis system, recently
purchased.

Further preparation for the measurement of microdosimetric spectra
in the biological channel of the TAPIRO fast reactor of Casaccia has been
obtained with the construction of a capsule to contain the proportional

counter that will be inserted into the channel down to the core region.
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List of publications in 1982

G. Barile, G. Bertoncello, V. Capuano, M. Coppola, and M. Quintiliani

The influence of iothalamic acid on the biological effectiveness of
photonic radiations. VIII Symposium on Microdosimetry, Jilich, Sept.
1982.

M. Coppola

Neutron effectiveness at low dose levels for other endpoints. In:

Neutron Carcitiogenesis, 343-356, EUR 8084en, 1982.

M. Coppola

Summary of discussions of Session V. ‘In: Neutron Carcinogenesis, 437-444,
EUR 8084en, 1982,

E. Magnien, M. Devreux, X. Dalschaert, M. Coppola

Unexpected dose-dependence of the radiosensitivity-ratio between haploid
and diploid protoplasts. International Congress of Plant Tissue and Cell
Culture, Tokyo, July 1982.

R. Cavalloro, M. Coppola, and G. Pozzi

Med-fly cell line: response to irradiations with fast neutrons and gamma-

rays. Revue Canadienne de Biologie. In Press.
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Progress Report
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Contractor: Contract no.: BI0-A-299-81-I

Com.Naz.per la Ricerca e per

lo Sviluppo dell'Energia Nucl.

e delle Energie Alternmative, ENEA
Viale Regina Margherita 125
I-00198 Roma

Head(s) of research team(s):

Prof. P. Metalli Dr. L. Tommasino

Div.Fisica e Scienze Biomediche Div.Fisica e Scienze Biomediche
CSN della Casaccia, ENEA CSN della Casaccia, ENEA

C.P. 2400 C.P. 2400

I-00100 Roma I-00100 Roma

General subject of the contract:

Personal dosimetry and area monitoring.

List of projects:

1. Personal neutron dosimetry by electrochemically etched CR-39
detectors.

2. Further developments of thin-film breakdown counters.

3. Electrochemically etched track detectors for the counting and
spectrometry of alpha particles and their applicatioms.
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1. Personnel Neutron Dosimetry by Chemically and Electrochemically etched
CR-39 Detectors.

L. Tommasino, L. Lembo, G. Busuoli, 0. Civolani, G. Zapparoli.

In attempts to use CR-39 damage track detectors for personnel
neutron dosimetry, doubts seem to arise whether to use the chemical
etching, the electrochemical etching or a combination of both for
the registration of damage tracks.

In 1982 systematic investigations on these different types of
etching procedures have been continued with particular regard to
the chemical etching and the electrochemical etching of prior-etched
detectors.

In the case of the electrochemical etching (ECE), efforts have
been made to simplify the ECE apparatus and the automation of track
counting. By properly choosing the pre-etch time, the response of
the electrochemically etched detectors has shown little energy
dependence from 50 KeV to 20 MeV. Large track-sizes are obtained
with about the same diameter throughout the entire energy range,
which greatly facilitate the automation for track counting. Large
areas of electrochemically etched spots can be easily scanned by a
colony counter, even with small magnification. Investigations have
just started in order to obtain convenient radiators, so that the
response of electrochemically etched tracks induced by neutrons with
energy below 10 KeV could be equal to that of fast neutrons. This
will make it possible to obtain the measurements of neutron doses
with any energy with a single track counting.

Parallel investigations have been carried out with chemically
etched detectors. The response of these detectors versus the neutron
energy has been obtained with irradiations carried out at CEA in
France and sponsored by the european community. The preliminary
results have confirmed the response of these dosimeters, which
was obtained previously. The chemically etched detectors appear to
have a treshold at about 200 KeV. For the detection of thermal and
and intermediate neutron-energy, an albedo-type of dosimeter is
used, where the neutron-induced alpha tracks from a Li,B40, convet-
er are registered by chemical etching. Irradiations to. Pu-Li, Am-Be
and 252Cf sources have shown an increased sensitivity to low energy.
However, a comprehensive analysis of this dosimeter remains to be made
with beams of low-energy neutrons, hopefully with irradiations sponsor-
ed by the european community.
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2. Further Developments on Thin-film Breakdown Counters.

L. Tommasino; F. Raponi.

Both the thin-film breakdown counter and the spark counter for damc
age tracks in insulators can detect up to a maximum number of events per
cm?. By increasing the detector area, the density of events which can be
registered decreases since the evaporation of the thin Al electrode
increases with the detector capacitance.

In 1982 we have developed a new capacitor system, where only
a fraction of the energy stored in the capacitor contributes to each
breakdown event.

A systematic investigation of this new capacitor has been started
to improve the registration characteristics of the spark jumping counter.
Similar considerations apply for the improvement of the detecting
characteristics of the thin-film breakdown counter as well.
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3. Electrochemically etched track detectors for the counting and
spectrometry of alpha particles and their applications.

L. Tommasino, G. Sciocchetti, @, Zapparoli and F. Raponi

Extensive investigations on the electrochemical etching of both
polycarbonate and CR39 detectors have provided important guidelines
to fully exploit the advantages of this etching procedure.

If the time for track formation is much smaller than that of treeing
propagation, the breakdown spots present uniform track sizes and limited
overlapping. These characteristics are ideal for the track counting and its
automation and when large signal-to-noise ratios are requireéd. The track
formation times can be easily reduced by chemically pre-etching the plastic
detectors before the electrochemical etching. The high signal-to-noise ratio
obtained in this way can be further increased by using a chemical reagent
highly sensitive for track formation and electrochemically etching the
detector with a different reagent capable of producing low background tracks.

With no pre-etching and relatively long track formation times, the
breakdown spot-diameters become highly dependent on the particle type and
energy. Alpha-energy discrimination can be easily obtained, which could
be useful for the identification of both man-made and natural alpha-
emitting radionuclides.

Finally efforts have been made in order to improve the spark counter
for the detection of alpha tracks, which counter is still the most simple
and sensitive technique for the track counting. Both the electrochemical
etching and the spark counter make it possible the scanning of alpha
tracks in such large detector areas that radon monitoring with particular
new geometries can be designed.

In 1982,applications of these registration techniques in the field
of radon dosimetry have been started with particular regard to the
assessment of individual exposure to radon daughters. Efforts have been
made to calibrate these systems both in the laboratory and in field operat-
ions. In particular a prototype radon chamber of 1.4 m3  has been set-up.

A different chamber with controlled environmental factors is under
construction, while a large work chamber will be built in the future.
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List of Publications in 1982.

J. Wong and L. Tommasino (1982) Energy Discrimination of Alpha Particles
By Electrochemical Etching of Track Detectors. Nuclear Tracks 6 (1) 17

J. Wong and L. Tommasino (1982). The Frequency Response of the Electro-
chemical Etching. Nuclear Tracks. 6 (1)-24.

L. Tommasino, G. Zapparoli and F. Caiazzo. A new Method for Electrochemical
Etching. I Results with DC voltage. In press

L. Tommasino, G. Zapparcli and F. Caiazzo. A new method for electro-
chemical etching. II Results with ac voltage. In press.

. G. Espinosa Garcia, J.F. Gorzarri, L. Tommasino and F. Raponi. Electro-

chemical Etching Registration Efficiency and Track Formation Time. In press.
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Progress Report
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Contractor: Contractno.: BI0-A-297-81-1

Istituto Nazionale di Fisica
Nucleare, INFN

P.0.Box 56

1-00044 Frascati (Roma)

Head(s) of research team(s):

Prof. G. Moschini

Lab. Nazionale di Legnaro
INFN

Via Romea 4

1-35020 Legnaro-Padova

General subject of the contract:

Dosimetry and hazards of neutrons at energies between 15 and 50 MeV.

List of projects:

1. Dosimetry and hazards of neutrons at energies between 15 and
50 MeV.
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Title of project nr. BIO-A-297-81-I

DOSIMETRY AND HAZARDS OF NEUTRONS AT ENERGIES BETWEEN 15
AND 50 MEV

Head of project : G. MOSCHINI

Scientific staff: P. COLAUTTI, B.M. STIEVANO, G. TALPO,
D.E. WATT, M.A. BEHROOZ

We emphasize that Istituto Nazionale di Fisica Nuclea
re has approved financially the project only during the
month of October 1982, and that Tandem accelerator has
not been available as neutron source due to problems con
nected with official authorizations.

For this reason, experimental set-up for neutron spec
trometry and neutron dosimetry has been assembled at 7
MV Van der Graaff accelerator of Laboratories of Legna-
TO.

In order to obtain neutron beams with well-known ener
gy and flux, a device utilizing the associated particle
technique(with time of flight capability) has been built
and tested. Owing to the backing of standard T targets,
calibration is allowed for neutron energies near 16 MeV.

For higher and lower energies, thin and self-suppor
ting D and T targets will be used; to avoid their punc-
ture during irradiation, a rotating target holder has
been built.

By using neutron beams produced by 7 MV accelerator,
on line n-v discrimination and dose measurements with
ionization chambers have been checked and optimized.

Besides, a neutron collimator made with tungsten
blocks plus auxiliary shielding has been planned and
ordered.

To obtain microdosimetric parameters, some routines
for data analysis, graphics and relative display have
been prepared.
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It has been got ready a program which, by using the Cash-
well's method, allows the computation of microdosimetric
spectra for neutron energies lower than 1 MeV.

Finally, it has been improved a program which computes
total kerma factors, partial kerma factors and microdosi-
metric spectra for neutrons in the 20 to 60 MeV energy ran
ge.

Owing to the shortage of cross section data, actually
the program allows calculations up to 30 MeV.
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Progress Report

1982

Contractor: Contractno.;  BL0-A-289-81-D
Universitdt des Saarlandes
Stadtwald
D-6600 Saarbriicken

Head(s) of research team(s):
Prof.Dr. H. Muth Prof.Dr. R.E. Grillmaier
Institut fiir Biophysik Institut fiir Biophysik
der Univ. des Saarlandes der Univ. des Saarlandes
Boris Rajewsky Institut Boris Rajewsky Institut
D-6650 Homburg (Saar) D-6650 Homburg (Saar)

General subject of the contract:

In vitro and in vivo investigations of radiation induced chromosome damages
and microdosimetric techniques for neutrons and high-LET radiations.

List of projects: , . . . .
1. In vitro and in vivo investigations of radiation induced

chromosome damages and of the underlying primary mechanisms with
regard to applications in biological dosimetry.

2. Application of microdosimetric techniques to practical problems in
dosimetry of neutrons and high-LET radiations and in radiation
protection dosimetry.
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Title of project nr. 1: In vitro and in vivo investigations of radiation
induced chromosome damages and of the underlying primary mechanisms with

regard to applications in biological dosimetry.

Head of project and scientific staff:
Prof. Dr. R.E. Grillmaier, Dipl.-Phys. H.K. Stanger,
Dipl.-Math. H. Klein, E. Fiedler

I. The investigation of blood samples obtained from radiotherapy patients
started in 1981, has been continued. In order to obtain statistically
reliable results, the examination of a total of 35 to 40 patients is
planned. During 1982 the blood samples of twelve additional patients were

studied. (Three patients were examined already in 1981.)

The samples were taken immediately before and after the first, second and
in some cases third irradiation fractions. (Patient irradiations were
performed using either high energy electrons or cobalt-60 gamma rays.
With the exception of one patient suffering from a gynaecological tumor,
the patients were treated for lung cancer.) Radiation damage and cell
activity were examined in terms of chromosome aberration rate in lympho-
cytes, the PHA stimulated lymphocyte transformation and the rosette
formation. The results of this examination are setout in Tables 2 and 3.
Table 1 demonstrates the results of the lymphocyte transformation and

rosette formation test after in-vitro irradiation of blood.

In order to obtain results also at the very low dose range investigations
of the chromosome aberration and the micronuclei rate in lymphocytes of
patients receiving X-ray irradiation during heart-catheterization are in

progress.

II. We intend to determine the type and relative amount of radicals
induced by ionizing radiation in the nuclei of living cells. (The
radicals are measured by EPR-technigues.) The following procedure is
applied: firstly the complex system as a whole as well as its single
components are irradiated and measured separately. Thereafter a spectrum

is constructed using the signals of the components (EPR-spectra), to
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which each of the single constituents contribute proportional to its mass
in the complex system. Comparing the original with the constructed
system-spectrum, conclusions can be drawn regarding the type of radicals

and their freguency.

To date we have measured frozen chromatin solutions ("complex system")
extracted from calf thymus cells, commercially available DNA and histone
in addition to the different histone constituents H1, H2A, H2B, H3 and H&4
as well as the nucleic acids guanine and thymine. (The samples were
irradiated at 77 K.) We found in all samples (at 80 K) predominantly
DH-radicals which ceased to exist after amnealing at 140 K. The total
amount of radicals decreased according. After the OH radicals disap-
peared we identified G*, T~ and T-H radicals both in chromatin and DNA,
although in chromatin another not yet identified broad EPR-signal was
observed, probably attributable to histone radicals. In histone samples
we observed broad, as yet unidentified signals unlike those found in

chromatin.

The "chromatin" spectrum were constructed by adding the histane and DNA
spectra (at 140 K) based on a radical concentration ratio of 3:2 (accor-
ding to the measured weight ratio of 3:2 for histone and DNA in chroma-
tin). A comparison of this spectrum with the experimentally obtained
spectrum (at 140 K) indicates a loss of historme radicals in the real
chromatin spectrum, whereas the DNA radical concentration is increased.
There is also a gualitative difference between the two spectra indicating
that different radicals are involved. A reconstruction of the chromatin
spectrum using the single spectra of H1, H2A, H2B, H3 and H4 instead of
the histone sample was not able to reduce the discrepancies. It therefore
cannot be excluded, that a spin transfer occurs from protein to DNA

within the chromatin.

Peroxy radicals were observed in all samples after further annealing to
temperatures slightly below melting point. Preliminary investigations of
irradiated cell nuclei suspension, also extracted from calf thymus cells,
revealed no peroxy radicals. For this reason investigations using only

deoxygenated samples are at present in progress.
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LYMPHDCYTE-TRANSFORMATION-TEST ROSETTE-FORMATION-
measured by the uptake of 3H—thymidin TEST
number daose f3-count-rate (cpm) ratio of rosettes found
of obser- | (rad)| before | after count rates per 200 cells
vations irradiation after/before before | after
irrad. % irradiation
5 200 x = 58464 X =62553 107 33 30
s = 13357 s = 1481
6 500 | x =4B8683 X =22951 48 43 48
s = 11239 s = 3417
5 1000 X =50415 X =11919 24 26 37
s = 2809 s = 1886
Table 1
Donar | Bhole bady Ratio of transformed cells Rates of Rosette formation
averaged dose After irrad./before irrad. After lrrad./before irrad.
per irrad.
session (By) 1.Irrad. 2.Irrad. 3.Irrad. 1.Irrad. 2.Irrad. 3.Irrad.
0s 0.15 0.94 - - 1.32 - -
HU 0.302 0.92 - - 1.05 - -
21 0.228 1.00 0.70 - 0.95 0.%0 -
BR 0.199 0.75 - - 1.50 - -
DH 0.203 1.09 0.74 - 1.34 0.51 -
HA 0.218 1.00 0.77 - 1.96 1.24 -
NI 0.23 0.95 1.33 - 1.65 0.87 -
AD 0.296 0.30 0.59 - 1.28 - -
ST 0.212 0.%8 0.84 1.34 1.42 0.98 0.52
SE 0.258 0.93 - - 0.70 0.8% -
sii 0.07 o0.08 - - 1.51 - -
PF C.229 2.70 1.11 - 0.94 0.62 -
Table 2
Donor | Dose Chromosomeaberration rate of radiotherapy patients
(Gy)* 1. Irradiation 2. Irradlation 3. Irradiation
Before After Before After Before After
Ac. DOic. Ac. Dic. Ac. Dic. Ac. Dic. Ac. Dic. Ac. Dic.
0s 0.15 2.7 0.4 5.0 a 6.0 0.9 - - - - - -
HU 0.302 0.5 0.5 4.7 08.5{2.3 O - - - - - -
I 0.228 2.1 0 L.8 0.5 2.2 o} 1.6 1.0 - - - -
GR 0.199 0.5 1} 4.3 0.4 3.1 0 - - - - - -
DH 0.203 5.1 0.9 2.6 0O 3.1 1.8 1.1 2.6 5.1 0.9 - -
NI 0.23 4.7 0.t 1.6 0.5 {12.6 1.4 6.3 2.2 - - - -
SCH 0.266 1.9 0.5 3.1 0.5 1.3 0 5.0 1.8 - - - -
MA 0.221 1.9 0O 6.0 0.5] 6.5 0.5 -~ - - - -
FE 0.352 4.9 0.4 0.9 2.9 7.9 1.0 8.9 1.8{ 9.1 1.8 - -
SA 0.195 2.7 0.5 1.2 3.0}6.8 O 7.6 3.6}1 3.4 0.5 - -
KR 0.06 2.8 0.5 1.3 1.3 |10.9 2.3 5., 0O 7.5 2.3 5.7 1.4
KE 0.247 5.1 0 1.8 194 7.6 2.2 9.1 1.8| 6.8 1.4 - -

Whole body averaged dose per lrradation session
Table 3
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List of publications in 1982

GRILLMAIER, R.E., A. PAPPAS, R. DIETZ

Alterations of the genetic material and activation of lymphocytes in
cancer patients after radiotherapy.

5th European Immunology Meeting, Istanbul-Turkey, June 1-4,1982,

Postersession.

STANGER, H.K., E. FIEDLER, R.E. GRILLMAIER, R. KESSLER

Mechanism of radiation-damage in chromatin: DNA associated proteins as
radical scavengers?

Proceedings of the World Congress on Medical Physics and Biomedical
Engineering 1982. Sept. 5-11,, 1982. Edited by 4. Bleifeld, D. Harder,
H.~K. Leetz and M. Schaldach. Contribution 29.40

FIEDLER, E., H.K. STANGER, R.E. GRILLMAIER

A comparative ESR-study of X-irradiated frozen solutions of DNA, histones
and chromatin from calf thymus.

Proceedings of the lWorld Congress on Medical Physics and Biomedical
Engineering 1982. Sept. 5-11, 1982. Edited by W. Bleifeld, D. Harder,
H.-K. Leetz and M. Schaldach. Contribution 29.41

FIEDLER, E., H.K. STANGER, R.E. GRILLMAIER
Conduction of radiation damage in chromatin: An ESR-study.
Proceedings of the Eighth Symposium on Microdosimetry.

27. September - 1. October 1982, Jilich, fFed. Rep. of Germany. In press

STANGER, H.K, E. FIEDLER, R.E. GRILLMAIER

Mechanisms of radiation damage in chromatin: Radical transfer between DNA
and histone. ‘

Proceedings of the Eighth Symposium on Microdosimetry.

27. September - 1. October 1982, Jiilich, Fed. Rep. of Germany. In press
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Title of project nr. 2: Application of microdeosimetric technigues to
practical problems in dosimetry of neutrons and high-LET radiations and

in radiation protection dosimetry

Head of project and scientific staff:
Dr. H.G. MENZEL, Dr. H. SCHUHMACHER, Dipl.Phys. G. BGHLER

The evaluation of the correlated microdosimetric, dosimetric, and fluence
measurements with monoenergetic neutrons of 13.9, 15.0, 17.0, and 1S5.0
MeV has been completed. All measurements were performed at the Physika-
lisch-Technische-Bundesanstalt (PTB), Braunschweig; the determination and
evaluation of fluence, fluence spectra and the ionization chamber dosi-
metry were carried out by members of PTB staff (Dr. G. Dietze, Dr. S.
Guldbakke). 17 and 19 MeV neutron beams were contaminated by scattered
and parasitic neutrons of lower energies. Microdosimetric and fluence
measurements were also performed for non-tritiated but otherwise identi-
cal targets in order to determine the contribution of parasitic neutrons.
The fluence measurements enabled the microdosimetric distributions to be
normalized to neutron fluence. A comparison of fluence normalized distri-
butions for four neutron energies is set out in Figure 1. This type of
normalization also enables the kerma per unit neutron fluence to

different secondary particles to be assessed.

The energy transferred to alpha-particles per incident neutron increases
from 13.9 MeV to a maximum at 17 MeV neutron energy and is reduced again
at 19 MeVY. This resembles the energy dependance of the cross-section for
the reaction 12E(n,n') 3. The expected constant kerma factor for
hydrogen in this energy range was confirmed within the experimental

uncertainty.

The kerma and kerma factors for A150-plastic were derived from the micro-
dosimetric measurements and compared to data obtained by both ionization
chamber measurements and evaluations from published kerma factors. The

results show that at all energies the proportional counter data are lower

than the tabulated values. Significant evidence points to the fact that
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the discrepancies are partly explained by a systematic error in the
proportional counter measurements namely that the geometrical cross
section of the counter is smaller than presumed. A preliminary correction
for this error provides very good agreement between the microdosimetric
determination of kerma factors and the tabulated values at 13.9 and 15
MeV. A difference at 19 MeV is, however, still apparent. On the other
hand there is a very good agreement between ionization chamber and

proportional counter results after the preliminary correction.

The results obtained by the correlated microdosimetric and spectroscopic
measurements will be compared to calculations of ionization yield distri-
butions. These calculations are being performed at the time of writing
and will be completed together with Dr. Coyrme (National Bureau of Stan-
dards, Washington) during his stay in Germany. The comparison of calcu-
lated and measured data will enable critical testing of physical data

relevant to neutron and radiation protection dosimetry.

In order to improve the accuracy of proportional counter measurements and
to be able to better assess the uncertainties involved, investigations of
systematic uncertainties inherent to the measuring principle were made.
a) Three calibration alpha-sources as normally mounted into proportional
counters were investigated. It was found that the enmergy loss of alpha-
particles in the gold layer covering the source was not negligible as had
been expected assuming a layer thickness as given by the manufacturer.
There were also differemces in enmergy loss between identical nuclide
sources. This result suggests that the real energy of alpha-particles
entering the gas cavity should be used in the calibration procedures and
that an uncertainty of 2.7-4.5% is introduced into the calibration
procedure due to variations in the thickness of the gold layer. b) from
the evaluation of absorbed dose it was presumed that the counting volume
of the proportional counters is smaller than is to be expected from the
nominal diameter. X-ray photographs of chambers and further dose measure-
ments in well-known radiation fields have supported this presumption. At
the present time further investigations to determine the real chamber

volume are in progress.
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List of publications:

I. G. DIETZE, S. GULDBAKKE, H.G. MENZEL, H. SCHUHMACHER, G. BUHLER:

II.

Correlated Microdosimetric, Dosimetric, Spectroscopic, and Fluence
Measurements With Monoenergetic Neutrons Between 14 and 19 MeVl.

Proc. 8th Symposium On Microdosimetry, Jilich 1982, in press

H.G. MENZEL, G. BUHLER, H. SCHUHMACHER:
Investigation of Basic Uncertainties In The Experimental
Determination of Microdosimetric Data.

Proc. 8th Symposium On Microdosimetry, Jilich 1982, in press

F. ZYWIETZ, H.G. MENZEL, D. VAN BEUNINGEN, R. SCHMIDT:

Biological and Microdosimetric Intercomparison of 14 MeV d-t Neutrons
and 6 MeV Cyclotron Neutrons.

Int. J. Radiat. Biol. 42, 223 (1982)

G. DIETZE, S. GULDBAKKE, G. BUHLER, H.G. MENZEL, H. SCHUHMACHER:
Correlated Microdosimetric, Dosimetric, Spectroscopic, and Fluence
Measurements With Monoenergetic Neutrons between 14 MeV and 19 MeV.
Progress Report Neutraonen Dosimetrie

Physikalisch-Technische-Bundesanstalt, July 1982
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Progress Report

1982

Contractor: Contractno.: ~ B1O-A-482-82-D
Universitdt des Saarlandes
Stadtwald
D-6000 Saarbriicken

Head(s) of research team(s):
Prof. Dr. H. Muth Dr. H.G. Menzel
Institut fiir Biophysik Institut fiir Biophysik
Der Univ. des Saarlandes der Univ. des Saarlandes
Boris Rajewsky Institut Boris Rajewsky Institut
D-6650 Homburg (Saar) D-6650 Homburg (Saar)

General subject of the contract:

Applicability of tissue-equivalent proportional counters in radiation
protection dosimetry.

List of projects:

1. Principal and practical aspects of the applicability of
tissue-equivalent proportional counters in radiation protection
dosimetry of complex radiation fields.



- 122 —

Title of project nr. 1: Principal and practical aspects of the
applicability of tissue-equivalent proportional counters in radiation

protection dosimetry of complex radiation fields.

Head of project and scientific staff:
Dr. H.G. Menzel, Dr. R. Dudler, Dr. H. Schuhmacher

The application of microdosimetric proportional counters in routine
radiation protection dosimetry requires considerable modification and
simplification of the standard technigue of experimental microdosimetry.
Some of the uncertainties which may be introduced into the determination
of dose equivalent H and effective quality factor § were investigated for

different types and energies of radiations.

Within the neutron energy range of 0.2 to 19 MeV we were able to show
that a direct specification of the guality factor in terms of lineal
energy y provides as good an approximation as any other method used to
calculate effective quality factors from microdosimetric spectra. As the
specification in terms of y is particularely simple it appears to be
advantageous for applications in routine dosimetry. Moreover, the
measurable guantity lineal energy y is directly related to the dose

equivalent, the quantity used for risk assessments.

The influence of the resolution of the pulse height analysis on the
precision in the determination of § and H was studied using computer
simulations of measurements. For monpenergetic neutrons between 0.2 and
19 MeV, for pure gamma-rays and for mixed radiations it was established
that a pulse height analysis using a fixed pattern of only 16 channels
provides results which are not significantly different to values obtained
by more sophisticated methods. In Figure 1, Q evaluated from spectra for
monoenergetic neutrons with the two approximations (Q specified in terms
of y and a resolution reduced to 16 channels) is given as a function of
neutron energy and compared to the curve of values suggested by ICRP
Reprot 21.

A first comparison was made for values of dose equivalent H obtained by
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the simplified microdosimetric method and other methods. At high neutron
energies a very good agreement was found between results based on fluence
measurements and the data from microdosimetry. The same holds for
ionization chamber measurements with gamma-rays. A difference of about
50% was ascertained when compared to a commercial "rem"-counter in a

mixed neutron and gamma-ray radiation.

The statistical uncertainty in determining H and T may be a limiting
factor in the use of proportional counters because of the usually guite
low dose rate encountered in radiation protection conditions. An
assessment was carried out on the relative standard deviation of H as
function of absorbed dose and detector size. For instance, for a counter
1/2" in diameter a relative standard deviation of 10% is obtained for an
absorbed dose of 10-5 Gy. By chosing a suitable detector diameter

statistical uncertainty should not present a problem.

Microdosimetric measurements in phantom positions could only be performed
for 15 MeV neutrons. At a depth of 2 cm in a 30 cm water phantaom the
value for Q is 6% lower and for H 3% higher than in the free air

position.

All investigations mentionmed will be extended to cover lower neutron
energies. Microdosimetric measurements at low energies down to thermal
neutrons are scheduled for 1983. The results obtained to date have
provided important criteria for the design of a routine instrument. Parts
of the design are being completed and work on other defails is in
progress. The studies have been undertaken in co-operation with the
Zentrale Einrichtung Strahlenschutz und Dosimetrie at Deutsches

Krebsforschungszentrum, Heidelberg (Dr. Hartmann).

List of publicatiaons

I. HARTMANN, G., MENZEL, H.G., SCHUHMACHER, H., HKRAUSS, O.:

Some studies on principal and practical aspects of the applicbility of
ROSSI-type counters in radiation protection.

Proc. 8th Symposium on Microdosimetry, Sept. 1982, Jilich (in press)

MENZEL, H.G., HARTMANN, G., KRAUSS, O.:

Anwendung eines Detektors vom Rossi-Typ im Strahlenschutz
Proc. 16th Annual Meeting of Fachverband fir Strahlenschutz,
Oct. 1982, Minchen (in press)
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Progress Report
1982

Contractor: Contractno.:  BI1O-A-433-81-F
Commissariat a 1'Energie
Atomique, CEA
CEN de Fontenay-aux-Roses
B.P. n°6
F-92260 Fontenay-aux-Roses

Head(s) of research team(s):
Dr. N. Parmentier

IPSN - DPR
CEA - CEN FAR
B.P. n°6

F-92260 Fontenay-aux-Roses

General subject of the contract:

Device for dose equivalent measurement in mixed fields.

List of projects:

1. Device for dose equivalent measurement in mixed fields.









I.

II.
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List of publications in 1982

Publications in Scientific Journals, Monographs, Proceedings.

(néant)

Short Communications, Theses, Internal Reports, Patents. . .

NGUYEN V.D., LUCCIONI C., CHUITON R., CHAPUIS J.C., RICOURT A.,
MUNTEAN I. , PARMENTIER N.

State of progress in ambient dose equivalent meter device (CIRCE),
Communication presented at the gth Symposium on Microdosimetry at
JULICH (R.F.A.) Sept. 1982.
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Progress Report
1982

Contractor: Contractno.;  B10-A-305-81-1K
United Kingdom Atomic Energy
Authority, UKAEA
Charles II Street 11
GB-London SW1Y 4QP

Head(s) of research team(s):

Dr. D.H. Peirson

Env.& Medical Sciences Div.
AERE

Harwell, Didcot

GB-Oxon 0X11 ORA

General subject of the contract:

Radiation dosimetry and spectrometry.

List of projects:

1. Neutron spectrometry.

2. Development of a fast neutron personnel dosimeter using recoil
ions.
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Title of project nr 1 Neutron spectrometry

Head of project and scientific staff: H J Delafield
L H J Peaple
R Birch
K G Harrison

Introduction

Since neutron dosimetry is becoming increasingly important in the
nuclear industry, as outlined in the last progress report, a neutron
spectrometry system with high resolution is being developed for radiological
protection measurements. It is based on a set of proportional counters
filled with hydrogen at various pressures to cover the energy range from
about 20 keV to 1 MeV. An organic scintillator (Harrison, 1981) will be
used to extend the range to about 7 MeV.

The programme is divided into two parts;

(1) The establishment of a basic spectrometry system using spherical
hydrogen proportional counters (Type SP2, diameter 4 cm). This
system will be used to characterise reference radiation fields
and to measure spectra in field situations where the fluence-
rate is sufficient.

(ii) The development of a system using larger volume counters of
higher sensitivity suitable for neutron spectra measurements in

the field at about the maximum permissible flux level.

Basic spectrometry system (SP2 counters, diameter 4 cm)

The spectrometry system has been established using counters, which were
manufactured and filled with hydrogen to pressures of 0.5, |, 3 and 10 atm*
by the Atomic Energy Establishment Winfrith (Dr A Goodings). The counters
are operated with main amplifiers employing double delay line shaping with
10 us lines.

An extensive set of measurements has been made to determine the
experimental response functions for the 1, 3 and 10 atm counters.
Effectively monoenergetic neutrons of energies 100 to 600 keV were generated
at 00 by the Li (p,n) 7Be reaction, and from 600 keV to 1.9 MeV by the
3u (p,n) “He reaction, using the IBIS Van der Graaff accelerator at Harwell.
In addition accurate energy calibration measurements have been made for the
3 counters at selected neutron energies at the National Physical Laboratory.

The energy equation obtained with, for example the 3 atm counter was;
E = (2.088 £ 0.006)n - (9.1 £ 1.3) keV where n is the channel number,

related to pulse height and ionisation. The energy corresponding to zero
ionization is ~9.1 keV, and the neutron energy equivalent to the -He (n,p)3H
reaction is 782 keV. The energy equations were obtained from the measured
response functions which approximated to rectangular pulse height
distributions. The channel number np corresponding to a neutron energy Eq
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was determined accurately using a fitting technique which optimised no, the
counter resolution and a straight line through a selected portion of the
distribution.

The calibrated set of SP2 counters have been used to measure the
spectrum in free air, at 20 cm from a 5 Ci Am-Li neutron source loaned by
NPL. The spectrum was derived using the unmodified unfolding code SPEC 4
which employs calculated response functions adjusted by functions related
to earlier experimental measurements. Comparison of these functions with
the results of present measurements is proceeding.

High sensitivity spectrometry system

To achieve a higher detection sensitivity, counters of larger volume
than the type SP2 (diameter 4 cm) are required. Exploratory measurements
were therefore undertaken using a scaled up design of this spherical counter
known as a type SP6 (diameter 15 cm). Initial trials with such a counter
showed that it should be possible to operate at an adequate gas gain and
filling pressure. However the pulse height distribution consisting of the
calibration peak and tail given by the 3he (n,p)3H reaction showed some
distortion. An attempt to overcome this by the addition of 5% methane to
the hydrogen filling to improve the counter pulse shape was tried but was
unsuccessful. Hence an investigation was begun into the characteristics of
large volume cylindrical counters.

A cylindrical counter of about 5 cm diameter and 30 cm long was used
for the investigations. Trial fillings of 0.8 atm methane, and 0.8 atm
hydrogen plus 57 methane, both gave an energy resolution of about 37 based
on the 3He (n,p)3H reaction resulting from a trace of helium gas in the
counter.

The greatest disadvantage in adopting a cylindrical counter for field
spectrometry is that unlike the spherical counter its response is no longer
isotopic. Hence exploratory measurements have been made of the response
function of the counter to monoenergetic neutrons as a function of the angle
of incidence of the neutron beam. With the counter filled with 2.4 atm
hydrogen, 57 methane and a trace of helium measurements were made with
monoenergetic neutrons of energies 250, 500 and 700 keV (within the
measurement range of the counter) and at 1.2 MeV (above measurement range).
These results are currently being assessed. The response functions at 250
and 500 keV are not very dependent upon the angle of incidence, but at higher
neutron energies a greater variation in the response function is observed.

References

Harrison, K. G. (1981), AERE-R 9780.

* | atm = 0.10) MPa
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Title of Project nr 2 Development of a Fast Neutron Personnel Dosimeter
Using Recoil Ions

Head of project and scientific staff: K G Harrison
Miss R M Haigh

Work during 1982 has primarily concentrated on the collaborative
testing of new samples of CR-39 plastic manufactured by Bristol University
and Pershore Mouldings Ltd in progressively better-controlled clean
conditions, which have included extensive filtering and outgassing of the
monomer prior to casting. Whole sheets of plastic were tested for

25206 fission neutrons) and variability in back-

uniformity of respomnse (to
ground, when processed using electrochemical etching. Some of the sheets

now being produced would be acceptable for operational use and work is now
directed towards the manufacture of substantial batches of sheets to the
acceptable standard.

We have also collaborated with Dr Portal's Group (Fontenay-aux-Roses)
in an "Intercomparison of Ion Recoil Neutron Dosimeters" organised through
a working group of CFNDOS. Irradiations with 252¢cf fission meutrons and at
monoenergetic energies between 0.29 MeV and 15.2 MeV were undertaken in
France. We used the same CR-39 plastic and processing conditions as in our
earlier study at AERE (1). The results were in good agreement (% 25%) with
predictions made from our earlier work, except at one energy (3.2 MeV) where
there was an unexplained discrepancy of a factor of four, which is still
being investigated. We were also able to determine that the plastic did not
age significantly over a period of one year between manufacture and exposure,
and that fading (of latent tracks prior to processing) was not significant
up to at least seven months. We could not detect any build-up of background
due to radon over a period of eighteen months with the plastic stored in
polyethylene bags. We also noted that linearity of response with dose
existed with electrochemical etching up to at least 15 mSv.

A design study for a prototype operational CR-39 dosimeter and
processing system has been started. There appear to be no major difficulties
in designing a simple,safe and efficient multiple electrochemical etching
apparatus.

Theoretical work to understand the response of the plastic to neutrons

when processed by electrochemical etching will now be undertaken in 1983.
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Reference

(1) K.G. Harrison and C.A. Perks. 'Neutron Dosimetry Studies using CR-39
Plastic", Proc. llth Intl. Conf. on Solid State Nuclear Track Detectors
Bristol 1981 (Pergamon Press, Oxford) p.461-464.

Publications

CENDOS Report on the Intercomparison of Ton Recoil Neutron Dosimeters
(Medioni, Lembo and Harrison) is in preparation.
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Progress Report
1982

Contractor: Contractno.: ~ BIO-A-306-81-UK

United Kingdom Atomic Energy
Authority, UKAEA

Charles II Street 11
GB-London SW1Y 4QP

Head(s) of research team(s):

Dr. D.H. Peirson

Env.& Medical Sciences Div.
AERE

Harwell, Didcot

GB-Oxon 0X11 ORA

General subject of the contract:

Studies in microdosimetry, cellular radiobiology and track structure.

List of projects:

1. Cellular radiobiology.
2. Track parameters of ionizing radiationms.
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Title of project nr | Cellular radiobiology

Head of project and scientific staff: P D Holt
G J Cambray
J A B Gibson
Miss B Hindmarsh
Mr C J Roberts

The aim of this work is to obtain experimental data on the radiation
responses of cells (reproductive death, mutation, chromosome aberration and
transformation) which may be used to construct and test theoretical models
of radiation response (Contract No. BIO-E-460-81-UK). Such models are
necessary in order to predict the risk of carcinogenesis or hereditary
damage from exposures of populations to very low doses or at very low dose-
rates.

A mutation assay involving the inactivation of the HGPRT locus has been
developed and validated for BHK/21 Cl. 13 cells, and the results compared
with the equivalent assay for V79/4 cells.

The two assay systems are remarkably similar with respect to response
to y-radiation, although V79 cells are aneuploid with 20 chromosomes and
BHK diploid with 44 chromosomes. This work is being prepared for
publication in Mutation Research. Some preliminary work on neutron-induced
mutation in these systems has been undertaken.

It was hoped that an assay for radiation-induced cell transformation
could be set up with the BHK cells, based on the ability of transformed
cells to grow in soft agar. However, as in other laboratories which have
attempted to use this system, it has not been possible to obtain sufficient
reproducibility. A clone of C3H/10T% cells has been obtained and some
initial transformation experiments have been carried out. The results are
promising.

A project has recently begun to investigate the involvement of cell
surface proteins in the process of radiation-induced transformation, using
cell fractionation, affinity chromatography, electrophoresis and electro-
focussing. Two putative transformation-specific surface glycoproteins have
so far been detected.

The studies on radiation-induced chromosome aberration in V79 cells
have been followed up using the BHK cells, and a value has been found for
the RBE of neutrons similar to that found for V79 cells. The correlation
between cell killing and asymmetrical exchanges is very consistent. This

work is at present being prepared for publication.
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To simplify asymmetrical exchange detection a new assay is under
development based on the micronucleus test of Heddle (Mutat. Kes. 18, 187,
1973). This test relies on the fact that acentric fragments are released
from the nucleus after the second division and form a micronucleus; this can
be detected by staining methods and is indicative of an asymmetrical

exchange event.

Publications

Roberts C.J. and Holt P.D. The production of chromosome aberrations in
Chinese hamster fibroblasts by gamma and neutron radiation Int. J. Radiat.
Biol. 41. 645-656.

Roberts C.J., Carver S.K. and Holt P.D. Partial characterisation of neutron
induced HGPRT mutants of V79/4 Chinese hamster fibroblasts. To be submitted
to Int. J. Radiat. Biol.

Roberts C.J. and Holt P.D. The effect of incubation conditions on the
radiosensitivity of BHK 21 C13 Syrian hamster fibroblasts. To be submitted
to Int. J. Radiat. Biol.

Holt P.D. and Roberts C. J. RBE values for chromosome aberrations and
survival in BHK 21 C13 Syrian hamster fibroblasts exposed to high and low
LET radiations. To be submitted to Int. J. Radiat. Biol.
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Title of the project nr. 2
TRACK PARAMETERS OF IONIZING RADIATION
Head of Project and scientific staff : M Marshall
T Budd
G P Stonell

1. Introduction

The cloud chamber is designed primarily to investigate the spatial
distribution of ionizations in the tracks of charged particles., The aim is
to produce data and parameters which are relevant to biological modelling

(e.g. project 1) and microdosimetry (e.g. contract no. BIO-A-460-81-UK)

2. Analysis of Electron and Alpha-particle Tracks

Work in the improved T.E. gas mixture developed in 1980 has been
completed for the present. Detailed results are presented in two papers to
be published in Radiation Research.

3. Cloud Chamber Operation with Pure Water Vapour

Work to this end has progressed slowly. Various faults developed in
the chamber and associated equipment so that a major overhaul was required.
Nevertheless conditions were achieved which gave pictures of distinct
clusters of droplets produced by aluminium x-rays with a low density of
background droplets. Subsequently the background has been considerably
greater but the cause has not yet been established., However running the
chamber on pure water has such great advantages that work in this direction
is continuing. Experimentally it overcomes the problems of ensuring that
the chamber contains the correct mixture. Theoretically it enables direct
comparisons with calculated distributions. We intend to obtain results for
low-energy electrons (from x-rays), alpha particles below 5 Mev and protons
below about 350 keV.

Considerable interest has been expressed in this study by others in
the field. Discussions have taken place with Wilson (Battelle) and Brenner
(Los Alamos) as well as with members of the European Dosimetry Group. The
heavy~-ion Monte-Carlo program of Wilson which uses the electron track
program of Paretzke (GSF, Munich) has been installed at Harwell. It will be
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used to generate proton and alpha-particle distributions for comparison

with experimental cloud-chamber data.

4, Preparations for a Study of Proton Tracks

Work to attach the chamber to a 560 keV Van der Graaf accelerator is
nearly complete. A scattering chamber has been made to reduce the proton
flux to the required few protons per millisecond. A series of cloud chamber
entrance windows are being calibrated for energy losses so that the proton

energy on entry to the chamber is known.

Publications.

BUDD T. and MARSHALL M., Microdosimetric properties of electron tracks
measured in a low-pressure cloud chamber. Radiat, Res.93,19-32(1983) (In
press).

BUDD T., KWOK C.S., MARSHALL M. and LYTHE S., Microdosimetric properties of
alpha-particle tracks measured in a low-pressure cloud chamber, Radiat.
Res. (In press).

BUDD T., MARSHALL M. and KWOK C.S., Microdosimetric properties of particle
tracks measured in a low-pressure cloud chamber, Proc, Eighth Symposium

on Microdosimetry, Julich, September 1982 (In press).
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Progress Report

1982
Contractor: Contractno.  BIO-A-459-81-UK
United Kingdom Atomic Energy
Authority, UKAEA
Charles II Street 11
GB-London SW1Y 4QP

Head(s) of research team(s):

Dr. D.H. Peirson

Env.& Medical Sciences Div.
AERE

Harwell, Didcot

GB-Oxon 0X1l1 ORA

General subject of the contract:

Radiation dosimetry and spectrometry.

List of projects:

1. Examination of the photo transfer process in TL materials.
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Title of the project nr. 1
PHOTO-TRANSFER IN THERMOLUMINESCENT DOSIMETRY
Head of Project and scientific staff : M Marshall
J A Douglas
D M Baker

1. Introduction,

This work is concerned with the use of U.V. photo-~transfer in various
aspects of thermoluminescent dosimetry. These include determining the
optimum conditions for dose re-estimation in thermoluminescent LiF, using
re-estimation as a means of measuring doses at high ambient temperatures
and using U.V. radiation to reduce the background of LiF TLD's during
sensitization. Glow curves are recorded for analysis with a view to

obtaining a coherent picture of the effects.

2. Current state.

Little work on this project has been possible in 1982 because of other
pressures., Methods of recording glow curves are being improved using a
microcomputer coupled to the TLD reader. Techniques for cleaning the LiF
TLD's are being investigated to try to reduce spurious readings and improve

the precision of measurement.

Optical emission spectra as a function of readout temperature have
been obtained for us by the University of Sussex for various TL materials
which had been subjected to a range of treatments. In particular they have
studied dosimeters from the same batch and given the same treatment as used
in our experiments. Results show that the optical spectra do not change
significantly from one glow peak to another in the same material. Although
this simplifies the analysis it means that desireable glow peaks cannot be
enhanced by a suitable choice of optical filter and photomultiplier tube in
the TLD reader.

Further experimental studies and the analysis of glow curves will

continue in the next year.
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Progress Report

1982
Contractor: Contractno.; BI0-A-292-81-F
Commissariat & 1'Energie )
Atomique, CEA
CEN de Fontenay-aux-Roses
B.P. n°6
F-92260 Fontenay-aux-Roses

Head(s) of research team(s):

Dr. G. Portal
Serv.Techn.d'Equipt.de Prot.
CEA - CEN FAR

B.P. n°6

F-92260 Fontenay-aux-Roses

General subject of the contract:
Dosimetry of neutrons around installations using or processing nuclear fuel.

List of projects: . e ;
1. Design and construction of individual neutron dosimeters.
2. Design and construction of a portable environmental

neutron dosimeter.
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Le dosimétre a particip& au "Joint American-European Personnel Mo-—
nitoring Intercomparison 1982",

L'équivalent de dose est calculé par la relation: H = F.(ﬁg - f )

T, et T, sont les moyennes des lectures (en rontgen &quivalent
60Co) sur les PTL 716 et 717; F est le facteur de conversion en rem/R.

Avec le filtre de cadmium de 0,1 mm d'épaisseur, F = 0,04 rem/R
pour des &nergies de neutron E,, inférieures i 10 keV, et la réponse
est plate. Le but recherché : utilisation du dosim@tre comme complément
des émulsions nucléaires, semble donc assez correctement atteint.

Par contre pour Ep>10 keV, la dépendance énergétique est forte et
nécessite si le dosim&tre est seul un &talonnage particulier pour chaque
condition d'utilisation.

Pour des spectres trés dégradés (252Cf avec 15cm d'eau lourde;
environnement d'un PWR) : F = 0,5 rem/R.

Pour un spectre de fission avec des écrans : F = 1 3 2,5 remn/R

Pour un spectre de 252Cf sans écran : F =~ 5 rem/R

Pour un spectre de source Am-Be : F =~ 9 rem/R

Parallélement, des &tudes ont &té& faites sur la réponse des PTL 716
aux neutrons lents : facteur d'autoprotection, influence de 1l'orientation
du PTL dans un courant de neutrons. (1), (2).

Dosimétrie par DST -

Le détecteur utilisé est du nitrate de cellulose CN-85 (épaisseur
10 pym) recouvert d'une couche de tétraborate de lithium.

En 1982 une étude de dosimétrie dans des laboratoires de Fontenay-
aux-Roses traitant des matériaux transuraniens a conduit & l'utilisation
de ce dosimétre pour les travailleurs de ces zones (3). Les résultats
principaux sont les suivants : Le coefficient d'é&talonnage (trace-&qui-
valent de dose) en 6 points différents varie d'un facteur 1 i 3. Les &qui-
valents de dose sont calculés 3 partir d'une spectrométrie par le systéme
multisphé&re. Dans ces conditions la limite inférieure de détection atteint
70 mrem environ. L'utilisation d'un convertisseur au bore naturel amélio-
re d'un facteur 4 la sensibilité de détection.

Le tableau ci-dessous résume les résultats obtenus :

pour 1 mrem)

Postes de travail f 1 o2 3 f 4 7 : 8 i
Réponse avec tétrabo-‘* : : : : : :
rate de lithium (tra-® 55,3 % 42,2 * 40,3 * 31,4 * 30,2 * 89,2 °
ce/cm2 pour | mrem) °: : : : : : :
Réponse avec bore i f f i f :
naturel (trace/cm2 | 195 © 163 | 147 174 118 [ 376

as ee e es e
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Title of project nr 2 -

Etude et réalisation de dosimétres d'ambiance 3 neutrons portatifs.,
P

Chef du projet : M. MOURGUES
Participants : M. MOURGUES, R. MEDIONI

La détection des neutrons au niveau de 1'ambiance nécessite de
recourir, afin d'obtenir une certaine sensibilit&, 3 des capteurs du
type 3 "modérateur'". Ce principe, lorsqu'il est appliqué 2 des rem-
métres de conception traditionnelle (courbe de réponse équivalente &
la fonction d'équivalent de dose H) conduit & des appareils lourds et
volumineux. Un nouveau concept de dosim&tre est né de l'analyse des
champs de rayonnement neutronique dans les installations présentant ce
risque, en particulier les centrales PWR. Un des projets issus de ce
concept, le RIF, en a parfaitement démontré la validité & savoir :
un gain de sensibilité mais surtout un gain de poids. Il est toutefois
apparu qu'un capteur plus sensible permettrait de couvrir parfaitement
la gamme de mesures pour ce type d'installation.

Réalisation du prototype -

En congervant la méme structure "3 plateaux" que pour le modé&le
précédent, le diamétre de la chambre d fission a &té porté & 60 mm
pour une méme longueur de 120 mm. La charge massique en 235U qui é&tait
de 2 mg.cm~2 a &té réduite 3 1,37 mg.cm~2 afin d'améliorer la pente de
la fonction de discrimination. Pour une augmentation de la masse du
dépdt fissile d'un facteur 3 (2492 mg contre 810 mg), la sensibilité
est multipliée par 4, ce qui ré&duit d'autant le seuil de détection de
1'appareil. La gamme de mesure est désormais comprise entre 1 mrem.h-l
et 10 rem.h~] pour des spectres dégradés tels que ceux rencontrés dans
1'enceinte de confinement des centrales PWR.

En ce qui concerne l'@lectronique, elle est dans son ensemble
identique 3 celle du prototype précé&dent. Les modifications portent
sur 1l'affichage qui est maintenant du type alphanumérique 3 double
systéme d'unités (mrem et mSv).

Le poids de l'appareil n'est pratiquement pas modifié (2 kg).

Essais du prototype -

. Référence Am-Be et Cf 252 : la sensibilité obtenue est respec-—
tivement de 90 et 100 impulsions par mrem.

. Source Siléne de Valduc : le réacteur solution Siléne de Valduc
constitue en France une ré&férence pour les études de dosimétrie. Le point
de mesure &tant situé & 6 m du réacteur, la réponse du RIF a &té trouvée

8gale a 3200 impulsions par mrem, équivalente & celle des rem-métres du
commerce.

. Enceintz de confinement des centrales PWR : la sensibilité de
détection est désormais de 20 000 impulsions par mrem pour ce type de
mesure, ce qui représente un gain d'un facteur 6 par rapport aux rem-
métres traditionnels.
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Conclusion -

Destind 3 la dosimétrie de routine au niveau de l'ambiance dans
les installations industrielles 3 risque neutronique, ce nouvel appareil
posséde désormais le capteur qui le rend apte 3 couvrir la gamme de
mesure comprise entre 1 mrem.h~! et 10 rem.h~! avec une précision
satisfaisante.
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List of publications in 1982

I - Publications in Scientific Journals.

(1) The response of LiF Thermoluminescent detectors to thermal neutrons.
Frantisek SPURNY et Michel BUXEROLLE - 3 paraitre dans Jaderna Energie-
Tchécoslovaquie.

(2) Influence of light transmission on the response of LiF Thermolumines-~
cent detectors to thermal neutrons. Michel BUXEROLLE et Frantisek
SPURNY - 3 paraitre dans Radiation Protection Dosimetry.

II - Short Communications, Internal Reports,

(3) Dosimétrie par détecteurs solide de traces dans un laboratoire de
transuraniens de Fontenay-aux-Roses.
R. MEDIONI, F. BERMANN, J.M. BORDY. (en préparation)
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Progress Report
1982

Contractor: Contractno.; B10-A-483-82-F
Commissariat a 1'Energie
Atomique, CEA
CEN de Fontenay-aux—-Roses
B.P.n° 6
F-92260 Fontenay-aux-Roses

Head(s) of research team(s):
Dr. G. PORTAL
Serv.Techn.d'Equip.de Prot.
CEA - CEN FAR
B.P.n° 6
F-92260 Fontenay-aux-Roses

General subject of the contract:

Development of a personal substitution technique in the event of accident
gamma irradiatiom.

List of projects:

1. Dosimetry in the event of accidental gamma irradiation using
clothes - Phenomenological study.

2. Dosimetry in the event of accidental gamma irradiation using
clothes.
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Title of project n® 1 DOSIMETRIE EN CAS D'IRRADIATION GAMMA
ACCIDENTELLE A PARTIR DE VETEMENTS. ETUDE PHENOMENOLOGIQUE.

Head of project and scientific staff: P.KELLER, P.IACCONI
D.LAPRAZ

Le travail qui a été réalisé cette année a eu essentielle-
ment pour but 1'étude phénoménologique et 1'étude de faisabi-
lité d'une dosimétrie accidentelle dans le cas de personnes ne
portant pas de dosimétres individuels. Le produit constituant
le détecteur de base qui a été choisi pour sa présence treés
fréquente dans 1'habillement des personnes susceptibles d'é&tre
irradiées, est le coton sous la forme de tissu de coton commer-
cial. Ce choix a été en outre guidé par le fait que le coton a
une structure cristalline relativement bien connue et se préte
4 wun certain nombre de techniques d'investigation simples dont
1'émission exoélectronique.

Cette derniére a été choisie pour sa grande sensibilité en
dosimétrie des rayonnements: & titre d'exemple la sensibilité
de l'oxyde de Beryllium est de 4.E4 électrons/uGy (1).

La premieére partie du travail a été consacrée & une ana-
lyse bibliographique des propriétés cristallographiques et
physiques du coton, poursuivie par l'analyse de ses propriétés
aprés irradiation par des rayonnements ionisants: UV lointains,

rayons X et gamma. Avant tissage le coton subit un <certain
nombre de traitements chimiques dont le plus important, puisque
il modifie sa structure intrins&que, est le mercerissage. Ce

dernier consiste en un trempage en milieu basique (18-30% NaOH)
suivi d'un ringage & 1l'eau. Le coton mercerisé cristallise dans
le systeéme monoclinique avec pour formule condensée ( CgHjgoOs )n
ol n>3500. Le coton devient plus brillant, plus résistant et
son affinité tinctoriale est améliorée. De nombreux autres
traitements chimiques sont effectués tels que l'encollage ou le
paraffinage, 1l'ennoblissement, 1le blanchissement, la teinture
ou l'impression et enfin 1'apprét. La trés grande diversité des
traitements et produits utilisables, 1300 colorants directs,
400 colorants de cuve et 500 colorants réactifs permettent plus
de 15000 combinaisons (2).

La température de décomposition du coton (chaine cellulo-
sique) est d'environ 265°C, sa dégradation ne peut 8tre
observée par les méthodes physiques classiques (RMN, absorption
Uv, diffraction X,...) qu'a la suite de fortes irradiations
(1.E4 Gy).

Les échantillons mesurés (plusieurs centaines) ont été
obtenus & partir de 4 tissus de coton au passé différent.

Le dispositif expérimental utilisé a été mis au point dans
le cadre du projet II. Une premidre série de mesures a montré
que seule une double stimulation (c.a.d. thermique et optique)
donne un signal exoémissif caractérisé par un pic situé a 240°C
lors d'un chauffage lent (0,25°C) (figure 1).
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BARTHE J.,IACCONI P.,LAPRAZ D.,PETEL M.,PORTAL G.,KELLER P.:
" Electron emission of cotton fibers "

VIIth. Inter. Symp. on Exoelec. Emission,

March 16-18, Strasbourg, (1982), France, (& psraitre).

COMBY G.,PETEL M.,QUIDORT J. et BARTHE J.

" Utilisation d'un compteur multipointes & focalisation
cathodique pour la détection de l'émission exoélectronique
VIIth. Inter. Symp. on Exoelec. Emission,

March 16-18, Strasbourq, (1982), France, (& paraitre).
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Title of project n® 2 DOSIMETRIE EN CAS D'IRRADIATION GAMMA
A PARTIR DE VETEMENTS.

Head of project and scientific staff: J.BARTHE, M.PETEL,
H.EL AJOUz

Le travail réalisé cette année a essentiellement porté sur
la fabrication d'un lecteur d'exoélectrons & double stimulation
(DS). La technologie utilisée découle des compteurs & pointes
réalisés au laboratoire par Pétel (1). Les parameétres qui ont
été pris en compte pour sa réalisation ont été les suivants:

- Compteur & pointe & circulation de méthane.
- Support a treés faible taux de photoionisation.
- Chauffage programmable de 1'ambiance & 400°C.
- Stimulation optique de 200 a 1000 nm.
- Interface d'acquisition et de pilotage de l'ensemble du sys-
téme par ordinateur.
- Programmes de développement.
- Irradiations in situ ou in vitro (béta, X, gamma).

Les échantillons utilisés se présentent sous la forme de
disques de tissus (100% coton) extraits de plusieurs sources
différentes ayant 17mm de diametres. La température de stimu-
lation varie de fagon linéaire (0,1 & 2°C/S), 1la stimulation
optique est réalisée & 1'aide d'une lampe & halogéne dont le
spectre d'émission est limité par des filtres "passe-haut", la
coupure basse variant entre 250 et 400nm.

Les &essais du compteur ont été réalisés & partir de maté-
riaux bien connus comme 1'alumine et 1l'oxyde de béryllium (2).
La stabilité se réveéle &tre meilleure que + 2%, le bruit de
fond, de quelques centaines d'événements pour 1'oxyde de
béryllium est moins d'une dizaine pour un échantillon inerte
tel que la silice vitreuse mesurée dans des conditions analogue
au tissu de coton (3).

La figure 1 présente une vue en coupe du compteur & double
stimulation.

Une attention particuliére a été portée sur l'influence de
la longueur d'onde de coupure basse sur la réponse de 1'échan-
tillon. Une relation <croissante entre 1'intensité du signal
électronique et 1'énergie du rayonnement de stimulation a été
mise en évidence, il s'agit d'une relation & caractére exponen-
tiel de la forme : N = No*exp( k.E ) ol k = 1,44 (figure 2).

La relation entre 1'intensité du signal et la dose n'a pu
étre correctement ¢établie par suite de 1la dispersion des
mesures elle-méme due en grande partie au passé de 1'échan-
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Contractor: Contract no.: BI0-A-505-82-F

Commissariat 3 1'Energie
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Individual soft-beta rays dosimetry using exoelectronic emission.

List of projects:

1. Individual soft-beta rays dosimetry using exoelectronic emission.
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Title of project n® 1 DOSIMETRIE INDIVIDUELLE DES RAYON-
NEMENTS BETA DE FAIBLE ENERGIE PAR EMISSION EXOGELECTRONIQUE

Head of project and scientific staff : M.PETEL, J.BARTHE
C.WIETERS

Notre laboratoire s'est, depuis plusieurs années, spécia-
lisé dans la détection de l1'émission exoélectronique thermo et
photostimulée (1). Les dosimedtres & émission exoélectronique
peuvent étre congus " dyuivalent tissu " en utilisant un sup-
port adéquat. L 'épaisseur de leur couche sensible, trés mince,
est comprise entre 1 et 10 nanomdtres.

Certains matériaux comme le fluorure de lithium et l'oxyde
de béryllium sont trés sensibles et peuvent apporter une solu-
tion & la détection des rayonnements de faibles énergies. Ces
deux matériaux ont été sélectionnés pour la réalisation de
cette étude.

I) L'oxyde de béryllium.

Ces dosimétres sont étudiés au laboratoire du Professeur
A.SCHARMANN de 1'Université de Giessen (RFA) avec qui nous tra-
vaillons en étroite collaboration.

Ils sont préparés par évaporation sous vide partiel et
sous atmospheére oxydante, d'une —couche de beryllium métal
déposée sur un support en graphite (2).

La couche sensible de BeO ainsi créée a une épaisseur de
l'ordre d'une centaine de nanométres. Ces dosimétres sont
contrélés systématiquement depuis quelques années. Ils se sont
avérés stables. A titre d'exemple: un dosimeétre irradié 60 fois
4 une dose de 40 ufy, présente un écart type des mesures de 2%.
L'écart type des mesures faites sur un lot de détecteurs irra-
diés & la méme dose est de 15%. La courbe caractéristique de
l'émission exoélectronique thermostimulée (EETS) est repré-
sentée sur le thermogramme de la figure 1.

II) Le fluorure de lithium.

Ces dosimétres sont étudiés et mis au point en collabo-
ration avec le Service de Protection contre les Radiations du
Centre d'Etudes Nucléaires de Grenoble (3). Ils sont fabriqués
par compression et frittage d'un mélange intime de fluorure de
lithium et graphite (95% FLi et 5% C). Ils sont réalisés dans
les dimensions suivantes:

#=7,5,3mm , épaisseur 0,4 & 0,5 mm.

Le fluorure de lithium choisi (PTL 717) est couramment
utilisé dans notre laboratoire pour la dosimétrie du personnel
per thermoluminescence (TL).
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La reproductibilité des mesures effectuées sur un méme
échantillon irradié & une dose absorbée de 60 mGy avec les
rayonnements béta du 90Sr + 90Y est comprise entre 0,9 et 1,7%.

La reproductibilité entre dosimétres est localisée autour
d'un écart type de 3 a 4%.

Nous avons également étudié la réponse de ces détecteurs
aux faibles doses allant de 0,1 &8 1 mGy. A 0,1 mGy la reproduc-
tibilité est de 20%. A 1 mGy elle est de 10%.

La courbe caractéristique de 1'EETS du fluorure de lithium
est représentée sur la figure 2.

Nous avons étudié la réponse de ces 2 types de dosimétres
en fonction de l'énergie du rayonnement béta en utilisant les
sources suivantes:

147Pm Emax = 0,225 MeV
20471 Emax = 0,763 MeV
90Sr + 90Y Emax = 2,27 MeV.
Nous avons normalisé nos mesures pour une épaisseur de

tissu égale & 7 mg / cm2.
Dans cette gamme d'énergie la réponse des 2 dosimétres est
indépendante de 1l'énergie du rayonnement béta.

L'ensemble de ces mesures a été réalisé en utilisant le
dispositif de lecture d'exoélectrons développé dans notre labo-
ratoire. Cet appareil est actuellement en cours de commer-
cialisation (4).

Afin d'effectuer des mesures de routine plus rapide, nous
avons ¢étudié un appareillage de lecture semi-automatique. La
construction est terminée. 11 comprend un systéme de transfert
du dosimétre sur un four de préchauffage maintenu & une tempé-
rature constante T1l. Ce systéme est destiné & éliminer la
partie des pics du thermogramme inutilisable en dosimétrie. Le
dosimétre est ensuite transféré sur le deuxiéme four réglé a
une température plus élvée T2 sur lequel est disposée la téte

de lecture (compteur). Cette phase permet la lecture du
détecteur. Les essais de cet appareil seront réalisés au cours
de cette année. Nous étudions parallélement un nouveau modéle

de compteur & faible temps mort adapté aux mesures rapides (5).

(1) PETEL M.:
Rapport CEA-R-4754 (1976).

(2) KRIEGSEIS W.: :
6th Internat.Symp. on Exoemis. Ahrenshoop RDA (1979).

(3) TATAH B.:
Rapport CEA-R-5161 (1982).

(4) HERBAUT Y., TATAH B., PETEL M. et PORTAL G.:
Radioprotection Vol. 17 n®%4 (1982) pp 269-272.

(5) COMBY G.,PETEL M.,QUIDORT J. et BARTHE J.:
"Utilisation d'un compteur multipointes a focalisation
cathodique pour la détection de 1l'émission exoélectronique"
VIIth Inter. Symp. on Exoelec. Emission
March 16-18, Strasbourg (1983), FRANCE.
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Radioprotection Vol. 17 n® 4 (1982) pp. 269-272.
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Contractor: Contract no.;  BL0-A-294-81-F
Université Louis Pasteur
Rue Humann 11
F-67085 Strasbourg

Head(s) of research team(s):
Dr. R.V. Rechenmann
LBRM - INSERM U.220
Université Louis Pasteur
Rue Humann 11l
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General subject of the contract:

Theoretical and experimental analysis of the ionizing track pattern in dense
tissue~like media.

List of projects:

1. Theoretical and experimental analysis of the lonizing track
pattern in dense tissue~llke medla - Consequences for radiation
protection.
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Titre du projet N°l : Theoretical and experimental analysis of the ionizing

track pattern in dense tissuelike media - Consequences for radiation pro-

tection.

Chef du projet et collaborateurs scientifiques : R.V. RECHENMANN,
E. WITTENDORP-RECHENMANN, B. SENGER.

I. SECONDARY ELECTRONS.

In the previous annual report (1981), we have proposed a mixed treat-
ment (DDCS-MT) which allows to calculate double differential ionization
cross-sections (DDCS) in the case of heavy charged particles crossing tis-
suelike media. This treatment led to a very satisfactory reproduction of
the experimental results obtained in ionographic detectors (considered as
models of biological tissues) of various compositions bombarded by 4- to
12 MeV o particles, as well as in noble gases (helium, argon) traversed by
protons and a particles; furthermore, promising results could already be
obtained in the case of molecules (H,0, CH,).

The applicability of the treatment proposed has been improved by in-
troducing the actual molecular binding energies as given by Siegbahn (1).
The increase of the binding energies owing to the presence of the energy
dependent supplementary positive charge introduced by the passing ion (2,3)
has also been taken into account. On Fig. 1-4, DDCS measured in water va-
pour (4) are compared with DDCS calculated by means of the formalism propo-
sed for two energies of the incoming protons, 0.3 and 1.5 MeV. It appears
that the agreement between calculated and experimental data stays accepta-
ble for ejection energies T as low as “v 10 eV, considering the experimental
uncertainties (4). The results are still improved at the small ejection an-
gles 8 if we take into account the final state interaction between the
ejected electron and the proton.

In collaboration with a group of the Centre de Recherches Nucl&aires
of Strasbourg, a study has been undertaken in order to interprete the light
emission of an anthracen crystal irradiated by heavy charged particles, no-
tably by the application of the DDCS-MT to the evaluation of the spatial
distribution of the energy deposited by the &-rays.

II. STRONG IONIZING EVENTS.

Like already mentionned in the last year's report (EUR 7800-1981), we
have restarted the study of strong ionizing events (S.I.E.) on the basis
of a revised experimental approach, and of particularly rigorous measurement
procedures. Let us recall that these S.I.E.'s can be recognized as thick
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branches, discriminated from secondary electrons by the usual ionographic
criteria allowing to characterize stronger ionizing processes.

The determination of the eventual energy lost in one event could be
carried out by referring to a range-energy curve which we have established in
the codified experimental conditions applied to our determinations (Fig. 5).

The presence of S.I.E.'s on o tracks has a significant influence on
the first and second order moments of range. As far as the 13.6 MeV O parti-
cles submitted to the measurements considered in this report are concerned,
we have measured a mean range R = 92.49 um with a second order moment of ram
ge 0 = 1.85 ym. The mean range of a statistically equivalent (Vv 300 tracks)
sample of tracks with one or more S.I.E.'s corresponds to ﬁé.I.E.= 90.72 um
with a second order moment of range ¢ = 3.80 ym. The statistical significance
of the difference AR = i;iS.I.E.= 1.77 um has been verified by a hypothesis
test.

Large samples of 13.6 MeV a particle tracks have been scanned in or-
der to count and localise S.I.E.'s. Preliminary results obtained on 2400 pri-
maries are illustrated by Fig. 6. In the o energy interval considered, the
number of S.I.E.'s increases with the primary's energy and their production
is relatively important considering the quite large detection thresholds. The

solid curve has been calculated by means of the following parametric formula::

~9.08 ro

-e

o

N/5 = 35 (e

Considering that part of these protuberances are certainly short
tracks of recoil ions/nuclei ejected by elastic scattering, we have tentati-
vely taken into account the influence of the nuclear potential on the produc-—
tion of heavy secondaries by adapting an optical model code (5) to experimen-—
tal data of the literature. In the case of the ejection of H-nuclei, a preli-
minary study by means of the optical model code indicates an increase in the
number of energetic recoils, which is especially marked for the higher ener-
gies of the secondaries.

It appears that a part of the observed S.I.E.'s can be described in
terms of classical Coulomb scattering (Fig. 7) and of total elastic scatte-
ring, where the action of the nuclear forces is takem into account, and even-—

tually inelastic scattering processes which still have to be prospected.

Références : 1)Siegbahn K. et al., ESCA applied to free molecules, North Holland, Amsterdam
(1969). 2)Basbas G., Brandt W., Laubert R., Phys. Rev.A7(1973)983. 3)Brandt W., Lapicki 6.,
Phys. Rev.A10(1974)474. 4)Toburen L.H., Wilson W.E., J.Chem.Phys.66(1977)5202. 5)Bonneaud G.,
Bing 0., Senger B. and Magnac-Valette D., Conf. on Nucl. Structure, Manchester(1973).
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General subject of the contract:

Solid state physics underlying the properties of luminophors used in
luminescence dosimetry.

List of projects:

1. The implementation of thermo luminescence techniques, including
reassessment of absorbed dose, to dose measurement under
operational conditions.

2. Studies of the practical application of lyoluminescence materials
to clinical and criticality dosimetry.
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Solid state physics underlying the properties of lTuminophors used in
lTuminescence dosimetry

Contract No. BIO0-A-309-81-UK

Project 1 The implementation of thermoluminescence techniques,
including reassessment of absorbed dose, to dose
measurement under operational conditions

Head of Project and Scientific Staff: Dr. J.A. Reissland
Dr. A.F. McKinlay
Dr. C.M.H. Driscoll
Mr. M.J. Whillock

Lithium fluoride (LiF) is one of the most commonly used thermo-
luminescent materials for environmental gamma measurements mainly because
of its relatively flat photon energy response. However, it is generally
not sensitive enough for short-term environmental monitoring. The require-
ment to develop a dosemeter for short-termmonitoring ( <1 month) has led us
to pursue two main areas of experimental research.

(i) to investigate the properties of energy
discriminating shields for use with existing
high sensitivity thermoluminescent materials
such as m]dumfhmﬁde(CJz)chstch
over-respond at low photon enérgies.

(ii) to inVestigate the properties of new materials
with higher sensitivities than LiF and relatively
flat photon energy responses.

(iii) To investigate the low temperature thermoluminescence
behaviour of LiF with particular regard to photo-
transfer and LET effects. The results of a
preliminary study related to the first area of
research have been presented in an internal report
(E1Tiot et al 1982 - see references). A number
of metal planar shields and combinations of shields
of various thicknesses were used. The most
encouraging results in reducing the over-response
of CaF2 chips were obtained using a combination shield
of 0.5 mm tin and 0.5 mm aluminium. This combination
reduces the over-response to 25% of its peak without
a significant loss of sensitivity. The slight over-
response of LiF chips can be effectively removed with
0.5 mm of aluminium.
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Various forms of preparations of lithium borate (Li2B407) and
Yugoslavian magnesium borate (MgB407) pellets have been studied and
compared with LiF chips. The results of these studies have been
presented in internal reports and in the scientific literature (Wall
et al 1982, Furetta, Padovani et al 1982, Furetta, Driscoll et al 1982).
Thermoluminescence sensitivity, backgrounds, repeatability, dose-response,
photon energy response, and fading have all been investigated. MgB407 is
the most sensitive of the materials investigated (3 to 7 times LiF).
However, variations within a batch and significant light induced fading
still indicate it to be unsuitable for large-scale routine applications.
0f the powder forms of LioB407, the Japanese copper doped material has
combined a good tissue equivalence with a sensitivity of about 3 times
that of LiF.  Li2B40; pellets (Swedish and Yugoslavian) were not as
sensitive as LiF.

LiF chips irradiated with ultra violet radiation (254 nm) at
about 80K exhibit a glow peak around 194K. Difficulties have been
encountered with background effects due to ultra violet induced
phosophorescence in the adhesive used to fix the chip to the heating
element. Chips subject to irradiation (~0.2 Gy) at room temperature
which have been subsequently read-out to give the normal peak 5 (210°C)
readout, cooled to 80K and irradiated with UV, have exhibited the
capability of 'normal' reassessment at 2100C.  The number of measure-
ments are small but provide enough evidence to encourage further
investigation. The results suggest that a higher ultra violet
irradiance will be required to produce a substantial Tow temperature
phototransfer signal. It is intended to replace the UV source now in
use with a more powerful one.
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Contract No. BIO-A-309-81-UK
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'Preliminary results on a new batch of MgB407 TL material’
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energy response studies of high sensitivity TL materials'.
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Solid state physics underlying the properties of luminophors used in
Tuminescence dosimetry

Contract No. BI0-A-309-81-UK

Project 2 Studies of the practical application of lyoluminescence
materials to clinical and criticality dosimetry

Head of Project and Scientific Staff: Dr. J.A. Reissland
Dr. A.F. McKinlay
Mr. J.B. 0'Hagan

A detailed study has been made on the use of Diphenylisobenzofuran
(DPBF) as a chemical signal enhancer for lyoluminescence. The enhance-
ment as a function of solution storage time has been studied and the
solution remains at maximum effectiveness for about 2 hours. This falls
to about 50% at 3 hours, 10% at 5 hours and no enhancement is found for
solutions prepared more than 24 hours before use. Eleven different
batches of BDH mannose have been irradiated with 147 keV ISO High X-rays
over a range of doses from 0.1 to 1 Gray. Readouts in both water and
DPBF show a factor of four variation among batches; the relative responses
(in counts per milligram of mannose per Gy) ranging from 40 to 170 in water
and 190 to 870 in DPBF. The minimum detectable dose (three standard
deviations above background) using 30 mg samples is between 80 and 20 mGy
in water and 40 and 10 mGy in DPBF.

An intercomparison study has been started with the Western Infirmary,
Glasgow. Lyo-luminophors are being irradiated along with thermoluminescence
dosimeters. Samples of mannose in a perspex/water phantom have been given
calibrated doses of cobalt-60 photons. The dose-response curve over the
range 0.1 to 20 Gy has a dose to the power 1.2 dependence.

Samples of the lyo-luminophors mannose and sucrose have been
successfully recrystalised. Large crystals of sucrose have been grown with
the intention of studying the surface-bulk processes responsible for
Tyoluminescence. Sucrose crystals have been grown from solutions containing
the chemical enhancer Tuminol. This is to be extended to incorporating
DPBF in mannose crystals.

The lyoluminescence readout apparatus has been partly automated to
improve efficiency and precision. Counts, as a function of time, are
recorded on a pulse height analyser operating in multi-channel scaling mode.
These are then transferred, on magnetic tape, to a remote microcomputer for
analysis.
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List of projects:

1. Reference beams of thermal, 2 keV and 24 keV neutrons for the
calibration of neutron dosemeters to be used in radiation
protection.
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Title of project: Reference beams of thermal, 2 keV and 24 keV neutrons
for the calibration of neutron dosemeters to be used

in radiation protection

Head of project and scientific staff: W.G. Alberts

E. Dietz
H. Kluge
K. Knauf

For the calibration of neutron dosemeters with reference neutron beams the
"true" neutron flux density ¢ = I ¢E(E) dE must be known. In the case of the
slow neutron beams at the PTB reactor (thermal neutrons and bismuth-filtered
neutrons) the flux density is generally measured by gold foil activation
yielding the conventional flux density of slow neutrons ¢o = SfE;7E.¢E(E) dE
(E neutron energy, EO = 0.0253 eV reference energy for which the detector
cross section o, is usually quoted, ¢E spectral neutron flux density). The
true flux density can only be obtained from the activation measurement if the
neutron spectrum is known. Therefore the spectral distribution in the two
reference beams were determined using the time-of-flight method. The start-
ing signal was generated by a chopper consisting of a slitted disc of
boron-loaded polyethylene, the neutrons were detected after 3.0 and 7.9 m
flight-path with 3He proportional counters or 6LiI scintillators. The figures
show the resulting spectral distributions: In Fig. 1 the spectral flux
density in the thermal neutron beam is compared with a Maxwellian distri-
bution (temperature parameter 63 °C obtained by fitting the distributions
above 63 meV). Fig. 2 shows the spectrum when a 200 mm thick bismuth filter
is inserted which reduces fast-neutron and photon components in the beam.

The ratio ¢/¢o can be calculated by numerical integration. The present

results are given in the following table:

o/ ¢,
thermal beam 1.32
thermal beam (earlier measurement

with a Cd chopper) 1.29
bismuth-filtered beam 0.8

Maxwellian distribution (63 °¢) 1.21
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1. W.G. Alberts and H. Lesiecki
Neutron flux density measurements and rem counter calibration at
the 24.5 keV filtered beam of the FMRB.
Rad. Prot. Dosimetry 2 (1982) 2ul - 2u4

2. Internal:
W.G. Alberts, E. Dietz, H. Kluge, W. Sosaat
Messung der spektralen Neutronenflufidichte am Referenzstrahl
thermischer Neutronen
Physikalisch-Technische Bundesanstalt, Jahresbericht 1982,

Braunschweig 1983.
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Progress Report

1982
Contractor: Contractno.: °rO-A-311-81-NL
CENDOS
Radiobiological Institute TNO
P.0. Box 5815
NL-2280 HV Rijswijk

Head(s) of research team(s):
CENDOS Coumittee
Radiobiological Institute TNO
P.0. Box 5815
NL-2280 HV Rijswijk

General subject of the contract:
Collection and evaluation of neutron dosimetry data.

List of projects:

1. Collection and evaluation of neutron dosimetry data (CENDOS).

Cooperative European Research Project coordinated by:

D.K. BEWLEY, J.J. BROERSE (Chairman), G. BURGER (Vice-chairman),

M. COPPOLA (Secretary), J.A.B. GIBSON, N. PARMENTIER, W. POHLIT, and
G. PORTAL.
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Title of project nr. 1:

Collection and evaluation of neutron dosimetry data (CENDOS).

Head of project and scientific staff:
CENDOS Committee J.J. Broerse (chairman), G. Burger (vice-chairman)

and M. Coppola (secretary).

A number of new cooperative projects have been started during the
past contract year and several on-going programs have shown considerable

progress.

The working group on ion recoil dosimetry studied the response of
track detectors in different neutron beams. The intercomparison was per-
formed with monoenergetic neutrons produced by a van de Graaff accelerator,
a bare californium source and a moderated fission spectrum. Various dosi-
meters were used: CR39 with polyethylene converter (proton detection),
CN85 with Li2B4O7 converter (o detection) and NTA film. The NTA film
appears to be sensitive to fast neutrons only, for neutron energies in
excess of 2 MeV. The CN85 can be used as an albedo dosimeter; its response
is mainly due to (n,a) reactions in boron and lithium and its sensitivity
decreases with increasing neutron energy. The CR39 is the best dosimeter
for fast neutrons when associated with a polyethylene converter; its

2.Sv—1 for neutron

sensitivity varies from 1x105 to 6x105 tracks.cm
energies between 126 keV to 15 MevV. A complete report of these results

will be prepared by Medioni, Harrison and Lembo.

The response of thermoluminescent materials is presently investigated
by several groups cooperating within the CENDOS framework. Furetta and
coworkers calculated the activation energies for CaSO4 : Dy (TLD-900)
material as evaluated by a decomposition into single components of the
experimental glow-curve. Gibson and Douglas are presently reviewing all
experimental and theoretical data concerning the response of thermo-
luminescent dosimeters to neutrons of different energies. One of the
objectives of the evaluation is to arrive at recommendations for the

kU as a function of neutron energy. In a cooperative study between Essen

and Rijswijk, Rassow and coworkers investigated the possibilities of
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TLD-300 detectors (CaF,:Tm) for simultaneous and separate determination

of total absorbed dosezand gamma absorbed dose in mixed neutron-photon
beams. The evaluation procedure is based on mathematical analysis of
the LET dependence of the two main glow curve peaks. For mean neutron
energies of 5 MeV produced by the d(14)+Be and the d(2.3)+Be reactions
the two peaks differ considerably, however, for 14.8 MeV neutrons pro-
duced by the d4(0.5)+T reaction the two peaks are nearly equal. This
implies that the method will probably not be applicable for these

higher energy neutrons.

Reports on W values for the individual charged particles resulting
from neutron interactions and on calculations of dose and dose equivalent

in anthropomorphic phantoms are in preparation.

List of publications:

B.J. Mijnheer, S. Guldbakke, V.E. Lewis, J.J. Broerse.
Comparison of the fast-neutron sensitivity of a Geiger-Miller counter
using different techniques.

Phys.Med.Biol. 1982, 27, 91.

J. Rassow, A. Temme, F. Hensley, J. Zoetelief, J.J. Broerse.
Applicability of TLD-300 detectors for simultanecus and separate
measurement of total and gamma absorbed dose distributions for mono-~
energetic 5.3 and 14.8 MeV neutrons and d(14) +Be-neutrons.

Presented at the Conf. 50th Anniversary of the Discovery of the Neutron,

Cambridge, 1982.
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Progress Report

1982
Contractor: Contractno.;  BIO-A-312-81-US
International Commission
on Radiation Units
and Measurements, ICRU
7910 Woodmont Av.,Suite 1016
USA-Bethesda, MD 20814

Head(s) of research team(s):
Dr. H. 0. Wyckoff

ICRU
7910 Woodmont Avenue,
Suite 1016

USA-Bethesda, MD 20814,

General subject of the contract:

Quantities, units and measurements techniques for ionizing radiation.

List of projects:

1. Quantities, units and measurements techniques for ionizing
radiation.
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Title of project nr l: Quantities, units and measurement techniques for
ionizing radiation
Head of project and scientific staff: Dr, Harold 0. Wyckoff

During 1982, the International Commission on Radiation Units and
Measurements published one report and completed the review of two reports.

The Published report is ICRU Report 34, The Dosimetry of Pulsed

Radiation. The Report provides guidance on the special procedures to be
followed in measuring the radiation dose from sources such as linear
accelerators, betatrons, synchrotrons, or field-emission impulse generators.
These sources deliver their output impulses within the range 10-9 to 10—6
seconds, spaced at least a few milliseconds apart. Condenser discharge
machines with field-emission cathodes deliver much larger pulses, usually
8ingly or at very low frequency, and with a pulse duration much less than a
microsecond. The Report provides information on certain precautions and the
selection of calibration constants needed to permit the use of methods of
dosimetry employed for measuring continuous radiation from constant potential
x-ray sources or from gamma-ray sources. Treated are measurements using
ionization chambers, chemical dosimeters, calorimeters and solid state
devices. The aim of the report 18 to guide those who have to measure pulsed
radiation to the most convenient and accurate system for their particular
problem.

The ICRU met in September 1982 at Schloss Reisensburg, Germany. At that
meeting, the ICRU completed review of a draft report, "Stopping Powers for
Electrons and Positrons.,” The ICRU received reports indicating the revision
work on the draft report, "Microdosimetry” has been completed, and thus, with
the review of these two reports completed, the preparation of printer's
manuscripts 18 expected to begin very soon. At its meeting, the ICRU also
received a report indicating that revision of the draft report on high energy
electron beam dosimetry 18 continuing with the intent that one further review
by the members of the ICRU would be appropriate when this work 1s completed.

At the 1982 meeting, the ICRU reviewed in some detail the work of the
Report Committee on Practical Determination of Dose Equivalent Index. The
Committee 1s preparing a report based on the following outline:
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(1) Summary

(2) Introduction

(3) Concepts and Definitions
(4) Physical Data

(5) Quantities

(6) Conversion Factors

(7) Appendices

The draft report is to be submitted to the ICRU for review at the 1983

meeting.

The ICRU, at the 1982 meeting, reviewed the plans for new work concerned

with tissue equivalent materials, The report to be prepared is to:

(n

(2)
(3)

(4)

(5)

(6)

Evaluate the acceptablility of existing tissue substitutes
and materials for dosimetric studies using photons,
electrons, neutrons and heavy charged particles.

Evaluate solid, liquid, gel and gaseous substitutes.
Highlight deficiencies of available materials and
illustrate variations in experimental results (for example,
depth dose curves) when different substitutes are used
purporting to simulate the same tissue.

Discuss the important biological tissues requiring
simulation and give the most up-to—date elemental
conposition for each tissue and organ.

List recommended, useful substitutes to- help the
experimentalist select the best product for their
particular application.

Suggest further research and development into categories of

substitutes thought to require improvement.

At the 1982 meeting, the ICRU determined to undertake further work on

stopping powers, and plans are now being drawn for a phased effort aimed at

the development of reports treating particles heavier than electrons,

The ICRU also examined the status of work underway in the many active

report committees and recognized that at least one of these i1s likely to be
submitted to the ICRU for review in 1983 (in addition to the report on
practical determination of dose equivalent index). The ICRU scheduled the
next meeting during the period 25 June = 2 July 1983 in Paris.
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List of publications in 1982

I, Publications in Scientific Journals, Monographs, Proceedings.

ICRU Report 34, The Dosimetry of Pulsed Radiation

11 Short Communications, Theses, Internal Reports, Patents...
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IIT B

VERHALTEN UND KONTROLLE DER RADIONUKLIDE IN DER UMWELT

BEHAVIOUR AND CONTROL OF RADIONUCLIDES IN THE ENVIRONMENT

COMPORTEMENT ET CONTROLE DES RADIONUCLEIDES DANS L'ENVIRONNEMENT
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Weitere Forschungsarbeiten zu diesen Themen werden auch in folgenden
Tdtigkeitsberichten beschrieben :

Further research work on these subjects is also described in the following
progress reports :

D%autres travaux sur ces thémes de recherche sont également décrits dans les
rapports suivants :

III A. ICRU Bethesda BIO 312 US
II1 C. Apelgot, S. Inst. Curie Paris BIO 349 F
III C. Dumont, J.E. Univ. Bruxelles BIO 360 B
III C. Taaffe, J.K./Malone, J.F. Coll. Technol. Dublin BIO 364 EIR
III D. Chalabreysse, J. CEA, CEN Pierrelatte BIO 372 F
I1I D. Hogeweg, B./Barendsen, G.W. TNO Rijswijk BIO 301 NL
III D. Kriegel, H. GSF Neuherberg BIO 365 D
II1I D. Lafuma, J. CEA, CEN Fontenay-aux-R. BIO 370 F
III D. Palmer, G.H./Ramsden, D. UKAEA Winfrith BIO 380 UK
I1I1 D. Smith, H. NRPB Chilton BIO 388 UK
III D. Taylor, D.M. KFZ Karlsruhe BIO 367 D
III D. Vanderborght, O. SCK, CEN Mol BIO 377 D
II1 E. Delpoux, M. Univ. Toulouse BIO 430 F
III F. Coulon, R. CEDHYS Fontenay—aux-R. BIO 320 F

III F. Goddard, A.J.H. ICST London BIO 499 UK
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Progress Report

1982

Contractor: Contract no.:. BI0O-B-339-81-DK
Risé National Laboratory

DK-4000 Roskilde

Head(s) of research team(s):

Dr. A. Aarkrog

Health Physics Department
Ris¢ National Laboratory
DK-~4000 Roskilde

General subject of the contract:

Radioecological studies in temperate and arctic waters of the North
Atlantic region with emphasis on transuranic elements.

List of projects:

1. Uptake and loss of certain transuranic-, fission- and activation -
nuclides by Mytilus and Fucus with special emphasis on
physicochemical form and the effect of low temperatures.

2. Studies of transuranic elements, radiocaesium, tritium and cobalt-60
in seawater, sediments, seaplants and mussels.

3. Environmental studies of plutonium and americium at Thule,
Greenland.
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In this study the North Atlantic region camprises the waters arour
Greenlard, the North Atlantic Ocean between the Faroe Islands and Green
land, and the North and Baltic Seas (including the Danish Straits). 1
this region the salinity ranges fram ocean water to brackish water, th
climate from arctic to temperate.

As a whole the fallout nuclides fram nuclear weapons testing ar
still the main sources of man-made radiocactivity in the North Atlanti
region. However, in local waters other sources may prevail. For example
the North Sea most of the radiocesium comes fram reprocessing plants fc
nuclear fuel in Western Europe. In the inner Danish waters a reactor-prc
duced corrosion product such as 60Co is measurable, and at Thule, Green
land a local contamination with Pu and Am has increased the levels c
transuranics.

In recent years the discharges fram the UK reprocessing plant a
Sellafield have not only been detectable in the North Sea, but als
in the Danish Straits, the Baltic Sea, along the west coast of Norway
" at Spitzbergen, in 1982 even in East Greenland, and probably also in Wes
Greenland waters. Radiocesium is the important tracer for this activity
but now 29Tc has appeared to be another possible indicator for the dis
charges fram Sellafield. As an important supplement to the field studie
the uptake of transuranics and other radionuclides in Fucus and Mytilus ax
examined experimentally.
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of project no. 1l:

e and loss of certain transuranium-, fission-, and activa-
nuclides by Mytilus and Fucus with special emphasis on
co-chemical form and the effect of low temperatures.
of project:

cient. Henning Dahlgaard

isotopes

Due to unexpected problems some of the radionuclides ordered
ril 1981 were not ready for use until July 1982. However, now
xperiments are conducted with the following nuclides simul-
usly: 239pu, 241am, 237np, 244cm, 155gu, 144ce, 60co, 657n
34cs. The 1 mg of 23%pu in the stock solution are under in-
tional safeguard control! Till now experiments have been
cted only with the delivered chemical forms: Pu(IV), Am
, Np(V) and Cm(III).

tical methodology

The multielement actinide analysis introduced at our labora-
in 1981 is now used routinely. The spiked samples are sepa-
from bulk elements by ion-exchange and electroplated on
1less steel discs, and measured with a high-resolution
.ce-barrier detector. The 4 actinides in the experiment
e measured simultaneously with 243am- and 242pu-spikes,
wugh the complex energy distribution of 237Np—-a-particles
ts in interference with 242pu. vVery high chemical yields

'btained for all four actinides.

iter and particulate matter

After addition to seawater, the actinides behave different-
'u, Am, and Cm associates quickly with particulate matter
:he activity in aquarium water including suspended particles
rases with time. Typically 10-20% was filterable on 0.4 um
irs in the first experiments. Neptunium, however, is not
| in significant amounts in particulate matter, and the de-

ie in water activity with time is far less pronounced.
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Mytilus edulis experiments

For mussels, only results from y-emitters and 241pm and
244cm are available. Am and Cm seem to behave exactly identi-
cally. Although individual animals varied in concentration ratio
over an order of magnitude, the Am to Cm ratio was the same.
The great variation in the initial rate of accumulation is pro-
bably explained by the importance of particulate activity and

variation in filtration rate between animals.

Fucus vesiculosus

The effect of salinity, temperature, and light on the rate
of accumulation of the nuclides mentioned was studied in a se-
ries of short-term experiments with growing Fucus tips. The
first results indicate significant differences in the initial
rate of accumulation of the actinides. As compared to Pu, the
rate of accumulation of Np is only ~ 10%, whereas Am and Cm
apparently are accumulated 3 times faster. The low accumulation
of Np is in accordance with data from the Irish Sea (MAFF,
Lowestoft), whereas Danish field data shows no Am-accumulation
in excess of Pu.

The reproducibility of these experiments is being tested
by repeating certain factor combinations at different times.

The long-term loss rate of all the nuclides mentioned from
whole, growing Fucus plants is under investigation. Young plants
on stones or fixed to synthetic ropes accumulated the radionu-
clides in the laboratory (November 1982), and the loss rate is
now measured in cages in a Danish fjord. The a-emitters are
measured in plants to be sampled during one year, whereas
the vy-emitters in addition are traced by repeated ‘"whole-
-body"” countings. During the first two months of loss, Eu,
which might approximately trace Am and Cm, was lost faster
than Co and Zn and even Cs. Caesium is expected to show a sea-
sonal variation, and the relatively quick Eu-loss might be
explained by the loss of surface "contamination®”.
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Title of project no. 2

Studies of transuranic elements, radiocesium, tritium and cobalt-
60 in seawater, sediments, seaplants, and mussels.

Head of project: Dr. Asker Aarkrog

Other scientific staff: Drs. Henning Dahlgaard, Heinz Hansen,
Sgren Boelskifte and Elis Holm (University of Lund, Sweden).

Sampling expeditions in 1982

Through the duration of this project in 1982 there have been seven
sampling expeditions. Fram February 2 to March 1 R/V DANA (The Danish
Institute for Fisheries and Marine Research, DFH) collected surface sea-
water in the North Sea at 8 locations between Jutland and England. From
February 18 to February 27 HMS FYLIA from the Royal Danish Navy tock
surface seawater samples at 5 locations between the Shetland and Faroe
Islands and at 5 locations in the Denmark Strait between Iceland and East
Greenland. Lund University and Risg performed an expedition by car around
the Scottish and a part of the English coastline fraom June 12 to 28. The
Orkney and Shetlard Islands were also included in the programme. Seawater
samples, seaweed, mussels ard other marine biota were collected. Precipi-
tates with radiocesium and transuranics were taken from the water samp-
les in the field. Fram July 15 to 19 Risp performed an expedition by
normal air connections to the Angmagssalik District in East Greenland in
order to collect seawater, seaweed, mussels, lichen, and moss. A new field
technique for collecting activity fram large volumes of seawater was suc-
cessfully tested at this expedition. Plastic bags containing 100 £ of water
were suspended beneath a normal photo tripod. After precipitation of the
activity the water was siphoned off and the precipitate was oollected in
a small bottle, which could be carried back on the plane.

DANA from DFH oollected surface seawater from July 17 to August 14 at
nine locations fram the Faroes to Kap Farvel in Greenland and at eleven
locations alang the west coast of Greenland up to 69°N.

With M/S NELLA DAN, one of the supply ships chartered by the Royal
Greenland Trade Campany, Risp and Lund University collected seawater and
various marine biota along the east coast of Greenland fra 70PN to 75°N.
Furtheremore, approximately 40 surface seawater samples were ocollected on
the way between southern Norway and East Greenland. This expedition toock
place fram August 1 to 27. The last expedition of the year .was performed
by DANA, DFH fram Sept. 18 to 29, when 12 surface seawater samples were
collected in the North Sea between Jutland and Scotland.

During 1982 under this programme we have collected more than 120
seawater samples fram the North Atlantic region. Most of the samples have

already been analysed for radiocesium. In the course of 1983 samples will
also be analysed for 90Sr, transuranics, and tritium. Some of the biological
samples have been measured for y-emitters and analysed for transuranics.
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Preliminary results fram the 1982 samplings

The most interesting result of the analysis performed hitherto o
the 1982 samples has been the detection of 134cs at East Greenlan
between 70°N and 75°N. Ten locations were sampled in this region. Tw
hundred liters of surface seawater were collected at each location, an
radiocesium was collected on AMP precipitates on board the ship. The fiw
locations closest to the coast contained 5.43+0.19 (1SD) By 137Ccs m—
while the five locations farther away fram land (approx. 4° east o
the other locations) contained 6.70+0.84 B]::{ 137¢cg m3. T™e eastern lo
cations thus yielded significantly higher 137Cs concentrations than th
western. The concentrations of 134Cs were too low to be detected in .
single sanples. It was therefore necessary to cambine the 1 kg AMP fra
the 10 samples representing 2 m3 of seawater. However the AMP caugh
some natural activity from the water, and the peaks of 137Ccs in th
Ge(Li) spectra were disturbed by this activity. Hence we concentrate
the radiocesium fram the AMP on a precipitate of 1 g of CsyPtClg, whid
carried 95% of the activity fram the AMP. By this concentration it wa
possible to measure the activity of 134cg 'in the 5 eastern station
separately, and we found 0.056 By 134cs m3 (+208 counting error)
The inner stations contained only 0.0032 By 134cs m™3, but this leve
was not significantly different from zero activity. If we assume tha
approximately 5 By 7cs n3 represents the fallout background in Eas
Greenland waters and that the remaining part of the activity comes fra
Sellafield in the UK we may oconclude that the five eastern station
contain radiocesium discharged fram Sellafield during the 1975-78 period
The inner stations may show a small Sellafield ocontribution fram th
years 1970-73. We may imagine that we have two transport routes to thi
region of the East Greenlard waters: one crossing the Greenland Sea betwee
Norway and Greenland and another making its way over Spitzbergen to th
East Greenland Polar current.

Four stations at the west coast of Greenlard collected between 62
and 64° N contained 6.33+0.41 By 137cs m3; this was nearly as hig
as the concentration found on the east coast. We suppose that Sellafiel
thus also contributed to the activity in West Greenland waters. The re
latively high concentrations suggest short transit times of water fra
the east to the west coast of Greenland.

Preliminary conclusions of our radiocesium studies in Greenland water
are that waterborne pollution in the North Sea may be carried to Green
land coastal waters in 3-5 years, and the dilution factor from the Nort
Sea to Greenlard waters is approximately 50-100.

Tc-99 analyses
Lund University has developed a suitable analytical procedure fo

determining 99Tc in algae and seawater. Due to the very high concentratia
ratio between algae and seawater it will be possible to use algae as
bioindicator over long distances fram the release point of 99Tc to th
sea.

We expect that in the future 99Tc will be an important supplement t
the radiocesium in the tracing of the Sellafield discharges in the Nort
Atlantic region.
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¢ project no. 3:

nental studies of plutonium and americium at Thule,
d.

project:

ar Aarkrog

rientific staff: Henning Dahlgaard and Elis Holm, (Uni-

of Lund, Sweden).

2 analyses of biological samples collected in 1979 at
ave now been completed. The final determinations support
2lusion from earlier ones: Benthic organisms at Thule show
/239,240py ratio, which is two times higher than that
2 the sediments where they are dwelling.
have experimentally determined the Kp value for Pu in
2diments, and found that the value varied with the amount
nents used in the extraction. If 50 mg (wet weight) sedi-
ere extracted by 1 £ of water for 24 hours the Kp was
Bq g-1 sediment (dry) per Bq g—l water. For 0.5 g sedi-
t became 5.2-105 and for 5 g, 2.3-105. There was similar
e in Kp with increasing sediments contaminated by Sella-
ischarge. The Kp's for the Thule debris was probably
higher than those found for Sellafield plutoniuh. The
ments of Kp for Am in Thule sediments have not been
1, but they seem to be lower than those observed for Pu.
is true it provides an explanation for the difference

u ratios observed for benthos and sediments at Thule.



— 196 —

List of publications in 1982

I:

Aarkrog A., Dahlgaard H., Nilsson K. and Holm E.

"Further Studies of Plutonium and Americium at Thule, Greenland".
Health Physics 1983 (in press).

Aarkrog A., Bgtter-Jensen L., Dahlgaard H., Hansen H., Lippert
J., Nielsen S.P., and Nilsson K.

"Environmental Radiocactivity in Denmark in 1981", Risg-R-469
(June 1982).

Aarkrog A., Dahlgaard H., Hallstadius L., Holm E., and Lippert J.,
"Environmental Radiocactivity in the Faroes in 1981", Risg-R-470
(July 1982).

Aarkrog A., Dahlgaard H., Holm E., Hansen H., Lippert J., and
Nilsson K.

"Environmental Radioactivity in Greenland in 1981", Risg-R-471
(July 1982).

Aarkrog A., Dahlgaard H., and Nilsson K.

"Studies on the Distribution of Transuranics in the Baltic Sea,
the Danish Belts, the Kattegat and the North Sea", IAEA-TECDOC-
265 p. 23-32 (1982).

Holm E., Persson B.
"Transuranic Cycling Behaviour in Marine Environment”, IAEA-
TECDOC 265 p. 105-110 (1982).

IT:

Holm E.

"Release, distribution and pathways of radionuclides in the Bal-
tic Sea", Communication at IAEA Research coordinating meeting
in Vienna 5/9, 1982.

Aarkrog A. and Dahlgaard H.
"Sources of 137cs and 90sr in the Danish Straits", Communication

at TAEA Research coordinating meeting in Vienna 5/9, 1982.
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Progress Report
1982

Contractor: Contract no.: BIO-B-439-81-UK

Natural Environment Research
Council

Polaris House

North Star Avenue

GB-Swindon SN2 1EU

Head(s) of research team(s):

Mr. S.E. Allen
Inst. of Terrestrial Ecology
Merlewood Research Station
Grange-over-Sands
GB-Cumbria LAIl 6JU

General subject of the contract:

Radionuclide pollutants in natural plant-soil ecosystems.

List of projects:

1. Radionuclide pollutants in natural plant- soil ecosystems.
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Title of project nr
Radionuclide pollutants in natural plant-soil ecosystems
Head of project and scientific staff:
S.E. Allen with Dr. A.D. Horrill, Dr. B.J. Howard and J.A. Parkinson

This research project is concerned with the fate of radionuclides that are
deposited by air or water on vegetation and soils. Most of the experimental
work is carried out in, or uses material from, the vicinity of the
Sellafield Nuclear Fuel Reprocessing Plant in West Cumbria, U.K., ds

levels of radionuclides are higher in this area than elsewhere in the
country. Initially, survey work was carried out to determine site distri-
bution and variation in the higher activity saltmarsh localities but
studies are now concentrating on particular aspects of the uptake of radio-
nuclides by plants and animals.

1. The distribution of radionuclides in a saltmarsh

The variation in concentration and spatial patterns of radionuclides in an
ungrazed saltmarsh bordering the Ravenglass estuary, Cumbria, U.K., has
been examined. The technique of Indicator Species Analysis was used to
construct a vegetation map of the plant communities on the marsh. These

ranged from a grass turf of Puccinellia maritima on the sea-ward side,

through a low bushy vegetation of Halimione portulacoides to a well defined

strand-line at the landward edge.

As expected, the distribution patterns were dominated by tidal immersion,
with which all elements showed positive correlations. The exceptions were
nuclides with short half-lives, 25Zr and 95Nb, which had significant (P<0.01)
negative correlations. Overall point to point variation was large, in the
case of 2%1anm ranging from 35 p Ci g-l on the open mud flats to over 250 p Ci
g-l on the strand-line. The importance of vegetation in trapping material
was strongly demonstrated, with levels in the vegetated areas being 3 times
those on open mud. Trend surface analysis was successfully used to.demon-
strate the different distribution patterns of the radionuclides on the marsh,
the main constrasts being between the long-lived nuclides in the upper marsh
and the short-lived nuclides on the lower, frequently immersed areas.

Similar work on a grazed marsh has shown less variability due to the lack

of contrasting morphological features in the cropped vegetation. There 1is

a graded diminution in levels with distance from the sea but there is also

evidence of a strand-line deposition on the ungrazed marsh.
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2. Plant uptake studies

Glasshouse experiments have been carried out to examine uptake from a con-
taminated growth media. This consisted of a mixture of silt, relatively
high in radionuclides, from the Cumbrian coast and a horticultural loam.
Plant specles common in the U.K., with contrasting growth forms were used
in the experiment. These included a pasture grass (Lolium perenne), a

legume (Trifolium repens), a shallow rooting plant (Ranunculus repens) and

a deep rooting plant (Rumex obtusifolius)., Turnip was grown as a root crop

and maize as a potential silage plant. The dominant salt marsh specles,

(Puccinelliamaritima), was also grown. Soll contamination was checked by

monitoring bdtitanium levels.

Total harvested biomass for each block was between 300 and 400 g dry weight.
Results so far, show that significant amounts of 137¢s are taken up by all
the species, with the tissue concentrations ranging from 1 to 8 p Ci g-l dry
matter.

3. Transfer factors for radionuclide intake by sheep

This study has concentrated on a flock of sheep grazing an area of saltmarsh
(similar and close to the marsh referred to above) and adjacent rough heath.
The proportion of time spent on different parts of the range (divided into
sub-areas according to radionuclide levels), at different times of the day
and year and in different weather conditions has been observed. Regular
collections of vegetation and faeces have been made on these sites. In this
way it has been possible to estimate total radionuclide intake with reason-
able confidence.

Initial measurements of the y radionuclides in vegetation showed a sharp
concentration decrease as the summer progressed. This demonstrates the
fallacy of projecting results, obtained at one sampling period, to a full year.
In order to measure the digestibility of contaminated saltmarsh vegetation
in sheep a separate feeding trial using tethered sheep was carried out. In
this experiment 3 sheep were fed for 3 weeks and samples of the food, faeces
and urine were collected for the determination of o and y emitters.

A detailed analysis (50 components) of a single ewe showed that 137¢g was
concentrated in the soft tissue. Levels in the muscles accounted for most
of the !37Cs because of their relatively large bulk. In contrast, most of
the 239/2“°Pu was found in the bone, liver and lungs. A number of ewes and
lambs from the main study flock were slaughtered at intervals during the
study year and key tissue and bone samples are being analysed for a andy
emitters. A control ewe, from a Yorkshire farm which has supplied sheep to

the study flock, is also being examined.
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List of publications in 1982

I. Publications in Scientific Journals, Monographs, Proceedings.

Horrill, A.D. (1983). Concentrations and Spatial Distribution of Radio-
activity in an Ungrazed Saltmarsh. Proceedings, Ecological
Significance of Radionuclides, British Ecological Society, April
1982,
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Progress Report
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Contractor: Contractno..  BI0-B-487-82-D
Technische Hochschule Darmstadt

D-6100 Darmstadt

Head(s) of research team(s):

Prof. Dr. K. Bichmann
Fachbereich fiir Anorganische
Chemie und Kernchemie
Technische Hochschule Darmstadt
D-6100 Darmstadt

General subject of the contract:

Development of a new method for the determination of lead-210 and study of
the air-plant and soil-plant transfer pathways in uranium mining areas.

List of projects:
1. Development of a new method for the determination of lead-210 and
study of the air-plant and soil-plant transfer pathways in uranium
mining areas.
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Projektnr. BIO-B-487-82-D

EINE NEUE METHODE ZUR BESTIMMUNG VON Pb-210 IN NATORLICHEN PROBEN
SOWIE UNTERSUCHUNGEN ZU DEN TRANSPORTPFADEN LUFT/PFLANZE UND
BODEN/PFLANZE SOWIE URANERZBERGWERKVORFLUTER

Prof. Dr. K. Bdchmann
Fachbereich Anorganische Chemie und Kernchemie
Technische Hochschule Darmstadt, 6100 Darmstadt/FRG

Die Bestimmung von Blei-210 in radiookologischen Untersuchungen ist durch

die radioaktiven Eigenschaften des Blei-210 kompliziert und zeitaufwendig.
Dies liegt daran, daB Pb-210 nur eine schwache B-Strahlung aussendet mit

der Ausnahme einer vy-Strahlung von 48 KeV mit niedriger Obergangswahr-
scheinlichkeit. Durch das Fehlen charakteristischer Strahlung ist es entweder
notwendig, die Bestimmung liber die hoher energetische B-Strahlung des Bi-210
durchzufiihren oder liber die a-Strahlung des Po-210. In beiden Fdallen muB
zundchst eine Abtrennung erfolgen, um dann die nachwachsenden Produkte zu
bestimmen. Dies erfordert nicht nur zeitaufwendige Abtrennung, sondern auch
das jeweilige Abwarten der radioaktiven Gleichgewichte. Da Blei-210 in der
neuen Strahlenschutznorm ein wesentlich hoheres Gewicht eingerdumt wird,

so daB es etwa dem Radium-226 an Toxizitdt gleichgesetzt werden kann,
erscheint es notwendig, eine wesentlich einfachere Analyse dieses Nuklids

zu entwickeln.

Unsere Methode beruht auf einem sogenannten Fdllungsaustausch, wie er z.T,
in der Spurenelementanalyse angewandt wird. Zundchst wird ein frischer
Niederschlag von Zinksulfid hergestellt, und dann werden die Probenlgsungen
bei einem pH-Wert von 3,6 durchgesaugt. Bei hdheren Werten wird Eisen
ebenfalls als Hydroxid niedergeschlagen und dann Uran mitgefdllt. Unter
diesen Bedingungen wird von den Radionukliden lediglich Bi-210 mit
ausgetauscht, so daB die Gleichgewichtseinstellung abgewartet werden muB,
wenn nicht schon Gleichgewicht herrscht. Die Konzentration des natiirlichen
Bleis ist ohne jeden EinfluB. Da das Blei auf einer sehr diinnen Zinksulfid-
schicht sich befindet, 1dBt sich sehr leicht eine Messung mit einem diinnen
Plastik-Szintillator vornehmen. Dadurch wird die Selektivitdt gegeniiber
anderen, hoher energetischen g-Strahlern noch einmal erhght. In Tab. 1 sind
verschiedene Verfahren zusammengestellt und miteinander verglichen.
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Die Methode kann sowohl auf biologische Proben als auch auf Bodenproben
Aerosole in Luft und auf Wasserproben angewandt werden. Es ist lediglich
notwendig, flir die Festproben einen AufschluB durchzufiihren. Wir haben
inzwischen diese Methode auf etwa 400 Proben in Feldexperimenten angewandt
und dabei sowohl das Verhalten in Uranerzbergwerkvorflutern untersucht

als auch die Immissionsbelastung in der Nahe eines Uranerzbergwerks. Da wir
gleichzeitig Ra-226 bestimmt haben, 1dft sich sagen, daB das Verhalten von
Pb-210 wesentlich komplizierter ist. Dies hdangt damit zusammen, daB Pb-210
in jede Matrix liber zwei Wege kommt, namlich einerseits direkt aus dem
Zerfall des Ra-226, andererseits aber auch iiber das Tochterprodukt Rn-222.
Durch die Entstehung aus dem Zwischenglied Rn-222, das sich als Edelgas
schnell verbreitet und auf andere Art und Weise als das Blei selbst,

wird die Deutung der einzelnen Experimente kompliziert. Dies ergibt sich
atch daraus, daB die Verhdltnisse von Pb-210 zu natirlichem Blei sehr
unterschiedlich sind. Interessante Phdanomene bei den Transportpfaden des
Pb-210 entstehen auch dadurch, daB z.B. das gesamte Pb-210 durch Regen aus
der Luft genommen wird und auf die Vegetation gelangt. Die Versuche sollen
insbesondere in dieser Richtung fortgesetzt werden.

Tabelle 1: Vergleich verschiedener Nachweismethoden

y-spectroscopy 1liquid methane flow plastic
scintillation counter scintillator
1imit of
detection 10 pCi 3 pCi 0.06 pCi 0.3 pCi
time for the
measurement 72 h 2h 15 h 15 h
time between
separation and
measurement no 20 d 4 d . no

Veroffentlichung 1982:

K. Bachmann, A. 0lkis, H. Klenk )
A new method for the determination of Pb-210 in natural samples
Health Physics (eingereicht)
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Contractor: Contractno.; DIO-B-465-81-F
Commissariat 3 1'Energie

Atomique, CEA

CEN de Fontenay-aux-Roses

B.P. n°6

F-92260 Fontenay-aux-Roses

Head(s) of research team(s):
Dr. G. Baudin
Service d'Etudes Analytiques
CEA - CEN de Fontenay-aux-Roses
B.P. n°6
F-92260 Fontenay-aux-Roses

General subject of the contract:
Development of a method of determining traces of long-lived

beta-emitters by opto-galvanic spectroscopy and assisted
fluorescence.

List of projects:

1. Development of a method of determining traces of long-lived
beta-emitters, such as I-129 and Tc-99, by opto-galvanic
spectroscopy and assisted fluorescence.
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PROGRAMME RADIOPROTECTION CONTRACT N° BT0-B-465 PL-F

DEVELOPMENT OF A METHOD OF DETERMINING TRACES OF LONG-LIVED
BETA-EMITTERS BY OPTO-GALVANIC SPECTROSCOPY AND ASSISTED FLUO-
RESCENCE

Dr G. BAUDIN - Dr Th. BERTHOUD

a) Détection d'iode

Les études préliminaires (Cf Progress report n°2) nous ont con-
duit & retenir la technique de fluorescence extra-cavité avec
la raie 514,5nm du laser & argon comme source d'excitation. Une
cellule intracavité permet d'assurer la sélection isotopique de
12129 jusqu'a un rapport 12129/12127 de 1%. Nous étudions les
possibilités d'amélioration de ce rapport par une variation des
conditions de pression de la cellule intra-cavité. La spécifi-
cité spectrale de la fluorescence de 12129 est également un
moyen de sélectivité isotopique dans un rapport 12129/12127 de
1/e°. Dans 1'état actuel de notre appareillage, nous avons
donc une sélectivité isotopique dans un rapport 12129/12127 de
10~ avec une limite de détection de l'ordre de 101! molécules

de 12129 par em> d'air ramené A pression atmosphérique.

Les études en cours portent sur les interférences crées par

1'éventuel polluant de 1'air (oxyde d'azote en particulier)
b) Détection du technétium 99

On rencontre principalement le 7¢%9 dans 1'environnement sous
forme de Tc & la valence VII dans l'eau. Afin d'éviter au maxi-
mum les probleémes de manipulation d'échantillons contenant de
faibles traces, nous étudions les possibilités d'application de
la technique du Thermal Lensing gui pourrait s'appliquer direc-
tement sur les liquides & analyser. Les résultats préliminaires
semblent encourageants, mais ils nécessitent un appareillage

relativement complexe.
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LIST OF PUBLICATIONS IN 1982

1. Publications in Scientific Journal

Fluorescence de l'iode stimulée par laser, Proceedings de la
3eme Réunion franco-italienne de spectroscopie atomique -
Florence 4-6 octobre 1982

T. BERTHOUD, B. REMY

I1. Rapport interne :

Fluorescence de l'iode stimulée par laser - Application au do-
sage de l'iode 129 dans les effluents qgazeux.

Rapport technique SEA/82-478

T. BERTHOUD, B. REMY
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Contractor: Contractno.: B10-B-340-81-F

Commissariat 3 1'Energie
Atomique, CEA

CEN de Cadarache

B.P. n° 1

F-13115 Saint-Paul-lez-Durance

Head(s) of research team(s):
Dr. Y. Belot

SERE-DPR
CEA - CEN de Fontenay-aux-Roses
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General subject of the contract:
Simulation of tritium transfer in the environment; study of organic
tritium transfer in the aquatic environment, the soil-plant and the
plant-mammal system.

List of projects:

1. Development of a tritium behaviour model.



— 210 —

Title of project nr 1 : DEVELOPPEMENT D'UN MODELE DE COMPORTEMENT DU
TRITIUM

Head of project and scientific staff : Yves BELOT, Jacques DELFORGE,
Claude CAPUT, Jean GUENOT

1) Aamélioration du modéle

Le modéle précédemment développé a fait l'objet d'améliorations
en 1982. Les efforts principaux ont porté sur le sous-modéle de transfert
de HTO entre l'atmosphére et le sol. Dans ce modéle la tranche de sol con-
sidérée est subdivisée en n couches superposées. Le contenu en tritium de
chaque couche est décrit par une équation linéaire du premier ordre & coef-
ficients variables. Ces coefficients sont fonction de la diffusion de HTO
4 l'interface sol-atmosphére, de la diffusion de HTO dans le sol et de 1'é-
coulement gravitaire de l'eau. Les valeurs de ces coefficients sont esti-
mées d'aprés les résultats expérimentaux les plus récents.

Il est apparu que le nombre de couches ne pouvait étre choisi arbi-
trairement. L'épaisseur d'une couche doit étre choisie de telle sorte que,
durant le pas de temps At, les atomes de tritium se distribuent de maniére
homog&ne a travers la couche. Pour un pas de temps de 1 heure et les valeurs
standards des paramétres, l'épaisseur de chaque couche ne peut dépasser
3 x 10~3m. Compte tenu de cette valeur, il apparalt nécessaire d'effectuer
le calcul sur plusieurs centaines de couches superposées. Ce nombre élevé
n'entraine pas de temps de calcul prohibitif, car le modéle reste assez sim-

ple.

2) Simulation d'un rejet continu de vapeur d'eau tritiée

Un rejet continu de vapeur d'eau tritiée se traduit pour des végé-
taux situés en un point donné, par des expositions répétées discontinues,
dont la fréquence est fonction des conditions météorologiques. Une simula-
tion a été faite en admettant que les végétaux étaient exposés pendant 10%
du temps. On a supposé que les périodes d'exposition étaient réparties de
maniére aléatoire et qu'elles avaient elles-mémes une durée aléatoire com-
prise entre 1 et 8 heures. Cette simulation représente schématiquement le

cas d'une arrivée discontinue de vapeur d'eau tritiée, soumise aux aléas
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de la direction du vent.

Il apparait que l'activité moyenne de l'eau du sol dans la couche
explorée par les racines, nulle au temps zéro, augmente progressivement
avec le temps pour atteindre une valeur d'équilibre au bout de quelques
dizaines de semaines. L'activité spécifique de l'eau du sol, & 1'équilibre,
est égale 3 l'activité spécifique de la vapeur d'eau atmosphérique multi-
pliée par 1l'humidité relative moyenne de 1'atmosphére. On atteint 50% de
la valeur d'équilibre au bout de 10 semaines environ.

Il en résulte que, dans le cas d'un rejet continu qui se prolonge
pendant plusieurs années, on ne doit pas négliger l'activité spécifique
de l'eau du sol, qui est d'autant plus proche de l'activité spécifique de

1'eau atmosphérique, que le climat est plus humide.

3) Etudes expérimentales complémentaires

Dans le but d'aider & la modélisation, des expériences complémen-
taires ont été effectuées portant sur l'incorporation du tritium dans la
matiére organique des végétaux, et sur le rdle de la photosynthése et des
réactions d'échange isotopique. On a mis en évidence trois formes distinc-
tes de tritium : le tritium aqueux, le tritium organique échangeable et le
tritium organique non-échangeable. Les deux premiéres formes ont une durée
de vie relativement courte, la troisiéme forme ne décroit que trés lente-

ment, et peut devenir 3 terme prépondérante devant les deux autres formes.

List of publications in 1982

I. Publications in Scientific Journals, Monograohs, Proceedings.
Y. BELOT et J. DELFORGE. "Modélisation du transfert de HTO entre 1'atmos-

phére et le sol”. Annales de 1'Association Belge de Radioprotection, 7,

183-198 (1982). -

J. GUENOT, C. CAPUT, Y. BELOT et F. BOURDEAU. '"Role des réactions de pho-
tosynthése et d'échange dans 1'incorporation du tritium dans la matidre

organique des végétaux". Annales de 1'Association Belge de Radioprotec-—
tion, 7, 293-306 (1982).

Y. BELOT, C. CAPUT, J. GUENOT et F. BOURDEAU. "Incorporation of Tritium
into organic matter of terrestrial plants exposed to tritiated water
releases of short duration". Health Physics (sous presse).

II. Short Communications, Theses, Internal Reports, Patents
Y. BELOT. "Transfer of tritiated water into the plants : a review".

European Seminar of the Risks from Tritium Exposure. Mol (Belgium),
22-24 Nov. 1982.
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General subject of the contract:

Characterization of particulate contamination of the air and its deposition
in the airways.

List of projects:

1. Characterization of particulate contamination in the air and its
deposition in the airways, with particular regard to alpha
emitting aerosols in special working environments.
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Title of project nr. 1: Characterization of particulate contamination
of the air and its deposition in the airways

Prodi V.
Melandri C.
Tarroni G.
Lembo L.
Civolani O.

Head of project and scientific staff:

Tha t systes d of an inertial spectrometer

-p

and a screen-type diffusion battery, both equipped with CR 39 track
etch detectors has been used in dwellings to measure the distribution
of alpha activity over the aerosol particle size.

The measurements have made clear the importance of particles in
the ultrafine range (size smaller than O,l/um) for the assessment of
the lung dose due to the natural alpha activity. The size range 0,2
to 0,7 um is also very important since the aerodynamic and diffusive
mechanisms superimpose: for the two instruments, the superimposition is
still insufficient for a detailed characterisation and should beZimproved.

The study on the influence of electrostatic charges carried by
aerosol particles on the airways total deposition has been
completed. The relevant results concerning the long contamination can

be summarized as follows:

for each particle size there is a threshold charge below which no effect
is detactable since the particles are captured any way by other mechanisms
{settling and diffusion)
- the deposition increase above the threshold is a unique function of the
mechanical mobility times the charge squared
- in many practical situations the deposition increase is remarkable and
it is not negligible for the assessment of the lung burden
- the increased deposition in the size range investigated (0.3 through
1.0/um) takes place in the same alveolar regoniwhere diffusion and
settling act

an intersubject variability of the electrostatic deposition has been

'

found of the same magnitude of the variability with neutral particles.

The experiments have been performed at a charge concentration

where image forces prevail on the electrostic scattering.
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List of publications in 1982

elandri, G. Tarroni, V. Prodi, T. De Zaiacomo, M. Formignani, C.C.
ardi

sition of charged particles in the human airways.

Meeting of the GAeF '"Aerosols in Science, Medicine and Technology"

gna, 14-17 September, 1982,

rodi, C.C. Lombardi, T. De Zaiacomo, C. Melandri, M. Formignani,
arroni

distribution measurements of natural alpha active aerosols.
Meeting of the GAeF "Aerosols in Science, Medicine and Technology"

gna, 14-17 September, 1982. To be published on: J.Aerosol Sci.
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General subject of the contract:

Resuspension of radiocactive nuclides released from the ocean surface.

List of projects:

1. Resuspension of radioactive nuclides released from the ocean
surface.
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Title of project nr
Resuspension de nucléides radioactifs 3 partir de la surface des océans
BIO-B-466-81-F

Head of project and scientific staff :

C. CAPUT
Y. BELOT
D. GAUTHIER

1 Introduction.

Les phénoménes de resuspension & partir des sédiments et de la surface des
océans n'ont retenu que depuis peu l'attention de quelques laboratoires.
Au Royaume Uni, la division des Sciences Médicales et de 1'Environnement
de Harweld a effectué des prélévements atmosphériques sur la cdte au voi-
sinage de l'usine de Windscale et dosé les actinides démontrant que les
embruns marins constituent une voie de transfert des actinides. Ceux-ci,
de méme que d'autres radionucléides, peuvent ensuite s'accumuler sur cer-
tains végétaux de la frange littorale, comme le montre un travail récent
présenté par le laboratoire de Radioécologie Marine de la Hague du C.E.A.
(Fr.82). D'autre part notre laboratoire 3 montré (Be.82), aux cours d'ex-
périences de simulation effectuées ces deux derniéres années, que l'aéro-
sols marins engendré par éclatement de bulles 3 la surface de 1'eau de mer
pouvait €tre enrichi en americium par rapport a l'eau d'un facteur supé-
rieur & 1000. Une collaboration 3 été amorgée cette année avec les cher-
cheurs de Harwell travaillant in situ dans ce domaine (Environmental and
Medical Sciences Division). En ce qui nous concerne, nous menons paralle-
lement deux types de recherches, les unes par simulation en laboratoire,
les autres a partir de prélévements effectués in situ.

IT Expérimentations en laboratoire.

Le dispositif d e simulation permettant d'engendrer un aérosol par éclate-—
ment de bulles 3 la surface de 1'eau de mer a subi en 1982 différentes
améliorations: Il est maintenant possible de faire varier la hauteur de la
couche d'eau de mer traversée par les bulles, ce qui était nécessaire a la
compréhension du mécanisme d'enrichissement : trois hypothéses sont en ef-
fet avancées : le phénoméne se produisant soit au cours de 1'ascension des
bulles, soit seulement 3 la surface, la bulle isolant avant d'éclater une
micro-couche superficielle, soit enfin par la conjonction de ces deux mé-
canismes. Par ailleurs les performances de 1'appareil ont été améliorées,
autorisant la génération d'un flux d'aérosol plus important, donc une
meilleure sensibilité de détection. Enfin une méthodologie a &té mise au
point pour étudier 1l'influence de la matiére organique et de la matiére

particulaire sur 1'enrichissement de 1'aérosol.



— 219 —

III. Expérimentations in situ.

Une nouvelle technique de prélévement, inspirée de celle imaginée &
Barwell, va étre mise en oeuvre, consistant & tendre une surface de mous-~
seline en bordure de mer perpendiculairement au vent. Cette technique per~
met de prélever en quelques heures les embruns contenus dans un grand vo-
lume d'air en évitant de piéger les particules fines représentatives des
retombées. Quelques essais ont été effectués pour tester ce mode de pré-
lévement & proximité de l'usine de La Hague. Alors que les prélévements
effectués jusqu'ici par filtration classique de l'air sont caractéristi-
ques des retombées et de la radiocactivité naturelle (présence de Be.7),
les spectrogrammes gamma obtenus avec ces nouvelles techniques sont carac-
téristiques des rejets en mer (présence de Rh 106, Cs 137, Ce 144, Co 60).
Ceci confirme bien que la mousseline piége sélectivement les grosses par-—
ticules, essentiellement par impaction, ce qui permet d'éliminer la compo-
sante fine de l'aérosol atmosphérique. Le potassium 40 permet d'évaluer la
quantité d'eau de mer représentée par les embruns. Dans le cas d'une vi-
tesse de vent de 10 métres seconde et d'une durée d'échantillonnage de 5
heures, ce qui correspond au piégeage des embruns contenus dans un million
de m3 d'air, cette quantité d'eau est de l'ordre de 2 litres. Dans l'ave-
nir, des analyses alpha seront également effectuées, d'une part sur de
l'eau prélevée sur le méme site, d'autre part sur la mousseline ayant col-

lecté les aérosols.

List of publications in 1982

I. Publications in Scientific Journals, Monographs, Proceedings.

Y. BELOT, C. CAPUT et D. GAUTHIER '"Transfer of americium from sea water
to atmosphere by bubble bursting" - Atm. Env. 16, n°6 pp 1463-1466, 1982.

A. FRATIZIER, Y. BARON 'Donndes nouvelles sur les sources et transferts de
radioactivité au continent par aérosols et embruns marins" Journée d'étu-
de sur les pollutions marines, Cannes, 2-4 Déc. 1982.
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Contractor: Contract no.: BIO-B-322-81-1

Com.Naz.per la Ricerca e
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I-19100 La Spezia

General subject of the contract:

Environmental and health protection implications from nuclear plants
discharging into coastal marine ecosystems.

List of projects:

1. Description and classification of typical marine coastal
ecosystems.

2. Laboratory studies on the behaviour of long-lived radionuclides in
the marine environment.
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Title of project nr. 1 - "Description and classification of typical
marine coastal ecosystems"

Head of project and scientific staff: R. Boniforti, G. Buffoni,
A. Cigna, P. Marri, C. Peroni,
A. Zattera, G. Zuccaro Labellarte
G. Zurlini

A greater emphasis was put on the in sea activity with respect to the
experimental one on account of the movement of the Laboratory to the
new premises of Forte di Santa Teresa and problems related to the sup-
ply of the laboratory's equipment and furniture. The new center offers
additional facilities not previously available (e.g., a clean room

for the analysis of trace metals in environmental samples, a new com-
puter system, new laboratories for experiments with radionuclides etc.)
which greatly improve the possibility of research work. Therefore,
1982 may be considered as an innovative year as far as the possibility
of marine research by ENEA is concerned.

The larger effort devoted to in sea work permitted to carry out a 2-
month campaign along the coast of the Puglie region. This campaign

was aimed at an initial description and classification of that en-
vironment which will be interested by the installation of large elec-
tric power plants.

The analysis of radionuclides in sediments and various biological ma-
trices and of trace metals in water, particulate matter and sediments
collected in 1981 from the Garigliano area has been concluded. As tra-
ced by 60Co, the coastal zone interested by the discharge of the nu-
clear power plant covers an area of some 1700 kmé. The highest concen-
tration of 89Co was found in the sediments (maximum value of 500 pCi/
kg dry wt.). Some differences in trace metal concentration in samples
collected from the Garigliano area and the Ligurian Sea are attributed
mainly to differences in lithology and mineralogy of the catchment
basins of the rivers flowing into the two zones.

Additional data relevant to the Garigliano site and concerning physical
biogeochemical, and benthic parameters are being evaluated. These data
will also help to prepare a sedimentological chart of the Italian
coastal environment,

A spectrophotometric method for the determination of the aerobic and
facultative anaerobic activities based on the reduction of resazurin
by dehydragenase in microorganisms has been implemented.
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The modification consisted in separating the dye from the sediment

by filtration, whereas in the original method the separation was per-
formed by extraction by amyl-alcohol under controlled pH conditions.
Presently, the method is being modified by performing the manipulation
under aneorobic conditions. This would permit to evaluate also the
activity of strictly anaerobic microorganisms and that of chemical
compounds.

A new CTD-0p-pH-pE probe has been tested in both estuarine and sea-
waters during a campaign in the North Sea carried out in cooperation
with the Deatsches Hydrographisches Institut.

Very low level radioactivity measurements on fallout and environmental
samples collected along the Italian coasts have been regularly carried
out. The radioactivity of fallout is steadily decreasing. By assuming
137¢s as representative of the trend, the average values for samples
collected e.g. at La Spezia in 1981 and 1982 are 0.05 and 0.03 mCi
km~2, respectively.

CDT and currentmeter data for the zone between La Spezia and Sestri
Levante have been analysed and used for an analytical model of the
circulation in the Ligurian Sea. The model shows that the circulation
of the Ligurian Sea responds to atmospheric motions with a 5-day pe-
riodicity. At this periodicity, the average carrent speed is about

3 cm s™1. The shelf circulation seems forced by the deep basin circu-
lation and a local wind.

A radially symmetrical model for the determination of the turbulent
diffusion coefficient has been developed. The model, whose maximum
efficiency is shown to be reached in calm sea stretches far away from
the main circulation line, has been applied to the Bay of La Maddalena
Island.

Title of project nr. 2 - "Laboratory studies on the behaviour of
technetium in the marine environment"

Head of project and scientific staff: P. Scoppa, E.H. Schulte

Laboratory facilities have not been available during the whole period
covered by this report.
Therefore, the main activities have been:

~ the preparation of oral communications and publications on the ba-
sis of results obtained in 1981;

- the implementation of mathematical models for calculating the tran-
sfer of technetium between the various compartments of our experi-
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mental systems.
Only minor progresses in experimental activities can be mentioned:

- preliminary experiments on accumulation and release kinetics of techne
tium-95m, added as pertechnetate to seawater, have been carried out
on the crab Pachygrapsus marmoratus.
Concentration factor for technetium in this species is very low
{(~ 10 ). After 30 days of accumulation, approximately 70% of the
whole body radioactivity is localized in the digestive system
(hepato-pancreas, stomach and intestine) and released with the bio-
logical half-life of ~ 24 days.

- Binding of the anion pertechnetate to albumin has been studied at
pH 7.4 and aionic strength 0.16 using diafiltration techniques.
Wash-in experiments provided equilibrium constants at different
temperatures, from which free energy changes have been calculated.
On the basis of these results, the standard enthalpy variation has
been evaluated in the range of temperature between 5 and 37°C. The
reaction is characterized by negative changes of both standard free
energy and enthalpy. Therefore, reversible binding of pertechnetate
to albumin can occur spontaneously and it is favoured by low tempe-
ratures.
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Title of project n. 1 - "Late effects and metabolic behaviour of
plutonium in mice'".

Head of project and scientific staff: U. Andreozzi, G.F. Clemente
G. Ingrao, V. Covelli, B.
Bassani, B. Di Caterino, G.
Santori.

The experiment under way comprises six groups of animals intravenou
injected with monomeric 239Pu. Plutonium activity ranges from 30 pC
mouse {about 500 animals) to 3000 pCi/mouse (about 300 animals), wi
age matched uninjected controls for each experimental group. A tot
of about 2500 mice has been treated between the end of 1978 and 198
At death, animals are autopsied and verious organs are taken for
histopatoloty, for Pu retention measurements and for dosimetric
studies; an X-ray picture is taken of the whole skeleton.

Numbers of dead and surviving animals, as of December 1982, are
reported in table 1. In the lowest contamination group and its cont
all animals are dead. A significant number of dead animals is also
available in the next two highest exposure groups. The cumulative
mortality (fig. 1) shows no appreciable differences between the
30 pCi group and its matched control, while there could be some
life shortening for the 150 and 300 pCi groups though the
corrisponding control data are not yet available.

A fraction of 10% of all dead animals is randomly selected for Pu
retention measurements in femour, liver, testis and kidneys.Fig. 2
shows the data for liver where up to now the % retention is in
reasonable agreement with a retention curve previously determined
after about a 100~-fold higher contamination level. The values of
the % retention in the femour at various times after contamination
are also in close agreement with the retention values determined
in a previous experiment after an injected 239Pu dose of 5000

pCi/mouse.



231 —

Histopathological analysis is still very preliminary. Some

osteosarcomas have been diagnosed in various experimental groups,

and many more suspected cases have been seen radiologically. In

1983 the histopathological part of the experiment will be given

thourough attention.

Microdistribution analysis

analyser has not started yet,

and it is experted to be working soon.

in bone with the Quantiment image

but the equipment has been installed

Experimental Injected activity | Number of animals Dead mice

Group pCi/mouse per group Total number %
Control 0 783 330 42
LEP-1 30 472 472 100
LEP-2 150 491 365 74
LEP-1 300 397 249 62
LEP-4 750 400 51 12
LEP-5 1500 398 53 13
LEP-6 3000 300 24 8
TOTAL 3341 1544 46
Tab. 1 - Current status of the plutonium late effect experiment on mice as

of December 1982.
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'itle of project n. 2 - "Fallout plutonium content in the italian
diet and in members of the general public™.

lead of project and scientific staff: G. Santori, G.F. Clemente

The collection of autopsy samples has been prosecuted during 1982

in collaboration with the Institute of Legal Medicine of the
Jniversity of Rome.

fore than 50 plutonium determinations have been performed in autopsy
samples during 1982. The mean 239’240Pu concentrations + S.E. in all
inalyzed samples are the following: 10.1 + 3.6 mBq/kg in bone,

23.2 + 7.0 mBgq/kg in liver, 2.0 * 0.4 mBg/kg in lungs, 2.0 * 1.2
nBgq/kg in kidneys and 3.8 + 1.1 in spleen.

411 the concentration data are reported for kg fresh weight.

The average plutonium body burden in the ten analyzed subjects is

of the order of 100 mBgqg.

During 1982 the plutonium concentration has been also measured in
about 10 different food items representative of both the environment

239,240 .
Pu concentrations

and the dietary habits of Italy. The mean
+ S.E. given for kg fresh weight are the following:0.0046 + 0.0200
mBg/kg in flour, 0.025 + 0.015 mBq/kg in fruity vegetables (five
different kinds of fruity vegetables have been analyzed ),0.183 + 0.03Q
mBq/kg in leafy vegetables, 0.250 + 0.070 mBq/kg in fishes (three
different kinds of edible mediterranean fishes have been considered)
and 2.50 + 0.26 in shrimps caught along the coast of the south of Italy.
The 238Pu has been also measured in some food samples (fishes and
shrimps) . Such preliminary data seem to indicate a reasonable

agreement with similar data reported for USA terrestrial food items.

On the other hand the plutonium concentration seems significantly

higher in marine foods originated from the Mediterranea sea than in

those originated from the italian terrestrial environment.
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Title of project n. 3 - "Behaviour of fallout plutonium in Italian
soils and sediments'.

Head of project and scientific staff: L.Cigna Rossi,

G. Zuccaro-Labellarte,
A. Brondi

The sample collection in Piemonte and Lazio regions initiated

during 1981 has been completed during 1982; a new campaign has been
then performed in Veneto region and about 25 samples have been
collected.

Some preliminary samples from Toscana region were also collected and
processed. A total of more than 80 Pu measurements have been carried
outduring 1982 and more than 100 values of Pu concentration i#m italian
soil samples, collected in 76 sampling points, are available up to now.

239
As planned in the 1982 programme of work, for each soil type the ’

240 . 137 90 : ;
Pu concentration and the Cs/Pu, Sr/Pu concentration ratios
in correlation with the soil parameters were obtained. The vertical
distribution of Pu in many sampling points has been also determined.
The most relevant data are summarized in fig. 1 (concerning cultivated
soils) and fig. 2 (concerning undisturbed soils).

. 137 239,240
For the cultivated soils the average integrated Cs and

2
contents (:26) (referred to a surface of 1 m and a thickness of
137 2 240

30 cm) are 422011030 Bg and 70122 Bg for Cs and 39 Pu
respectively .

Such results are in good agreement with the evaluated average cumulati®

2 2
fallout deposition for Italy which is 4000 Bgq/m and 62 Bgq/m for

137 239,240
Cs and ’ Pu respectively (1).
137 239,240
In undisturbed soils the vertical migration of Cs, i Pu and
90

Sr have been determined. As an index of the vertical migration the
half-concentration depth (HCD) has been used (1).

The HCD values calculated by means of the formula given in (1) are
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respectively:

137Cs = 1.7 cm (clayey soils); 4.1 cm (sandy soils)

239, 24OPu = 1.9 cm " " ; 11 cm " "

905r = 7.7 cm " " H -

It is evident that both 137Cs and 239'240Pu migrate more deeply in

sandy soils (sample 39 PI in fig. 2) than in clayey soils (sample

3 TO in fig. 2).

In undisturbed soils the vertical transport of fallout radionuclides
is in some way influenced by the physical properties of the soil:
the future investigations will be directed to identify the main

parameters upon which the transport depends.

Reference

1. A. Brondi, L.Cigna Rossi, A. Perini, P. Scalvenzo and G. Zuccaro
137 30 239,240 . . . . . .

Labellarte. Cs, Sr and ’ Pu distributions in Italian soils.

Proc. 3 rd Int. Symp of Soc. Radiological Protection, Inverness June

1982, vol 1: 00/105.
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ARTIFICIAL RADIONUCLIDES IN RHINE-MEUSE-SCHELDT DELTA

I. INTRODUCTION

The studies on the distribution of plutonium isotopes and various gam-
ma emittors in the Rhine-Meuse-Scheldt delta of the south-west Nether-
lands were continued. Taking into account the limitation caused by the
restricted number of plutonium analysis, due to long counting times,
only selected samples were analysed. These are chosen on the basis of
earlier results and derived hypothesis of distribution patterns.

In former progress reports, various results were presented and dis-
cussed on the distribution of radionuclides in the region and related
to the type of sample: sediment, suspended matter, mussels, plants and
lichens. (Euratom, 1979, 1980, 1981). Here the additional achievements
will be presented for each studied radioisotope, and well for Cs-137,
Co-60, Pu-238, 239, Sb-125, Ru-106 and Ce-144.

II. RADIOISOTOPE BEHAVIQUR

In general the behaviour of the detected radioisotopes has been in-
vestigated by relating their ratios to stable potassium, with the en-
vironmental circumstances. Potassium (determined by K-40) is indicative
for the clay fractions and most radionuclides are proportionally present
in these fractions. 1Instead of potassium also aluminium can be taken,
which is equally related to the clay fractions.

II.1 Cs-137/K and Cs-134/Cs-137

The two available isotopes of cesium, Cs-134 (t4=2.2 yr) and Cs-137
(t$=30 yr) have been investigated. Cs-134 does not exist in fallout, thus
the ratio Cs-134/Cs-137 is an indication of local contamination by nu-
clear installations. The results for suspended matter and top-layer se-
diment from Rhine, Meuse, Delta region, Scheldt and Southern North Sea
towards Boulogne, showed Cs-137 levels of 0.1 - 0.5 pCi/g per % K.

The Cs-134/Cs-137 ratios in % were about 5-10%.

In general there could not be distinguished a clear pattern for the
Delta region, since the levels are relatively constant, while little
variation was observed from river to sea. No clear increase was detect-
able close to the nuclear power stations Doel and Borssele.

II.2 Co-60

The concentrations of Co-60 (t1=5.24 yr) ranged, equally for top-
layer sediments and suspended matter, from 6 to 430 fCi/g per % K
The highest values were detected for the Channel (Calais) and Scheldt,
while the lowest concentrations were found in the Grevelingen. Thus Co-
60 is a clear indicator for inputs from nuclear installations like
Doel (Scheldt), and Gravelines (Channel) and those of the English Coast.

II.3 Pu-238, 239 (+240)

The suspended matter and sediment values for Pu-239 (ti=2.4 x 104 yr)
mixed with Pu-240 (t4=6.6 x 10°® yr) ranged in the Delta region from 0.9
to 43 fci/g Pu-239,240/%K, with the highest values in the Southern
North Sea (26-43 £Ci/g/%) with North Sea water. No influences of Doel
and Borssele could be detected, probably the surplus Pu-239,240 above
fallout is explained from releases of the Windscale and/or La Hague
reprocessing plants.

The Pu-238/Pu-239,240 vratios (Pu-238, t3=66 yr) ranged from 4 to
54%, with again the heighest values (19-43%) in the Southern North Sea,



— 241 —

but also in the upper Scheldt (29-54%). The explanation is difficult to
give for the Scheldt values, since the average source ratios are 35% for
La Hague, 0.2% for Windscale and 5% for fallout. Abnormal high ratios
also have been found in sediments of French rivers downstream of nuclear
facilities (Loire, Thomas, pers. comm.) but also in rivers only exposed
to fallout (Var-river, Ballestra, 1980 and Gironde, Jeandel, 1981).

II.4 Sb-125

Antimony-125 (t3=2.8 yr) attached to sedimentary material is mainly
from marine origin and in fact from the La Hague effluents. Values in
the Channel of 330-475 fCi/g Sb-125/%K were found, descending to 15
fCi/g/%K in the upper Scheldt and 36-37 fCi/g/%K in the Rhine and Meuse.

III.5 Ru-106

An identical picture as $b-125 was shown by Ru-106 (t4=1.0 yr). High
values in the Channel were found for both suspended matter and top-
layer sediment of 1300-5700 fCi /g Ru-106/%K. In the mouth of the Western
Scheldt these values were reduced to about 1000-1100, while the river
concentrations of Rhine, Meuse and Scheldt were between 60 and 230 fCi/
a/%K.

I11.6 Ce-144

The Ce-144 (t4=0.78 yr) data, determined in a similar way as the
other gamma emittors, are not very reliable. The values are too close
to the detection limit. Approximately 50 £Ci/g/%$K in the rivers and 100-
2500 fCi/g/% in the Channel. Probably the source is equally the La Eague
reprocessing plant.

IV. CONCLUSIONS

The observed patterns of the various radionuclide distribution in
the Dutch Delta Region become more clear, in particular for radionu-
clides attached to suspended matter and top-layer sediment. In parti-
cular the presentation of the radioactivity per % K gives the oppor-
tunity to understand the transport of these radionuclides in the
environment as related to their sources.

Additicnal measurements are proceeding on mussels, as filter-feeders
of suspended matter. For this investigation the sampling area will be
extended from the Channel and the Delta region to the Dutch North Sea
coast northwards.

The lichen studies are completed, while the salt-marsh nlant ana-
lvsis revealed too low concentrations at the level of the detection
limits (Euratom, 1980, 1981).

Some core samples are still under investication in order to cet a
better view on the fallout maximum of the vears 1958-1963.
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Title of project nr 1
Investigation of the behaviour in soils and uptake by plants of

transuranics (Ra included) for different European soil types.

Head of project and scientific staff:

M.J. Frissel, R. Pennders, A. Ringoet, A.W. de Ruijter, N.v.d. Klugt

Main activities were determination of man made radio nuclides in natural
soils and their uptake by the vegatation, as well leaching experiments

and transport studies of transuranics in soil columns in the laboratory.

For the measurements in nature, the sampliing of twelve representative
European soils is almost completed; only two soils (ltaly and Greece)
will still have to be sampled in 1983.

The analyses of plutonium, americium, and the gamma emitters Ac-228
(Th-232), Bi-214 (Ra-226), Cs-137 and K-40 in the soils and their
corresponding grass samples arealmost finished. The uranium analyses
are in progress, typical transfer coefficients are: Humic gleysol (Hoog-
landerveen) 0.011,Calcaric fluvisol (Finsterwolde) 0.005, Distric
histosol (Schoonebeek) 0.005, Eutvic histosol (Groot Ammers) 0.006,
Dystric cambisol (Ardennen) 0.007, Orthic luvisol (Amiens) 0.028,
Rhodic ferrasol (Giessen) 0.002, Rendzina (Kingston Lisle) 0.016. Unit:
Bq per fresh weight (standardized moisture content 14%)/Bq per kg air
dry soil. The variation is higher than expected. Therefore a second
grass sampling of some sample-places was carried out at the end of the
summer and, depending on the results, a third one may follow early in
1983. The results of the soil analyses so far, show that still about
80 percent of the Pu-239/240, Am-241 and Cs-137 is in the upper 10
centimeters of the soil.

Differences between the migration of plutonium, americium and cesium

in different soils are small. This might indicate the same type of
transport mode, i.c. particle mediated transport. Different soils show

different migration patterns.



— 245 —

To verify the predictive model for plutonium and americium transport
in soil some old samples dating from 1967, 1972, 1973 and 1978 were
analysed for Pu and Am. The data obtained support the assumption that

the predictive model can be used for a first estimate of the behaviour

of Pu and Am in soils.

As already described last year in the laboratory the migration is
measured with 24 columns filled with resp. sand, sea clay and peat.
The columns are treated with artificially rainwater, what, before
contacting the soil, leaches a sediment containing plutonium. Half of
the experiments are terminated and are in progress for plutonium and
cesium analyse.

Differences between columns are small. There is a slight indication
that Pu migrates somewhat faster than Cs. This observation is in

agreement with our observations in nature.



Hooglanderveen Ardennen Rendzina

layer MBq . km 2 ratio MBq . km 2 ratio MBq . km 2 ratio
Y q q

cm Pu Am Cs Pu Am Cs Pu Am Cs Pu Am Cs Pu Am Cs Pu Am Cs

0- 5 15.1 6.4 1020 1 0.42 68 12.6 5.5 1010 1 0.44 80 15.3 6.4 1165 1 0.45 76
5-10 20.0 9.1 1302 1 0.4 65 13.4 6.3 969 1 0.47 72 15.7 7.6 1157 i 0.48 74
10-15 10.3 5.0 947 1 0.49 97 7.3 4.7 525 1 0.60 67 10.1 4.9 711 1 0.49 70
15-20 0.9 1.2 120 1 ] * 4.3 7.0 270 1 % % 2.8 1.7 203 1 * *

* . . . .
Absolute values too low to allow reliable ratio determinations.

Table | - Some representative results of soil analysis

e —
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1967 1972 1973 1978

layer Prediction Obs Obs Pred. Obs Pred. Obs Pred. O0bs
cm HVL  GRAM HVL GRAM HVL

0- 5 26.1 34.0 28.9 26.1 33.3 13.6 24.5 12.8 15.1

5-10 6.4 3.6 8.7 12.2 5.2 13.3 13.4 16.5 20.0
10-15 0 1.6 2.2 1.5 0.7 1.7 2.9 4.6 10.3
15-20 0 0.3 0.7 0 0.4 0 0.7 0.9 0.9

HVL = Hooglanderveen (Humic gleysol); GRAM = Groot Ammers (Eutric
histosol)

Table 2 - Some predicted Pu values (residence time 3 Y—cm-]) together

with some presently determined Pu values of old samples

-2
(MBq-km 7).
1967 1978
Layer Prediction Obs Obs Prediction Obs
cm HVL  GRAM HVL
0- 5 13.1 19.4 15.8 6.4 6.4
5-10 3.2 2.8 4.8 8.5 9.1
10-15 0 1.8 2.5 2.3 5.0
15-20 0 1.2 0.4 0.5 1.2

Table 3 : Some predicted Am values (residence time 3 Y—cm_]) together
with some presently determined Am values of old samples

(MBgq —km_z) .
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Title of project nr 2
Evaluation of the long term behaviour of radio contaminants in

terrestrial ecosystems.

Head of project and scientific staff:

J.F. Stoutjesdijk, G. Desmet, M.J. Frissel, N. van der Klugt,

H.P. Leenhouts, A. Ringoet, A.W. de Ruijter, J. Sinnaeve.

Determinations of these transfer factors should be performed under
circumstances as near as possible to natural conditions. Therefore
experiments are performed in a lysimeter installation with 32 large
containers, of which 16 have been filled with 18ss, 12 with sandy soil
and 4 with river clay. (For details see annual report 1981.) In 1981 the
soil of the first four containers has been labelled with %“Mn, 80Co,
65zn, 90sr and 137Cs and cultivated with grass. In 1982 the measurements
of the uptake of the radionuclides by the grass have been continued: the
results are given in table 1. It is shown that the grass takes up °“Mn
and ©%Zn much better than 6%Co and !37Cs and that large variations may
occur between different harvests. The uptake from sandy soil is much
higher for °“Mn, 8%Co and !37Cs than that from 18ss. From the soil with
a plough layer contamination the uptake is about two times higher than
from the soil of which only the surface is contaminated for 5“Mn and
657n.

in 1982 twelve other soils of the lysimeter were labelled with the same
radionuclides. They were cultivated with potatoes, maize, barley and
vegetables. Results are shown in table 2. Also for these crops the
highest transfers were found for 5“Mn and ©5Zn. The highest values were
found for spinach for all radionuclides, except for 65Zn, which was
taken up by potatoes most readily.

The complexation of radionuclides by root originating ligauds was
determined. To assess fresh root material maize and wheat plants were
grown in a [ C]O2 environment.

Extracts of the intact root-soil system were made after 0, 4 and 6 weeks

growth by a mild percolation technique.



Activity concentration of the soil in a layer of 15 cm (plough layer contamination) or

(surface contamination).

Date
Crop Soil Contamination Dry S4Mn 80co 652n 137¢s
type type conta- harvest mat.
mination 4
Grass 18ss plough Aug.'81 | Oct.'8t 15 0.019 0.0057 0.14 0.0050
layer June 32 0.032 0.0020 0.1t 0.0018
cont. July'82 0.034 0.0018 0.26 0.0018
Aug.'82 0.017 0.0003 0.071 0.0003
Oct.'82 0.082 0.0036 0.28 0.0017
Grass 18ss surface Aug.'81 | Oct.'81 15 0.027 0.0088 0.14 0.0079
cont. June'82 0.017 0.0007 0.049 0.0007
July'82 0.016 0.0011 0.10 0.0008
Aug.'82 0.020 0.0003 0.045 0.0003
Oct.'82 0.055 0.0030 0.13 0.0018
N
Grass | sandy plough Aug.'81 | Oct.'81 15 0.18 0.023 0.18 0.026 b
soil layer June'82 0.19 0.012 0.24 0.011
cont. July'82 0.15 0.010 0.32 0.014 |
Aug. '82 0.084 0.0025 0.092 0.0062
Oct.'82 0.15 0.0082 0.28 0.020
Grass sandy surface Aug.'81 | Oct.'81 15 0.11 0.059 0.14 0.53
soil cont. June'82 0.040 0.0012 0.041 0.0026
July'82 0.077 0.0073 0.21 0.0093
Aug. '82 0.068 0.0025 0.066 0.00M1
Oct.'82 0.13 0.0073 0.19 0.011
Table 1 - Transfer factors for grass (Bq/kg in dry plant material / Bq/kg oven dried soil)

5 cm



Date

Crop Soil Contamination 54Mn 65Zn 137¢s
type type caonta- harvest
mination

Potatoes 18ss surface March Aug. 0.0025 0.030 0.0018
18ss contamination 1932 1982 0.0035 0 0.035 0.0013
clay 0.0046 0 0.15 0.0022
sandy 0.0049 0 0.024 0.0069
soil

Barley 10ss idem March Sept. 0.017 0.25 0.00075
18ss 1982 1982 0.016 0.23 0.00034
clay 0.0055 0 0.37 0.0015
sandy 0.034 0 0.18 0.0030
soil

Beans 18ss idem March July 0.0061 0.014 0.00035
sandy 1982 1982 0.014 .025 0.0010
soil

Maize 18ss idem March Oct. 0.0039 .038 0.0013
sandy 1982 1982 0.022 .051 0.0064
soil

Spinach 18ss idem March Oct. 0.011 .12 0.0018
sandy 1982 1982 0.016 .21 0.0034
soil

Table 2 - Transfer factors for various crops (Bq/kg in dry plant material / Bq/kg oven dried

Activity concentration of the soil in a layer of 5 cm.

soil).

— 0§¢ —
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Addition of 57Co, 55Zn, 3“Mn and 5%Fe to these extracts and subsequent
molecular sieving on Sephader G-15 allowed separation of ionic species
from higher molecular weight ones. The percentage of metals present in
higher molecular weight forms showed a significant shift from ionic
forms to complexed ones. They were accompanied by an increase of g,
the complexing agents are therefore assumed to be produced by the roots.
A comparison of the 57Co distribution in a 4 weeks extract

with a 6 weeks extract, showec that this 37Co distribution

was shifted by the '“C increasement. This indicates that within two
weeks, sufficient !%C material is being released into the root
environment to compete with nature soil organic matter.

The results obtained demonstrate that the availability of radionuclides
which can form complexes with root originating material may in the
root-soil interface, be quite different from the ones determined by
standard bulk soil chemistry extractions.

With the aim of better understanding the behaviour of Technetium in 18ss
and sandy soils an experiment was done to determine its extractability.
The Technetium absorption on 18ss soils was clearly very weak since
after as little as one hour of extraction with water and DTPA, Technetium
was completely recovered. The extraction of sandy soils with the same
solvents was slower, and it was never completed, even not after 25 hours
of extraction.

An attempt to determine whether Technetium was chemically transformed in
those soils, by means of gelfiltration techniques failed, Technetium
extracted from the soils was clearly not bound to the soil organic
matter and remained TcOh—.

In the lysimeter spinach plants were grown on the 18ss and the sandy
soil; surface soil and plough layer contamination with Tc was applied.
Several harvests were done in order to determine possible growth dilution
phenomena. Besides, water extractable Tc was determined. Total Tc was
determined by extraction with NaCloO.

Migration into deeper layers was investigated by sampling layers of 5 cm

from 0 to 25 cm of depth.
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in order to determine the threshold of Tc0 toxicity spinach seedlings
were grown on nutrient solutions containing éifferent Tcob- concentrations.
One can saz that plants surely suffer from the contamination when more
than 2.107° mol 17} s present. A closer look at the distribution of
Technetium in the different spinach leaves shows that every TcOb—
concentration in the nutrient solution the first leaves contained more
Technetium than the second leaves.

Further attention has been given to the determination of possible
Tc-bio-organic complexes in the spinach leaves. Therefore, a special
separation technique was developed by filtration of a crude cell
suspension through a fractor gel column (a kind of gelfiltration).
Although this technique appears to be successful data on the binding
of Technetium with defined cell organcelis are not yet available.

List of publications in 1982

FRISSEL, M.J., R.M.J. PENNDERS. Models for the migration of 20sr, 137¢s,
239r21“0Pu and 24lam in the ton layer of soils, in Environmental

migration of long-lived radionuclides. IAEA, Vienna, 1982, o. 689-694,

FRISSEL, M.J. Gedrag van radionucliden in bodem en gewassen. Chem. Magazine
1982, juli/aug. 424-429.

STOUTJESDIJK, J.K. Recente ontwikkelingen in de vloeistof-scintillatie meet-
techniek. Para Medica 2 (1982), 12-14.

FRISSEL, M.J. and R.M.J. PENNDERS. Models for the accumulation and migrat-
ion of 90Sr, 137Cs, 239,240py and 2%1am in the upper layers of soils.
British Ecological Soc. Special Publications Series. Blackwell (in
Press) .

STOUTJESDIJK, J.L., J. SINNAEVE, J.H. VAN GINKEL, R.M.J. PENNDERS, R. SIBBEL
and G.M. DESMET. Determinations of soil-plant transfer factors at ITAL
in "Report of a workshoo on the transfer of radionuclides from Soil to
Plant" IUR-Association Euratom-ITAL, Wageningen. Accepted for publicat.
ion.
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Progress Report
1982

Contractor: Contractno.: PIO-B-317-81-F
Commissariat & 1'Energie

Atomique, CEA

CEN de Cadarache

B.P. n° 1

F-13115 Saint-Paul-lez-Durance

Head(s) of research team(s):
Dr. A. Grauby
SERE-DPR-IPSN
CEA~-CEN de Cadarache
B.P. n° 1
F-13115 Saint-Paul-lez-Durance

General subject of the contract:

Behaviour of freshwater entrained radionuclides in the event of
contact with seawater.

List of projects:
1. Behaviour of freshwater entrained radionuclides in the event of
contact with seawater
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Title of project nr
BEHAVIOUR OF FRESHWATER ENTRALNED RADIONUCLIDES IN THE LVENRT OF CONTACT
W1TH SEAWATER.

Head of project and scientific staff :

Head of project : M,GRAUBY

Scientific staff :; MM BADIE, PERES

Description of results

But de 1'expérimentation :

Cette expérimentation a pour but d'apprécier l'importance dg divers para-
métres sur le devenir des Co, 65Zn, 22Na, Cs, Mn et ]Cr introduits
a4 partir d'un fleuve dans le milieu marin. Pour cela, nous &étudions la
distribution des radionucléides entre les phases particulaire et soluble.
Les paramétres abordés sont les suivants : la salinité, la charge en ma-
tigre en suspension, la granulométrie des particules en suspension, la

minéralogie des particules et la matiére organique.

Méthode expérimentale :

Nous utilisons des eaux naturelles ou synthétiques préalablement filtrées

et stérilisées.

Les eaux naturelles sont prélevées au large de TOULON (salinité : 38 L) et

dans le rhone (salinité : 0 2.

Nous constituons des eaux de salinités variables, soit par mélanges d'caux

naturelles, soit par addition de sels dans une cau distillée. Ces solutions

sont - tracéeés et mises au contact de sé&diments.

Pour cela, nous utilisons différentes quantités et qualités de sédiments

- sédiments bruts ou débarrassés de matiéres organiques et de carbonates

— sédiments représentant quatre classes granulométriques (0-5 pm, 5-15 um,
15-30 ym et 30-50 um).

-~ argiles pures : Kaolinite, 1llite et Montmorillonite.

Alnsi, nous disposons de 120 milieux différents introduits dans des flacons
en plastique. Ceux~ci sont agités durant 5 jours a une température de

15°C. Pour chacun de ces milieux, nous exprimons la distribution des dif-
férents radionucléides entre la phase dissoute et partingaire par 1l'inter-
médiaire du coefficient de distribution (Kd) Kd en ml.g :

Activité fixée sur un gramme de suspension

Activité restant dans un millilitre de solution

Résultats et discussion :

L'augmentation de la salinit& permet une remise en solution de tous les radic
éléments sauf du chrome qui semble au contraire précipiter. Il est a noter
que dans tous les cas, les modifications importantes des Kd enregistrées
interviennent surtout aux basses salinités (de 0 3 7 7).
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Enfin, la salinité semble masquer dans une grande partie 1'influence

d'autres paramétres sur le comportementdes radioéléments. Cependant,

nous notons que :

~ Plus la concentration en mati&res en suspension est &levée, plus le
pourcentage d'activité fixé&e par les particules est Eélevé. Par
contre, l'activité fixée rapportée 3 une unité@ de masse (Kd augmente
quand la charge en mati&res en suspension diminud.

- La présence de matidres organiques sur des particules semble favoriser
la fixation des radionucléides.

~ Les sédiments des classes granulométriques les plus fines ont une capa-
cité de fixation des radio&léments plus &levée. Il est & noter que la

classe granulométrique de 0 3 5 pm correspond surtout i des argiles.

- La fixation augmente en présence d'argiles i capacité d'échange cationique
8levée, nous observons en effet un Kd élevé pour la montmorillonite,
moyen pour 1'illite et faible pour la kaolinite.
Ce phénoméne est surtout visible pour les salinités faibles ou nulles.

- Les Kd sont plus forts dans les milieux naturels que dans les milieux arti-
ficiels. Ces résultats soulignent 1'importance des mati&res organiques
dissoutes, qui, aux faibles salinités favorisent, la fixation des radio-
nucléides en les complexant.

CONCLUSION :
Lors d'une augm?35at10n de sa11n1teo nous constatons une désorption des
radionucléides Mn, Zn Co et Na. Cette mise en solution

s'explique par la competltlon ionique qu'introduit un électrolyte fort tel
que l'eau salée. Par contre, le phénoméne s'inverse pour le chrome, dans
ce cas, le radioélement semble plutdt soumis 3 un processus de floculation.

Notons aussi que si la fixation de radionucléides sur des particules de
granulométrie fine est' forte, ph&noméne imputable au fait que le rapport
surface sur volume augmente avec la diminution du diamé&tre des particules.
De plus est liée aux classes granulométriques fines une teneur em argile
importante, or l'argile s'avére un bon fixateur de radioéléments. Par
contre, la capacité d'échange cationique ne semble pas dans le milieu marin
représenter une priorité importante.

Enfin, nous proposons dans 1l'avenir :

- d'apprécier 1'importance de 1'évolution de la matidére organique sur le
comportement des radionucléides.

- mettre en évidence les phénoménes de floculation qui semblent affecter
certains &léments.

List of publications in 1982

I. Publications in Scientific Journals, Monographs, Proceedings.

II. Short Communications, Theses, Internal Reports, Patents...
"Comportement des radionucléides vis-i~vis des argiles en milieu
estuarien”

Thése de 3éme cycle — Juin 1983 - Faculté de NICE.

"Comportement de certains nucléides en milieu estuarien"
Article 3 paraltre (RIOM) - NICE.
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Progress Report
1982

BIO-B-318~81-F

Commissariat 3@ 1'Energie
Atomique, CEA

CEN de Cadarache

B.P. n° 1

F-13115 Saint-Paul-lez-Durance

Head(s) of research team(s):
Dr. A. Grauby
SERE-DPR-IPSN
CEA-CEN de Cadarache
B.P. n°l
F-13115 Saint-Paul-lez-Durance

General subject of the contract:

Physico-chemical changes of transuranic elements in the environment :
transfer through the food chain towards man.

List of projects:

Synergistic effects between transuranic elements, uranium matrix
and soil parameters and effects on soil-plant transfer.

Influence of the deposited quantity of transuranic elements on the
soil-plant transfer coefficient.

Field study of soil-plant-animal transfer; practical aspects of
methods of cultivation and fertilization.

. Soil-plant transfer with the uranium-sodium-transuranic matrix

and with the glass leaching solution matrix from a vitrification
plant or waste storage area.

Effect of the macro-and micro-constituents of reprocessed waste
effluents on physico-chemical evolution, soil mobility and
soil-plant transfer of transuranics.
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Titte of proizct nr

PHYSICO-CHEMICAL CHANGES OF TRANSURANIC ELEMENTS IN THE ENVIRONMENT
TRANSFER THROUGH THE FOOD CHAIN TOWARDS MAN.

Head of project and scientific staff :
Dr A. GRAUBY

SERE~DPr-IPSN

CEA - CEN CADARACHE

B.P. N° 1

13115 SAINT PAUL LEZ DURANCE

Les travaux entrepris en 1982 peuvent se classer en deux chapitres
distincts :

- Etude d'une méthodologie de traitement des échantillons de l'environnement.
- Influence de la forme chimique sur le facteur de transfert sol-plante.

Ce rapport fait également le point des travaux menés en 1982 et dont les
résultats ne seront disponibles que dans le courant de l'année 1983,

1) Etude d'une méthodologie de traitement des échantillons de l'environ-
nement
Les critéres relevés pour la mise au point d'une méthode sont d'une part la
possibilité d'utilisation sur l'ensemble des échantillons en provenance du
milieu naturel (animaux, végétaux, sols, sédiments, éaux...), d'autre part
la compatibilité des prises d'échantillons avec les faibles teneurs en
transuraniens. Cette méthode de fractionnement illustrée par la figure 1,
conduit & la séparation des transuraniens en quatre fractions électro-*
déposées (Np + Pu ; U+ Po ; Th ; BAm + Cm). Elle a été développée également
dans le souci de satisfaire aux impératifs de la recherche de laboratoire
{(fortes activités avec des impuretés, petit nombre d'isotopes, réponse
rapide). Dans ce cas particulier, des travaux expérimentaux, il est possible
d'éliminer certaines étapes sans inconvénient pour le résultat final.

2) Influence de la forme chimique sur le facteur de transfert sol-plante
L'étude des transferts du plutonium en solution nutritive sous trois formes
chimiques différentes : Nitrate, complexe citrate, complexe TBP a été
abordée. Dans les feuilles et les racines, les formes nitrate et citrate se
transférent de fagon équivalente, alors que les formes citrates semblent
plus disponibles que les formes nitrates au niveau des tiges (figures 2 a,
b, ¢). La forte toxicité des TBP sur les végétaux n'a pas permis — a l'heure
actuelle - d'obtenir des résultats significatifs des transferts du Pu dans
les différents organes.

3) Travaux en cours

Des recherches sur les transferts de Neptunium du végétal (carotte) a
l'animal (singe) sont en cours ; ainsi que des études de toxicité du
Neptunium sur le haricot. Des essais sur l'effet du type de sol et l'effet
de la masse de l'isotope sont en cours pour suivre le transfert sol-plante
du Neptunium.
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List of publications in 1982

— Américium et Curium en milieu terrestre ; rétention et transfert sol-
plante .
Par A. SAAS ~ P. ROUCOUX.
CEC meeting on the transfer of Am and Cm in the environment
Monaco 12-13 Octobre 1982.

- Valeurs expérimentales de transfert sol-plante des isotopes obtenus par
le laboratoire de Radioécologie Terrestre du CEN Cadarache (FRANCE).
Par A. SAAS.

Short communication ; wockshop of soil-plant transfer factors in CEC.
Wageningen 7-10 Decembre 1982,

- "Comparaison de deux méthodes de détermination des transuraniens dans
l'environnement".
Par H. CAMUS - M. MORELLO - A. SAAS.
4th symposium of the determination of radionuclides in environmental
and biological materiels - A paraitre ; 18-19 Avril 1983.
Teddington (G.B.).
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Progress Report
1982

Contractor: Contract no.: BI0-B-321-81-F

Commissariat 3 1'Energie
Atomique, CEA

CEN de Cadarache

B.P. n°1

F-13115 Saint-Paul-lez-Durance

Head(s) of research team(s):

Dr. A. Grauby Dr. Ph. Picat

SERE-DPR-IPSN ’ SERE-DPR-IPSN

CEA-CEN de Cadarache CEA-CEN de Cadarache

B.P. n° 1 B.P. n° 1

F-13115 Saint-Paul-lez-Durance F-13115 Saint-Paul-lez-Durance

General subject of the contract:
Evaluation of the impact on the population of the dispersion of
radium-226 in mining areas. In situ research on the radionuclide
transfer in rivers, irrigated land and processed foodstuffs.

List of projects:

1. Study of the environmental impact of mining sites and processing
plants of uranium.
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Pour les végétaux semi-acuatiques, 1'augmentation des.teneurs en uranium
et radium constatée a l'aval immédiat est particuliérement visible au
niveau des parties souterraines.

La légére élévation des teneurs en uranium et en radium des poissons a
la station 5 est essentiellement due & l'activité des viscéres. La chair
consommable a les niveaux les plus faibles. Aux stations 2 et 5, pour
les poissons entiers les facteurs de concentration sont voisins pour
l'uranium (1 et 5) et pour le radium (75 et 55).

Dans l'état acutel de l'exploitation de la mine, l'impact des rejets
n'est visible que sur une courte distance ; dés la station 6, la
situation est la méme gu'a l'amont. . Le tableau ci-dessus résume les
résultats de la campagne d'avril 1982.

Exemple de résultats ?btenus pour 1l'eau (Bq.l—l), pour les végétaux et
les sédiments (Bg.kg =~ sec) et pour les poissons (Eq,Kg_1 frais) en
avril 1982,

EAU SEDIMENTS VEGETAUX POISSONS
STA-
u ra U Ra U Ra
TIONS u Ra *
< - (1) 0,4
0,7 0,7
2 0,06{ 0,007 30 0 i ’
‘ 7 18 (2)] 22
55 37
5 6,31 0,06 1500 1500 7 4
470 300
5 4,5
6 0,15 0,01 60 60 0,7 0,7
55 52
(1) parties aériennes - (2) parties souterraines

2) TRANSFERT DANS LES CULTURES IRRIGUEES
Les ressources agricoles locales du site de LODEVE reposent essentiel-~
if?ig; sur la vigne et 1folivier, les jardins familiaux sont rares et
en bordure des ruisseaux souvent & sec 1'été.

AU.Cours de la phase d'enquéte locale, il est apparu rapidement deux
vVoies de transfert ; la vigne et les légumes, ‘
Les campagnes de mesures effectuées sur ces produits ainsi que sur les
sols de culture nous ont permis de déterminer les facteurs de transfert
sol-plante pour le Radium.

Salade 2,4.107% Kg/Kg

Tomate 1,4.10-4 Kg/Kg
Pour la vigne, le facteur de transfert global sol-vin'est de :

3

2,2. 10” Kg/1 (irrigation par submersion)

M?yevnant certaines hypothéses, relativement pessimistes, on a pu en
déduire les doses annuelles délivrées & 1'organe critique -~ l'os en
1l'occurrence - qui sont ge :
5/100 DMAP par le vin
0,5/100 DMAP par les légumes
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List of publications in 1982

1. Publications in Scientific Journals, Monographs, Proceedings.

Colloque international sur la gestion des déchets provenant de l'extraction
et du traitement du minerai d'uranium. ALBUQUERQUE-New-Mexique 10/14/ Mai
1982 - AIEA-SM-257/20.

"L'apport des mesures hydrobiologiques dans la surveillance radioécologique
de sites frangais d'extraction et de traitement d'uranium.

B.DESCAMPS, L.FOULQUIER, Y.CARTIER, Y.BAUDIN-JAULENT - CEA/DPr/SERE/

St PAUL-LEZ-DURANCE.

Evaluation du cycle du radium dans 1'environnement a partir d'obser-
vations in situ de son impact radiologique. J.HUGON - J.DELMAS -

JC CARIES - CRA/SERE/DPr/CEA

Symposium Albuquerque 10-14 Mai 1982

IAEA - VIENNE 1982

11, Short Communications, Theses, Internal Reports, Patents. . .

~ Etude bibliographique - comportement et transfert du radium dans les
milieux aquatiques et terrestres.
S.ROUSSEL - J.REAL - J.HUGON
Laboratoire de Radio&cologie Appliquée - SERE/DPr/IPSN. - Juin 1982.

= Recherche des transferts du 226 Ra en cultures irriguées autour du
site minier de LODEVE. - Etat d'avancement des travaux.
J.REAL, §.ROUSSEL, J.HUGON, J.C.CARIES
Laboratoire de Radioécologie Appliquée SERE/DPr/IPSN — Juin 1982
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Progress Report
1982

Contractor: Contractno.:  Bl0-B-315-81-F

Commissariat & 1'Energie
Atomique, CEA

CEN de Cadarache

B.P. n® 1

F-13115 Saint-Paul-lez-Durance

Head(s) of research team(s):

Dr. A. Grauby Dr. A. Saas

SERE-DPR-IPSN SERE-DPR-IPSN

CEA-CEN de Cadarache CEA—-CEN de Cadarche

B.P. n® 1 B.P. n° 1

F-13115 Saint-Paul-lez-Durance F-13115 Saint-Paul-lez-Durance

General subject of the contract:

Transfer and evolution of certain long-lived beta emitters in
terrestrial food chains leading to man.

List of projects:

1. Transfer of technetium in the terrestrial environment.
2. Transfer of iodine in the terrestrial environment.
3. Transfer of selenium and nickel in the terrestrial environment.
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Title of project nr

TRANSFER AND EVOLUTION OF CERTAIN LONG-LIVED BETA LMITTERS IN
TERRESTRIAL FOOD CHAINS LEADING TO MAN.

Head of project and scientific staff :

M.GRAUBY André
MM SAAS Arséne et CAMUS Henry

Les travaux entrepris en 1982 peuvent se résumer sur le théme suivant

- Etude des variations des facteurs de transfert en fonction de la con-
centration du milieu en isotope ; observation des niveaux de. toxicité
chimique.

Deplus, ce rapport comporte l'éncncé des travavx en cours menés en 1982
et dont les résultats ne pourront 8tre obtenus que dans le courant de
1'année 1983 ou ultérieurement.

Etude des variations des facteurs de transfert en fonction de la concen-
tration du milieu en isotope ; observation des niveaux de toxicité
chimique.

La cinétique d'absorption du 63Ni et du 99Tc a été effectuée. La gamme

de concentrationsen solution nutritive s'étage depuis les concentrations
équivalentes aux CMA du 63ni et du Tc jusqu'a des niveaux toxiques.
Ces expériences sont menées sur des haricots cultivés en solution nutri-
tive. Les travaux menés sur Tc confirment les résultats de la biblio-
graphie {(constance du facteur de transfert (Ft = 3) acquis en 2 jours
dans les tiges et les racines, valeurs environ 10 fois plus élevées dans
les feuilles).

En ce qui concerne le nickel (c.f figures 1 (a, b, ¢) les variations

en concentration ne modifient pas la cinétique de transfert aux racines.
Au niveau des tiges et des feuilles, la toxicité (symptdmes visibles au
niveau des feuilles) se manifeste pour une concentration de 10 ppm par
un ralentissement de 1'adsorption. Les valeurs des facteurs de transfert
oscillent entre 10 et 40 au niveau des racines, entre 2 et 7 au niveau
des tiges et des feuilles, saut pour une concentration faikle (2,2 ppb)
ol on peut, atteindre la valeur 20.

Travaux en cours

L'étude de la cinétique du facteur de transfert de l'iode en fonction
de la concentration en isotope du milieu est en cours d'achévement.
Une tentative de mise au point de méthodes de séparation des isotopes
considérés est en cours, & partir des étapes du protocole défini pour
les éléments transuraniens (c.f contrat BIO-B 318-81-F).
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List of publications in 1982

Pudlications in Scientific Journals, Monographs, Proceedings.

A.SAAS, T.NOMURA
"Volatilization and fixation of Selenium on two french soil"”
Environmental and experimental Botany, 21, 1982.

A.SAAS, A.GRAUBY, C.COLLE, J.L.DENARDI, T.NOMURA, Ph.JQYER.

"Evolution physico-chimique du technetium 99 et du selenium 79 dans les
sols" p.263-273 in : A.I.E.A. - Proceedings of International Symposium
on Environmental Migration of Long Lived Radionuclides, Knoxville (USA),
27.31 July 1981. - vienne : A.I.E.A, 1982. - 831 p.
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Progress Report
1982

Contractor: Contractno.: BIO-B-316-81-F

Commissariat & 1'Energie
Atomique, CEA

CEN de Cadarache

B.P. n°l

F- 13115 Saint-Paul-lez-Durance

Head(s) of research team(s):

Dr. P. Guegueniat
SERE-DPR-IPSN
CEA-CEN

B.P. 270

F-50107 Cherbourg

General subject of the contract:

Actinides in the marine environment : study of their physico-chemical
behaviour in seawater and marine sediments and their transfer between
sediments and benthic species.

List of projects:

1. Sorption of actinides on different types of marine sediments and
their transfer to molluscs.
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Sorption of actinides on different types of marine sediments and their

transfer to molluscs.

Drs P. GUEGUENIAT, P. GERMAIN, M. MASSON
I.P.S.N. - DPr - SERE
. Laboratoire de Radioécologie Marine
B.P. 270 - Centre de La Hague
F - 50107 Cherbourg

A - BIOLOGIE (GERMAIN, P. et MASSON, M.)

En 1981 des études sur la biodisponibilité du Pu et de Am contenus
dans des sédiments vaseux ont &té menées pour trois espéces benthiques
fouisseuses (arénicoles, scrobiculaires, corophium). Elles ont été pour-
suivies en 1982 pour une espéce Arenicola marina et 5 types de sédiments:
sédiments des grands fonds - plaine du Cap vert (trés fin), de St Vaast -
Cul de Loup (sable vaseux riche en matiére organique), de St Vaast - Pont
de Saire (sable vaseux), de Quistreham (sable vaseux), de Nacqueville
(sable fin). Les résultats sont du méme ordre que ceux cités en 1981
(facteur de transfert compris entre 1.10-2 et 5.10-3). Du fait de la fai-
blaisse des niveaux d'activité, nous estimons qu'il n'y a pas de différen-
ces significatives pour les facteurs de transfert entre les différents sé-
diments.

Les transferts du Pu et de Am entre un sédiment et le mollusque Cardium
edule (coque : espéce suspensivore, consommée par 1'homme) ont &été &tudiés.
Tes Tacteurs de transfert, pour la chair, sont de 1'ordre de 5.10-3 pour
Fu et 15.10-3 pour Am. Dans le protocole utilisé, 1'étude des niveaux du
241am de 1'eau interstitielle et les données des transferts eau-animaux
conduisent a envisager un simple transfert eau interstitielle - espéces de
cet 81ément préalablement fixé sur le sédiment. Par contre, pour les aréni-
coles, il y a confirmation de deux voies de transfert : eau interstitielle
et désorption de Am des grains sédimentaires au cours du passage dans le
tractus diaestif.

Chez les coques la répartition de Am et du Pu dans les tissus, dans le
cas des transferts sédiments-animaux, est identique & celle obtenue dans
le cas des transferts eau de mer - animaux. Notons que dans le cas du
transfert par 1'eau de mer les chairs fixent plus Am (etCm) que la coquille,
alors que chez de nombreux mollusques le contraire est observeé.

Les études in situ de distribution des transuraniens dans les environs
du cotentin montrent que les facteurs de concentration, les facteurs de
transfert des espéces précitées sont en général plus &levés que ceux obte-
nus au laboratoire.

A la fin de 1'année 1982 un protocole d'étude des transferts de radio-
nucléides suspensions-moules a &té étudié, lequel sera utilisé en 1983.

Enfin des essais ont été engagés afin de suivre une éventuelle évo-
lution biogéochimique de Am sous 1'influence d'une activité biologique.

Ces expériences ont consisté & extraire périodiquement les formes physico-
chimiques de Am 1ié aux particules sédimentaires, dans le cas ou 1'acti-
vité bactérienne est inhibée et dans le cas ou elle est activée. Il n'ap-
parait pas d'évolution durant 6 mois pour un sédiment de la plaine du Cap
Vert (fin, riche en carbonate, pauvre en matiére organique}.
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8 - GEOCHIMIE (GUEGUENIAT, P.)

[Tobjectif de la présente étude est de rechercher des &léments stables,
naturellement présents dans le milieu, qui soient homologues des transura-
niens. On a, dans ce but, suivi le comportement de 1'américium et de deux
terres rares : le cérium et 1'europium. Tous sont & 1'état trivalent dans
1'eau de mer, les rayons ioniques (Ce3+:1.034 A°) (Eu3*: 0.950 A°) (Am3+:
0.99 A°) et les produits de solubilité sont comparables.

Les études exgérimen%g%es ont consisté & comparer {a@ 15°C) les sorp-
tions des 241am, 144ce, Eu sur 32 sédiments de la Manche (résultats
exprimés sous forme de Kp) pendant une période de 4 mois ; les radionu-
cléides ont &té au préalable laissés 24 heures {(temps de vieillissement)
dans 1'eau de mer avant la contamination proprement dite. Dans le cas de
1'europium, en outre, on a &tudié 1'influence du temps de vieillissement
(Tv =1 3,7 3, 21 j, 79 j - eau conservée & 4°C) sur les modalités de
sorption. Dans la partie relative aux terres rares stables, on a analysé
des suspensions et eaux de la Manche par activation neutronique; les
comparaisons avec les études expérimentales ont é&té &tablies en considé-
rant des sédiments possédant des propriétés géochimiques comparables.

1. Etudes expérimentales

- 32 échantillons analysés
Corrélations Ce/Am R = 0.957

Eu/Am R = 0.865

Am/Am R = 0.905 {répétition de la méme expérience)

Eu/Eu R = 0.857 ( ! " "

b) Influence du_temps_de_vieillissement sur_la_sorption_de_1'europium

- 14 échantillons analysés. Evolution du coefficient de distribution
moyen - aprés 1 jour de contact - en fonction du temps de vieillisse-
ment :

TV=13Ky =0,82x10
0,58 x 104 - TV =79 jX

4 4

-TV=17jKy=0,55x10
= 0,26 x 104.

-V =213 KD =

D
2. Comparaison entre le Kp des &léments stables et celui des radionucléides

. Am Ce . Eu
Temps de vieillissement 5* 5* -
1 jour KD 3.7 a 8.1x10 1.4 & 4.2x10 1.1 a 1.5x105
Eléments & 1'équilibre
dans le milieu KD - 1.3 3 3.5x10° 1.8 x 10"

(* radionucléide - ** alément stable)
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Discussion

Pour Tes terres rares é&tudiées i1 existe un bon accord entre les
observations expérimentales et in situ. I1 semble cependant lorsqu'on
introduit dans 1'eau de mer les radioisotopes, qu'il faille attendre en-
viron 3 mois pour la mise en équilibre avec le milieu.

En ce qui concerne la recherche d'un homologue stable de 1'américium
il apparaitrait que le cérium, contrairement & ce que nous pensions en
considérant les formules électroniques, soit préférable a 1'europium.
Cette observation est intéressante car le cérium est présent dans le
milieu naturel & des teneurs environ 20 fois supérieures & celles de
1'europium, donc plus faciles a@ mesurer. I1 faudra cependant poursuivre
les recherches en faisant intervenir les conditions d'oxydo-réduction du
milieu car le cérium et 1'europium sont respectivement susceptibles de
présenter les états de valence 4% et 2% alors que 1'américium reste a
la valence 3*.

Publications

MIRAMAND, P., GERMAIN, P., CAMUS, H. 1982. Uptake of americium and plutonium
from contamined sediments by three benthic species : Arenicola marina,
Corophium volutator and Scrobicularia plana. Mar. Ecol. prog. Ser. Vol. 7,
59-65.
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Progress Report
1982

Contractor: Contractno.; ~ D10-B-438-81-UK
Natural Environment
Research Council
Polaris House
North Star Avenue
GB-Swindon SN2 1lEU

Head(s) of research team(s):
Dr. E. I. Hamilton
Inst, Marine Env. Research
Prospect Place - The Hoe
GB-Devon PL1 3DH

General subject of the contract:
Cellular biochemistry of uranium, plutonium, americium and curium in

the common marine mussel Mytilus edulis L.

List of projects:
1. Organ and cellular concentrations and distribution of U, Pu, Am
and Cm in Mytilus edulis.
2. Ecological aspects of alpha emitting radionuclides in aquatic
environments; development of an assessment methodology.
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In both projects (1 and 2) attention is being directed towards
identifying stable element analogues for uranium, plutonium, americium
and curium, together with other radionuclides present in the marine
environment. An objective is to place uranium and the transuranium
group of elements in perspective in terms of their behaviour in marine
ecosystems, rather than consider them in isolation to other elements

of the Periodic Table.
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Cellular biochemistry of uranium, plutonium, americium and curium in
the common marine mussel Mytilus edulis L.

Project 1. Organ and cellular concentrations and distributions of U,
Pu, Am and Cm in Mytilug edulis L.
Project 2. Ecological aspects of alpha emitting radionuclides in
aquatic enviromments; development of an assessment methodology.
Head of project: Dr E.I, Hamilton.

Staff: Mr R.J. Clifton and Miss H. Stevens.

PROJECT 1

Depuration Studies. The transplant-depuration study of mussels from

the Esk (Cumbria) to Plymouth (Devon) has been completed. In
reporting data for the concentration of radionuclides in mussel
tissues there is a need to consider biological state of the animals;
variations in total soft tissue weight with time of year results in
apparent concentration differences of more than a factor 2. A major
route of entry for U, Pu, Am and Cm is from "dissolved species” in
seawater together with uptake of particulate phases by macrophage
action. An apparent metallothionein-transuranide element association
has been observed and confirmed by laboratory experiments using Cd.
The availability of food to the animal alters the rate of uptake of Pu
and Am; in the presence of food less Am and Pu is available for uptake
presumably because of absorption of radionuclides onto food. We have
identified the importance of chemical-physical form on uptake in the
field compared with laboratory tracer studies. We have transplanted
2000 animals from the Esk to the Restronguet Creek (Cormwall), the
water of which contains levels of Zn, Cu and Cd sufficient to induce
metallothioneins in the mussel. We propose to study depuration

rates over a period of cly, and compare the results with the Esk-
Plymouth study. Supporting laboratory experiments are being designed
to investigate chronic uptake of U, Pu, Am and Cm in the presence of
metallothioneins. We consider that the apparent uptake in systems
containing metallothioneing is by absorption, possibly on polymeric
thioneins.

Organ distribution of U, Pu, Am and Cm. Evidence accumulates which

indicates an active uptake of U, Pu, Am and Cm (together with stable

element analogues) by byssus threads and the periostracum; active
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excretion is via the pericardial gland and kidney with significant levels
of activity associated with granules (eg tertiary lysosomes).

Sub-cellular distributions. A problem area has been identified in

achieving an adequate separation after centrifugation of some forms of
lysosomes and mitochrondia. Molecular binding studies have been started
in order to identify the selectivity of radionuclide uptake as distinct
from general protein labelling. Microchemical methods have been developed
for the analysis of individual granules in order to determine the
composition of those associated with the transuranics; methods used are
thin layer chromatography and anodic stripping voltametry in association
with electrophoresis and other methods of analysis.

Stable element - Radionuclide Studies. The concentration of ¢30 stable

elements in 10 organs and tissues of the mussel have been determined for
four different populations of UK animals. Preliminary data indicates the
importance of water composition rather than local geochemical factors in
explaining observed organ tissue concentrations.

Microsurgery. We continue to investigate techniques capable of allowing
direct sampling of body fluids in vivo.

Measurements continue in determining the concentration of U, Pu, Am,
137Cs and 1OGRu in native populations of mussels from SW England which
are remote from influences of the nuclear industry and are exposed to
general aerial fallout debris.

A first stage mussel model has been developed in order to examine the
uptake~retention-loss dynamics. For purposes of monitoring the
concentration of radionuclides in the mussel use of the pericardial gland
and kidney seems useful; the byssus and periostracum are also useful, but
less is known concerning the nature of the tanning process with which the
radionuclides are associated. A technique has been developed for
determining the total weight of a kidney free from occluded gonad and
connective tissue.

A general observation from our investigations is that the physical form
of radionuclides derived from the nuclear industry is an important factor
which influences uptake and retention by marine organisms at different

geographical sites.
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PROJECT 2

A model which accounts for the rate of release of radionuclides by BNFL
Sellafield, in relation to transport times and deposition in sediments of
the Esk estuary, Cumbria has been completed. We identify the importance
of transuranies in particulate form, representing fuel element debris
transported to sediments. We identify the importance of low salinity
water in the Esk in controlling deposition and retention of radionuclides.
We confirm an urgent need to pay attention to the sediment/water interface
as a site influencing retention and loss of radionuclides from the Esk.
Data obtained in the laboratory on sediment cores, and other samples, has
been verified by using a Li(Ge) MCA in the field. Surface radioactivity
is high (September 1982) in relation to reduced levels of release by BNFL
in 1981-2; we infer that only a small proportion of radionuclides which
enter the Esk are retained.

Our completed study of sedimentation rates for the Esk indicates:

i) Based upon a consideration of general salt marsh development using
vegetation - 0.6cm y-l. ii) Data derived from fibre mats placed in situ
to collect deposited sediment-l-4cm y_1 (corrected for variation in input
of sediment with time of year). 1iii) Silts, using a complex array of
radionuclides ~ 3.5cm y_1 and 1.2cm y—1 for muds. The presence of silts
and muds in the estuary for the past ¢ 50y have been controlled by
bioturbation of the amphipod Corophium v. Data have been obtained which
show that the type of sediment deposited in the Esk is influenced by major
changes in the direction of water transport for the Irish Sea as a whole.
The highest concentrations of radionuclides are found in anaerobic muds,
and contain both conservative and non-conservative species; the aerobie
silts contain predominantly mon-conservative species. With the passage
of time the deeper horizons of the muds become oxygenated by reaction with
low salinity waters, and the conservative phases which remain, or are
produced in situ as a result of redox changes, are lost from the
sediments. The effect of radionuclides present in particulate forms is
likely to be most significant at the end of the BNFL effluent pipeline in
relation to deposition in sediment. As this involves expensive off-shore
work it is more suitably considered by MAFF, U.K., but we are interested
in the results of their studies in relation to ours from the Esk.

The geochemical behaviour of non-detrital uranium in the Esk has been

described; from a consideration of isotopic composition the uranium in the
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Esk is of natural origin. Some detrital uranium is derived from BNFL
particulate debris, but in terms of the mass of uranium present in the
system the quantity involved is negligible. We observe that the behaviour
of non-detrital uranium in the Esk is also influenced by changes in
direction of water movement in the Irish Sea. In the vicinity of
Sellafield,for the first time,we observe the presence of 236U in
envirommental samples which provides an unequivocal tracer for BNFL
derived uranium.

Using CR-39 plates emplaced in Lake Ennerdale, together with measurements
on bottom sediment core samples, we observe the presence of high levels
of alpha emitters relative to other Cumbrian Lakes; L. Ennerdale is
situated along the axis of the SW prevailing winds, and we propose to
determine 236U levels, if possible, in order to identify any influence on
uranium concentrations through the presence of BNFL debris.

Data obtained in this project is being used in the development of a model
concerned with estuarine deposition of radionuclides over long periods of

time in relation to risk assessment.

Publications

R.J. Clifton and E.I. Hamilton. "The application of radioisotopes in the
study of estuarine sedimentary processes. Est. Coastal Mar.
Sci. 14, 433-446. (1982).

R.J. Clifton and E.I. Hamilton. "Concentration and depuration of some
radionuclides present in a chronically exposed population of
mussels (Mytilus edulis L.) from the Esk estuary Cumbria,
England. Accepted for publication Mar. Ecol. Prog. S. (1982).
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Progress Report
1982

Contractor: Contractno.: B10-B-327-81-B

Rijksuniversiteit Gent
Sint Pietersnieuwstraat 25
B-9000 Gent

Head(s) of research team(s):

Dr. A. Janssens

Lab. voor Kernfysika

Inst. voor Nukleaire Wetenschappen
Proeftuinstraat 86

B-9000 Gent

General subject of the contract:
Measurement and analysis of the evolution of the krypton-85 activity
in the atmosphere and study of its synergistic action with chemical
poliution.

List of projects:
1. Measurement and analysis of the evolution of the krypton-85
activity in the atmosphere and study of the synergistic action of
krypton -85 and chemical pollution.
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Progress Report
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Contractor: Contractno..  B10-B-313-81-D

Bundesgesundheitsamt
Institut fiir Strahlenhygiene
Ingolstiddter Landstrasse 1
D-8042 Neuherberg

Head(s) of research team(s):

Dr. A. Kaul Dr. G. N. Kistner

Institut flir Strahlenhygiene Institut fiir Strahlenhygiene
BGA BGA

Ingolstddter Landstrasse 1 Ingolstddter Landstrasse 1
D-8042 Neuherberg D-8042 Neuherberg

General subject of the contract:
Distribution of tritium- and carbon-lé4-compounds over the aqueous and

organic phases of various structures of aquatic and terrestrial food
chains.

List of projects:

1. Distribution of tritium- and carbon -14- compounds over the

aqueous and organic phases of various structures of aquatic and
terrestrial food chains.
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Title of project nr: Bio - B - 313 - 81 - D
Distribution of tritium- and carbon l4-compounds
over the aqueous and organic phases of various
structures of aquatic and terrestrial food chains.

Head of project and scientific staff:
Dr.rer.nat. G. Kistner, Dr.rer.nat. M. Brehm,
Dr.-Ing. E. Clausen, Dr.-Ing. W. Leister,
Dipl.-Biol. E. Niirnberger, Dipl.-Biol. u. Tierarzt
G. GauB, Dr. rer.nat. P. T6r6k, Dr.agr. E. Wirth

Investigations on the transfer of tritium- and carbon 14-
compounds in the aquatic food chain have been continued.
Incorporations of tritium in proteins and lipids of green
algae were meseasured.

I. Incorporation of tritium into proteins:

Further experiments have shown that some of the amino acids
of the extracted proteins of algae possessa relativ high

and strong tritium label. The highest amounts were found
with aspartate and glutamate and with the essential amino
acids leucine and arginine.

Material and Methods:

Organism: Scenedesmus quadricauda ssp.subspicatus, a
laboratory strain from the Institute for Water-, Soil- and
Air Hygiene of the Federal Health Office in Berlin.
Cultivation was carried out in a batch-system of a 5 Liter
fermenter under constant illumination. Temperature was 27°C
and a culture time of 120 hours, with a modified Holm-Hansen
(6) solution:

0,07% NaNO3,O,006% KzHPO4,O,Ol% MgSO4.7H20,0,004% CaClz
-2H20, one aliquot FeSO4.7H20/EDTA-solut10n and tracer
elefents.An addition of 30 mg/l ampicillin keeps the culture
sterile;after autoclixing 3,5 g/1 NaHCO3 and 50 mCi tritium
water and 5 ,uCi NaH "CO, (sterile filtéred) were added.
Protein extr&ction: From several possible methods (7) for cell
wall desintegration, the supersonic method (5) was used
combined with 0,1N NaOH and mercapto ehtanol. Protein was
precipitated with 1 N HC1 at pH 3,5, chlorophyll was removed
by ethanol/ether treatment. The amino acid mixture yielded
by HCl-hydrolysis (6 N HC1, llOOC, 24 h, addition of phenol
and mercaptoethanol) (1) was subsequently fractionated by
column chromatography.

Ion-exchange-chromatography: A highly acid cation exchanging
substance was used and the individual amino acid fractions
were eluated by different buffers. (Table 1).

buffers: pH values: eluated amino acids:
Citrat + 0,2 n NaOH 3,25 Asp,Thr,Ser,Glu,Pro,Gly
Citrat + 0,2 n NaOH 4,25 Ala,Val,Ile,Leu
Citrat/Borat + 0,2 n NaOH 7 Tyr,Phe

Citrat/Borat + 0,2 n NaOH 10 His,Lys,Arg

Table 1: pH-values of buffers for the eluation of different
amino acids by ion-exchange chromatography.
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(2) Kanazawa, T., Kanazawa, K. and Bassham, J.A.:
Environm.Science & Technology 6, 638-642, 1972

(3) Leister, W., STH-Berichte 4/1981,

Dietrich Reimer Verlag, Berlin

(4 Urbach, W., Rupp, W., Sturm, H.: Experimente
zur Stoffwechselphysiologie der Pflanzen.
Stuttgart, S. 208-210, 1976

(5) Hadorn, H., Zlircher, K.: Mitt. Lebensmittelunters.
u. Hyg., 58, 326, (1967, 59, 78, 1968
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List of Publications:

I. Publications in scientific journals, monographs,
proceedings:
Leister,W.: Untersuchungen liber die Biokinetik
von Kohlenstoff 14 in Algenkulturen, STH-Bericht
4/1981, Dietrich Reimer Verlag, Berlin, 1981
Kistner,G.: Zur Tritiumkontamination der Umwelt
und des Menschen in: Kaul, A. (Herausg.)
20 Jahre Strahlenhygiene beim Bundesgesundheitsamt
Wissenschaftliches Kolloquium, Neuherberg, 3.4.1981
STH-Bericht 12/1981, Dietrich Reimer Verlag,Berlin,
Kriegel,H., Schmahl,W., Kistner,G., Stieve,F.-E.:
Developmental effect of prenatal irradiation
Internationales Symposium, Neuherberg,
26.-28.11.1980, Gustav Fischer Verlag, Stuttgart
- New York, 1982
TO6rék, P., Kistner, G.: Reproductive performance
of mice after injection of tritiated water at
different embryonic developmental stages. In:
Kriegel,H.,Schmahl,W. ,Kistner,G.,Stieve,F.-E., (ed.)
Developmental effects of prenatal irradiation
G.Fischer Verlag,Stuttgart-New York,S.91-96, 1982
Niirnberger, E., Clausen, E., Kistner, G.
Investigation of the distribution of tritium and
carbon 14 in the amino acids of labeled green algae
(Sc. quadricauda ssp.)
Annales de l'Association Belge de Radioprotection,
vol. 7, n°. 3-4, 339-343, 1982

II.Short communications, theses, internal reports,

patents, posters and presented papers:

Leister, W.: Untersuchungen liber die Biokinetik wvon
Kohlenstoff 14 in Algenkulturen
Dissertation 1981, Freie Universit&dt, Berlin

Torék, P., Kistner, G., Kriegel, H.:
Age dependent fertility of NMRI-mice after
injection of tritiated water during organogenesis.
Approximation of"dosis minimalis".Poster IX.Congref
of International Society of Developmental
Biologists, Basel/Schweiz, 28.8.-1.9.1981

TS6rok, P., Elsédsser, U., Kistner, G.: Postnatal
development of mice related to prenatal
incorporation day of tritiated water (HTO)
Poster, 9th Conference of the Europ. Teratology
Society, 31.8.-3.9.1981, Basel/Switzerland

Kistner,G., T6rék,P., Schmahl,Ww., Meyer,I., Kriegel,H.:
Radiobiological effects of tritium incorporation
in mice. Paper presented at the Seminar
"Environmental transfer and metabolism of tritium"
of the Project-Group "Tritium" of the EG,
Wageningen/Netherlands, 28.-30.6.1982

Kistner,G.: Behaviour of tritium in aquatic systems
Paper presented at Europan Seminar on the Risks
from Tritium exposure. Mol/Belgium, 22.-24.11.1982
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Contractor: Contract no.: BI0-B-484-82-D

Kernforschungszentrum Karlsruhe GmbH
Postfach 36 40
D-7500 Karlsruhe 1

Head(s) of research team(s):

Prof. Dr. H. Kiefer

Hauptabteilung Sicherheit
Kernforschungszentrum Karlsruhe GmbH
Postfach 36 40

D-7500 Karlsruhe 1

General subject of the contract:

Microbiological aspects of the behaviour and control of radionuclides in
terrestrial and aquatic ecosystems.

List of projects:

1. Microbiological influences on the mobility of radionuclides in
soils and sediments.
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Microbiological influences on the mobility and bioavailability of radio-
nuclides in soils and sediments

Dr. S. Strack
Dipl.-Biol. A. Miiller

1. General Aim

The aim of this project is to make a contribution to modeling the behavior
of radioecologically relevant nuclides in terrestrial ecosystems after
release from nuclear facilities. The work was initiated by the long-term
changes observed in the vicinity of the Karlsruhe Nuclear Research Center
(KfK) as regards the bioavailability in the soil of I-129 and Pu-nuclides.
Microbiological processes in the humus horizons might account for it.
Initially, these studies will be restricted to radionuclides such as H-3,
C-14 and P-32, but it is planned to extend them very soon to include radio-

ecologically relevant nuclides e. g. Sr-90, I-129, Cs-137 and Pu-139,

2. Particular Objectives

The migration behavior of radionuclides applied to soil columns as various
compounds will be investigated. It is intended to determine the consequences
of specific interferences in the composition and metabolic activity of the
microflora. The fine distribution of the immobilized nuclides in the soil

material will be studied.

3. Work Performed

Various methods of quantitative determination of the microflora and its
metabolic activity were examined. Preliminary tests were performed with
percolator apparatuses in order to find out suitable experimental condi-
tions. Conditioned soil samples, incubated with H~3 and C-14 compounds,
were examined using microautoradiography. Monthly determinations of the
number of germs in the soil of a test field were performed since July

this year,

4, Results Obtained

The data derived from the monthly determinations of the population density
of soil bacteria and lower fungi have been summarized in Fig. 1.
Fluctuations in the population density of the soil result from changes in

the nutrient offer, soil temperature and, above all, moisture of the soil,.
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Contractor: Contract no.:. BIO-B-431-81-B

Centre d'Etude de 1'Energie
Nucléaire, CEN/SCK

Avenue Plasky 144

B-1040 Bruxelles

Head(s) of research team(s):

Dr. R. Kirchmann
Département de Radio-
biologie, CEN/SCK
Boeretang 200

B-2400 Mol

General subject of the contract:
Simulation of tritium transfer in the environment : study of organic

tritium transfer in the aquatic environment, the soil-plant and the
plant-mammal system.

List of projects:

1. Behaviour of tritium in different chemical forms in the freshwater
environment.

2. Behaviour of tritium in the soil-plant system.

3. Behaviour of tritium in mammals.
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Title of project nr t: BEHAVIOUR OF TRITIUM, IN DIFFERENT CHEMICAL
FORMS, IN THE AQUATIC ENVIRONMENT

Head of project and scientific staff : S.BONOTTO, G.ARAPIS(1), R.KIRCHMANN
Collaborators : G.GERBER(2), S.PUISEUX-DAO(3)

1. Modelization of tritium transfer into the organic compartments of
algae

Uptake of tritium oxide and its conversion into organic tritium was
studied in four different types of algae with widely varying size and
growth characteristics (dcetabularia acetabulum, Boergesenia forbesit,
two strains of Chlamydomonas and Dunaliella bioculata). Water in the
cell and the vacuoles equilibrates rapidly with external tritium water.
Tritium is actively incorporated into organically bound form as the
organisms grow. During the stationary phase, incorporation of tritium
is slow. There exists a discrimination against the incorporation of
tritium into organically bound form. A model has been elaborated
taking in account these different factors. It appears that transfer
of organic tritium by algae growing near the sites of release would

be significantly only for actively growing algae. Algae growing
slowly may, however, be useful as cumulative indicators of dis-

continuous tritium release.

2. Incorporation of 3H into the proteins of algae

Analysis by electrophoresis on gels of polyacrylamide has shown that
the main proteins of the algae (dcetabularia and Chlamydomonas)are
labelled after one week treatment with tritiated water. The micro-
alga Chlamydomonas reinhardii CW15, a mutant without cell wall,

releases several labelled polypeptides into the external medium.

(1) Scientific and technical fellow of the Commission of the European
Communities.

(2) Commission of the European Communities.

(3) University of Paris VII.
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3. Factors affecting uptake and distribution of tritium into the algae

The main physical and chemical factors (light, temperature, culture
medium composition, etc.) which may affect tritium uptake and incorpo-
ration into the algae are poorly investigated. In order to fill this
gap, we have undertaken an experimental work of the incorporation of
tritium (tritiated water and/or tritiated precursors) into the giant
unicellular alga Acetabularia, kept under different experimental
conditions. Since light was found to stimulate 3H uptake and incorpo-
ration, tritium releases into the aquatic systems should be practisized

during the night.

4. Publications

S. Bonotto, A. Bossus, G. Nuyts, P. Mathot, J. Colard, R. Kirchmann
Experimental study on the biological availability of selected
radionuclides in several marine algae. Third International Ocean
Disposal Symposium, Woods Hole, Massachusetts, U.S.A., October 12th-
16th, 1981, Abstracts, p.40-41.

S. Bonotto, G. Nuyts, A. Bossus, R. Kirchmann

Apport de la biochimie a4 1'étude de la pollution radioactive du

milieu marin : distribution du *H dans les différents constituants
cellulaires des algues marines Acetabularia, Boergesenia et Dunaliella.
Journées du Groupement pour 1'Avancement de la Biochimie Marine (GABIM),
"Indices Biochimiques et Milieu Marin', Brest, 18-20, novembre 1981.
Publi. CNEXO (Actes Colloq.) n.14, pp.399-410 (1982).

D. Hoursiangou-Neubrun, A. Littke, G. Arapis, S. Puiseux-Dao, S. Bonotto
Apicobasal gradient of chloroplast DNA synthesis and distribution in
Acetabularia. In : Cell function and differentiation. Part B : Bio-
genesis of energy transducing membranes and membrane and protein energe-
tics. FEBS, Federation of European Biochemical Societies, Vol.65, p.333-
345 (1982).

S. Bonotto, G.B. Gerber, G. Arapis, R. Kirchmann
Modelization of tritium transfer into the organic compartments of algae.
Ann. Ass. Belge de Radioprotection, 7, 283-292 (1982).

G. Arapis, S. Puiseux-Dao, S. Bonotto

Factors affecting uptake and distribution of tritium in the giant uni-
cellular marine alga Acetabularia. European seminar on the risks from
tritium exposure, Mol, Belgium, 22-24 November 1982.
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R. Kirchmann, J.C. Dupont, P. Fontaine-Delcambe

Evaluation de 1'influence des tours de réfrigération sur le
transfert & 1'environnement terrrestre du tritium d'un cours
d'eau récepteur. Annales de 1'Association Belge de Radio-
protection, vol.7,nr 3-4, 147-166 (1982).

H. Camus, J. Delmas, R. Kirchmann

Influence du climat sur la sorption et la désorption d'eau
tritiée par des végétaux irrigués. Annales de 1'Association
Belge de Radioprotection, vol.7,nr3-4, 247-258 (1982).

R. Kirchmann, E. Fagniart

Bilan de recherches expérimentales sur le transfert de l'eau
tritiée aux végétaux cultivés. Annales de 1'Association Belge
de Radioprotection, vol.7, nr3-4, 229-246 (1982).
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Title of project nr 2 : BEHAVIOUR OF TRITIUM IN THE SOIL-PLANT SYSTEM
Head of project and scientific staff : R. KIRCHMANN

I. Production of tritiated feed

- Ray grass was grown under a plastic greenhouse (6m x 4,5m) located

in the experimental fields of the C.E.N. farm at Mol.

- DPotatoes were contaminated by the same conditions as ray grass but

only covered during contaminatiom.

a) Ray grass : two cuttings were produced with respectively 35,5 kg and
and 11,5 kg fresh matter.

The content of the hay was about 0.7 nCi and 0.9 nCi/g
dry matter.

b) Potatoes : The production of potatoes (tubers) at the final har-
vesting was 37,20 kg of fresh matter, with a content of
incorporated tritium about 3,8 pCi/g dry matter.

For both plants the incorporated tritium was brought by tritiated spray

water (20 mCi/1).

The potatoes shall be used in experiments on the transfer of tritium

from feed to animal (project 4).

1I. Transfer of C*" from feed to animal

Plants of maize have been exposed, under plastic greenhouses, to CO}"
gas during 7 hours (conditions support 1981 project 3 : point 2).

The final harvest was made 16 days after contamination with a produc-
tion of 120 kg fresh matter. '

Analyses and experiments are in progress.

III. Transfer of C'" from Lupinus (as organic fertilizer) to plants

Lupinus has been contaminated by the same conditions as maize.
The production of about 8,17 kg/m? was ploughed into the soil, 58 days

after contamination.

IV. Transfer of C'" from compost to maize, potatoes, lettuce and cabbage

A second culture is made on the same substratum of 1981 in order to
follow the evolution in function of time.

Analyses are in progress.
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Title of project nr 3 : BEHAVIOUR OF TRITIUM IN MAMMALS

(1982, work performed in Department of Radio-
biology, SCK/CEN, Mol)

1) Study of the transfer of inorganic and organically bound tritium,
administered continously to milk during pregnancy and lactation, as
well as on the turn-over of inorganic and organic tritium in diffe-
rent organs was performed in 1982.

Food mixed from equal amounts of organically labeled tritiated milk
powder and normal food pellets was given to mice during pregnancy and
lactation. At birth, some new-born were swapped with those from non-
exposed mothers to compare separately accumulation and metabolism du-
ring pregnancy and lactation. Young mice were sacrificed at different
times after birth, and tritium activity in different organs was deter-
mined. Tritium activity was also determined in maternal organs at
various times during and after the 42 days feeding period. The activity
per g in some tissues of the young particularly in fat, exceeded that
of the food given, probably as a result of the high activity and low
metabolic dilution of the fats in the food. Young mice contaminated
during lactation and pregnancy contained still detectible activity at
an age of 2 months. Activity was nearly the same in mice receiving
tritium only during lactation as in those receiving it also during
pregnancy. Dilution was more marked due to rapid growth when tritium
application was discontinued at birth. Tritium water was replaced
most rapidly, organic tritium in brain turned over most slowly with an
additional metabolic component of a half life in the order of | month.
Organic tritium in liver displayed an intermediate half life.

The analysis of the data concerning the continous administration of

THO to mice during pregnancy and lactation are in progress.

2) Distribution of organically bound tritium in different fractions of

organs after a continous administration of inorganic or organic tritium.

Activity of organic tritium after application of tritium oxide is higher

and turnover is slower in developing brain than in other organs. This
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had been demonstrated in an experiment where pregnant sows were given
tritium oxide to drink, and the new~borns were either kept for addi-
tional exposure during lactation (43 days) or swapped with new-borns
from uncontaminated mothers. Analysis of the cerebella of the piglets
showed highest activities at birth in fatty acids and cholesterol
whereas cerebroside activity increased during lactation. High levels
of activity, particularly in fatty acids and cholesterol are still
present at an age of 115 days. A large part of lipids and structural
material in proteins etc. laid down in brain during development is thus
retained for long periods of time. Brain represents therefore, together
with the ovary, a critical organ for tritium exposure during develop-
ment.

Adult non pregnant mice were given for three weeks milk powder whose
organic constituents were labeled with tritium. Different tissue
fractions, proteins, nucleic acids, residue, fatty acids, cholesterol,
phospholipids, gangliosides and glycolipids, were isolated from
organs, and their total and specific activity were determined. Highest
specific activities were found in gangliosides and glycolipids and
lowest ones in proteins and fatty acids. It is concluded that tritium
labeled lipids, particularly, the more complex ones, undergo relatively
little dilution when they are incorporated into body lipids whereas
protein constituents, fatty acids and small molecular size metabolites
are diluted to a greater extent. Uptake of tritium organically bound
to lipids, particularly during development, may thus represent a criti-

cal pathway in the risk from organically bound tritium in food.

Publications

R. Van Bruwaene, G.B. Gerber, R, Kirchmann, J. Van den Hoek and J. Van-
kerkom ’

Tritium metabolism in young pigs after exposure of the mothers to tri-
tium oxide during pregnancy.

Radiation Research 51 : 124-134 (1982).

M. Rochalska, R. Van Bruwaene, G.B. Gerber, R. Kirchmann

Organic tritium in brain of new-born pigs from mothers who had received
tritium water during pregnancy.

Annales de 1'Association Belge de Radioprotection, vol.7, nr 3-4, p.363-373

M. Rochalska, R. Van Bruwaene, G.B. Gerber, R. Kirchmann
Organically bound tritium and its distribution in mice fed organically

(1982).
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labeled milk powder.
Annales de 1'Association Belge de Radioprotection, vol.7, nr 3-4,

p.345-351 (1982).

R. Van Bruwaene, G.B. Gerber, R, Kirchmann, J. Maes, E. Fagniart
Incorporation and metabolism of tritium in pregnant mice and their
offspring after feeding organically labeled tritiated milk powder
during pregnancy.

Annales de l'Association Belge de Radioprotectiom, vol.7, nr 3-4,
p.353-362 (1982).
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B-1040 Bruxelles

Head(s) of research team(s):

Ir. R, Kirchmann
Département de Radio-
biologie, CEN/SCK
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Technetium transfer in the animal food chain.
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1. Technetium transfer in the animal food chain.

BIO-B-467-81-B



— 302 —

Title of project nr 1 : TECHNETIUM TRANSFER IN THE ANIMAL FOODCHAIN

Head of project and scientific staff : R. KIRCHMANN, J.R. MAISIN,
R. VAN BRUWAENE

1. Metabolism

Technetium metabolism was studied in sheep after an intravenous injec=-

o5m 4 pertechnetate. Faecal and urinary excretion was

tion of Tc
followed for more than 100 days and the distribution in the organs

was determined on days 1, 3, 7, 30 and 100. After an i.v. injection
we observed a total faecal and urinary excretion of respectively 67,2%
and 17.24%; about 997 and 71.57 respectively of the total faecal and
urinary excretion were found within the first 5 days after administra-
tion.

Thg data were analyzed by non-linear regression using an exponential

. _n -t/T;
function A= s A..C 1

i The parameters Ai and Ti are summarized
i=1

in table 1.

Table 1. Parameters of °°™Tc excretion in faeces and urine of sheep

after an intravenous injection.

Faecal Urine
A Ty A To (days)
5650 + 164 0.71 + 0.006 26000 v 0.2
1.19 + 0.20 8.66 + 0.83 38.1  +10 1.26 + 0.21
0.0214 + 0.0071 80 + 44 5.30 + 0.91 6.51 + 1.25
0.025 + 0.013 55 + 13

These data demonstrate that technetium in the body is principally excreted

via the GI tract. Faecal excretion displays 3 components with half lives
(Tg x 0,693) of 0.49 ,6.0 and 55 days. Urinary excretion is caracte-
rized by 4 compartments with half lives of 0.14 , 0.87 , 4.5 and 38

days.
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Table 2. Technetium (Tcssm) distribution in organs of sheep after i.v.

injection(in % of dose/organ).

day total thyroid liver lungs  kidneys GI tract
1 3.1 0.054 0.063 0.194 0.150 2.42
3 0.535 0.016 0.026 0.083 0.098 0.227
0.187 0.011 0.012 0.025 0.040 0.016
30 0.087 0.015 0.006 0.030 0.011 0.011
100 in progress

‘Distribution in organs (in % of dose/organ) is represented in table 2.
Highest concentrations were observed in the thyroid; concen-

trations of technetium in lung tissue were also elevated.

2. Toxicity

An experiment concerning the chemical toxicity of technetium (Tc®9)

was carried out in female rats (R-Cnb) of 3 months age.

Technetium pertechnetate was added to commercial rat food at concen-
trations of 0, 0.5 , 1, 5, 10 and 15 pg Tc®®/g food and rats were
sacrificed after 7 or 17 weeks of treatment; body weight, organ weight
and blood formula were noted and did not show any major alterationms.
Determination of Tc concentrations, radio-immunoassays of thyroidal
hormons, histological examinations and autoradiographies are in

progress.

Publications

R.Kirchmann, J. Maisin, R. Van Bruwaene, G.B. Gerber and J. Colard
Metabolisme et transfert des métaux lourds chez 1l'animal.

Rapport scientifique final 1978-1981 du Programme National "Environne-
ment-Air"” nr 23, p.1-104 (1982).

R. Van Bruwaene, G.B. Gerber, R.Kirchmann and J. Colard
Transfer and distribution of radioactive cadmium in dairy cows.
Intern. J. Environmental Studies, Vol.19, p. 47-51 (1982).
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R. Van Bruwaene, G.B. Gerber, R. Kirchmann and J. Colard
Metabolism of Antimony-124 in lactating dairy cows.
Health Physics, Vol.43, nr 5, 733-738 (1982).

R. Van Bruwaene, G.B. Gerber, R. Kirchmann, J. Colard and J. Vankerkom
Metabolism of Chromium-51, Manganese-54, Iron-59 and Cobalt-60 in
lactating dairy cows.

sous presse.
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Contractor: Contractno.: ~ B10-B-314-81-D

Gesellschaft fiir Strahlen-
und Umweltforschung mbH.
GSF

Ingolstddter Landstr. 1
D-8042 Neuherberg

Head(s) of research team(s):

Prof. Dr. W. Kiihn
Okologische Physik

Inst. fiir Angewandte Physik
Herrenhduser Strasse 2
D-3000 Hannover 21

General subject of the contract:
The influence of topography on the dispersion of nuclear pollutants,
exchange processes of HTO vapor between soil and atmosphere and
accumulation of I-129 in the human thyroid.

List of projects:

1. Investigations on the influence of topography and surface
roughness on the dispersion of nuclear pollutants.

2. Study of exchange processes of HTO vapor in the soil-plant
atmosphere system.

3. Investigations on the accumulations of iodine -129 in vegetation,
milk, and human thyroid glands in the vicinity of nuclear
facilities.
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Title of project nr. 1

Investigations on the influence of topography and surface
roughness on the dispersion of nuclear pollutants.

Head of project:

Dr. B. Georgi

The dispersion of aerosols in the lower atmosphere was investi-
gated with help of a specially developed measuring equipment in
the particle-size range between 0.06 and 10 um. The equipment
consists of a central measuring car for the registration of the
meteorological data, for the preparation of the samples and for
the control of the four independent aerosol measuring set-ups.
the set-ups can be installed in inhabited as well as in unin-
habited aeras at any distance from the source. The sources pro-
duce pyrotechnically generated model aerosols labeled with a
tracer (dysprosium). The high reproducibilities of the gene-
rated aerosol distributions and the aerosol spectrometry (X2%)
by means of low-pressure impactors were found by gravimetric
and by neutron-activation-analytical evaluation. Therefore, it
was possible to determine concentration inhomogeneities during
dispersion in the lower atmosphere for all size classes. The

measured ranges of variation were up to one order of magnitude.

The chemical composition and the connected shape alterations of
the generated particles, shown already earlier, were analysed
with help of an X-ray microprobe and by activation analysis. In
the low-size range (nucleation or accumulation mode) the par-

ticles consist mainly of dysprosiumchloride DyCl as the Dy-

’
portion of the total mass is 54%. This portion iicreases to 75%
in the large-size range (course mode), so that the main content
is dysprosiumoxide Dy203. With the remaining chlorine portion
follows a partitioning of 55% Dy203 and 45% DyCl3 for those
particles, where the latter form agglomerates of smaller par-
ticles (nucleation of accumulation mode). Variations of this

distribution by meteorclogical influences in the presence of
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other aerosol sources can be ascribed to the different chemical

composition of the particles.

First measurements on the floating times of particles
lower atmosphere yielded results contradicting to the
model calculations. Even one hour after generation at
speed of 3m/sec and a source elevation of 3m besides

particles also those > 5 pm were detected. This shows

in the
existing
a wind
smaller
that also

the remobilization behaviour of aerosols can be studied with

the pyrotechnically generated, polydisperse model aerosols and

low-pressure impactors.
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List of publications in 1982

Publications in Scientific Journals, Monographs,

Proceedings.

Georgi, B., Kihn, W.: Simulation of Aerosols from Indu-
strial Processes by Pyrotechnically Generated Aerosols.
J. Aerosol Sci. 13, (3), (1982)

Taschner, M., Georgi, B., Berner, A., Reischl, G.:
Spectroscopy of Pyrotechnically Generated Aerosols.
Proc. Aerosols in Science, Medicine and Technology,
GAF, Bologna, 16.9. 1982

Short Communications, Theses, Internal Reports, Patents.

Georgi, B.: Coagulation of Aerosol Particles. EUROMECH
Colloquium 161, Coalescence and Deposition of Aerosol
Particles, Abstracts. University College London,
London, 27.-29.9. 1982

Georgi, B.: Vergleichsmessungen zwischen Impaktoren und
Zentrifugen unter feldmdBigen Bedingungen. Staub- und
Aerosolkolloquium, Institut fiir Experimentalphysik der
Universitdt Wien, 20.1. 1982

Georgi, B.: Interaction among aerosol particles. First
Annual Conference of the American Association for Aero-

sol Research, Santa Monica, 17.2. 1982

Georgi, B.: Elektronenmikroskopie in der Aerosolfor-
schung. Elektronenmikroskopische Arbeitsgemeinschaft
Tierdrztliche Hochschule und Universitdt Hannover, 16.6.
1982
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Georgi, B., Kreiner, H.-J.: Continous Aerosol Monitor
for alpha emitting nuclides. Aerosols in Science, Medi-

cine and Technology, GAF, Bologna, 16.9. 1982

Georgi, B.: Coagulation of Aerosol Particles. EUROMECH
Colloguium 161, Coalescence and Deposition of Aerosol
Particles, London, 27.-29.9. 1982

Tdschner, M., Georgi, B., Berner, A., Reischl, G.:
Spectroscopy of Pyrotechnically Generated Aerosols. 10.
Konferenz der Gesellschaft fir Aerosolforschung, Bolog-
na, 16.9. 1982

Kreiner, H.-J., Georgi, B.: Monitor zur Messung von oL -
Aerosolen. Zusammenfassungen der Beitrédge, 16. Jahres-
tagung des Fachverbandes fiir Strahlenschutz, Miinchen,
19.-22.10. 1982



— 310 —

Title of project nr. 2

Exchange processes of HTO-vapor in the atmosphere-soil-
plant system.

Head of project:

Dr. C. Bunnenberg

In 1982, investigations on the exchange processes of HTO-vapor
were concentrated on the laboratory simulation of the conden-
sation of tritiated water vapor on the soil surface and the
vapor diffusion into deeper layers. In a still running long-
term experiment the model atmosphere above a semi-infinite
s0il column is supplied with HTO-labeled water vapor under
controlled climatic conditions.

As expected according to the isotopic effect, preliminary re-
sults indicate a preferred condensation of HTO compared to H20
on the soil surface, reducing the HTO concentration in the
atmospheric humidity above the soil. This stresses the sugge-
stion of an additional pathway of tritium released as tritia-
ted vapor from nuclear facilities onto the soil surface. Theo-
retical considerations describing this new pathway as a kind
of wet fallout or as a condensation contribution have shown
that it may be as effective as washout processes. As due to
isotopic effects the tritium contamination of soil and vege-
tation may considerably deviate from the estimations on the
basis of the specific activity model. This pathway is of spe-
cial interest after high short-term tritium emissions into the
environment.

While the administered tritiated vapor diffuses into deeper
layers of the soil column, further simultaneous measurements
are taken of the changes of the moisture content and of the
HTO-activities at different soil depths. The resulting HTO/
HZO—ratios yield informations on the extend of accumulations
of HTO in certain soil layers due to isotopic effects.

The preliminary findings encouraged the modification of the
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wind-tunnel set-up, in order to determine the influence of
meteorological parameters on the HTO/HZO condensation and
evaporation ratios.

The possibilities to substitute HTO by the less harmful H2180
for field measurements could not yet be tested due to measu-

ring difficulties in the guantification of low concentrations.
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versitdt Stuttgart, 15.-16. Oktober 1981 (ersch. 1982)
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Title of project nr. 3
Investigation on the accumulation of iodine-129 in vege-
tation, milk and human thyroid glands in the vicinity of

nuclear facilities.

Head of project:
Dr. J. Handl

For the long-term tracing of iodine-129 in the soil and its
uptake by plants a soil sample with an area of 2.5 m2 and a
depth of 1.5 m was established in the field. The surface of
the' sample was contaminated by 3.4 uCi of I-129 and grass seeds
were sowed out. In the following 7 months 7 harvests were
gathered in and the iodine concentrations were determined.
There was a clear reduction of the I-129 concentration from 4.7
down to 0.2 pCi/g dry weight within 6 months.

In order to follow the iodine transfer and the pathway soil-
grass—-milk-man, the harvested grass was fed in equal quantities
to a pasture animal within 9 days. During the application of
the labeled grass and during the following 26 days milk samples
were taken frequently to study the decrease of the I-129 con-
centration. Part of the daily milk yield was fed to a pig,
which because of its similarity to human physiology represented
the end of the investigated pathway. After slaughtering of the
pig I-129 was extracted from its thyroid gland. As this series
of experiments could be completed only shortly before the end
of the year, the results concerning I-129 were not yet avai-
lable at the time of report.

The inventory of iodine-129 in thyroid glands was continued
with special consideration of human thyroids. In the investi-
gations the separation method developed in the preceding year
was applied, which provides an important reduction of the de-
tection limit. It is 3 fCi for thyroid glands and other orga-
nic material (milk, vegetation) and about 1 fCi for inorganic
substances (soil), so that very low concentrations can be de-
termined now. A total of 14 human thyroid glands from Lower
Saxony (Table 1) and 9 thyroid glands mainly from Dutch bovine
(Table 2) could be investigated. The isotope-ratios of I-129/

I-127 ranged between <102 and 10~ ’.



Table 1

Table 2

Human Thyroid Glands

Date of taking Origin Fresh 1-127 I1-129 Content Isotope ratio
weight Content
[gl [mg/g £.w.] {pCi) [mg} 1-129/1-127
May 1979 Lower Saxony (FRG) 29.0 0.36 53.8 - 1073 3.3-10"7 3.1-1078
May 1979 Lower Saxony (FRG) 12.5 0.22 75.2 - 1073 4.6-1077 1.7 -1077
June 1979 Lower Saxony (FRG) 24.6 0.46 131.0 - 1073 8.0-10"7  7.1-1078
June 1979 Lower Saxony (FRG) 15.2 0.24 28.3 - 1073 1.7°1077 4.4 1078
July 1979 Lower Saxony (FRG) 9.6 0.46 13.7 - 1073 8.4 -1078 5.5 - 1077
October 1979 Lower Saxony {(FRG) 14.7 0.60 54.4 1073 3.3-1077 3.8-1078
October 1979 Lower Saxony (FRG) 13.3 0.42 53.6 - 1073 3.3 1077 5.8 1078
November 1979 Lower Saxony {(FRG) 15.9 0.52 20.9 - 1073 1.3-1077 1.5 1078
November 1979 Lower Saxony (FRG) 18.8 0.63 56.7 - 1073 34107 2.9-1078
June 1980 Lower Saxony (FRG) 26.3 0.34 10.9 - 1073 6.7-10% 7.4-107°
March 1981 Lower Saxony {(FRG) 26.5 0.38 3g.2-1073 2.3-10°7  2.3-1078
May 1981 Lower Saxony (FRG) 26.0 0.3 32.8 - 1073 2.0-1077  2.5.1078
July 1981 Lower Saxony (FRG) 41.3 0.18 22.7 1073 1.4 <1077 1.8 - 1078
September 1981 Lower Saxony (FRG) 46.4 0.07 25.5 '10_3 1.6 10-7 5.1 10_8
Bovine Thyreid Glands
Date of taking Origin Distance Fresh 1-127 I-129 Content Isctope ratio
from nuclear welight Content
facilities [km) {g] (mg/g f.w.] fpci] {mg] 1-129/1-127
March 1981 Mariensee (FRG) > 200 18.4 0.59 <3.0-107) <i.8.1078 <1.7-107°
March 1981 Mariensee (FRG) > 200 13.3 0.73 <3.0-107 <1.8-1078 <1.8-107°
September 1980 Kloetinge (NL}) 12 19.0 0.34 65.7 - 103 4.0 1077 6.2-10°8
September 1980 Ovezande (NL) 4 17.8 0.21 24.8-1070 1.5-1077 4.1-1078
September 1980 Ovezande (NL) 4 18.0 0.53 37.5 - 1073 2.3-1077 2.4-1078
day 1980 Hillegom (NL) 37 38.4 0.72 236.5 - 1073 1.45-1078 5.2-1078
day 1980 Hillegom (NL) 37 43.7 0.25 133.6-107°  8.2-1077 6.8 108
July 1980 Mill (NL) 26 22.0 0.79 191.7-1073  1.17-1077 6.8 1078
July 1980 Mill (NL) 26 24.5 1.70 635.6 -1073  3.9-10"8 9.3-1078

- vie —
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List of publications in 1982

Publications in Scientific Journals, Monographs,

Proceedings.

Glubrecht, H., Kiihn, W., Handl, J., Bunnenberg, C.:
Belastungspfade und ausgewdhlte Beispiele. Radiodkolo-
giesymposium Arbeitsgem. f. Umweltfragen e.V. und BMI,
Universitdt Stuttgart, 15.-16. Oktober 1981 (ersch.
1932)
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Progress Report
1982

Contractor: Contractno.: Bl0-B-328-81-B

Univ. Catholique de Louvain
Halles Universitaires

Place de 1'Université 1
B-1348 Louvain-la-~Neuve

Head(s) of research team(s):

Prof. H. Laudelout
Laboratoire de Pédologie
UCL

Place Croix du Sud 2
B-1348 Louvain-la-Neuve

General subject of the contract:
Hydrological and biogeochemical characteristics which condition the
environmental behaviour of the mobile long-lived radionuclides.
Application to the ultimate biological availability of Tc.

List of projects:
1. Hydrological and geochemical characteristics which condition the
regional behaviour of the mobile long-lived radionuclides.
2, Study of the environmental behaviour of technecium (Tco_a).
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Title of project nr 1 : HYDROLOGICAL AND GEOCHEMICAL CHARACTERISTICS
WHICH CONDITION THE RECGIONAL BEHAVIOUR OF
THE MOBILE LONG-LIVED RADIONUCLIDES
Head of project and scientific staff : LAUDELOUT H., LAMBERT R.,
TANG VAN HAI, DE CUYPER X.

Numerous studies have been devoted to the interactions of technetium wi
the soil-plant system. The primary aims being to calculate how e wil
be distributed in soil, migrate towards the water-table or be taken up
by the plant.

One important aspect seems to have been neglected namely the extent of

hydrodynamic dispersion which the pertechnetate ion may undergo on its

way towards the water-table. The well known reactivity of pertechnetate
with soils rich in organic matter and with an abundant biamass camplica
the problem the more so that the equilibrium between the 997¢ camnpounds
is not instantaneous.

Columns of 45 mm internal diameter and 20 an length were packed with sa
or soil and percolated with distilled water. Fram the wet and dry veigh
of the columns, their volumetric water content was estimated. Water
containing about 3 pC per liter of ammonium pertechnetate or 36cINa was
percolated at a constant rate through the columns during a time corres-
ponding to the displacement of 6 to 7 pore volumes fram the column.

One experiment was made witha dry loamy sand through which the pertechn
tate solution was eluted without any preliminary ecuilibration with wat

In all cases, the Darcy velocity of the solution entering the column wa
1.13 mm.day‘i.

After percolating the radicactive solution, distilled water or a 0.01 M
solution of CaCl. was passed through the column. The activity of the
percolates and of the eluates was determined with a liguid scintil-
lation spectrometer (Packard-Tri-Carb-Model 33€0).

It was then calculated as relative concentration by referring it to the
initial activity of the solution. The dimensionless set of experimental
data oould then be used for adjusting the four parameters present in th
analytical solution using a programme described by M. Th. Van Cenuchten

Using soil columns which had been moistened and had been brought at
field capacity or higher did not allow the appearance of pertechnetate
in the effluent even after passing about 10 rore volumes of solution
through the column.

Since in columns of about 0.5 m length, using larger amounts of solutio
at the flow rate chosen would result in a prohibitive amount of time,
an attempt was made of passing the solution throuch a soil columrn initi
ly dry with the result shown in fig. 1.

In that case, radioactivity appeared in the solution after passing one
pore volume only and increased very rapidly and eluted fram the column
with the column with a pronounced tailing.

Using a sand medium which was not devoid of sorptive properties for
pertechnetate gave the experimental results shown in fig. 2 on which a
theoretical curve for the percolation and elution process has been supe
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iters used were as follows (with their standard error) :
ber : 67.5 + 14.8, retention coefficient : 2.3 + 0.02, mobile
3 : 0.87 + 0.02, transfer coefficient w : 0.51 + 0.24.

the theory allows a fairly good description of the movement of
ate with parameters that are consistent with the material

1 with an ion such as chloride is illustrated in fig. 3.

is little adsorbed in sand and consequently half of the maximum
-he reduced concentration is reached after passing one pore
labelled solution.

1ificant that the retention factor for pertechnetate is about
sand which causes a pronounced displacement of the break-
wve in camparison with that of chloride.

99 36

camparison of the behaviour of ““Tc and ~ Cl has been made

d al. (1979).

ique used was quite different since initially dry soil samples
for observing the elution of a spot of 36CINa. Nevertheless,
1sion was cuite similar namely a definitely increased retention
1 terms of tailing and retardation factor.

1ilibrium between the solution and the solid surface past
pertechnetate ion are percolating is reached rapidly with

> the residence time of the solute in the column, the camposi-
1e effluent may be calculated by making use of an appropriate
factor.

een done in fig. 4, where the relative concentration of
tate has been plotted for various values of the retention

ious that for RF values exceeding 15, no radioactivity will
ad in the effluent after passing 10 pore volumes through the
first seven of them being radioactive.

son between the retention factor as it is defined by
o k

and what has been called the transfer factor defined
e .

activity in organism or sediment (wet weight)

is fairly
activity in water
(R-1) .6
both definitions. We must have : —mMm————— = k.
p

s dimensionless and k is not, taking the plausible values of
and 0.5 for 8, it is seen that k is about one third of the
This allows a camparison of the values found for the adsorption
which have been reported as either F or k.

rthcaming report on the factors determining the absorption of
0il rich in clay oolloids at various levels of mjcroflora
we have found values ranging fram 0.1 to 0.7 g~ ml for k
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at 13°C. This is well within the range of values quoted by Wildung and al.
(1979) who found ccefficients ranging from 0.007 to 2.8 g'l ml.

The retention factor should then range fram about 1 to 10. These values
are too low for accounting for the concentration of Tc in the upper am of
a soil column. As calculated above a retention factor of 10 is necessary
for preventing pertechnetate of appearing inthe effluent after passing
10 pore volumes through the soil column.

As shown in fig. 1, a break-through is observed if the soil is percolated
with the pertechnetate solution while initially dry.

Gast and al. (1979) have found similar results of an asymetric pattern
of elution together with the presence of measurable amounts of Tc in the
first ml aliquot of the leaching solution. Their techniques of observation
was quite different fraom the one used here but suffers equally fram the
fact that parameters obtained fram it can hardly be applied to the
description of Tc movement through moist soils with an active microflora.
This is to be expected since the maximum elution time did not exceed
twenty-five hours.

Similar results were observed by Saas et al. (1979) who stressed the fact
that when very small amounts of technetium are deposited on top of the
soil, its elution is practically nil and it remains at the surface.

A quantitative description of this process is feasible if information is
available firstly about the parameters determining movement of water

in an unsaturated soil and secondly the change of k, the distribution
factors with time.

Bibliography

~ BITTEL R. Le Technetium et l'Environnement. Radioprotection, 15 : 141-
146, 1980.

GAST R.G., LANDA E.k., THORUIG L.J., GRIGAL D.F. and BALOCGH J.C.
The Behaviour of Technetium in Soils and Plants. Report no.
CO0-2447-6 to the U.S. Dept. of Energy, Contract no. EY-76-S-02-
2447, M0O2, January 1979, pages 1-115.

HCFFMAN F.0O., GARTEN C.T., HUCKABEE J.W. and LUCAS D.M. Interaction
and Retention of Technetium by Vegetation and Soils. J. Environ.
Qual., 11 : 134-141, 1982.

— SAAS A., GRAUBY A., DENARDI J.L. and QUINAULT J.M. Camrortement du
Technetium39 et du molybdéne stable dans un sol brun calcaire.
Radioprotection, 14 : 241-264, 1979.

VAN GENUCHTEN, M. Th. Research Report no. 119, Feb. 1981. U.S.D.A.
Salinity Lab., Riverside, Ca., U.S.A.

— WILDUNG R.E., Mc FADDEN K.M. and CARLAND T.R. Technetium Sources and
Behaviour in the Environment. J. Environ. Qual., 8 : 156-161, 1979.










Title

— 323 —

of project nr 2 : STUDY OF THE ENVIRONMENTAL BEHAVIOUR OF
TECHNETIUM (TOOZ)

Head of project and scientific staff : MYTTENAERE C., MOUSNY J.M.,
RONNEAU C., TANG VAN HAI, VAN DE CASTEELE C., DE CUYPER X.

2.1.
2.1.1.

2.1.2.

2.2.

2.3.

2.4.
2.4.1.

Estimation of the analog element approach

Study of the interaction Re-Tc

A preliminary experiment on the behaviour of Re (ReO,) was
performed using Phaseolus vulgaris. No toxicity symptoms were
observed in the concentration range 10" - 1075M Re. In a
second riment no interaction was observed between Tc

(fran 10-/M to lO'6M) and Re (5 10~7M); such a result confirms
the absence of analogy between both elements.

Study of the interaction Mo-Tc

Tc-99 absorption by P. vulgaris was studied in solutions
containing different concentrations of Mo (Moog'); lO7M - lO-SM) .
Mechanisms responsible of the inhibition are ndw under examina-
tion (Linewaever-Burk graphs) for non toxic concentrations of
Mo (10-7M - 107°M).

Estimation of the influence of time (long term behaviour of Tc)

Tc-95 m is now produced in Louvain-la-Neuve (Cyclotron - in
collaboration with the Nuclear Chemistry Department). The
behaviour of Tc present in very low concentrations in the medium
(fram 10~3M to 1076M) has been studied tharks to the labelling
of Tc-99. (P. vulgaris is water culture) with Tc-9im.In addition,
a double-tracing experiment has confirmed that no Tc-99 was lost
during the preparation of the samples (humid digestion) and that
in our experimental conditions Tc-99m may be considered as a
good tracer of the TcO; (Tc-99). Long term experiments in

soils will be consideréd in 83.

Study of the transfer of Tc in permanent flooded soils

Two models of flooded rice fields with continuous water flow

were built in the greenhouse (five containers placed side by side
at decreasing height so that the overflow of the first one runs
into the next one, the first functionning as a reservoir, the last
collecting the residual water.

In one of the model, the soil was uniformly traced (1,7 uCi/kg)
mearwhile in the seccnd, the irrigation water was contaminated
(0,3 uCi/1). The Table 1 gives the concentration factors
calculated between soil, irrigation water and plants.

Tc toxicity

Effects of Tc on the nutrient solution of higher plants

Dry matter and iron content of soybean plants are negatively cor-
related with the various levels of Tc (0 to 1:0~6M) investigated.
On the contrary, the iron transport coefficient was positively
affected when the Tc is prensent in the medium. (Table 2). More-
over, the phytoferritin concentration decreases as the Tc-99
level increases.



2.4.2.

Tc toxicity on N2 fixation

The results formerly obtained (Report 8l) have been confirmed
using more accurate technicues (Interaction Tc-Mo-Mo/Fe
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nitrogenase - reduction of the N2 fixation).

Table 1

Transfer factors (CPM G dry matter/CPM C dry soil or

CPM ML, irrigation water) obtained in models of rice field

Container Plant - Water Plant - Soil
Plant organ B C D B C D
Shoots basis 23,8 16,3 34,7 0,2 0,1 0,1
Leafy shoots 80,9 68,5 69,8 4,9 6,2 6,7
Empty panicles 11,2 3,1 3,2 0,04 0,02 0,02
Sterile grains 4,4 3,9 2,7 0,02 0,01 0,01
Hull 3,9 4,5 3,2 0,01 0,01 0,01
Caryopsis 0,2 0,3 0,2 0,004 0,003 0,004

Table 2

Coefficient of transport of Iron (leaf Iron/total Iron) and Tc-99

Element Fe Tc
Tc 0.1 ppm Te 1.0 pm Fe 0.1 prm Fe
0.0 M 0.161 0.178 0.0
108 M 0.170** 0.260°% 0.72
107 M 0.181%* 0.210 0.71
10 m 0.071 0.204 0.77

x%x Highly significative difference
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General subject of the contract:

Study of the impact of waste from PWR nuclear power stations on the
fresh water ecosystem.

List of projects:

i, Study of the impact of waste from PWR nuclear power stations on
the fresh water ecosystem.
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Title of project no. 1 : STUDY OF THE IMPACT OF WASTE FROM PWR NUCLEAR
POWER STATIONS ON THE FRESH WATER ECOSYSTEM

Head of project and scientific staff : R. KIRCHMANN

The main results gained during 1982 are presented below according to the
various contributions received from the participating laboratories to

this study.

1. Physico~chemistry of the river water : twenty four series of sampling
were performed upstream and downstream of the NPP ; 10 parameters
were analysed.

The comparative behaviour of 60Co and 54Mn on one hand and of various
heavy metals (Cd, Cs, Zn, Pb) on the other hand, regarding the sus-
pended matter, is under investigation.

2. Primary producers : twenty four series of sampling of phytoplancton
and zooplancton were performed at the same locationsas under |. The
biomass was assessed (measurement of chlorophylla) and the photosyn-
thetic activity of phytoplancton was measured (0O production) as well
as the respiration. These data will be used to make an oxygen balance
during ten series of sampling performed from July to December and to
compare the situation up—~ and downstream of NPP.

The annual inventory of bryophitic populations in the sector Ben-ahin
to Argenteau has been achieved in September.

3. Primary and secondary consumers
Studies on the impact of thermal releases on macroinvertebrates and
fishes were pursued in 1982 : the colonisation of artificial substra-
tum by the macrofaunes (about one month of exposure) has been fol-
lowed during seven different periods of time, furthermore the growth

and fecondity of Asellus aquaticus L. were studied.

The study of the fecondity of Rutilus rutilus L. and Alburnus alburnus

L. caught up~ and downstream of the NPS (14 fisheries campaigns) is

in progress. The growth of both species and of Leuciscus cephalus L.
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is also investigated.

Measurements of y-emitters in various organs of the fishes caught were

performed.

Laboratory experiments :

a,

Kinetic studies of absorption and desorption have shown that the

algae (Scenedesmus obliquus) present two compartments having diffe-

rent affinities for the radionuclides under study : Cs and Tc.

It was necessary to improve the equipment (''turbidostat) used for
the continuous culture of algae ; three different culture mediums
are compared.

Research on the mechanisms of organification of 3H in the primary
cooling water of a PWR was continued in 1982. Effect of irradiation
(gamma rays from 60Co) on resins used for the purification of the
primary circuit containing tritiated water was investigated : algae
grown on this medium do not indicate the presence of 3H organic
compounds biologically available.

Two samples of primarycoolant having circulated through resins,
irradiated and non-irradiated, were concentrated and exposed in the
core of BR2 (1.5 x 1013 n.cm—z.s—l) for 33 hours. The quartz vials
exploded due to excessive radiolysis. Other samples were exposed in
BR] (2.9 x 1011 n.cmz.s_l) and an integrated dose of 8.1016 n was
applied : some vials were broken and the intactswere used as medium

culture for algae (Scenedesmus obliquus), the work is still in

progress.
Investigations on microorganisms present in the resins have been

initiated.
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General subject of the contract:
Measurement of levels of radioactivity in the marine life and waters

of the Irish Sea and their contribution to radiation dosage of the
population.

List of projects:
1. Measurement of levels of radioactivity in the marine life and
waters of the Irish Sea and their contribution to radiation dosage
of the population.



— 332 —

Title of project Measurement of levels of radioactivity in
the marine life and waters of the Irish Sea
and their contribution to radiation dosage

of the population.

Head of rroject and Dr. I.R. McAulay
Technical Staff Mr. T. Lane

The programme of work during 1982 included measurement of gamma
emitting activities in fish and seaweed samples, determination of
total beta activities in fish samrles. examination of cediments
from the Irish Sea coast for caesium deposition and an assessment

of the population dose resulting from fish consumption.

Fish samples are now being obtained and measured on a more
reqular basis for a number of different species from different ports
of landing. Measurements indicate differing activites between
species and port of landing and these factors can now be taken into
account in estimating the population dose. It is not always possible
to establish the location of the fish catch, though this is not con-
sidered of importance so long as the samples measured are represen-
tative of the fish consumed.

Measwrement of total beta activities of fish samples was carmenced
during the year and is now working on a routine basis and dealing with
the backlog of samples which have been preserved.

Measurement of seaweed samples is continuing with routine sampling
at a number of sampling points. The results indicate a cradient in
Cs-137 and Cs-134 decreasing from North to South. Some indications
have been found which suggest a variation in the concentration factors
between different parts of the plant and this is under investigation.

A number of sediment cores have been taken at points on the Irish
coast where high sedimentation rates exist. These show a variation
in caesium condentration with depth that accords with the published
levels of discharge from the Windscale nuclear fuel reprocessing
plant. More work will be carried out in this area to try to overcome

difficulties associated with possible reworking of the sediments
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following the initial deposition.

The population dose to the Irish population resulting from
fish consumpiton is now assessed at approximately 2 man sievert
per year as a consequence of previous discharges fram the United
Kingdom nuclear industry. As much of the Irish fish catch is
exported directly or in processed form, there is a re-exportation
of population dose of approximately 8 man sievert per year.

A research paper an some of the work has been prepared and will
be submitted for publication shortly.
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Contractor: Contractno. Bl0-B-331-81-UK
Ministry of Agriculture,
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Lowestoft
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Dr. N.T. Mitchell
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Lowestoft

GB-Suffolk NR33 OHT

General subject of the contract:

Behaviour of radionuclides in the marine environment in support of
the disposal of wastes arising from the utilization of nuclear
energy.

List of projects:

1. Behaviour of transuranic and long-lived fission product nuclides
in coastal waters.
2, Deep sea radiocecology.
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Title of Project No 1. Behaviour of transurenic and long-lived fission
product muclides in coastal waters,

Head of project and scientific staff: Dr R J Pentreath, Mr B R Harvey,
Dr D S Swift, Mr M B Lovett, Mr R Ibbett.

Studies on the behaviour of transuranium and long-lived fission
product muclides in UK coastal waters were continued during 1982 and
ene extended research vessel cruise was made specifically for this
purpose; many of the samples taken on the cruise are still being
analysed., Sea water samples were collected in the Irish Sea, off the
North Scottish coast, and off the Channel Islands, for comparative
purposes. All of the evidence obtained on radionuclide speciation
80 far suggests that, away from the immediate discharge areas, 237Np
is present primarily as Np(V) and 1c as the pertechretate., There
is evidence that 241Am, however, may be present in more than one
chemical form becuse only <~ 50% of Am in filtered sea water could be
removed by co-precipitation with Fe(OH)B, the remainder requiring
reduction with NaZSOB' Speciation studies have been made using
243 Am and 2430m as yield tracers in known chemical forms,

A variety of box cores and gravity cores were obtained at 41
stations within the Irish Sea during 1982, some of which (those >2m
in length) are being used to interpret the long-term processes of
sediment accumulation and erosion in this area. The clay mineralogy
of surface sediment samples is also being studies using XRD techniques,
and the presence of small 'hot! particles is being investigated using
CR-39 as an alpha~track detector.

The incorporation of radionuclides into settled sediments is
affected by, amongst other things, bioturbating processes. Bioturba-
tion to depths of up to 10cm can be brought about, in coastal waters,
by a large variety of infauna but evidence has been obtained that
one partiocular organism in the Irish Sea can affect the distribution



— 337 —

of Pu amd Am down to depths in excess of 35cm. The organism is an

echiuroid (Maxmulleria lankasteri) which, by constructing extensive

burrows into which faecal material is deposited, substantially alters
the Pu isotope ratio profiles in certain areas, The long-term conse-
quences of such bioturbatory effects are being incorporated into a
mathematical model to describe the role of sediment/nuclide interactions

in shallow sea areas,

The accumulation of these long-lived nuclides by marine organisms
has also been studied further, with samples being collected from various
parts of the UK, A variety of zooplankton samples has also been taken;
there consisted largely of calanoid copepods and ctenophora. Analyses
of algae and crustaceans from the Sellafield area has also continued
and it appears that the distribution of 99Tc in crabs and lobsters samp-
led so far indicate highest concentrations in the green gland, gonad and
muscle tissues. These results differ somewhat from those obtained in
laboratory experiments using 95mTc in which, apart from the green gland,
the hepatopancreas (digestive gland) consistently attained the highest
concentrations when the isotope was introduced in either the food-or in
the water., Laboratory experiments have also been made to study the abs-
orption of transuranium nuclides by crustaceans and fish across the gut.
The results indicate that 241Am is slightly better absorbed than either
237Pu or 235Np by both crabs and lobsters. Fish also absorbed 241Am
better from food than 237Pu, and thornback rays absorbed more per unit

than plaice, These studies are continuing,
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Title of Project No 2. The behaviour of radionuclides in the deep sea.

Head of project and scientific staff: Dr R J Pentreath, Dr P Kershaw,
Dr D S Woodhead, Mr C W Baker, Mr B R Harvey.

A number of deep sea water, sediment and biological materials
have been obtained during 1982 from the North Atlantic. Water samples
are being analysed for 226Ra 228Ra and 14C and a multi-depth grid study
made of excess 222Rn indicated that it was not found above avout 50m
off the sea bed.,

Modifioations to a Reineck box oorer trigger system has allowed
high quality undisturbed cores to be obtained at depths in excess of
4000m, Sections from these cores were x-rayed on board ship and provi-
ded clear evidence of extensive bilological activity and sediment mixing,
The sedimentation rates and depth and rate of bioturbation have been

modelled using 140 and 210

Pb data from 2 cores. Bioturbation mixing
rates were found to be similar to those calculated for the Western
Atlantic and Pacific, in spite of the differing water depths and sedi-

ments composition.

Laboratory experiments have also been made to study the sorption
of Pu (IV) by deep sea sediments. It has been shown that Pu absorbs
and desorbs more readily to sediments with a high carbonat content.
The relationship of the Pu K g with particle size has also been deter-
mined for some'déep sea sediments,

Further analyses of deep sea fish for 210

and some of the preliminary findings published (1). This paper also

Po have also been made

includes the development of ideas for modelling the possible return of
radionuclides to man along critical pathways by using a transfer coe-
fficient approach, the necessity of further data for collective dose
commitment calculations, and of modelling the role of biological pro-
cesses which serve to retard the return of radionuclides from the deep
sea to man, The analyses of deep sea biological material is continuing.

(1) TPENTREATH, R.J. (1983). Biological Studies. In interim oceano-
graphic description of the NEA Dumpsite for the disposal of low-level
radioactive waste. Ed. by P.A, GURBUTT and R.R. DICKSON, NEA/OECD,

Paris.
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Contractor: Contract no.; ~ 210-B-334-81-UK
United Kingdom Atomic Energy
Authority, UKAEA
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Head(s) of research team(s):

Dr. A. Horgan
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General subject of the contract:

The remobilisation of actinides from contaminated intertidal
sediments.

List of projects:

1. Remobilisation of actinides from contaminated intertidal sediments.
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Title of project nr 1: The remobilisation of actinides from
contaminated intertidal sediments

Head of project and scientific staff: A Morgan, JD Eakins, AE Lally
D G Humphreys, PJ Burton

Laboratory Studies

239+240Pu

A study of the distribution coefficients (Kds) for and

24} .
Am between Ravenglass sediment and water has been undertaken.
Equilibrium is established within 15 min between contaminated sediment

239+240PU

. . . . !
stirred with inactive North Sea water, the Kds for and 24 Am

being l.2xlO6 and 2.OxlO6 respectively. 1In an experiment in which a

sample of sediment was leached successively with 5 fresh samples

40
of seawater, the Kd values for 239+2 Pu were constant but those for

2“Am increased by a factor of 2. Dialysis of actinides in the aqueous
phase showed that they were in true solution.

When actinides leached from contaminated sediment were equilibrated
with inactive North Sea sediment, they were resorbed by the inactive

239+240 241 4
Pu

sediment, the Kd values for both and Am being 2.2x10 .

Further measurements with filtered contaminated Irish Sea water and
North Sea sediment gave Kd values of 7.8xlO3 and 2.Ix104 for 239+240Pu
and 2z‘lAm respectively, Speciation measurements during this experiment
showed that >957 of the Pu in the filtered seawater was Pu V or VI, but
when adsorbed by sediment it was reduced to Pu III or IV.

The distribution of actinides between Ravenglass sediment and
North Sea water was investigated while the suspension was being sparged
with different gases. Kd values for 239+240Pu were increased by a
factor of 1.7 with nitrogen sparging, reduced by 2 with air sparging,
by 5 with carbon dioxide and by 10 with oxygen. Distribution
coefficients for 2z‘]Am were not affected by any gas except carbon
dioxide, which reduced the Kd by a factor of 40. The results suggest an

oxidative process for the leaching of 239+240Pu which does not apply to

2l“]Am. Both nuclides pass more readily into solution in the presence

of C02, suggesting the formation of carbonate complexes, although the

associated pH change from 7.8 to 5.5 during the experiment may have been

a contributing factor.

In an experiment in which Ravenglass sediment was dried and cxposed

239+240Pu and 24]A

to air for 3 days prior to equilibration, the Kds for m

were reduced by factors of 2 and 1.5 respectively.
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This is a slightly unexpected result as, overall, the estuary is an
area of net sediment accumulation. However, annual discharges of
plutonium from BNFL, Sellafield have decreased by a factor of 3 since
1978 and it is possible that the equilibrium between the estuary and the
sea may have shifted from it being a net accumulator of radioactivity to
being a net source. Two possible mechanisms whereby this could occur
whilst the estuary remained a net accumulator of sediment are as follows:

(1) Plutonium passing into solution from sediment deposits is being
resorbed by suspended sediment and being transported on the ebb tide.

(2) Sediment containing relatively low concentrations of plutonium is
being transported into the estuary on the flood tide whilst bottom
sediment, rich in plutonium, is being suspended by current and wave
action and transported on the ebb.

In either case the specific activity of sediment leaving the estuary

should be greater than that entering, but unfortunately this parameter

was not measured. The second mechanism could well apply on tiiis
occasion as, because of the spring tide, current velocities were high
and, although there was little wind on the flood, it increased latcr

and there was considerable wave action on the ebb. However the

laboratory studies show that desorbed plutonium is readily resorbed and
the first mechanism is also possible. Further studies are required
during neap as well as spring tides, including specific activity
measurements of the suspended sediment, to determine whether the results

are typical of the situation in the estuary.
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Contractor: Contractno.: BIO-B-486-82-DK

The Royal Veterinary and
Agricultural University
Biilowsvej 13
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Head(s) of research team(s):

Dr. N.E. Nielsen

The Royal Veterinary and
Agricultural University
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General subject of the contract:

Soil-plant transfer of iodine with special reference to iodine-129
in the environment.

List of projects:

1. Test of a soil-plant transfer function of iodine in field
experiments.
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Title of project no. 1l: Test of a soil-plant transfer function
of jodine in field experiments.

Project leader and scientific staff: Henning Kaufholz

1. Introduction

Following escape of radioisotopes of iodine to the environment
from the nuclear industry these radioisotopes may accumulate in
the food-chain and may ultimately cause radiation damage to the
human thyroid. The long-lived I-129 will not be eliminated by
radioactive decay before uptake by plants from soil may take pla-
ce. There is therefore a demand for a model, which can predict
the quantity of I-129 uptake by plants from soil. Uptake of I by
plants could be described by a transport kinetic model of nutri-
ent uptake by plants—-. The aim of the present work is to test if
an extended form of this transport kinetic model is reliable in
predicting transfer of I from soil to plants under field condi-
tions. The quantity of I transferred from soil to plants per u-
nit area of field in the time interval 4t will depend on:

a) the kinetic parameters for mean net inflow of I~ into roots

at the considered pH in the soil solution, b) the mean root leng-
th per unit area of field, c) the concentration of iodide in the
soil solution at the root surface, and d) the pH of the soil so-
lution.

2. Experimental

In the field trial division of The Royal Veterinary and Agricul-
tural University, 17 km west of Copenhagen, a field experiment
(2 by 3 factorial with 3 replications) was laid out with the
treatments:no lime and 10 ton lime ha~l in combination with 0,
12.5 and 25.0 kg I ha~l in KI.

P- and K-fertilizer, lime, and I were applied in September 1981.
N-fertilizer was applied four times during 19821 The figure in
parenthesis following the date denotes kg N ha™~ applied in cal-
cium nitrate: 26/4 (100), 21/7(100), 10/8(75), 13/9(50).

Perennial ryegrass was sown in October 1981 but due to unfavou-
rable weather conditions the germination was poor. The ryegrass
was therefore resown at the date 21/4-1982. The field was not
irrigated.

Four main cuts were taken in 1982. Except for the first main cut
sub—-cuts were taken within the growth period of the main cuts in
order to determine changes in growth rate (Figure 1) and changes
in the rate of iodine uptake within the growth period of the main
cuts. Except for the first cut the area cut per sample was 2 m“.
Soil cores for root length determinations were taken out to 1 m
of depth at the dates 26/7 and 1/9. At the former date more than
80% of the total root length to 1 m of depth was present in the
surface layer of the soil profile to 10 cm of depth (Table 1).
Soil samples for chemical analyses were taken out to 1 m of depth
at the dates 29/5 and 30/8. The I~ concentrationin suspensionsof w
dried soil in 0.01 M CaS0,, an approximation to the I concentra-
tion in soil solution, was determined in soil from the former da-
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Table 2. Iodide concentration (uM) in suspensions of undried
soil in 0.01 M CaS04. Soil samples were taken from the field
29/5-1982 to 5/6-1982 (preliminary results) *

Depth- ton CaCO3 ha_l
interval 0 -1 10
cm kg I ha
0 12.5 25 0 12.5 25
—_—— - ~ - - - = - = - uM I7 - - - = - - ——
0 -10 0.038 0.300 0.902 0.047 0.242 0.542
10 - 20 0.021 0.027 0.107 0.022 0.038 0.170
20 - 40 0.021 0.018 0.046 0.019 0.031 0.061
40 - 60 0.038 ND 0.051 0.024 0.031 0.094
60 — 80 0.042 ND 0.055 0.045 0.048 0.071
80 - 100 0.100 0.114 0.121 0.051 0.056 0.079

¥ The values are means of 1 to 3 determinations; ND denotes not

yet determined.

List of publications in 1982

II. Abstracts.

Kaufholz, H. and Nielsen, N.E. 1982: The kinetics of iodide uptake
by intact plants (Hordeum vulgare (L.) cv. Nordal and Lolium
perenne (L.) cv. Vigor) in: SPPS XIIIth Nordic Congres for
Plant Physiology, Aarhus 1.-6. August 1982, Abstracts p. 49.
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Measurement of particulate airborne radioactive materials.
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1. Measurement of particulate airborne radioactive materials.
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Title of the project nr. 1
THE MEASUREMENT OF PARTICULATE AIRBORNE RADIOACTIVE
MATERIALS
Head of Project and scientific staff : M Marshall
D C Stevens
J A B Gibson

1. Introduction

There is now a greater awareness of the need to minimise the committed
dose equivalent from inhaled aerosols and to determine aerosol
concentration reliably, This requires a greater knowledge of the variations
in concentration, particularly between the sampler and the breathing zone,
the efficiency of sampling inlets and the losses in sampling systems.
Variations in concentration depend upon the sources of release, which
include resuspension, ventilation patterns and the aerodynamic properties

of the aerosol.

2. Techniques

A vibrating orifice generator has been commissioned to complement a
spinning top generator for the production of monodisperse aerusols.
Difficulties have been experienced in producing particles suitable for
automatic counting and sizing on an image analyer as suitable mounting

media tend to dissolve the particles. This is being investigated further,

3. Deposition in Sampling Pipes.

Previously this was measured by taking samples upstream and downstream
of the pipe being investigated. However the concentration profile
downstream was found to be non-uniform and so a total sampling system was
introduced. The input airstream was split into two by a symmetrical

Y-junction and the flow rates were made equal. Experiments continue.

Measurements have been made of losses in sampling systems where the
airflow turns through a right angle so that a detector can continuously
monitor the front face of the filter., A low flow rate system (2 1/min) gave
>90% collection on the filter up to 12 um whereas a similar system with a

flow rate of 37 1/min gave only 80% collection at 5 pm although this did
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not decrease further up to 12 pm.

4, Removal of Large Particles from Sampling Lines.

Where sampling lines lead to continuous alarm monitors it is important
that insignificant amounts of aerosol are deposited since they may become
re-entrained and cause false alarms. The methods of removing large
particles reported previously were presented at the 3rd International SRP
Symposium along with some information on deposition in sampling pipes. It
was not found possible to construct a small cyclone with a cut-off of 10 um
at a flow rate of 90 1/min and the final version had a cut-off of 8 um. The
increase in wall losses when the centripeter design was scaled from 30 to
90 1/min as described previously and in the higher flow-rate right-angle
sampler described above both show the problems of scaling and the necessity

for experimental studies in this field.

5. Resuspension

The relationship between surface contamination levels and airborne
concentrations has been reviewed and areas which require further work
identified. The possibility of modelling the effects in large areas using

small rooms is being studied.

6. Blunt samplers

In blunt samplers the dimensions of the entry orifice are small in
relation to those of the sampler. Most practical samplers are in this
category. Data on the efficiency of sampling inlets has been reviewed and
calculations have been made on the properties of biunt samplers using data
in the literature. Discussions have taken place with the Institute of

Occupational Medicine, Edinburgh who are very active in this field.
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2, Radionuclide enrichment of the sea - surface microlayer and
transfer to the atmospheric aerosol.
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Title of project nr | Radionuclides in arable soils and crops

Head of project and scientific staff: P A Cawse

Establishment of current levels of actinides

Collection of rainwater and dry deposition has been made over the period
Jan-Dec 1982 at eleven locations in Gt Britain (Fig. 1). Samples are
analysed each quarter year. From analysis completed so far for the first
quarter, deposition of plutonium 239+240 from nuclear weapons fallout amounts
to 7.2 x 10-4 mCi/km2 at locations on the west side of Gt Britain, with mean
quarterly rainfall of 440 mm, compared to 3.5 x 104 mCi/kmZ at easterly
stations having 153 mm rainfall for the January to March quarter year.

At the same locations (Fig. 1), hay, wheat, barley, oats and potatoes
have been collected in 1982. 1In addition, soil samples were taken from the
49 fields that produced these crops, to derive transfer factors for Pu and
Am-241. Results so far obtained from hay fields show concentrations of
Pu-239+240 in the range 0.0027 to 0.013 pCi/g, being highest at the sites
with highest rainfall. The average ratio of Am-241/Pu-239+240 is 0.29.
Other crop samples and soils are being prepared for analysis.

Uptake of radionuclides by ryegrass and clover

To complement studies with ryegrass started in 1981, clover was sown in
April 1982 in pots, each containing 3 kg dry soil, with application of 14
separate fertiliser treatments. This study was made on two soils subjected
to contamination by Pu. Foliage has been cut regularly and further samples
will be collected in 1983 before analysis of actinides is made to derive
soil/plant transfer factors.

Depth profiles of radioactivity

Plutonium and Am-241 has been analysed in 10 cm sections of a peat
profile from Dartmoor (SW England). The accumulation of Pu-239+240 to 20 cm
depth amounts to 98.37 of the total amount recovered to a depth of 59 cm.

The ratio Am-241/Pu-239+240 is 0.27, similar to that found in arable soils
and in other peat profiles sampled at Garvault and Stroupster in NE Scotland.
At all three peat sampling sites, retention of Pu by the top 20 cm is
greater than found for Cs-137.

To study the depth distribution of actinides in mineral soils under
different ecosystems, grassland, coniferous and deciduous woodlands near

Penrith (Cumbria) were sampled in Autumn 1982, to a depth of 50 cm.

Biological effects on soils

Nitrification rates have been measured for six soils with concentrations
of Pu-239+240 that are 2-3 orders of magnitude in excess of levels from
nuclear weapons fallout. Modified Audus soil perfusion units were used to
allow continuous percolation of ammonium substrate through the soils over a
period of 7 weeks. Nitrate and nitrite were analysed in the perfusate every
2 to 3 days.
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Title of project nr 2. Radionuclide enrichment of the sea-surface
microlayer and transfer to the atmospheric aerosol

Head of project and scientific staff: N J Pattenden

R S Cambray

M I Walker

Development of field sampling equipment

A motor generator and a high volume air sampler, suitable for operation
above the sea, have been acquired. A series of tests have been performed
with these in the laboratory, together with a tank to hold seawater and a
source of bubbles. The tests have demonstrated that the collection of water
in droplet form by the air sampler, is sufficient to enable useful samples
of seawater drops to be obtained under field conditions. As an example of
the results, with an airflow input to the bubbling source of about 3 1 min—!,
water droplets were collected on a filter 30 cm above the water surface at
a rate of about 1 ml water per minute.

Delays in the delivery of the equipment, followed by bad weather, have
meant that testing of the complete equipment in the field has not been

possible in 1982. This is now planned for the Spring of 1983.

Collaborative discussions

A study group meeting on the transfer of Am and Cm in the environment,
was held at Monaco on 12-13 October 1982, at which we were represented and
delivered a contribution. Following this, discussions were held at the
Laboratoire de radioécologie marine, Cherbourg, with our colleagues from
France, on 10 December 1982. These were valuable, and may result in some

collaborative research in the future.
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List of projects:
1. Chelation of plutonium-239 and -237 in the marine environment -

Roles of microorganisms and varicus natural and bioorganic
degradation compounds.
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Contractant de la Commisgsion : TUniversité de Nantes

Laboratoire de Biochimie
2 Chemin de la Houssiniére
F - 44072 NANTES Cédex

N° du Contrat : BIO-B-435-81-F

Chef du Groupe de Recherche : Professeur J. PIERI

Théme général du contrat : "Complexion de radioéléments (259Pu 257Pu)

en milieu marin (Rdles des microorganismes et de divers composés naturels

et de dégradation bioorganiques)".

241 252

Titre du projet : Distribution subcellulaire de Am, Cf chez des

Invertébrés d'eau de mer.
Chef du projet et collaborateurs scientifiques : Pr. J. PIERI J. Galey
F. Goudard.

Sachant que 1'Américium a trés souvent un taux de concentration particu-
liérement élevé dans 1l'hépatopancréas des Invertébrés marins, organe
impliqué dans de nombreuses activités métaboliques d'absorption. de syn-
thése de stockage et d'excrétion, nous avons poursuivi 1l'expérimentation,

commencée en 1987, sur des animaux marins (Mollusques et Echinodermes).

"UPTAKE" ET DISTRIBUTION DE Am (III) CHEZ E. COLI

Aprés des séparations biochimiques que nous ne mentionnons pas ici,
nous avons fait un essai préliminaire de contamination de E. Coli, bacté-
rie commune dans l'intestin de 1'Homme, par 241Am et nous avons constaté

1 - E. Coli concentre 1'Américium (Fc = 220) & la firn de la phase

de croissance
2 - L'Américium est presque entiérement fixé sur la paroi, seulement

5 % sont répartis entre le cytosol et la membrane plasmique.

Les résultats sont pratiquement identiques que le mode de cassage

de la Bactérie soit la lyse bypotonique ou la sonication.

"UPTAKE" ET DISTRIBUTION DE Am (III) CHEZ MUREX

Cette expérience a été effectuée avec la collaboration du Laboratoir

de Chimie C.C.R. EURATOM, ISPRA, ITALIE.
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Comportement de 1'Américium dans 1l'eau : L'Américium-241 (III) est
solubilisé dans 1l'eau de mer (pH = 7) avant d'étre fourni & 2 espéces
de Murex. Ces animaux accumulent le radionucléide trés rapidement;
aprés 3 jours de contact, prés de 65 % de la radioactivité initiale
a disparu de l'eau de contamination.
La distribution des formes chimiques de l'eau témoin et de 1l'eau
de contamination fait apparalitre essentiellement une chute de la fraction

particulaire >>O,O1Fm et une augmentation de la fraction cationique.

Répartition dans les tissus : Les branchies (FC = 150) et la coquille
(FCx95) concentrent particuliérement 1'Américium. On ne peut cependant
pas conclure que les concentrations les plus élevées se trouvent dans
les tissus en contact direct avec la solution contaminante puisque 1le
rein a un facteur de concentration #100. L'analyse statistique des fac-
teurs de concentration des 2 espéces fait apparaitre une différence
significative de l'accumulation de 24 40 (P<0,05 ) pour 1'hépatopan-
créas, le rein et les tissus mous restants (contiennent notamment le

tractus intestinal).

Distribution intracellulaire : Aprés 3 jours de contamination, 1'Amé-
ricium est incorporé dans les cellules de l'hépatopancréas et la sépa-
ration biochimique met clairement en évidence son association avec la
fraction lysosomes-mitochondries. Compte tenu de leur hétérogénéité,
l'isolement total des lysosomes est trés difficile & réaliser, mais,

241Am dans le rein est trés élevée, et l'hypothése

la concentration de
d'une élimination par 1'intermédiaire des lysosomes peut &tre formulée.

CONCENTRATION DE 241 252

GLACIALIS.

Am ET Cf PAR L'ETOILE DE MER MARTHASTERIAS

Lors de cette expérience, nous avons comparé le comportement du

Californium et de 1'Américium chez 1'Echinoderme Marthasterias glacialis

contaminé par la nourriture au Laboratoire International de Radioactivité
Marine, TAEA MONACO.

Distribution_dans les_tissus : Ces 2 radioéléments sont concentrés et
stockés dans les caecums pyloriques (90 et 99 % du Cf total, 82 et 87 %
du Am total). Un faible pourcentage d'Américium (2,5 et 4 %) est fixé

sur 1l'exosquelette, ce qui n'est pas vrai pour le Californium.

Distribution_subcellulaire : Ia séparation des organites cellulaires par
ultracentrifugation confirme 1l'association de 1'Américium avec la frac-
tion lysosomes-mitochondries. Prés de 45 % de Californium est 1ié & cette

fraction et 20 % est sous forme soluble.
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En séparant le culot lysosomes-mitochondries sur gradient isopycnique
la courbe de radioactivité de 241Am, bimodale, présente un pic d'activité
1lié aux fractions les plus denses et un pic de moindre amplitude super-
posé au pic d'activité spécifique de la phosphatase acide et indique une
contamination & la fois des lysosomes et des mitochondries. Par contre,
la courbe de radicactivité du Californium présente un seul pic d'activité
1ié aux fractions les plus lourdes du gradient (mitochondries).
PUBLICATIONS :

Répartition tissulaire et subcellulaire de Cf et de 241Am dans

1'étoile de mer M. Glacialis {en collaboration avec S. FOWLER).
241

252

. Répartition subtissulaire et subcellulaire de Am chez Murex. (En
collaboration avec N. MURRAY).

. Métabolisme de 2m
chez Homarus. (En collaboration avec P. MIRAMAND. M. MASSON et P. GERMAI

La Hague C.E.A.)

Am chez Cardium et Littorinea et du Technetiun 95
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Progress Report
1982

Contractor: Contractno.. BIO-B-336-81-UK

National Radiological
Protection Board, NRPB
Chilton, Didcot
GB-Oxon 0X11 ORQ

Head(s) of research team(s):

Dr. H. Smith
Biology Department
NRPB

Chilton, Didcot
GB-Oxon 0X11 ORQ

General subject of the contract:

Experimental studies of environmental factors influencing the uptake
of radionuclides by man.

List of projects:

1. Uptake of radionuclides into foodstuffs grown in contaminated soil.
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Title of project nr 1

Uptake of radionuclides into foodstuffs grown in contaminated soil

Head of project and scientific staff :

Dr. D. S. Popplewell

Mr. G. J. Ham

Crops of potatoes have been grown outdoors at Chilton in tubs containing

a constant sample of radioactively-contaminated soil for four consecutive
seasons. The objectives of the work have been to measure season-by-season
the soil-to-plant transfer factors for various radionuclides and to observe
how these factors are influenced by the use of fertilizers.

Sediments from an estuary near Ravenglass, Cumbria were used in the
experiments. These sediments had been contaminated as a result of

discharges of radiocactive waste into the Irish Sea from the nuclear fuel
reprocessing plant at Sellafield. Although the sediments contain high

levels of radioactivity relative to the adjacent farmland, they do not

readily support plant growth. On the other hand, the farm soils support
plant growth but have low levels of artificial radioactivity which would make
it difficult to measure the radionuclide uptake into plants. Moreover the
chemical forms of the artificial radionuclides deposited on the soil from
nuclear weapons fallout may be different from the chemical forms of the radio-
nuclide present in the sediments, and different with respect to their uptake
into plants. Therefore a blend of approximately equal volumes of soil and
sediment was prepared, giving a medium which would support plant growth and
have an acceptable specific activity. The resulting blend was watered during
the winter of 1978-79 so as to reduce its salinity. This same batch of
material was used to grow potatoes in the four seasons up to 1982.

The 1981 potatoes were pooled for analysis because the reproducibility of the
results from the individual tubs in 1979 and 1980 showed that it was unnecessar
to analyse separately the crop from each tub. For the 1982 growing season
different fertilizer regimes were used between these pots, but the small scale
of the experiment made it impossible to assess the significance of the small
differences between the observed transfer factors. Therefore the table quotes
mean of the results, irrespective of the fertilizer treatment.

The uptake factors for plutonium and americium are similar in magnitude to eactk
other, and showed marked reductions for the third and fourth seasons. The
uptake factors for 9OSr and 137Cs showed no dramatic changes over the period of
experiment,
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The season by season transfer factors of radionuclides from soil

(dry weight) to potato (fresh weight) x 10%

239py, + 240py, | 241p, | 90g, 1375
1979 Peel 12 11.7 82 100
Flesh 0.086 0.21 16 62
1980 Peel 8.4 7.3 125 79
Flesh 0.11 0.12 24 74
1981 Peel 0.70 0.81 | 106 170
Flesh 0.015 0.05 28 65
1982 Peel 2.4 3.4 |(150)* 90
Flesh 0.025 0.029| (41)* 100

*Calculated using soil 90sr concentration from
previous seasons' results

The radiological consequences of eating potatoes of the specific activity
of the 1980 crop are of interest. If peel, representing 177 of the fresh
weight of the potato, is regarded as unpalatable and discarded, 957 of the
plutonium and americium in the tuber would be discarded with it. Caesium
was distributed uniformly throughout the potato therefore discarding the
peel would do little to reduce the specific activity of 137¢s in the

ensuing meal. Strontium-90 was enriched in the peel relative to the flesh
and removing the peel would remove approximately 54% of the total
radiostrontium. However, if whole potatoes were eaten the radionuclides

ingested for 238py + 239py + 240py, 24lam, 90Sr and 137Cs would represent
respectively 0.97Z, 0.57, 0.5% and 4.47 of the Generalised Derived Limits for
these radionuclides,whether the potatoes were to be eaten peeled or
unpeeled, it is apparent that the dose to man would be small.

It should be emphasised that the transfer factors have been derived for a
particular blend of soil and silt, the latter having been contaminated with
radionuclides in a particularly natural process. Details of the soil type,
on which the transfer factors depend, have been described. (1)

Publication

(1) POPPLEWELL, D. S., HAM, G. J. and STATHER, J. W.
"The uptake of 239Pu + 240py, 24lan, 90sr and 137¢s into potatoes”,
paper presented to Workshop Comparing Soil-Plant Transfer Factors of

Radionuclides, International Union of Radioecologists, Wageningen,
7-10th December 1982.
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Progress Report
1982

Contractor: Contractno.: BIO-B-521-82-UK

The National Radiological
Protection Board, NRPB
Chilton, Didcot

GB-Oxon 0X11 ORQ

Head(s) of research team(s):
Dr. H. Smith
Biology Department
NRPB
Chilton, Didcot
GB-Oxon 0X11 ORQ

General subject of the contract:

The speciation of radionuclides in plants and foodstuffs and the
influence of this on their gastrointestinal uptake.

List of projects:

1. The speciation of radionuclides in plants and foodstuffs and the
influence of this on their gastrointestinal uptake.
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Title of project nr 1

The speciation of radionuclides in plants and foodstuffs and the
influence of this on their gastrointestinal uptake

Head of project and scientific staff :

Dr. J. R. Cooper

The plutonium—binding ligands in a variety of crops have been identi-
fied by expressing juice from the edible material, adding
plutonium-239 nitrate and then separating the complexes by gel
permeation chromatography. The following binding ligands have been
identified so far:- citrate, isocitrate, phytate (myo-inositol
hexakis-phosphate) and probably malate (Table 1).

The identification of phytate as a plutonium-binding agent is of
interest because it occurs in several important foodstuffs including
peas, beans and grain. In order to find out how much plutonium was
absorbed across the gut, plutonium-labelled phytate was administered

to rats and rabbits through a stomach tube. The rats were kept there—
after for one week and the rabbits for three weeks before the animals
were killed and the tissues were analysed. 0.137 and 0.017 of the
plutonium was absorbed in rat and rabbit respectively. This compared
with 0.047 and 0.027% respectively, -for the amount of plutonium absorbed
after administration of the plutonium-citrate complex. The marked
difference in the absorption of plutonium administered as the phytate
complex between rat and rabbit was investigated further. It was
proposed that it may be due to different concentrations of phytate-
digesting enzyme phytase. Experimental data confirmed this vicew.

The enzyme was shown to be localised in the small intestinal brush
border, the membrane lining the small intestine and through which food-
stuffs are absorbed and its concentration was 3-4 times higher in the
rat than in the rabbit. It is suggested that plutonium—phytate is
broken down by phytase at the brush border, momentarily releasing
monomeric plutonium in the immediate vicinity of the absorptive
surface. Thus some absorption of plutonium could occur before the
competing reaction of hydrolysis and polymerisation. The higher con-
centration of phytase in rat intestine would allow a higher absorption
than in the rabbit.

Measurement of phytase concentrations in human gut mucosa are
underway.
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Table 1 - Plutonium binding species in plant juices
Species Plutonium-binding ligands
Potato Phytate and citrate
Soya bean Phytate and citrate
Carrot None detected
Beetroot None detected
Turnip Malate®
Apple Malate®
Tomato Citrate
Onion Isocitrate

The complexes were identified by gel permeation
chromatography using Sephadex gels

*1t is difficult to separate plutonium-malate from
the plutonium citrate on Sephadex gels and this
designation is based on the relative amounts of
the two acids in the juices and the stability of
the complexes
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Progress Report
1982
Contractor: Contractno.:  °10-B-432-81-NL
Landbouwhogeschool Wageningen
Laboratorium Dierfysiologie

Haarweg 10
NL-Wageningen

Head(s) of research team(s):
Dr. J. van den Hoek
Lab. Dierfysiologie
Landbouwhogeschool
Haarweg 10
NL-Wageningen

General subject of the contract:
Simulation of tritium transfer in the environment; study of organic

tritium transfer in the aquatic environment, the soil-plant and the
plant-mammal system.

List of projects:

1. Behaviour of tritium in mammals.
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Title of project nr. BIO-B-432-81-NL: Behaviour of Tritium in Mammals

Head of project and scientific staff: Dr. J. van den Hoek

As was outlined in the working programme for 1982, six miniature
goats were equipped with rumen fistules and fed tritiated hay for the
entire gestation period of 150 days. Some baby goats were removed from
their mothers after birth, fed non-tritiated milk and killed at 0, 5
and 20 days. Tritium content was determined in over 20 different tis-
sues and organs. Tritium is lost rapidly in organs such as liver, small
and large intestine, stomach and thymus, which probably indicates a
high metabolic turnover rate in these organs. Rather surprisingly,
tritium levels decrease relatively rapidly also in mesentery, omentum,
the fatty tissue around the kidney and in the subcutaneous tissue. At
birth, these tissues are found in very small quantity only, and the
rapid decrease in tritium activity may merely indicate the growth of
these tissues from non-tritiated precursors after birth. The Towest
turnover so far was found in hair, at least during the first month of
life, followed by the neck ligament (ligamentum nuchae), brain, bone
and muscular tissue, including that of the heart. More animals will
have to be sacrificed, particularly at longer periods after birth, in
order to be able to calculate accurate turnover times of the various
components which are already apparent in most organs and tissues. At
the present time, differences in tritium metabolism in various organs
and tissues can be presented schematically in the following order of
decreasing turnover rates: liver < small intestine < thymus < large
intestine < kidney < stomach < omenta < lung < fatty tissue < spleen <
heart < testis < skin and hair < neck ligament < brain < bone < muscle.

A second group of baby goats was allowed to suckle their mothers for
about 2 months while these mothers continued to receive tritiated hay
during their lactation period. Analysis of their tissues and organs is
in progress.
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List of publications in 1982

Publications in Scientific Journals, Monographs, Proceedings.

Tritium metabolism in cow's milk after administration of tritiated
water and of organically bound tritium.

J. van den Hoek, G.B. Gerber, R. Kirchmann.

Annales de 1'Association Belge de Radioprotection, 7 (1982), nr. 3-4,
317-330.

Incorporation of tritium in milk lipids after feeding organically
bound tritium to cows.

M. Rochalska, J. van den Hoek, R. Kirchmann, G.B. Gerber, R. van
Bruwaene.

Annales de 1'Association Belge de Radioprotection, 7 (1982), nr 3-4,
331-338.

Conversion to organic tritium in ruminants and the implication for
radiation protection.

J. van den Hoek, G.B. Gerber.

Invited paper presented at the "European Seminar on the Risks from
Tritium Exposure", November 22-24, Mol, Belgium. To be published by
the Commission of the European Communities.

Tritium metabolism in young Pigs after Exposure of the Mothers to
tritium oxide during Pregnancy.

R. Van Bruwaene, G.B. Gerber, R. Kirchmann, J. van den Hoek and J.
Van Kerkom.

Radiation Research, 91 (1982), 124-134.

Short Communications

Tritium in cow's milk after ingestion of inorganic and organic tritium,
J. van den Hoek, G.B. Gerber.

Paper presented at the 17th Annual Meeting of the European Society for
Radiation Biology, 26-30 July, 1982, Bordeaux, France.
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Progress Report
1982

Contractor: Contractno.: BIO-B-485-82-B

Institut Royal des Sciences
Naturelles de Belgique (IRSNB)
Rue Vautier 29

B-1040 Bruxelles

Head(s) of research team(s):
Dr. D. Van der Ben
Section Océanographie
IRSNB
Rue Vautier, 29
B-1040 Bruxelles

General subject of the contract:

Study of the impact of technetium on the enviromment and organisms of
the Belgian coast and risk of its transfer to man.

List of projects:

1. Kinetics of accumulation and transfer of technetium by certain
organisms and sediments and its influence on the primary
productivity.
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Title of project nr BID-B-485-82-B:

Kinetics of accumulation and transfer of technetium by certain
organisms and sediments and its influence on the primary
productivicy.

Scientific staff: S. BONOTTO, J.M. BOUQUEGNEAU, M. COGNEAU, R. KIRCHMANN,
B. MANIA, M.N. MAQUET, Z. MOUREAU, L. PIGNOLET,
0. VAN OER BEN, C. VERTHE, S. WARTEL.

Progress report 1982

I. Bacteriology: Effect of 99Tc on some marine bacteria

1. Bacteria were enumerated in samples of intertidal sediments of the
North Sea (Belgium). Some representative strains were isolated in order to
determine their biochemical characters.

2. Bacteria from similar samples were counted after addition of 99Tc in
the culture (1.10 and 100 ppm). No significant difference was observed be-
tween the number in contaminated and non contaminated cultures. However,
the contaminated cultures were pigmented.

3. Marine infusoria (Uronema marinum) were cultivated successfully. We

intend to nourish these organisms with bacteria contaminated by 99Tc.

ITI. Tc accumulation in North Sea sediments and in phytoplancton

The coefficients of Tc-s9 distribution {with Kd expressed in ml/g) in
two types of North Sea sediments, have been determined at a radiopollutant
concentration level of 0.1 ppm. In spite of very different characteristics,
the values obtained for each type of sediment as well as their eveolution in
the process of time appeared to be fairly similar (reaching rapidly the
maximum: Kd = 8, and then decreasing slowly during ! 30 days towards an
equilibrium value: Kd = 2). These first results suggest a possible influen-
ce of microflora in the second phase.

As a first species representative of phytoplankton, Ounaliella bioculata

has been cultivated in a turbidostat - a device created in ocur laboratories
and allowing the control of the population levels. The growth of the alga
and the Tc-99 transfer factor have been measured at a radiopollutant con-
centration level of 0.1 ppm. If referred to dry weight of algae, the trans-
fer factor = * 1.

III. Tc accumulation in marine algae
Technetium uptake and distribution was investigated in three species:twe
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uynicellular green algae (Acetabularia acetabulum and Boergesenia forbesii)

and a pluricellular brown alga (Ascophyllum nodosum). 95mTc has been added

to the sea water as 95mTcD; (pertechnetate). Vegetative Acetabularia cells
extracted gSmTc from the surrounding medium, the concentration factor being
25 already after a few hours. Moreover,after a 30 or 120 min incubation,the
apical region of the cells (which is that mostly grazed by fishes in nature)
was more labelled than the basal one. 99MTc seems thus to be distributed in
the cells according to an apico-basal gradient. Vegetative Boergesenia cells
cannot concentrate 95MTc. even after ten days incubation, the transfer fac-
tors remain lower than 1. However, gsmTc is able to cross the cell wall and
the cytoplasmic layer, since after 120 min incubation, a measurable amount
(2.6 nCi/ml) was found in the vacuole, by using the puncturing technique.
The brown macro-alga Ascophyllum shows a rapid uptake of 95MmTe, the concen-
tration factor being about 50 already after a 4 days incubation. All re-
gions of the plant were found to accumulate gsmTc; in some cases the young
apical region was labelled more strongly than the other parts of the plants.
Our results suggest that marine algae may play a role in the transfer of

technetium through the food chain.

IV. Tc accumulation in two marine mollusks

The accumulation by a common periwinkle, Littorina littorea, of gch

(ammonium pertechnetate) at the concentration level of 2.6 ppb in sea-
water, has been measured over a period of 60 days. Six specimens have been
selected every other day and the content of Tc measured both in the viscera
and in the foot. It appears that considerable quantities of Tc are concen-
trated, resulting mainly from the accumulation in the viscera. The concen-
tration factor (C.F.) for the whole animal is of about 53.8.

On the other hand, preliminary experiments have been carried out by con-
taminating mussels (Mytilus edulis) with Tc at the concentration level of
10 ppb in water. This species seems to accumulate much smaller quantities
of Tc (the C.F. here ranging from 1 to 2 in the viscera of the animal). Tra-
ces of metallothionein have been sought in both species. These proteins
which contain a high proportion of cysteine and are well-known for their
affinity for metals, do not seem to have any particulate affinity for Tc.
As far as the soluble fraction of the organism is concerned, Tc seems to
appear mainly in the form of a molecular weight inferior to 500 Daltons.
Further investigation is on the way in order to identify more closely the

compound to which Tc mieght mainly he bound.
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Progress Report
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Contractor: Contractno.;  B10-B-325-81-B
Studiecentrum voor

Kernenergie, SCK/CEN

Plaskylaan 144

B-1040 Brussel

Head(s) of research team(s):

Prof. 0. Vanderborght
Département Radio-
biologie, SCK/CEN
Boeretang 200

B-2400 Mol

General subject of the contract:
Bioavailability of actinides in selected freshwater, estuarine and
seawater species and the related effects of environmental factors on
tne wocdeiing of their behaviour.

List of projects:

1. Biological availability of transuranics in freshwater ecosystems.

2. Biological availability of transuranics in estuarine and coastal
systems.

3. Chemical speciation of transuranics and their bioaccumuiation.

4, Mathematical models on the mechanisms affecting bioavailability of
transuranics.
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Title of project nr 1 : BIOLOGICAL AVAILABILITY OF TRANSURANICS IN
FRESHWATER ECOSYSTEMS

Head of Project : 0. VANDERBORGHT

Scientific staff : J. VANGENECHTEN, J.BIERKENS, S.VAN PUYMBROECK

Under the current and future practice of radiocactive alpha-waste
storage in deepsea sediments and in underground geologically stable
formations, americium radioisotopes can become a major hasard source
from the nuclear fuel cycle as their relative importance grows during

the ageing of the nuclear waste.

The present project aims to study the biological availability of

241pm in freshwater ecosystems for different animal species whereby
special attention has been focused on the role of organic compounds in
the water on biocaccumulation. Next to this, experiments werc perfor-
med on the uptake of 2“YAm by marine benthic organisms from contamina-

ted deep-sea sediments.

1. Influence of organic compounds in the water on biocaccumulation of

241am by freshwater biota.

241

During the past year, biological uptake of Am has been studied in

detail in the crustacean crayfish Astacus leptodactylus, in the water-

bug Corixa punctata and in following mollusc species : Lymnaea peregra,

Planorbis corneus, Anisus planorbis.

The influence of organic matter on bioaccumulation in the crayfish was
investigated and revealed higher concentration factors (C.F.) in sur-
face water with high levels of organic matter (C.F. = 40-150 in lake
water with high content of organic matter from biotic origin and C.F. =
20-70 in a stream water polluted with organic material from a papermill)
in contrast with C.F. values of 0.5-20 in organically poor stream water.

The biological half-life of 2“!Am in A. leptodactylus, measured during

a retention experiment, was calculated to be about 55 days.

In another experiment bioaccumulation of 241pm in waterbugs C. punctata
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was compared in freshwaters which contained organic compounds (with
Molecular Weight above 10 000) and the same waters which did not con-
tain these organic comﬁounds. It was clear that the organic compounds
had an important impact on the physico-chemical behavior of the trans-
uranic in the water and thus possibly on the uptake by the animals.
Other techniques to measure the extend of binding of 2“%Am with organic
compounds were tested out and will become operational during the next

year.

2. Bioaccumulation of ?"!Am by marine benthic organisms from sedi-
ments.
The uptake of 2"'Am from artificially contaminated deep-sea sediments

by marine benthic organisms (the bivalve mollusc : Tapes decussatus,

the polychaete Hermione hystrix and the isopod : Cirolana borealis)

has been studied during a 3 month working visit at the IAEA laborato-
ries in Monaco.

Accumulation of the radionuclide by the animals, measured over a period
of 40 to 50 days, yielded transfer factors lower than unity. Uptake
was up to 2 to 5 times higher for animals from Pacific sediment (taken
at a seabed disposal feasibility investigation site in the Pacific
Ocean) than from Atlantic sediment (from near the NEA = North East
Atlantic dumpside). Nevertheless the affinity of the transuranic
(measured as the Ky factor) was comparable in both sediments and was

of the order of 1 x 10°.

Conclusions

Organic compounds present in the water may influence bioavailability of
the transuranic 2“%Am for freshwater animals. Clearly more information
is needed on the association of the transuranic with organic compounds
in the different watertypes if one wants to elucidate their role on
biocavailability.

The bioaccumulation of 2*1!

Am from the sediments seems not to be directly
related to the measured affinity of the element to these sediments
(Rg-value).

These results emphasise the need to investigate thouroughly the impact
of organic compounds in the water for bioavailability and further to

241

study more closely the transfer of the Am from sediments (also fresh-

water sediments) to biota.
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Title of project nr 2 : BIOLOGICAL AVAILABILITY OF TRANSURANICS IN
ESTUARINE AND COASTAL SYSTEMS
Head of project : M. HOPPENHEIT (BioTlogische Anstalt Helgoland)

The project aims to study accumulation and retention in marine inverte-
brates in relation to environmental factors, furthermore it aims to
estimate the absorbed dose to species from alpha radiation.

Lack of persomnel during this year has retarded the research (this
project does not receive any support from the C.E.C.). Breeding of

the experimental animals has been maintained. Furthermore important

statistical aid has been given to project number 1 and 3.
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Title of project nr 3 : CHEMICAL SPECIATION OF TRANSURANICS AND THEIR
BIOACCUMULATION
Head of project : G.M.R. THIELS, N.C. MURRAY

An attempt was made to characterize the bioavailability of 2?7Pu and

2%1am for the pond snail Lymnaea stagnalis L. in selected surface

waters. The uptake, distribution and retention patterns were studied
through the contamination route water-snail. The effects of a number
of parameters, such as seasonal variation, water type (pH, conductivi-
ty, lonic composition) and presence of food, on the bioavailability of
the transuranics were evaluated. Finally, an assessment was made con-
cerning the chemical speciation of plutonium and americium in the
selected freshwaters.

It was shown that L. stagnalis quickly accumulates both transuranics
from the water, yielding whole body concentration factors between 40
and 900 after several days. The concentration factors in the organs
generally display the same decreasing pattern : shell margin > shell >
gastrointestinal (G.I.) tract > hepatopancreas > foot muscle = soft
tissues > blood. Two major processes are responsible for the accumu-
lation of both elements in the pond snail. The first, which accounts
for more than 607 of the total amount taken up, occurs by external
fixation on the shell, while the second appears to be the result of
oral uptake via the drinking water. This is followed by true assimila-
tion within the organs as reflected by the association of the transura-
nics with subcellular components.

The elimination of 2“%Am by L. stagnalis is essentially described by
two loss components with biological half-lifes of 3 days and 40 to 60
days. The rate of americium removal from the shell and soft parts
depends on the organ concerned.

The concentration factors of 2"%Am in L. stagnalis, unaffectefoby the
initialgamericium concentration in the water (between 3 x 10  and

3 x 107 M), undergo cyclic seasonal changes and are inversely related

to wet weight. The presence of uncontaminated food results in a lower
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assimilation as compared to starving animals. A limited amount of ra-
dioactive food, however, enhances both external and internal fixation.
The water type has the most pronounced effect on the concentration fac-
tors of 2%%Am, inducing differences of an order of magnitude. These
differences are mainly related to the specific conductivity and the pH
of the water, but not to the measured americium species (i.e. parti-
culate, cationic, anionic or neutral) in the water. On the other hand,
ageing of americium solutions significantly reduces its bioavailability

7 .
237py is less

this phenomenon is pH dependent. Compared to 2°lam,
available for L. stagnalis. Moreover, different oxidation states of
this element seem to have dissimilar fixation patterns.

Finally, an insight was obtained concerning the chemical speciation
of both transuranics in some freshwaters. It was found that the

) 2*1Am is determined by the chemical

particle formation of (> 0.01 pym
composition of the water, pH, ageing and to a lesser extent by turbu-
lence. The chemical species of this transuranic are thought to be

the result of hydrolysis or a combination of hydrolysis and complexa-
tion reactions. Hydrolysis, as reflected by the particulate fraction
(> 0.01 pm) decreases with acidity and with the anionic and organic
carbon content of the water. Similar chemical processes govern the
speciation of Pu(III), while Pu(IV) and (VI) are mainly subject to
hydrolysis. The presence of L. stagnalis in the contaminated solu-
tions results in a further dissolution of both transuranics apparently
through the formation of negatively charged organic complexes. The
relative importance of these anionic species is related to the amount
of faeces and to the water type. L. stagnalis also exerts a strong
reducing effect on the plutonium oxidation states in solution.

The present findings, although based on a limited number of variables
and pertaining to a relatively simple microcosm, might aid in identi-
fying the more important processes which govern the bioavailability

of transuranics.
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Title of project nr 4 : MATHEMATICAL MODELS ON THE MECHANISMS AFFEC-
TING BIOAVAILABILITY OF TRANSURANICS
Head of project : C.N.MURRAY (CCR-Ispra)

The study on the requirements to put up a general model for the behavior
of 2“Am in marine estuarine and freshwater systems showed that high
priority must be given to the study of the chemical forms and their

bicavailability in these systems.

Publications

Bierkens,J., J.H.D. Vangenechten, S. Van Puymbroeck and O0.L.J. Vander-
borght (1982). Biological availability of the transuranic Americium-241
in different types of freshwaters by four freshwater animals. Presen-
ted at the Joint Radiation Protection Meeting of the Soc. Frangaise

de Radioprotection & Fachverband fiir Strahlenschutz (CH). Lausanne,

30 Sept. 1981, Proceedings of the Meeting.

Thiels,G.M. (1982). The bioavailability of the transuranic elements
237py and 2“!Am for the pond snail, Lymnaea stagnalis L. and their
behaviour in selected natural surface waters. Ph.D. study University
of Antwerp (UIA-Universitaire Instelling Antwerpen), Wilrijk (Belgium).

Vangenechten,J.H.D., $.R. Aston and S.W. Fowler. Uptake of Americium
from two experimentally labelled deep-sea sediments by three benthic
species : a bivalve mollusc, a polychaete and an isopod. Submitted for
publication in Marine Ecology - Progress Series.

Communications

Bierkens,J., J.H.D. Vangenechten, S. Van Puymbroeck and 0.L.J. Vander-
borght (1982). Effect of organic pollution on the bioavailability of
Americium~241 for the crayfish Astacus leptodactylus Eschscholtz.
Presented at the Meeting on the Transfer of Am and Cm in, the Environ-
ment. Jointly orgnised by the CEC and the IAEA. Monaco 12-13,
October 1982,

Thiels,G.M. (1982). Bioavailability of 2“'Am for the pond snail

Lymnaea stagnalis L. in six surface waters at the same pH. Presented
at the Meeting on the Transfer of Am and Cm in the Environment. Jointly
organised by the CEC and the IAEA. Monaco 12-13 October 1982.

Vangenechten,J.H.D., S.R. Aston and $.W. Fowler (1982). Bioavailability
of the transuranic Americium-241 in two marine sediments by sediment-
dwelling invertebrates : the Mollusc Tapes decussatus, the Polychaete
Hermione hystrix and the Isopod Cirolana borealis. Presented at the
meeting on the Transfer of Am and Cm in the Enviromment, Jointly
organised by the CEC and the IAEA. Monaco 12-13 October 1982.




— 382 —

Abstracts

Bierkens,J. (1982). Biological availability of the transuranic *“!Am
in different types of freshwater for Astacus leptodactylus Eschscholtz
(Turkish Crayfish). Presented at the Colloquium on the Toxicity of
Radionuclides. Liege, 19-20 November 1982. Abstract to be published
in the Journal Belge de Radiologie.

Vanderborght,0.L.J., J.H.D. Vangenechten, and J. Bierkens (1982).
Biological Problems concerning Transuranics in the Aquatic Environ-
ment. Presented at the Colloquium on the Toxicity of Radionuclides.
Liége, 19-20 November 1982. Abstract to be published in the Journal
Belge de Radiologie.

Vangenechten,J.H.D. (1982). Biocaccumulation of 2“Am in different fresh-
water types by tadpoles (Rana esculenta) and waterbugs (Corixa punctata).
Presented at the Colloquium on the Toxicity of Radionuclides. Liege,
19-20 November 1982. Abstract to be published in the Journal Belge de
Radiologie.



— 383 —

Progress Report
1982

Contractor: Contractno.;  P10-B-468-81-F

International Union
of Radioecologist IUR
Rue Card. Cardyn 5
B-4480 Oupeye

Head(s) of research team(s):
Ir. P. Bovard
Président de 1'I.U.R.
Rue Card. Cardyn 5
B-4480 Oupeye

General subject of the contract:

Promotion of research and exchange of information in radioecology.

List of projects:

1. Promotion of research and exchange of information in radioecology.



— 384 —

Title of project nr BIO-B-468-81-F

Promotion of research and exchange of information in

radioecology

Head of project and scientific staff

Ir.P.Bovard.

P.0.Agnedal, S.I.Auverbach, F.Fihr, R.Kirchmann, G.Kistner,-

J.Pieri,J.Van den Hoek.

Progress Report for the period 1 January to 31 December 1982.

1.

Intercomparison and harmonization of methodologies.

a) Marine Environment.

A workshop convened by I.U.R. on " The transport of ra-
dionuclides from the Nordic Sea into the Baltic Sea and
their behaviour” task place in Vienna 9 - 10 of July
1982 ,with the project leader P.0O.Agnedal as chalrman. The
meeting was attended by 11 Scientists ( see list of parti-
cipants in Annex).

Data were presented respectively by D.F.Jefferies,
P.Guegueniat ; data from research work in Nordic Countries
and in Germany were also reported. It was found that gene—
rally a good agreement existed between the results from
different laboratories.

The points in connection to what could be achieved du-
ring the "Gauss" expedition in the Baltic Sea (May-June
1983) were discussed; there was agreement on the sampling
location , on the sample preparation and on the radionucli~
des to be measured ( all samples : Sr-90, Cs-137.1In water
also H-3. In selected samples : Pu-239+240, Pu 238, Am-241
and if possible Tc-99,Np-237 and Cs-134).

Reporting of data was also discussed as the main aim is
to calculate the inventory of radionuclides within the dif-
ferent main compartments of interest, in order to make a
realistic budget for the Baltic Sea ecosystem.

From the Monaco Lab.samples have been distributed for in-



— 385 —

tercalibration of sea water and bottom sediments. Methods
for Tc and Np analysis ara available from different labora-
tories and the analytical procedures will be distributed to
the participants.

As the behaviour of wmost radionuclides is salinity de-
pendent, it Is therefore of great interest to establish the
behaviour or radionuclides in brackish water.

The collected data should be used for modelling purposes
and will provide a great opportunity for model validation.
The models developed at NRPB and STUDSVIK should be connec-—
ted at the transition zone in the Skagerac area.

The models and the analytical results will be wused to
predict the impact of radionuclides entering the-Baltic Sea

from Windscale and La Hague.

b) Terrestrial environment.

-Report IUR project Soil-Plant Transfer factors.

The leader of the project,M.J.Frissel,organized a work-
shop at ITAL,Wageningen, 7 - 10 december 1982. The workshop
was attended by 30 participants from Sweden, the Federal
Republic of Germany, the Netherlands, Belgium, France,
Switzerland,Italy and the United Kingdom.(See list of parti-
cipants in Annex).

It was chaired by Dr.Cawse.

The main goal was to discuss the results of TF (Transfer
Factors of radionuclides)determinations,which were set up
according to the recommend