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Introduction

Ionising radiation deposits energy in living cells in a
random manner, modifying important biomolecules
like DNA and damaging cell structures. Nearly all
human exposure occurs at low doses. Research is
essential to provide the scientific basis for the assess-
ment of radiation risk and for the development of
regulations and procedures to protect workers and
the general public from the harmful effects of ionis-
ing radiation.

Assessing exposures from natural and artificial
sources and understanding the effects of low doses of
ionising radiation, requires the interaction between
the different scientific disciplines of the radiation
protection research department.

Background

The growing concern amongst the population about
the quality of their environment increases the signif-
icance of impact assessments of radioactive waste
disposal and of radioactively contaminated environ-
ments. One aspect is the occurrence of enhanced lev-
els of natural radioactive isotopes such as radium and
thorium. This is becoming more and more important
as the awareness of problems concerning Naturally
Occurring Radioactive Materials (NORM) related to
non-nuclear industry, increases. Identifying these
industries, mapping such contamination, evaluating
the seriousness and proposing possible and feasible
solutions is becoming an important aspect of health
physics measurements. To reliably assess the radio-
logical exposure of the population, the fate of
radionuclides in the bio-geosphere must be known.
The influence of soil, rhizophere and plants on the
transfer of radionuclides is considerable and should
be taken into account when remediation options are
proposed and optimised in order to keep the dose as
low as reasonably achievable.

Radiobiology and epidemiology contribute to public
health by providing the necessary scientific back-
ground for radiation protection, radiotherapy and
nuclear medicine. In the field of radiation protection,
radiobiological research aims at evaluating the
potential risks of low doses of ionising radiation
delivered to the organism. There is a growing con-
cern in the radiosensitivity of the developing mam-
malian organism and in the individual susceptibility
to ionising radiation. Epidemiological studies of pop-
ulations with long-term exposure to low doses of ion-
ising radiation are necessary to assess the adequacy
of extrapolation models used to set current exposure

limits in radiation protection. Especially nuclear
workers are an appropriate population to study the
health effects of chronic low dose exposure.

Objectives

Radiological assessments and enhanced
natural radioactivity including radon:

S to elaborate and improve methods and guidelines
for the evaluation of restoration options for
radioactively contaminated sites;

a to develop, test and improve biosphere models for
the performance assessment of radioactive waste
disposal in near-surface or deep geological repos-
itories;

.1 to assess the impact of releases from nuclear or
industrial installations;

M to increase our capabilities in mapping and sur-
veying sites possibly or likely contaminated with
enhanced levels of natural radiation;

Si to identify non nuclear industries producing
NORM waste, to make an inventory of occurring
problems and to propose feasible solutions or
actions when required;

a to maintain the know-how of retrospective radon

measurements in real field conditions and to
assess radon decay product exposure by combin-
ing these techniques.

Radioecology:

Ss to evaluate, by means of laboratory and field
experiments, the mechanisms and dynamics
(fluxes) of radionuclide transfers in the biosphere,
considering all factors affecting the transfer
parameters and their variability;

a to develop and to optimise models to predict the
fate of radionuclides in the bio-geosphere;

S to suggest the most appropriate countermeasures
and remediation options to reduce the public
exposure to artificial and technologically-
enhanced natural radioactivity and evaluate their
feasibility, short- and long-term cost-effective-
ness and sustainability;

a to provide the national and international authori-
ties with adequate information, enabling them to
reliably assess the consequences for the popula-
tion of past, present and potential routine and
accidental releases and to select the most ade-
quate mitigating actions.
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Radiobiology and epidemiology:

n to study cancer mortality incidence for Belgian
nuclear workers and for people living in the vicin-
ity of the Mol-Dessel nuclear site;

s to elucidate the molecular basis of individual sus-
ceptibility to ionising radiation in the mammalian
embryo during the early phases of its develop-
ment;

m to assess the genetic risk of maternal exposure to
ionising radiation;

s to elucidate the cellular mechanisms leading to
brain damage after prenatal irradiation;

Ss to monitor the early variations of gene expression
induced by ionising radiation and cytokines;

a to evaluate the use of cytokines and natural sub-
stances for improving radiotherapy protocols;

a to advise authorities and to provide the general
population with adequate information concerning
the health risk arising from radiation exposure.

Programme

The impact assessment group is participating in
international validation studies of models for evalu-
ating biospheric concentrations of radionuclides and
doses to humans. The group contributed to the three
themes of the IAEA-programme BIOMASS
(BlOsphere Modelling and ASSessment methods):
radioactive waste disposal, environmental releases
and biosphere processes. In the first and in the third
theme we are participating on behalf of
ONDRAF/NIRAS with our impact assessment mod-
els for radioactive waste disposal. In the second
theme we are in charge of the working group on
remediation assessment. The selected test scenario
deals with the farmland contaminated in Olen by the
radium facility. The group is also involved in the new
project BioMoSA (Biosphere Models for the Safety
Assessment of radioactive waste disposal) of the
5th Framework programme of the European
Commission. The objective is to apply the methodol-
ogy, developed in the BIOMASS programme, for
elaborating practical biosphere models for several
existing sites in Europe, representing different cli-
matic regions. We are responsible for the comparison
of the site-specific models and for formulating con-
clusions with regard to the development of a generic

biosphere model. A comprehensive impact assess-
ment study of the radium storage facility in Olen is
being carried out on behalf of Umicore (former
Union Miniere) with the support of the colleagues of
our Waste and Disposal department.

The radon group made an inventory of the enhanced
natural radioactivity in Flanders on behalf of the
Flemish government. Emphasis was mainly put on
the phosphate industry producing the bulk of NORM

waste. As a support for epidemiological studies, a
new campaign to collect volume traps was started in
Ekaterinburg, Russia, in order to determine the long-
term average radon levels in homes. The expected
radon concentrations in Ekaterinburg are between
100 and 200 Bq/m3. In such a fairly low exposure
region, accurate radon exposure assessments are of
the utmost importance. The first volume traps have
arrived at SCK«CEN and are currently under investi-
gation.

The radioecology group performs research on the
fate of radionuclides in the terrestrial environment
and develops expertise in the application and effec-
tiveness of countermeasures and remediation
options. The following internal research programmes
are carried out:

s a multidisciplinary project on environmental
remediation: an integrated approach towards
impact assessment for and remediation of con-
taminated sites;

B a PhD on modelling of radiocesium distribution
in forest compartments: towards a classification
of forest ecosystems in terms of radiocesium
bioavailability, transport and accumulation;

s a post doctorate on the assessment of myco-rhi-
zosphere processes involved in uranium mobility
and absorption by plants.

The radioecology group is also involved in several
international projects:

K EC-MYRRH (5th Framework programme): use of
mycorrhizal fungi for the phytostabilisation of
radio-contaminated environments;

m IAEA-BIOMASS: expert group on the modelling
of the migration and accumulation of radionu-
clides in forest ecosystems;

m BC-PHYTOR (Inco-Copernicus project): evalua-
tion of willow plantations for the phytbrehabilita-
tion of contaminated arable land and flood plain
areas;

m EC-TACIS: remediation of uranium mining and
milling tailing sites in Mailuu-Suu, Kyrgyzstan.

The epidemiological group performs a retrospective
cohort study among workers in 5 nuclear facilities
in Belgium: SCK-CEN, BELGONUCLEAIRE,
Belgoprocess and the nuclear power plants of Doel
and Tihange. The group made also a comparison of
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the cancer mortality in the nearly 100 000 inhabitants
of the surrounding communities (Mol, Dessel, Geel,
Retie and Balen) to the general Belgian population.

The radiobiology group carries out internal research
programmes on the following subjects:

s the effects of low doses of ionising radiation with
particular emphasis on apoptotic mechanisms and
their influence on radiation-induced developmen-
tal effects. For this purpose several models are
used: the germinal cells (oocytes), the early
embryonic stages and the developing brain;

a the identification of genes that are up or down-
regulated by ionising radiation, at doses relevant
for radiation protection or radiotherapy;

s the modulation of the radiation sensitivity by nat-
ural compounds;

"Si the use of DNA micro-arrays to identify the alter-
ations in the profiles of gene expression induced
by ionising radiation and cytokines in different
human cell types.

The radioecology group is also involved in interna-
tional programmes:

•s on behalf of EdF (Electricite de France): evalua-
tion of a potential adaptive response to ionising
radiation in female germ cells;

a MELISSA (ESA project): study of the genetic
stability of bacteria exposed to cosmic radiation
in bioreactors embarked on space vehicles or sta-
tions.

Achievements

Radiological assessments and enhanced
natural radioactivity

International validation study BIOMASS

The task groups of the IAEA validation study BIO-
MASS finished their work in the year 2000. Being in
charge of the working group on remediation assess-
ment, we are writing the IAEA-TECDOC, analysing
and discussing the results of the work. Biosphere
models are of great use in decision aiding in remedi-
al programmes. However, most of the models used
were not developed for the purpose of evaluating the
impact of remedial actions and therefore not applica-
ble without major modifications. The major dose
contribution to residents living on a site contaminat-
ed with radium is often due to the inhalation of
indoor radon. The knowledge about the processes
determining the infiltration of radon in dwellings is
rather limited. Due to the complexity and to the rela-

tively poor information of the various processes
involved, the modelling approach is highly empirical
or merely theoretical and so often unsatisfactory.

Radiological impact assessment study on behalf

of Umicore

We are performing the impact assessment study of
the radium storage facility of Umicore (former
Union Miniere) in Olen. Normal and altered evolu-
tion scenarios, identified in a preceding scenario
study finalised in 2000, are considered. The Waste
and Disposal department performed the first part of
the study dealing with the characterisation of the site,
the waste and the technical barriers and with the
leaching of the contaminants towards the groundwa-
ter. The second part of the study deals with the radi-
ological impact. The section on "altered evolution"
scenarios with direct exposure from the waste is
finalised. For the normal and associated evolution
scenarios (exposure of humans through distribution
in the biosphere) only the modelling of the biosphere
is completed (see figure). The radiological impact
will be calculated after receiving the groundwater
flowmodel (Van Autenboer, LUC).

The altered evolution scenarios with direct exposure
from the waste include:

B construction scenarios, with exposure of the con-
struction workers (construction of buildings,
roads, or the widening of the existing canal on the
site);

s residence scenario, with exposure of residents in
dwellings built on the site;

B borehole scenario, with exposure of investigators
in their laboratory examining cores (samples)
taken from the waste.

The radiological impact for the altered evolution sce-
narios is expressed in terms of radiological risk. Such
a risk consists of two components: the dose conse-
quence when the scenario occurs and the probability
of occurrence of the scenario. A quantitative estima-
tion of the probability of occurrence and consequent-
ly of the radiological risk is however very difficult.
Therefore only individual doses are assessed for con-
servative hypotheses. The residence scenario and the
enlargement of the existing canal yield the highest
individual doses to the critical group, respectively
due to the long residence time and to the proximity
of the waste in the bunkers during the construction
work. The major exposure pathways are radon
inhalation and external irradiation respectively.
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Scheme of the exposure pathways in the biosphere for the normal evolution scenario of the radium storage
facility ofUmicore in Olen

Overview of NORM in the phosphate industry

in Flanders

The most important source of enhanced concentra-

tions of natural radionuclides from industrial origin

in Flanders is the phosphate industry. Between 1920

and 2000, five phosphate plants processed 54 million

tons of phosphate ore containing 65 TBq of radium-

226 and 2.7 TBq of thorium-232. Depending on the

production process, the radionuclides turned up in

the end products, were released in surface water or

deposited as waste. The figure shows a schematic

overview of the radionuclide flow in the phosphate

industry. You can see that large amounts of phospho-

gypsum were produced, most of which is still present

on deposits in Flanders. It has typical radium con-

centrations of 800 to 1 000 Bq/kg. A substantial area

of more than 200 ha in the river valleys of the Grote

Laak but mostly in the Winterbeek has also been con-

taminated with radium, yielding soil radium concen-

trations of sometimes more than 10 000 Bq/kg. From

a radiological point of view, the situation does not

Five phosphate plants processed about 54 Mt of phosphate ore between 1920 and 2000
containing 65 TBq radium-226 and 2.7 TBq thorium-232
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Dispersion of radionuclides by the phosphate industry in Flanders from 1920 to 2000
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pose any immediate concern. Some places however

need further investigation, with special emphasis on

the control of radon concentrations in dwellings and

workplaces built on the deposits. In some places,

restriction of land use, or even remediation would be

advisable. There is definite need for ensuring the

durability of the various sites, so that they will con-

tinue to be recognised as deposits with enhanced nat-

ural radioactivity. The results were published in an

internal SCK'CEN report that serves as a base docu-

ment for the yearly report on environment and nature

of the Flemish Environment Agency (VMM).

Radioecology

Factors affecting uranium availability and transfer

Properties of soils and minerals affecting uranium

availability

The bioavailability of uranium in soils is affected by

the properties of the dominant uranium bearing min-

erals and the solid-phase sorption-desorption reac-

tions, which control its mobility. Uranium mining

debris was sampled at different depths on a 35-year

old reclaimed dumpsite situated in Saxony (Wismut

Company, Germany). Synthesised iron oxide

(goethite) and carbonate (calcite) were used as refer-

ence materials to determine the uranium retention

properties, because of their importance as soil and

mine debris components. Batch sorption tests were

conducted under varying pH, citrate and H2PO4-, to

mimic the chemical conditions that may arise in rhi-

zospheric mobilisation tests. Goethite sorbs general-

ly more uranium than calcite both in acidic and alka-

line conditions. Increasing the phosphorus contents

hardly affect uranium sorption on goethite while ura-

nium sorption on calcite is increased with solution

phosphorus. Uranium sorption on both minerals is

considerably depressed in presence of citrate. Batch

testing of the affinity of the pure soil phases for ura-

nium will continue. In addition, a series of Belgium

soils were characterised and an experiment is set-up

to test the effect of soil properties on uranium bio-

incorporation.

Root effect on soil chemical parameters and uranium

mobilisation in the rhizosphere

Rhizospheric soil consists of a dynamic microenvi-

ronment where reactions between soil, plant and

micro-organisms are intensified and may proceed

differently than in the bulk soil. In particular, weath-

ering effects due to root activity (change in pH,

release of exudates, ...) can influence the mobility

and bioavailability of uranium associated with the

poorly soluble mineral phase. Preliminary rhizos-

pheric mobilisation tests show that Indian mustard

absorbs uranium from uranium-goethite two times

Rhizospheric mobilisation test with ryegrass

more than ryegrass. In both cases the uranium frac-

tion in the root represents more than 99 % of the total

uranium transferred to the plant.

Myco-rhizosphere processes involved in uranium

mobility and absorption by plants

Arbuscular mycorrhizal fungi are the most wide-

spread root symbionts, forming associations with the

majority of vascular plants. The beneficial effects for

the plants are an improved mineral acquisition and

growth, and a greater resistance to stress. In vitro

experiments were carried out to study the role of

mycorrhizal fungi in the mobilisation and transfer of

uranium to plants. Biological material consisted of

transformed carrot roots and an arbuscular mycor-

rhizal fungus. In a first experiment, mycorrhizal and

non-mycorrhizal roots were cultured on a medium

contaminated with 233U. No significant difference

between mycorrhizal and non-mycorrhizal roots in

terms of uranium concentration in roots was

observed. The increased exploitation of the contami-

nated medium by the hyphae of the myccorhized

roots hence does not result in a higher contamination.

In a. second experiment, mycorrhizal roots were cul-

tured in compartmentalised Petri dishes allowing

only the hyphae to explore the compartment contain-

ing the 233U contaminated solution. For the three pH

scenarios screened (4.0, 5.5 and 8.0), the uranium

content in the hyphae and spores growing in the con-

taminated compartment represented 0.42, 9.2 and

4.2 % of the total initial uranium. The fraction of ura-

nium transferred to roots was 3 to 10 times lower.

These preliminary results indicate, contrary to the

common belief, that uranium predominantly accu-
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mulates in or adsorbs on mycorrhizal fungal struc-

tures with a very limited transfer to the roots.

Management of contaminated land

Management of large areas contaminated by a

nuclear accident

In the context of an Inco-Copernicus project, we

evaluated the feasibility of different phytomanage-

ment options for land contaminated by the

Chernobyl accident. Willows effectively reduce the

vertical migration of radiocesium and strontium

decreasing the contamination of the ground water.

Tests to use willow mats for the reclamation of the

Chernobyl cooling pond sediments are promising.

An assessment using a geographic information sys-

tem was performed to indicate the contaminated

areas where short rotation coppice of willows is fea-

sible based on radioecological, productivity and eco-

nomic criteria.

We continued the screening and sampling of Scots

pine ecosystems contaminated by radiocesium

deposits from Chernobyl. The assessment of the

cesium cycling dynamics revealed the effect of tree

age on cesium and potassium behaviour. The cesium

accumulation in the wood is 3 times higher than

potassium. The collection of soil and tree samples

was completed by investigating a toposequence of

Scots pine plantations in Vetka (Belarus) charac-

terised by a gradient of soil moisture (from dry pod-

zolic sandy soil to peat). For the different soil-tree

associations, the accumulation rate of cesium in

trunk wood was compared with the pool of cesium

available for root uptake in the surface soil layers. A

good correlation was found when only the organic

layers were considered. This proves the role of

organic soil layers as main long-term cesium source.

Our findings open perspectives for improvement of

existing models of cesium cycling in forest ecosys-

tems. Indeed, an IAEA comparison of existing mod-

els for a Chernobyl contamination scenario suggests

that efforts for improving model predictions of radio-

cesium transfer to tree wood, needles and shoots,

should be directed to a better simulation of root

uptake processes and radionuclide translocation in

the tree.

Knowledge gathered from both the chronosequence

and toposequence studies will be included into a new

cesium cycling model for contaminated forest

ecosystems. In particular, the long-term cesium accu-

mulation in wood will be compared with simulation

results from existing models. The model will be

inputted to a geographic information system and

used to evaluate various management strategies of

contaminated wood stocks at the level of a rural dis-

trict.

Management of areas contaminated as a result of

uranium mining and milling activities

The TACIS-project on the remediation of uranium

mining and milling tailings in Mailuu-Suu

Kyrgyzstan started this year under co-ordination of

SCK-CEN. Near the town of Mailuu-Suu and on the

slopes of the Mailuu-Suu river valley there are 36

tailings and waste rock dumps with high risk for

Making a borehole to determine the radionuclide
content and relevant dispersion parameters and to
install a piezometer at a uranium mine tailing

Monitoring the gamma exposure of a uranium mine tailing in Mailuu-Suu,
Kyrgyzstan
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potential exposure. The objective of the study is to
evaluate and prepare measures to reduce the radio-
logical exposure, to prevent environmental pollution
by radionuclides and heavy metals (in case of loss of
tightness of dams and damage to tailings and heaps
by land and mudslides) and to propose sustainable
remedial options.

SCK'CEN is involved in the determination of the
source term of the tailings, and the evaluation of the
exposure pathways (see picture). The latter includes
gamma scanning of the contaminated residues, the
installation of an environmental monitoring network
for long-term gamma and radon measurement, eval-
uation of aquatic pathways and investigation of the
critical group characteristics. The information will
serve as input for the radiological assessment and
proposal of remedial measures.

Multidisciplinary approach to environmental reme-

diation
Different SCK«CEN research groups (Radioecology,
Radiological Assessments, Performance Assessment,
Geological Disposal) work together in a multidisci-
plinary project to strengthen our competence as advi-
sory body in environmental impact assessment and
rehabilitation. A conceptual vegetation model was
framed. The model needs further development and
calibration with experimental data on the radioce-
sium cycling in Chernobyl contaminated forests and
on the cycling of naturally occurring radionuclides in
forests developed on waste dumps from the uranium
mining and milling industry (Wismut, Germany).
The group collaborates with Wismut and Vito on the
development of permeable reactive barriers, a prom-
ising approach for the abatement of contaminated
plumes in groundwater. Various reactive materials
including ferric oxyhydroxides, coarse- and fine-
grained zero-valent iron, aluminium-iron oxides and
zeolites were tested for their ability to remove urani-
um from groundwater. Fine-grained zero-valent iron
proved to be most effective with uranium removal
efficiencies up to 99 %. Results further indicated a
positive correlation between dissolved inorganic car-
bon content and dissolved uranium at equilibrium.
Zero-valent iron is a promising material for use in
permeable reactive barriers because it can be easily
obtained at a fairly low price. Research activities will
continue in this area.

Epidemiology

So far, we included 7 300 nuclear workers in our ret-
rospective cohort study. Data collection and data
transfer to the IARC have been completed by the end

of October 2001. In the Belgian workforce, no
increase of cancer mortality in neither man nor
women has been detected.

In the environmental study, cancer mortality among
the local inhabitants has been analysed for the 1969-
1992 period. National and regional data on total can-
cer mortality, leukaemia, lung cancer, thyroid cancer
and cancer of the breast were obtained through the
Institute of Statistics. Demographic data were
extracted from the National Population Registry. So
far, no increase in cancer mortality compared to the
general Belgian population could be observed in the
Mol-Dessel region.

Radiobiology

Mechanisms of radiation-induced developmental

effects

Role of apoptosis in the protection against external
malformations

With the advances of molecular biology, mice, defi-
cient for various genes involved in DNA damage

response, have become more and more available.
Studies performed with such animals will greatly
help to understand the mechanisms of the special
radiation-sensitivity of the embryo. Studies were ini-
tiated last year in our laboratory, using various mouse
strains deficient for the p53 gene (the so-called
"genome guardian"), which is known to play a key
role in apoptosis (or "programmed cell death") and
cell cycle regulation in adult tissues. Mutations in
this gene led to a substantial increase of spontaneous
and radiation-induced foetal malformations.
However, our studies also evidenced the existence of
other, p53-independent mechanisms of apoptosis
operating at specific developmental stages or in par-
ticular organs and able to modulate the embryonic
response to radiation. Altogether, our results show
that apoptosis exerts a significant protection against
radiation-induced foetal malformations by eliminat-
ing teratogenically injured cells from the developing
organs.

Role of apoptosis in radiation-induced brain

pathologies

Apoptosis is an essential event in normal brain devel-
opment for eliminating excess cells. It allows the
survival of only the healthy and rightly migrated and

connected neural cells. An increased apoptotic
process elicited by radiation might eliminate neural
cells and deeply impair the establishment of the neu-
ral cell network. This will lead to brain pathologies
like mental retardation and acute or chronic neurode-
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generative processes (e.g. Alzheimer's disease) that

can appear later at birth or during the adult life. Our

current effort is focussed on the radiation-induced
apoptotic response of neural embryonic cells after

exposure (doses up to 600 mGy of X-rays).

Radiation-induced apoptosis was previously evi-

denced by DNA ladder electrophoresis within 6

hours following exposure. The cortex, hippocampus

and cerebellum are now isolated and investigated
separately for apoptotic response by flow cytometry.

This allows a more accurate and quantitative evalua-

tion of apoptosis. The most sensitive period is deter-

mined by a kinetic study from embryonic day 15 to
18. The mechanism of apoptotic response is further

investigated on the particularly sensitive p53 knock-

out mice.

Contribution of genetic instability to the radiation-

induction of developmental effects

Minisatellites (variable number of tandem repeats)

are DNA sequences of variable lengths, located in
non coding regions of DNA and characterised by an

extremely high level of spontaneous mutations in

germ cells (100 to 1000 times higher than that occur-
ring in DNA regions corresponding to active genes).

Mice from different strains could possibly differ in

their rates of spontaneous or radiation-induced min-

isatellites mutations. Although the potential conse-

quences of such mutations are not known, the genet-

ic instability, which they reflect, could partly con-
tribute to the differential radiation sensitivity

observed in embryos from different strains. As much

as 18.75% of unirradiated foetuses from the BALB/c
strain (whose embryos are very radiosensitive)
exhibited changes at the hypermutable mimsateilite

Hm-2, as compared to their parents. Interestingly,
80% of the DNA changes resulted from mutations in

the maternal germ cells. In the C57BL strain, whose
embryos are less radiosensitive, lower spontaneous

mutation rates were found (5%), and those were

equally distributed between maternal and paternal
DNA. Similar studies are under way, after X-irradia-

tion of female mice 10 days before ovulation and fer-

tilisation. Earlier studies have shown that this stage
of oogenesis is particularly sensitive to radiation-

induction of various genetic effects (chromosome

aberrations, embryonic malformations). As could be

expected, irradiation of BALB/c and C57BL one-cell
embryos just after fertilisation did not result into

an increase of the rate of minisatellite mutations

observable in the foetuses.

Adaptive response in female germ, cells exposed to

low doses of ionising radiation

Cells, tissues or organisms can often improve their

ability to respond to a "challenging" stress when they

have been exposed to a smaller "inducing" amount of
the same or a similar stress. Such an adaptive

response has been noted after exposure of somatic

cells to a variety of stresses. A contract has been
established with EdF (Electricite de France), to

investigate the possibility of an adaptive response in

the female germ cells exposed to very low doses of

ionising radiation. For this purpose, a culture system
allowing development and maturation of

follicle/oocyte complexes from the mid-growth stage

(2 layers of follicle cells) to the Graafian pre-ovula-
tory stage has been successfully established. The

duration of the culture is 12 days and will allow to
perform radiation exposures of the germ cells at var-

ious and well characterised stages of oogenesis.

Oocytes will be analysed for chromosome aberra-

tions and DNA repair capacity, after X-irradiation

preceded or not by a small "inducing dose" given

shortly before.

Modulation of radiation sensitivity by natural

compounds

Ionising radiation is widely used in radiotherapy to

kill cancerous cells. The need for new substances that
could enhance the radiation sensitivity of cancerous

cells is of great interest. We studied the effect of epi-

gallocatechin gallate (EGCG), a tea component with
antitumor properties, on cell proliferation and on

radiation-induced apoptosis and/or necrosis in two

human leukaemic cell lines. Simultaneous exposure
to X-irradiation and EGCG resulted in a synergistic
decrease of cell proliferation as well as in a synergis-

tic increase of apoptosis and necrosis. These results
suggest that, depending on the concentration, EGCG

could enhance radiation-induced apoptosis in
leukaemia cell lines. Further characterisation of this

process is under way.

Identification of genes up-or down-regulated by

ionising radiation

The profile of gene expression is the pattern of

expressed genes (increase or decrease) in a given tis-

sue or cells under specific conditions such as oxida-
tive stress, ionising radiation etc... The identification

of these profiles allows the deciphering of the molec-

ular mechanisms affected by ionising radiation. The

subtractive-suppressive DNA hybridisation (SSH) in
combination with DNA micro-array technology

appears to be a suitable technique to identify human

genes that are modulated by ionising radiation
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(X-rays) at doses relevant in radiation protection
(10 mGy to 2 Gy), or at doses relevant in fractionat-
ed radiotherapeutic treatment of solid tumours
(2-8 Gy). The induced or repressed genes are then
confirmed by the use of real time quantitative PCR
(polymerase chain reaction). The combination of
such complementary techniques allows not only
qualitative selection (induced or repressed genes iso-
lated by SSH or detected by micro-arrays) but also
quantitative analysis helping to establish dose-
response curves to determine maximal induction
and/or repression of genes involved in the post-ionis-
ing radiation regulated processes.

We studied the profile of gene expression in human
HeLa cells infected with a recombinant adenovirus
expressing an papillomavirus E2 protein fused to
green fluorescent protein (OFF). In this system we
found a good correlation between the level of regula-
tion of genes selected by SSH and those confirmed
by the use of real time quantitative PCR. We com-

pared, in collaboration with the VIB (Vlaams
Interuniversitair Instituut voor Biotechnologie)
micro-array facility in Leuven, the profile of gene
expression in normal and malignant human blood
cells. The behaviour of these cells after exposure to
ionising radiation (cell cycle distribution, apoptosis
and survival) is characterised by flow cytometry. The
preliminary results obtained by hybridisation on the
VIB micro chips (12 000 clones) with messenger
RNA isolated from Jurkat cells, 12 and 23 h after X-
irradiation with 0.5 and 2 Gy, showed a general
repression of cytokines and genes involved in signal
transduction pathways.

Evaluation of the genetic stability of bacteria

exposed to cosmic radiation

In 2001, the radiobiology group embarked on a close
collaboration with the microbiology group of the
Radioactive Waste & Clean-Up division on molecu-
lar biology programmes applied to nuclear and envi-
ronmental microbiology. Two topics were especially
addressed:

ss the genome of the bacterium Ralstonia metallidu-

rans CH34;

sS the genetic stability of bacteria to be used in
bioreactors aboard space vehicles or stations

(MELISSA project).

The soil bacterium Ralstonia metallidurans has been
studied in Mol since 25 years and is especially adapt-
ed to grow in harsh environments polluted by heavy
metals and man-made chemicals. Due its potential in

bioremediation, the genome of this bacterium was
fully sequenced by the Joint Genome Institute in
Walnut Creek, USA (sponsored by the US
Department of Energy). This occurred at the initia-
tive of Brookhaven National Laboratory and in col-
laboration with SCK'CEN, Vito and a consortium of
Belgian laboratories. The draft sequence now avail-
able is made of a few hundred fragments that have to
be closed in order to find the circular organisation of
the bacterial chromosome and plasmids. Using a
variety of techniques, around 150 fragments were
found to be close neighbours or were joined. The
major purpose of this genomic work is the study and
the use of genes involved in the stress and survival
responses and in the processing of metallic elements
including those of the most relevant radionuclides.

The MELISSA project is sponsored by the European
Space Agency (ESA) and starting at the end of 2001.
MELISSA stands for Microbial Ecological Life
Support System Alternative and is a concept devel-
oped in SCK'CEN in 1988. MELISSA is a closed
system of axenic microbial bioreactors designed as
successive compartments to fully recycle the waste
(in oxygen, clean water and food) produced by the
inhabitants of space vehicles or permanent stations.
Waste recycling is of major importance for long term
space expeditions. ESA is much concerned by the
genetic stability of bacteria that will be used in the
MELISSA recycling loop, and especially by the
response of the MELISSA bacteria and of Ralstonia

metallidurans as a model system to microgravity and
to exposure to cosmic radiation.

Perspectives

The radiological assessment group concluded a con-
tract with Umicore for an additional impact assess-
ment study concerning the excavation of the radium
sources from the radium storage facility. The dose
savings to the critical groups in the normal and
altered evolution scenarios from the elimination of
the sources will be assessed, as well as the doses
received by the excavation workers. A new contract
is obtained from ANTEA for a radiological impact
assessment of an alternative approach for the man-
agement of the liquid 22Na contaminated effluents
evolving from the dismantling of the Superphenix

reactor at Creys-Malville. Instead of a direct dis-
charge into the Rhone, incorporation into concrete
cells is envisaged.

The radon group will conduct a follow up study of
the radionuclide inventory in the phosphate industry
to identify improper land use of NORM (Naturally
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Occuring Radioactive Materials) contaminated land.
For example, radon measurements are being per-

formed in buildings and dwellings built on radium
contaminated land.

The radioecology group will concentrate on the

study of the myco-rhizosphere processes affecting

radionuclide uptake, on the parameters that affect the

soil-to-plant transfer and on the radionuclide cycling
in perennial vegetation systems. Our attention has

gradually shifted from cesium and strontium to the
natural radionuclides uranium and radium. We will

valorise our expertise in international collaboration

projects where the knowledge on system radioecolo-

gy is one of the important cornerstones in a multidis-

ciplinary approach towards environmental remedia-
tion (e.g. re-vegetation projects of surface burials,

remediation of uranium mining and milling tailing
sites).

The epidemiology group will continue to analyse

cancer mortality in the vicinity of the Mol-Dessel

nuclear site, and among the Belgian nuclear workers
(also FBFC International will join this study in

2002). The IARC aims to publish the results of the

nuclear workers pooled study before the end of the
year 2002.

The radiobiology group will pursue its effort on the
effect of ionising radiation on the developing organ-

ism. Mutations in genes involved in various impor-

tant DNA damage repair pathways will be investi-

gated for their influence on embryonic radiation sen-

sitivity, with a particular emphasis on the more fre-

quent heterozygous mutations. In this context a
research project will be submitted to the 5lh Frame-
work programme of the European Commission in
collaboration with 5 other European laboratories.
The identification of the apoptotic pathways in the

irradiated central nervous system will be further
studied by immunocytochemistry on neural cell cul-

tures. The profile of gene expression after irradiation

of normal and malignant blood cells, as well as of

secondary tumours following radiotherapeutic treat-

ment, will be defined by micro-arrays and subtrac-
tive-suppressive DNA hybridisation methods. The

methods will be optimised for the study of gene
expression in irradiated female germ cells and very

early embryonic stages, as well as in the irradiated

foetal brain.

A second project will be introduced at the European

Space Agency on the early detection of microbes and

microbial genetic events in space environments with

special attention to gene dissemination, microgravity
and cosmic radiation.

ANL

BNL

CEA

CIEMAT

CLRP

CNRS

GSF

IARC

ICBGE

Alex Stuart Assayers, Ltd.

(Bishkek, Kyrgyzstan)

BELGATOM (Brussels, Belgium)

CROWN AGENTS (London, UK)

GEOPRIBOR (Bishkek,

Kyrgyzstan)

GESTER (Paris, France)

Institut Pasteur (Paris, France)

Kara Balta Mining Combinate

(Kara Balta, Kyrgyzstan)

Studsvik EcoSafe (Nykoping,

Sweden)

University of Bergen (Bergen,

Norway)

University of Maastricht

(Maastricht, The Netherlands)

University of Mons (Mons,

Belgium)

University of Utrecht (Utrecht,

The Netherlands)

University of Veszprem

(Veszprem, Hungary)

Vinca Institute of Nuclear

Sciences (Belgrade, Yugoslavia)

Wismut GmbH (Germany)

Argonne National Laboratory

(Argonne, USA)

Brookhaven National Laboratory

(New-York, USA)

Commissariat a 1'Energie

Atomique (Grenoble, France)

Centra de Investigaciones

Energeticas, Medioambientales y

Technologicas (Madrid, Spain)

Central Laboratory for

Radiological Protection (Warsaw,

Poland)

Centre National de la Recherche

Scientifique (Paris, France)

GeseJlschaft fiir Strahlen- und

Umweltforschung (Neuherberg,

Germany)

International Agency for Research

on Cancer(Lyon, France)

Institute of Cell Biology &

Genetic Engineering (Kiev,

Ukraine)

Radiation Protection 13



INRA Institut National de la Recherche

Agronomique (Jouy-en-Josas,

France)

IPSN Institut de Protection et de Surete

Nucl6aire (Cadarache and

Fontenay-aux-Roses, France)

KULeuven Katholieke Universiteit Leuven

(Leuven, Belgium)

NRG Nuclear Research Group -

Radiation and Environment

(Arnhem, The Netherlands)

NRI Nuclear Research Institute (Rez,

Czech)

NRPB National Radiological Protection

Board (Didcot, United Kingdom)

PSI Paul Scherrer Institute (Villigen,

Switzerland)

RIAR Russian Institute for Agricultural

Radiology (Obninsk, Russia)

RIR Research Institute of Radiology

(Gomel, Belarus)

RIS0 Ris0 National Laboratory

(Roskilde, Denmark)

SENES Series Oak Ridge Inc. (Oak Ridge,

USA)

SPA Typhoon Scientific Production Association

Typhoon (Obninsk, Russia)

SSI Swedish Radiation Protection

Institute (Stockholm, Sweden)

UCL Universite Catholique de Louvain

(Louvain-la-Neuve, Belgium)

UHMI Ukrainian Hydrometeorological

Institute (Kiev, Ukraine)

RUG University of Ghent (Ghent,

Belgium)

ULB Universite Libre de Bruxelles

(Brussels, Belgium)

Ulg University of Liege (Liege,

Belgium)

VIB Vlaams Interuniversitair Instituut

voor Biotechnologie (Flanders,

Belgium)

Vito Vlaamse instelling voor technolo-

gisch onderzoek (Mol, Belgium)

VUB Vrije Universiteit Brussel

(Brussels, Belgium)

ANTEA (Orleans, France)

Belgoprocess (Dessel, Belgium)

Electrabel (Langerlo, Belgium)

Tessenderlo Chemie (Tessenderlo,

Belgium)

Umicore (Olen, Belgium)

EC European Commission

(Luxemburg, Grand Duchy of

Luxembourg and Brussels,

Belgium)

EdF Electricite de France (Paris,

France)

ESA European Space Agency (ESTEC,

Noordwijk, The Netherlands)

ONDRAF/NIRAS Belgian Agency for Radioactive

Waste and Enriched Fissile

Materials (Brussels, Belgium)

VMM Vlaamse Milieu Maatschappij,

Flemish Environment Agency

(Mechelen, Belgium)

Publications

T. Zeevaert, A. Bousher, V. Brendler, P. Hedernann Jensen,

S. Nordlinder, "Evaluation and ranking of restoration

strategies for radioactively contaminated sites", Journal of

Environmental Radioactivity, Vol. 56, No. 1-2, 33-50,

2001.

J.Paridaens, H.Vanmarcke, Z.S.Zunic, J.P.McLaughlin,

"Field experience with volume traps for assessing retro-

spective radon exposures", The Science of the Total

Environment, Vol. 272/1-3, pp. 295-302,2001.

H. Vanmarcke, J. Paridaens, "Radon exposure versus expo-

sure to other sources of ionising radiation", The Science of

the Total Environment, Vol. 272/1-3, pp. 343-345, 2001.

Z.S. Zunic, J.P. McLauglin, C. Walsh, A. Birovljev, S.E.

Simopoulos, B. Jakupi, V. Gordanic, M. Demajo, F. Trotti,

R. Falk, H. Vanmarcke, J. Paridaens, K. Fujimoto,

"Integrated natural radiation exposure studies in stable

Yugoslav rural communities", The Science of the Total

Environment, Vol. 272/1-3, pp. 253-259, 2001.

A. Birovljev, R. Falk, C. Walsh, F. Bissolo, F. Trotti, J.P.

McLaughlin, J. Paridaens, H. Vanmarcke, "Retrospective

assessment of historic radon concentrations in Norwegian

dwellings by measuring glass implanted Po-210: an inter-

national field intercomparison", The Science of the Total

Environment, Vol. 272/1-3, pp. 181-188, 2001.

14 Radiation Protection



H. Vandenhove, Y. Thiry, A. Gommers, F. Goor, J.-M.

Jossaert, E. Holm, T. Gaufert, J. Roed, A. Grebenkov, S.

Timofeyev, "Short Rotation Coppice for revaluation of

contaminated land", Journal of Environmental

Radioactivity, Vol. 56, pp. 157-184, 2001.

H. Vandenhove, M. Van Hees, S. Van Winckel, "Feasibility

of phytoextraction to clean-up low-level uranium contam-

inated soil", International Journal of Phytoremediation,

Vol. 3(3), pp. 301-320, 2001.

N. Waegeneers, M. Camps, E. Smolders, R. Merckx,

"Genotypic effects in phytoavailability of radiocesium are

pronounced at low K intensities in soil", Plant and Soil,

Vol. 235, pp. 11-20,2001.

E. Van Mieghem, "Kankermortaliteit in de omgeving van

de nucleaire site van Mol-Dessel", Annalen van de

Belgische Vereniging voor Stralingsbescherming, Vol. 26

(2), pp. 161-166,2001.

P. Jacquet, J. Buset, J. Vankerkom, S. Baatout, L. de Saint-

Georges, L. Baugnet-Mahieu, C. Desaintes, "Radiation-

induced chromosome aberrations in guinea-pig growing

oocytes, and their relation to follicular atresia", Mutation

Research, Vol. 473, pp. 249-254, 2001.

Presentations and conferences

Y. Thiry, N. Kruyts, A. Gommers, H. Bouchama, B.

Delvaux, "Weathering of micas as a key process governing

the mobility of trace Cs in the rhizosphere", 6"1 Int. Conf.

on the Biochemistry of Trace Elements, University of

Guelph, Ontario, Canada, July, 2001.

H. Vandenhove, M. Van Hees, S. Van Winckel, "Is clean-

up of low-level uranium contaminated soil feasible?",

6"1 Int. Conf. on the Biochemistry of Trace Elements,

University of Guelph, Ontario, Canada, July, 2001.

N. Kruytz, C. Heine, H. Vandenhove and B. Delveaux,

"Wetting/drying cycles of K-saturated smectite reduce the

mobility of radioacesium in the rhizosphere", 6* Int. Conf.

on the Biochemistry of Trace Elements, University of

Guelph, Ontario, Canada, July, 2001.

S. Baatout, D. Ooms, J. Buset, A. Michaux, J. Yan, P.

Jacquet, M. Mori, C. Desaintes, "Etude des effets com-

bines d'une irradiation X et d'une exposition au gallate

d'epigallocatechine (un composant du th<§) sur la croissance

et 1'induction de 1'apoptose sur des lignees cancereuses

humaines", 5* Int. Symp. of Fundamental and Applied

Radiobiology, Autrans, France, June 22-26, 2001.

S. Baatout, P. Jacquet, A. Michaux, J. Buset, W.

Schoonjans, J. Yan, A. Benotmane, L. de Saint-Georges, C.

Desaintes, "Effets t£ratogenes de 1'irradiation X sur des

souris h&erozygotes ou deficientes en p53", 5* Int. Symp.

of Fundamental and Applied Radiobiology, Autrans,

France, June 22-26, 2001.

S. Baatout, P. Jacquet, A. Michaux, J. Buset, W.

Schoonjans, J. Yan, A. Benotmane, L. de Saint-Georges, C.

Desaintes, M. Mergeay, "Developmental abnormalities

induced by X-irradiation in p53 deficient or heterozygous

mice", Annual Meeting of the European Environmental

Mutagen Society, Ghent, Belgium, September, 2001.

S. Baatout, H. von Suchodoletz, P. Jacquet, J. Buset, A.

Michaux, J. Yan, M. Mori, A. Benotmane, M. Mergeay,

"Enhanced radiation-induced apoptosis of leukaemic cell

lines after treatment with epigallocatechin gallate (a tea

component)", Benelux Cytometry Symposium, November,

2001.

P. Jacquet, J. Buset, J. Vankerkom, S. Baatout, L. de Saint-

Georges, W. Schoonjans, C. Desaintes, "Mouse one-cell

embryos undergoing a radiation-induced G2-arrest may re-

enter S-phase in the absence of cytokinesis", 5'h Int. Symp.

of Fundamental and Applied Radiobiology, Autrans,

France, June 22-26, 2001.

P. Jacquet, "Genetic susceptibility to radiation-induced

effects in embryos", Scientific Seminar on the Effects of In

Utero Exposure to Ionising Radiation during the Early

Phases of Pregnancy, Article 31 Experts of the Euratom

Treaty and Working Group on Research Implications on

the Health and Safety Standards (RIHSS), Luxembourg,

November 6, 2001.

R. Benotmane, "Frontiers to genomics" SAGE 2001,

September 8-11, San Diego, USA, 2001.

C. Atkinson, F. Carini, C. Collins, P. Coughtrey, L. Sweeck

et al., "Transfer of radionuclides to fruit: the activities of

the BIOMASS Fruits Working Group", ECORAD2001,

Aix-en-Provence, France, September 3-7, 2001.

T. Zeevaert, P. Hedemann Jensen, A. Bousher, V. Brendler,

S. Nordlinder, "RESTRAT, a decision aiding methodology

for restoration of radioactively contaminated sites", ECO-

RAD2001, Aix-en-Provence, France, September 3-7,

2001.

F. Goor, Y. Thiry, "General process, dynamics and model-

ling of radiocesium cycling in contaminated forest: a

whole-ecosystem approach", ECORAD2001, Aix-en-

Provence, France, September 3-7, 2001.

H. Vandenhove, A. Cremers, E. Smolders, "Effect of soil

K-status and bentonite additions on radiocesium transfer",

ECORAD2001, Aix-en-Provence, France, September 3-7,

2001.

A.J. Grebenkov, S.F. Timofeyev, H. Vandenhove,

"Accumulation of cesium and strontium from contaminat-

ed soils by some bioenergy crop varieties", ECO-

RAD2001, Aix-en-Provence, France, September 3-7,

2001.

D. Mallants, L. Diels, L. Bastiaens, J. Vos, H. Moors, L.

Wang, N. Maes, H. Vandenhove, "Testing permeable reac-

Radiation Protection 15



live barrier media for remediation of uranium plumes in

groundwater", ICEM'Ol, Brugge, Belgium, September 30

-October4, 2001.

H. Vandenhove, A. Bousher, P. Hedemann Jensen, B.

Lambers, D. Jackson, T. Zeevaert, "Investigation of a pos-

sible basis for a common approach with regard to restora-

tion of areas affected by lasting radiation exposure as a

result of past or old practice or work activity - CARE",

ICEM'Ol, Brugge, Belgium, September 30 - October 4,

2001.

H. Vanmarcke, J. Paridaens, "The significance of ICRP,

BEIR and UNSCEAR to the radon exposure in Belgium.",

3rd Symposium on Protection against radon, Liege,

Belgium, May 10-11,2001.

J. Paridaens, H. Vanmarcke, "Evolution of the radon con-

centration around the radium and actinium waste deposit of

Belgoprocess", 3rd Symposium on Protection against

radon, Liege, Belgium. May 10-11, 2001.

J. Paridaens, H. Vanmarcke, "Overview of technologically

enhanced natural radioactivity in Flanders", NORM III,

Brussels, Belgium, September 17-21, 2001.

H. Vandenhove, A. Bousher, P. Hedemann Jensen, B.

Lambers, D. Jackson, T. Zeevaert, "Investigation of a pos-

sible basis for a common approach with regard to restora-

tion of areas affected by lasting radiation exposure as a

result of past or old practice or work activity - CARE",

NORM III, Brussels, Belgium, September 17-21, 2001.

S. Baatout, "Enhanced radiation-induced apoptosis of

leukaemic cell lines after treatment with antioxidants",

Dept. Molecular & Tumor Radiobiology, National

Research Institute of Radiobiology and Radiohygiene,

Budapest, Hungary, November 13, 2001.

R. Benotmane, "The profile of gene expression in HeLa

cells over-expressing HPV-E2 protein" Institut Pasteur,

Paris, France, Octobre 12, 2001.

H. Vandenhove, F. Goor, S. Timofeyev, V. Podalyak, A.

Timofeyev, V. Drobsyshevskaja, V. Ageyets, 0.

Voitsekovitch, N. Victorova, B. Sorochinsky, A. Mikheev,

J. Burema, M. Van der Perk, "PHYTOR: Evaluation of wil-

low plantations for the phytorehabilitation of contaminated

arable land and flood plane areas", Intermediary Report 3,

EC-DG XII contract ERB IC15-CT98 0213, SCK-CEN,

BLG 900, 2001.

H. Von Suchodoletz, "Development of three flow cytomet-

rical applications in the radiobiology research pro-

gramme", Ernst Monitz Arndt University, Greifsvvald

(Germany), October 2001.

H. Vanmarcke, J. Paridaens, G. Eggermont, H. Mol,

J. Brouwers, "loniserende straling", hoofdstuk 2.6 van

het boek MIRA-T 2001: Milieu- en natuurrapport

Vlaanderen: thema's, Vlaamse Milieumaatschappij, ISBN

90-441-1195-7, pp. 221-234.

Thesis

A. Gommers, "Radiocesium uptake and cycling in willow

short rotation coppice", PhD KULeuven, Faculty of

Agricultural and Applied Biological Sciences,

Dissertationes de Agricultura 467, pp 133, 2001.

J. Wannijn, "U-238 in steenslag van uraniummijnen: dis-

tributie en mobiliteitsfactoren", College Thesis, KHK Mol,

2001.

Reports

J.Paridaens, H.Vanmarcke, "Inventarisatie en karakter-

isatie van verhoogde concentraties aan natuurlijke radionu-

cliden van industriele oorsprong in Vlaanderen",

SCK-CEN Internal Report BLG 884, June 2001.

H.Vanmarcke, J.Paridaens, "Advies radonproblematiek

voor gebouw 155X", Report on behalf of Belgoprocess,

October 2001.

IAEA-TECDOC, BiomassA"3FTM/WD02, "Modelling the

migration and accumulation of radionuclides in forest

ecosystems", Final report on the BIOMASS Forest

Working Group activities 1998-2000, With contribution of

Y. Thiry and F. Goor, BIOMASS ThemeS, 2001.

16 Radiation Protection


