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Abstract  This report presents a summary of the work of the Radiation Research Depart-
ment in 2002. The department’s research and development activities are organized in two 
research programmes: ”Radiation Physics” and ”Radioecology and Tracer Studies”. In ad-
dition the department is responsible for the task ”Dosimetry”. Lists of publications, com-
mittee memberships and staff members are included.   
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1 Introduction 
The research of the department includes dosimetry, optically stimulated lumi-
nescence, nuclear emergency preparedness, contamination physics, reactor 
safety, radioecology, and tracer and isotope techniques. 

In 2002 the department was organised in two research programmes: “Radia-
tion Physics” and “Radioecology and Tracer Studies”, in addition to the task 
“Dosimetry”, which includes personnel dosimetry and industrial dosimetry. The 
former task “Irradiation and Isotope Services” has been included in the Radio-
ecology and Tracer Studies programme.    

2002 was the first year of the third performance management contract be-
tween Risø and the Ministry of Science, Technology and Innovation. Risø’s 
main areas of research are (with the approximate share given in parenthesis): 
energy (50%), industrial technology (25%), bioproduction (15%), and radiation 
research (10%). 

The research and development work of the department is carried out in close 
co-operation with Danish and foreign universities and research institutes and 
also with the Danish nuclear and radiation protection authorities. The depart-
ment participates in national and international research programmes including 
the European Commission research programmes and the Nordic Nuclear Safety 
Research Programme. 

This report presents a summary of the work of the department in 2002 with an 
emphasis on the results of the research and development activities. Lists of pub-
lications, committee memberships and staff members are included. 

2 Radiation physics 
The radiation physics programme carries out research and development in the 
fields of radiation protection and radiation technology with special emphasis on 
dosimetry, emergency management and aspects of decommissioning. The aim is 
to contribute to the protection against the harmful effects of ionising radiation 
through co-operation with the Danish nuclear and radiation protection authori-
ties and to develop new methods and new applications of nuclear methods in 
research and industry. 

2.1 Luminescence dosimetry 
Optical fibre dosimeter system 
Initial work carried out at Risø on the development of optical fibre dosimeters 
for radiotherapy is described in a paper “Development of optical fibre lumines-
cence techniques for real-time in-vivo dosimetry in radiotherapy” which was 
presented at the IAEA Symposium on standards and codes of practice in medi-
cal radiation dosimetry, Vienna, November 2002. This paper reflects the col-
laborative research between Risø, Malmö University Hospital (Sweden), Okla-
homa State University (USA) and Landauer Inc. (USA) covering a work period 
of approximately one year up to end of October 2002. This work was based on a 
prototype fibre dosimeter system developed at Risø using a 1x1x2 mm rod of 
Al2O3:C which was cut from a standard single crystal chip (5 mm diameter x 1 
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mm thick) initially manufactured by Landauer Inc. The small Al2O3:C rod was 
coupled to the end of a 15-metre long 1 mm diameter plastic fibre. A 20 mW 
green (532 nm) laser served as stimulation light source thus providing a real-
time combined radio luminescence (RL) / optically stimulated luminescence 
(OSL) in-vivo dosimeter system. 

The same optical fibre dosimeter prototype has recently been used intensively 
in experiments carried out at the linear accelerator and mammography facilities 
at the Malmö University Hospital. Also recently we have begun modelling of 
the clinical beam interactions with the fibre probe in different measurement ge-
ometries using Monte Carlo calculations (MCNP code). 
 
Radiotherapy experiments 
Our RL/OSL fibre dosimeter system was tested at a clinical linear accelerator at 
Malmö University Hospital. We used a typical water phantom calibration con-
figuration and typical beam parameters: the fibre probe was positioned in a cu-
bic tank made of Perspex and filled with water (50x50x70 cm3), and irradiated 
with a 10 cm x 10 cm beam of 6 MV photons. Measurements were acquired 
with the probe positioned at different depths in water from 16 cm to 20 cm. The 
OSL results are plotted in Fig. 2.1 and compared with those obtained from simi-
lar measurements using conventional diodes, which is a commonly used do-
simeter in radiation therapy. The two systems (OSL and diodes) agree within 
2%. The results were used to benchmark a Monte Carlo simulation code, which 
can reliably model the beam produced by a linear accelerator. We anticipate this 
tool to be extremely useful for the optimisation of the design of future OSL fi-
bre probes. 
 
 

 
 
Figure 2.1. Dose from 6 MV photons versus depth into a water phantom as 
measured using conventional diodes (bold line) and the OSL signal from the 
Risø fibre dosimeter (open circles). 
 
Diagnostic radiology/mammography experiments 
Diagnostic radiology presents a different challenge for the new fibre probe: the 
doses delivered are several orders of magnitude smaller than in radiotherapy, 
the energy of the radiation beam is much lower, and the exposure times much 
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shorter. We carried out experiments using a mammography unit at Malmö Uni-
versity Hospital. The “prompt luminescence” (RL) feature of our device was 
used to visualize every individual short pulse of radiation delivered by the 
mammography unit. Fig. 2.2 shows RL pulses measured with the real-time 
RL/OSL fibre probe as a result of four repeated short exposures to 25 kV X-
rays. These results demonstrate that the sensitivity of the fibre probe is ex-
tremely high and that doses of the order of 100 micro Gy can easily be meas-
ured. This is of particular importance in the control of doses received by pa-
tients under mammography diagnostics, since both entrance and exit doses to 
the breast can be determined. 
 

 
Figure 2.2. Dose RL measurements of 25 kV X-ray pulses generated by a diag-
nostic mammography unit. Each pulse represents a dose of approximately 2 
mGy. 
 
Development of a new instrument platform 
A new optical fibre instrument has been designed that allows a variety of fibre 
dosimeters to be attached. Also Labview software was developed for the control 
of the equipment and analysis of data using a dedicated laptop PC. The features 
of the new Risø Optical Fibre Probe System are illustrated in Fig. 2.3. 
 
Mini X-ray generators for luminescence research 
We have carried out an investigation to test whether a mini X-ray generator is a 
suitable alternative to a radioactive source in luminescence dosimetry measure-
ments. The study has mainly been motivated by the need for high dose rates (~1 
Gy/s) e.g. to facilitate geological dating applications. Furthermore, X-ray gen-
erators can more easily be used in fieldwork and for work in countries where 
regulations restrict the use of radioactive sources.  
In 2002, we conducted a study of the characteristics on a small low-voltage X-
ray generator (50 kV, 1 mA).  For example, we characterized its linearity, sta-
bility and dynamic dose-rate range. Because of the differences in radiation type 
and energy, we also compared single-aliquot regenerative-dose protocol (SAR) 
growth-curves obtained with a conventional 90Sr/90Y beta source and growth  

 



Risø-R-1417(EN)    7 

 
(a) 
 

     
 
(b) 

 
 
Figure 2.3. The Risø ME-03 OSL/RL fibre system contains electronics and op-
tics for the read out of one fibre dosimeter. The main optical components are a 
20mW green laser, a photon-counting module for the luminescence signals, and 
a photodiode for measurement of the laser-power. All optical components are 
housed in light-tight enclosures and aligned on a specially designed base plate. 
The ME-03 unit is controlled from a laptop PC with an E-series data acquisi-
tion card from National Instruments. Both soft- and hardware have been de-
signed such that two ME-03 units can be read out simultaneously using only 
one single data acquisition card.  
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curves obtained using the X-ray generator (see Figure 2.4). Some tests were 
made with samples of thermally sensitised sedimentary quartz, which after X-
ray irradiation were transferred to an automated Risø luminescence reader; oth-
ers were made using an on-line dosimeter system based on the optical fibre 
Al2O3:C dosimeter described in the previous section.  

The main conclusions from the study were that the tested system had (i) ex-
cellent linearity between tube current (as set by the user on the control com-
puter) and dose rate, (ii) a wide dynamic range: 2−30 mGy/s at 10 kV and 10−
2000 mGy/s at 50 kV, (iii) short-term stability better than 0.2%, and (iv) a 
highly uniform irradiation of the sample area. Tests carried out with a sample of 
thermally sensitised sedimentary quartz suggest that we can use beta and X-ray 
irradiations interchangeably to construct growth curves using the single-aliquot 
regenerative-dose (SAR) measurement protocol. 

Based on the above results, it is intended to develop an X-ray irradiation unit 
that can be attached to the automatic Risø TL/OSL reader. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4. SAR growth curves with regeneration doses provided by: (top) beta 
irradiation, (middle) 50 kV X-rays, and (bottom) 10 kV X-rays. We performed 
the beta growth curves twice (shown in the top panel with dots and circles), and 
the two others only once. The solid line (shown in all three panels) is a first-
order exponential model fitted to the pooled beta data. The good agreement be-
tween the three growth curves shows that we can use beta and X-ray irradiation 
interchangeably. 
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2.2 Emergency preparedness 
ECCOMAGS project 
As part of the European ECCOMAGS project (European Calibration and Coor-
dination of Mobile and Airborne Gamma Spectrometry) the RESUME 2002 
exercise was held in SW Scotland. At the exercise, large areas were surveyed 
for anthropogenic and natural radioactivity with Airborne Gamma Spectrometry 
(AGS), Car-borne Gamma Spectrometry (CGS) and in-situ measurements. The 
primary aim of the exercise was to evaluate the ability of AGS teams in Europe 
to produce consistent dose rate and radionuclide deposition data using prede-
fined protocols and to demonstrate mapping capabilities following nuclear fall-
out. Ten AGS teams, three CGS teams, and seven teams performing in-situ and 
dose rate measurements took part in the exercise. In addition, soil cores were 
collected from 39 locations within the exercise area for laboratory measure-
ments of the radionuclide depth profiles.  

Risø has participated in the exercise design and evaluation including post-
exercise data processing and analysis. Exercise survey tasks included measure-
ments at calibration sites and surveys of common areas to enable direct inter-
comparisons between airborne systems and comparison with ground-based 
measurements. The work also included a composite mapping task where each 
team was asked to measure part of a very large area. The combination of the 
results from many teams demonstrated speed of data capture, and the abilities of 
teams from diverse countries to cooperate effectively in a nuclear emergency. 
An important objective of the RESUME 2002 exercise has been to validate 
measurement protocols for the use of airborne gamma spectrometry to estimate 
ground level environmental gamma dose rates and deposited activity, in order to 
develop them as European standards for AGS following a nuclear emergency.  
 
Data assimilation of atmospheric dispersion 
The results of an atmospheric dispersion experiment carried out in Mol, Bel-
gium, in which 41Ar and a visible tracer were released from a nuclear reactor 
stack have been analysed in terms of the Gaussian plume model and the RIM-
PUFF model developed by Risø. In both cases the models were found to agree 
well with the measurements of the dispersion of the tracer gas and the gamma 
radiation field from 41Ar decay, cf. Fig. 2.5.  

A data assimilation model is being developed for on-line source term predic-
tion in the early phase of a nuclear emergency. The model input is radiation data 
from automatic off-site gamma monitoring stations. The model is developed 
over the Gaussian plume model and employs an Extended Kalman Filter proce-
dure for filtering radiation measurements. Model parameters such as measure-
ment and process covariance are estimated with a maximum likelihood method. 
Data from the 41Ar atmospheric dispersion experiment is used to validate the 
model. The study is part of an on-going Ph.D. project in data assimilation in 
atmospheric dispersion of radioactive materials. 
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Figure 2.5. Primary photon fluence rates from 41Ar decay recorded by NaI de-
tectors (dots) and compared to the Gaussian plume model. The four detectors 
are placed approx. 200 m from the stack and at 0 m to 300 m from the plume 
centreline.  

 
The Danish early warning stations 
Risø operates the Danish early warning system in parallel with the Danish 
Emergency Management Agency. In January 2002 the old GK-network was 
closed down as the last three stations using the GK-network to collect data, 
Herning, Haderslev and Bornholm, were changed to use normal telephone lines. 
During February and March 2002 all Danish early warning stations had a major 
upgrade of hardware and software. The old microcomputer, using an EPROM to 
collect data from the instruments, store the data and send them to the central 
computers, was replaced with a standard PC. The spectra are now stored every 10 
minutes instead of once every hour and the number of channels in the spectra 
have been increased from 256 to 512.  

Since 1995 Ispra in Italy has hosted the EU Radioactivity Data Exchange Plat-
form (EURDEP), in which 23 countries including Denmark exchange data. In 
2002 81 new measuring stations were started while 67 old stations were removed, 
increasing the number of early warning stations in the European system from 
1623 to 1637. 

2.3 Contamination physics 
Research at Risø National Laboratory within the area of contamination physics 
is focused at improving the understanding of mechanisms governing the conse-
quences of airborne contamination in terrestrial environments. The work in-
cludes aspects of, e.g., health physics, aerosol physics, and soil physics, as well 
as forced decontamination of living areas and agricultural and natural ecosys-
tems. 
 
Sustainable restoration of contaminated living areas 
With the financial support of the Commission of the European Communities, 
Risø participates in the STRATEGY project to identify and describe potential 
elements of countermeasure strategies to sustain acceptable living and working 
conditions in the various types of terrestrial environments, which may be af-
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fected by a major nuclear accident.  In this context, a need was identified for a 
comprehensive investigation of each countermeasure that might be considered 
for implementation in a contaminated living environment.  Risø has for many 
years played a leading role in the field and also led this investigation.  It was 
decided to report the findings of the investigation in a special datasheet format, 
which would clarify the various factors that would determine the feasibility of 
applying each countermeasure in a restoration strategy.  

The datasheets represent a further development of previously developed data-
bases including new and updated technical data and a greater level of detail.  
One of the novel features of the STRATEGY database is the inclusion of social, 
psychological, ethical, legal, and communication aspects, which have previ-
ously only been given limited consideration in reports on countermeasure op-
tions.  A total of 27 countermeasures were found to be of possible relevance to 
urban contamination situations in European Member States, and these were de-
scribed.  The countermeasures are designed for treatment of different types of 
contaminated surface in the inhabited environment (streets, pavements, walk-
ways, areas of soil of varying size, vegetation, snow-covered areas, walls, roofs 
and indoor surfaces of dwellings).   

One of the cost elements that will arise after decontamination has been carried 
out is that associated with the waste generated by the countermeasures.  These 
costs must be regarded as an inherent part of a countermeasure strategy, and 
descriptions of recommendable waste management options are therefore also 
reported.   

The work has been peer reviewed and also reviewed by groups of potential 
users and 'stakeholders' (representatives of organisations or individuals that 
would in some way be involved in parts of the implementation of a countermea-
sure strategy). 
 

 
Figure 2.6. Local workers attempting to decontaminate a wooden wall in the 
strongly contaminated village of Savichi (Belarus) situated within the 30 km 
zone around the Chernobyl nuclear power plant.  Decontamination of walls is 
generally only worthwhile in strongly contaminated areas.  High-pressure wa-
ter hosing requires that walls are waterproof.  Safety precautions are often ne-
glected if they are inconvenient for the work process. 
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2.4 Reactor safety 
The Nuclear Knowledge Preparedness Group 
The group is composed of members from Risø National Laboratory, the Nuclear 
Office of the Emergency Management Agency and the Technical University of 
Denmark. The group has published its annual report on the international status 
of nuclear power and has held two seminars where current nuclear topics were 
discussed. 

 
The DR 1 Project 
The DR 1 reactor is being prepared for decommissioning. In that connection 
its 16 l core solution of 20 % enriched UO2(SO4)⋅H2O has been drained to a safe 
geometry.  Reactivity calculations have been performed to assure a sub-critical 
storage. These have lead to a design where the core solution has been distrib-
uted equally in four stainless steel cylinders with an inner diameter of 8 cm and 
a height of 120 cm. Each steel cylinder is placed in a 12 cm thick Pb-cylinder to 
reduce radiation from the fission products in the core solution. In Figure 2.7 is 
shown the k-infinity calculations for the two worst-case geometries. With the 
four steel cylinders close together without Pb-shield, k-inf is equal to 0.95; the 
Pb-shield reduces k-inf to 0.78. 
 

Lead Core solution

Stainless steel

32 cm

16 cm

Core solution

Stainless steel

 
Figure 2.7. Horizontal view of the two worst cases of geometry with respect to 
criticality. To the left the four stainless steel cylinders without lead shield, k-
inf=0.95, and to the right the four cylinders with 12 cm lead shield, k-inf=0.78. 
 
The DR 2 Project 
The project, characterizing the status of the reactor, in particular the remaining 
radioactivity, is almost finished and a report on the results of the investigations 
performed is under preparation. Measurements of the radioactivity of the cores 
from cored boreholes through the concrete shield of the reactor have been per-
formed. Monte Carlo flux/activity calculations of the concrete bore samples, 
based on an evaluated power history, have also been made. The calculations, 
show fairly good agreement with the measurements, cf. Figure 2.8. 
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Figure 2.8. Comparison of calculated and measured dose rate in a concrete 
bore sample of the DR 2 reactor. 
 
IAEA Decommissioning Publication 
In March a staff member was made available to the IAEA in Vienna where a 
group of foreign experts on decommissioning of nuclear facilities reviewed, 
edited and contributed to a publication on “The Transition from Operation to 
Decommissioning of Nuclear Installations” which the IAEA will publish in its 
Technical Report Series. 
 
Nordic Project on Source Terms for Accidents with Nuclear Submarines 
A Nordic project investigating source terms for various nuclear submarine acci-
dents is under preparation. Papers on the problems of submarine decommission-
ing were published at a Russian-NATO workshop in Moscow and at the Ameri-
can Nuclear Society 2002 winter meeting in Washington. 
 
Safeguards  Consultant 
During the second half of 2002 the Department made a consultant available to 
the Danish Delegation at the European Union in Brussels in connection with the 
negotiations under the Danish Chairmanship of the new Commission Regula-
tion on the application of the Euratom safeguards provision. 

3 Radioecology and tracer studies 
The research programme on radioecology and tracer studies focuses on the oc-
currence and transport of anthropogenic and naturally occurring radionuclides 
in the environment and the radiological impact on man.  The research pro-
gramme participates in national and international projects concerning studies of 
radionuclides in terrestrial and marine environments.  Furthermore, investiga-
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tions on environmental radioactivity are carried out in Denmark, the Faroe Is-
lands and Greenland and the results reported to national authorities and interna-
tional organisations. 

3.1 Uranium uptake by plants with and without 
mycorrhiza 
In the EC MYRRH project an experiment was set up to determine the transfer 
of uranium from two types of soil available to the Medicago truncatula plants 
used.  Sixteen plants of Medicago truncatula were placed in soil containing 
various amounts (8 levels from 0.5 to 25%) of rock-phosphate having a uranium 
concentration of about 4000 Bq kg-1. Eight of the plants were inoculated with 
Glomus intraradices mykorrhiza while the remaining eight were not. After 4 
weeks the plants were harvested with plant parts and root parts separated and 
every visible sign of soil contamination removed from the samples. 

The samples were dissolved by microwave digestion using a mixture of HNO3 
and HF. The dissolved samples were analysed for uranium (238U) by HR-ICP-
MS without any radiochemical treatment. The uranium isotope 233U was used as 
an internal standard.  

The uranium signal in the plant material was well above background and typi-
cal procedure blank levels were two to three orders of magnitude lower than 
what was found in the plant material, yet the levels in the plants were far too 
low to be analysed by radiometric techniques. 

The results for the uranium in plants with and without mycorrhiza are shown 
in Figure 3.1. Notice the logarithmic concentration scale. 

 
Figure 3.1. Uranium in plant material. 
 

The mykorrhiza does not only promote plant growth significantly but it also 
seems to help the plant to discriminate against uptake of some substances, like 
uranium studied in this case. Similar, but not yet quantified, results were ob-
tained for a range of heavy metals in the same study. 
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3.2 Levels and trends of radioactive contaminants 
in the Greenland and the Faroese environment 
Under the international Arctic Monitoring and Assessment Programme 
(AMAP) levels of radioactive contaminants in various Greenland and Faroese 
environments have been assessed.  

The source of 137Cs, 90Sr and 239,240Pu in Greenland terrestrial and fresh water 
environments is global fallout mainly. In addition, the Chernobyl accident gave 
a small contribution of 137Cs in Greenland. Reindeer and lamb hold the largest 
observed 137Cs concentrations in the terrestrial environment – up to 80 Bq kg-1 
have been observed. Due to special environmental conditions, 137Cs is trans-
ferred to landlocked arctic char with extremely high efficiency in south 
Greenland leading to concentrations up to 100 Bq kg-1. In these cases very long 
ecological half-lives are seen. 

Concentrations of 99Tc, 137Cs and 90Sr in seawater are decreasing in the order 
North East Greenland and the coastal East Greenland Current > south west 
Greenland > central west Greenland and north west Greenland > Irmiger Sea ~ 
Faroe Islands (cf. Figure 3.2). The general large-scale oceanic circulation com-
bined with European coastal discharges and previous contamination of the Arc-
tic Ocean causes this. The same tendency is seen in marine biota. The peak 99Tc 
discharge from Sellafield 1994-1995 has only been slightly visible in the survey 
year 2000. The concentrations are expected to increase in subsequent years, es-
pecially in east Greenland. 
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Figure 3.2.  137Cs, 99Tc and 90Sr, mBq L-1, in surface seawater observed in 2001.  
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3.3  Determination of C-14 and H-3 in graphite 
and concrete from Risø’s research reactors 
In connection with the decommissioning of Risø’s nuclear facilities, the radio-
activity of various materials needs to be assessed. Due to large volumes, graph-
ite and concrete comprise considerable amounts of low to medium levels of ra-
dioactive waste. The radioactivity of the irradiated reactor graphite and concrete 
comes from many nuclides such as 3H, 14C, 63Ni, 60Co, 36Cl, 55Fe, 41Ca, 154Eu, 
90Sr, 133Ba, 137Cs and some transuranics. But, most of the activity is contributed 
from 14C and 3H.  Because 14C and 3H are pure beta emitters, and the energy of 
their beta particles are low, the samples need to be decomposed to separate 14C 
and 3H from other interfering nuclides and matrix elements before measurement 
of their radioactivity by liquid scintillation counting.  In graphite, 14C exists as 
carbon and 3H as HT or HTO. The most common method for decomposition of 
graphite is combustion, in this case 14C is released as CO2 and absorbed by an 
alkali solution, while 3H is released as HTO and collected by condensing or ab-
sorbed in a diluted acid solution. But high temperatures (>800 °C), a long com-
bustion time (2-3 hours per sample) and special catalysts such as V2O5 and CuO 
are needed to completely decompose graphite. In concrete, 14C exists as carbon-
ate or carbon, and 3H as HT or HTO in pores and gaps of the concrete. Acid 
digestion is normally used for decomposing samples in order to release 14C and 
3H. However, special apparatus and chemicals (such as HF) are needed to com-
pletely decompose concrete and release tritium and 14C. In addition, this proce-
dure is also time consuming (>3 hours per sample). 

In this work, an oxidizing combustion method using a commercial oxidizer 
was investigated to decompose graphite and concrete for the determination of 
14C and tritium. The graphite and concrete samples mixed with cellulose powder 
and combustion aids (an organic compound) are put in a platinum basket, and 
combusted under oxygen flow at temperatures of 1100-1200 °C. The tritium is 
released as HTO vapour and collected in a glass vial, and 14C released as CO2 is 
absorbed in Carbon-sorb solution (Figure 3.3). After mixing with scintillation 
cocktail, the contents of 14C and tritium are measured by liquid scintillation 
counting. By this method the time for sample preparation is reduced to 2-3 min-
utes. The detection limits with this method for 14C and tritium are 20 and 35 
Bq/kg. The cross contamination of 14C and tritium in the preparation of samples 
is less than 0.1%. The interference of other radionuclides in samples to the de-
termination of 14C and tritium in graphite is insignificant. The analytical accu-
racy investigated by standard addition method is better than 5%. In addition, an 
acid digestion method was also developed for decomposition of graphite. The 
results by two decomposition methods showed good agreement. The developed 
method has been used successfully for the analysis of tritium and 14C in graphite 
from the research reactors DR 2 and DR 3. 
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Figure 3.3.  Schematic view of oxidiser. 

3.4 Stable elements analyses in relation to the de-
commissioning of the reactors at Risø 
In the process of the decommissioning of the reactors at Risø it is important to 
know or make well-educated estimates of the radionuclide inventories in the 
construction materials.  

Development of high-quality analytical procedures of stable trace elements in 
the various construction materials, such as steels, graphite, concrete, aluminium 
and lead, is therefore essential. The knowledge of the concentrations of the stab-
le trace elements is used to calculate neutron activation of the construction ma-
terials during the operation of the reactors.  

We have analytical instrumentation that is suitable for multi-element analyses 
of major to trace components in gases, liquids and solids. The analytical equip-
ment relies on inductively coupled plasmas (ICP) coupled to detectors based on 
optical emission spectrometry (OES) and mass spectrometry (MS). The combi-
nation of ICP with OES and MS detectors offers rapid multi-element analyses 
with parts per trillion (or lower) detections limits, good precision and a wide 
dynamic range. 

The preliminary work for the decommissioning process was begun in 2002 
and the initial process has involved development of accurate methods for the 
analyses of Ag, Ba, Co, Eu, Ni and U in aluminium, lead, graphite and concrete. 
107Ag, 132Ba, 59Co, 151/153Eu and 62Ni may be neutron activated with sufficiently 
high efficiency to form radioactive isotopes that have relevant half-lives for the 
decommissioning process (years or longer). Other trace elements of interest for 
the work of the Risø Decommissioning include Li, Cl, Nb, Sm and Pu. 

The method development involves sample digestion and chemical analysis 
and the accuracy of the methods are verified by the use of certified reference 
materials in combination with standard addition. Typical values for the concen-
trations of some of the abovementioned trace elements in relevant samples of 
aluminium and lead are shown in Table 3.1. The measured concentrations of Ba 
and Eu in both metals are too low to be of any importance and this is probably 
also the case for of Ag in aluminium and Co in lead. 
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The sample digestion for lead and aluminium is straightforward and involves 
acid digestion with half-concentrated HNO3. Analysis of graphite involves lea-
ching with HNO3/HF/H2O2 mixtures at elevated temperatures and pressure (in a 
closed vessel heated in a microwave oven) or pyrolysis at 800° followed by dis-
solution of the residue by HNO3. Total dissolution of concrete is more difficult; 
but rather efficient dissolution as well as leaching of the target elements is 
achieved with HNO3/HF mixtures in combination with prolonged heating using 
microwave digestion methodology. Alkali fusion with Na2CO3 is necessary for 
the heavier concretes containing large amounts of BaSO4. 

 
Table 3.1.  Typical concentrations (ppm) of trace elements in aluminium 
and lead. 

 
 
 
 
 
 
 

 

3.5 Baltic-Danish co-operation on radiology and 
radiation protection 2001-2003 
In 1999 the Danish Ministry of the Interior agreed with ministries in the Baltic 
States and Poland on co-operation and technical assistance in the field of nu-
clear safety, radiation protection and nuclear emergency management prepared-
ness and response.  In addition, the Danish Emergency Management Agency 
and Risø National Laboratory agreed in 2000 on conditions for projects under 
Sector Programmes for Central and East Europe on improving the nuclear safe-
ty, radiation protection and nuclear emergency preparedness in the Baltic States, 
Poland and Russia.  On this background and after consultations with laborato-
ries in the Baltic States and Poland, an agreement was made in 2001 between 
the Danish Emergency Management Agency and Risø National Laboratory on a 
project during 2001-2003 on Baltic-Danish co-operation on radiation protection 
with emphasis on environmental monitoring and radioecological studies. 

Two training courses were organised at Risø National Laboratory in 2002.  A 
one-week course for a single participant dealt with a rapid analysis of low-level 
amounts of 228Ra by beta counting of the daughter 228Ac.  A two-week course 
for four participants dealt with analysis of transuranic elements in environ-
mental samples. 

Four seminars of 3 to 5 days each were held at Risø National Laboratory dur-
ing 2002. The seminar topics and contents are listed in Table 3.2. 

About 70 participants from Poland, Estonia, Latvia and Lithuania attended the 
seminars. An intercomparison exercise on laboratory analyses of radionuclides 
in seawater, lake water, soil, dry milk and seaweed has been organised.  Sam-
ples have been distributed to the laboratories. 

 
 
 

 
Aluminium Lead

Ag 0.04 21.5
Ba 0.07 0.8
Co 2.4 0.04
Ni 42.4 3.4
Eu   0.00  0.00
U 1.4 0.25
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Table 3.2.  Seminars on radioecology and radiation protection organised in 
2002. 

 
Topic Contents 
Monitoring strategies 
and programmes 

− International agreements 
− Environmental monitoring in Denmark, the Faroe 

Islands and Greenland 
− Environmental monitoring in the Baltic countries 

Sampling techniques, 
radiochemical meth-
ods, detectors and 
measurements 

− Sampling techniques 
− Radiochemistry incl. demonstration in laboratory 
− QA aspects 
− Liquid scintillation counting 
− Alpha spectrometry 
− Gamma spectrometry 
− Radionuclide analysis using mass spectrometry 

Dosimetry − Neutron and radon dosimetry 
− Beta dosimetry 
− Mobile measurements of radioactive fallout 
− Atmospheric dispersion experiment 
− QA in dosimetry 
− Optically stimulated luminescence for dosimetry 

Radioactive waste, 
modelling and dose 
assessment 

− ARGOS decision support system 
− Radioecological modelling and dose assessment 
− Case study of low-level repository in Sweden 
− Radioactive waste management at Ringhals NPP 
− Decommissioning of Risø’s nuclear facilities 
− Environmental Impact Assessment on decommis-

sioning 
− Radioactive waste management at Risø  
− Analytical issues of waste-related radionuclides 
− Decommissioning of research reactor DR2 

 
 

 

 
 
Figure 3.5.  Participants at the Risø seminar on sampling techniques, 
radiochemical methods, detectors and measurements, 4-8 November 
2002. 
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4 Dosimetry 
The work of the accredited Risø High Dose Reference Laboratory continued at 
approximately the same level as recently, although the focus was shifted from 
dose map reports to calibrations and issue of calibrated dosimeters. The latter 
include calorimeters for dose measurement at electron accelerators, alanine do-
simeters for use in both gamma- and electron-fields, and dichromate dosimeters 
for use in gamma-fields.  Consulting work in connection with industrial radia-
tion processing also increased. 

 The international standards for radiation sterilization (ISO 11137 and EN 
552) are being revised, and we participate in this work as convener of the CEN 
working group.    

Three training courses on “Validation and Process Control for Electron Beam 
Sterilization” were organized with a total of 24 participants from 12 countries. 

 
Low energy beta dosimetry 
A calorimetric dose standard for low energy radiation (80-100 keV) is being 
developed in collaboration with National Physical Laboratory, UK, National 
Research Council, Canada, and two private firms. The calorimeter is designed 
for dose measurement and calibration of other dosimeters, which –almost re-
gardless of their thickness – will exhibit dose gradients within the dosimeter 
material. Figure 4.1 shows - as an example - measured and calculated depth 
dose distributions for totally absorbing Mylar.  Model calculations (Monte 
Carlo as well as thermal) have shown that there are considerable influences 
from external heat sources on the calorimeter response. A design involving a 
vacuum chamber is expected to solve these problems. 
 
Personnel dosimetry 
The personnel dosimetry laboratory has issued 4000 dosimetry reports for do-
simeters used by personnel at Risø. The workload has decreased compared to 
recent years due to the closure of the Risø DR3 research reactor, but the coming 
decommissioning of the facility is expected to lead to an increased workload. 
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Figure 4.1. Depth dose calculation and measurements in Mylar irradiated with 
80, 90, and 100 keV electrons. 

5 Isotope and irradiation services 
The Isotope Laboratory has continued its supply of radioactive materials to cus-
tomers. Irradiation services at Swedish and Norwegian research reactors have 
been used to provide radioisotopes to customers and to maintain a production of 
radiochemicals such as 203Hg, 75Se, 110mAg and 35S. 

A total of 262 deliveries of 82Br were supplied to 13 Danish leak detection 
companies and 15 irradiations were carried out for production of radiochemicals 
for use at Risø and commercially. Altogether 63 shipments of other radioactive 
products were sent to domestic and foreign institutes, industry and hospitals. 
For educational purposes 453 solid radioactive sources were supplied to the 
Nordic countries. These solid sources are now classified and tested according to 
ISO 2919. For research applications at Risø 15 deliveries of specially prepared 
radioisotopes were made.  

The first production of 64Cu radiochemicals for the J.F. Kennedy Institute 
based on irradiation of 64Ni in the cyclotron at the University Hospital in Co-
penhagen was made in the beginning of the year. 
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6 Education 
The department is involved in educational activities at Risø, and staff from the 
department also contributes to education at the universities.  

In 2002 one Ph.D. project was finalized in co-operation with Lund University 
and the degree was awarded at the university. At the end of the year four Ph.D. 
students were carrying out projects in the department in co-operation with the 
University of Copenhagen, the Technical University of Denmark, and Lund 
University. 

Staff from the department contributes to a course on isotope techniques at the 
University of Copenhagen, a course on nuclear instrumentation and health phys-
ics at the Technical University of Denmark, and a course on health physics at 
Risø conducted by the Applied Health Physics section of Risø Decommission-
ing. 

In 2002 three international courses on “Validation and Process Control for 
Electron Beam Sterilization” were arranged in the department, and one national 
course was arranged on “Introduction to Radiation Sterilization”.   

A staff member from the department has been external examiner in physics at 
the University of Copenhagen and at the Technical University of Denmark. 

A number of internal seminars were arranged in 2002: 
• Luminescence dating: Does it work?  Andrew Murray 
• Retrospective dosimetry: Dose evaluation using Mayank Jain 

unheated quartz 
• OSL developments    Lars Bøtter-Jensen 
• OSL in retrospective dosimetry   Kristina Thomsen 
• Dosimetry for Radiation Processing  Arne Miller 
• Development of imaging software for reading  Jakob Helt-Hansen 

radiation-sensitive film   
• Experience from a communication project Jørn Roed 

in the former Soviet Union 
• Early warning system and data exchange  Flemming Nielsen 
• Restoration of contaminated living areas  Kasper Andersson 
• Luminescence study of incompletely   Joanna Baran 
 bleached sediment from a Swedish  
 archaeological site  
• Application of small X-ray tubes in   Claus Andersen 

luminescence research     
• Optically stimulated luminescence dosimetry Marianne Aznar 

in medical applications 
• Kalman filtration of radiation data: preliminary Martin Drews 
 studies of the Mol atmospheric dispersion  
 experiment 
• OSL “Glow Curves” – A New Paradigm  Mayank Jain 
• The DR-2 project    P.L. Ølgaard 
• DR-2 activity calculations   Erik Nonbøl 
• Luminescence dating of Japanese loess  Takuya Watanuki 
 Comparison with an independent 
 Chronology 
• Homo sapiens – Anatomical and   Zenobia Jacobs 
 behavioural origins. Who are we? 
• OSL in retrospective dosimetri using   Kristina Thomsen 
 unheated materials 
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• OSL applications in radiation therapy and Marianne Aznar 
 diagnostic radiology 
• On Weapons Plutonium in an Arctic   Mats Eriksson 
 Environment (Thule, Greenland) 
• MARINA II - Update of the MARINA  Sven P. Nielsen 
 project on the radiological exposure of 
 the European Community from radioactivity  
 in North European marine waters  
• Plutonium in Skagerrak water and  Per Roos 
 suspended matter 
• Iodine-129 in Chernobyl Contaminated Soil Xiaolin Hou 
 and Its Chemical Fractionation 
• Chemical Analyses of Stable Elements  Lars Frøsig Østergaard 

7 Committee memberships 

7.1 National 
The advisory committee on protection measures in the case of accidents in nu-
clear facilities (§ 9 stk 2) 
B. Majborn and E. Nonbøl  

 
The coordination committee of the Emergency Management Agency and Risø 
National Laboratory 
B. Majborn and A. Damkjær 

 
The coordination committee for nuclear safety in Central and Eastern Europe 
(Ministry of Foreign Affairs) 
B. Majborn 
 
The advisory coordination committee for research in environmental medicine 
(Ministry of Health) 
B. Majborn 
 
The Board of the Danish Nuclear Society 
B. Majborn (chairman) 

 
Danish National Council for Oceanology 
H. Dahlgaard 

 
Danish Medical Device Industry sterilization committee 
A. Miller 
 
Danish Standard, Sterilization committee  
A. Miller (chairman )  
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7.2 International 
European Union 
Consultative Committee Euratom - Fission  
B. Majborn 
 
Articles 35 and 36 of the European Treaty (Environmental Monitoring)  
S.P. Nielsen 

 
Article 37 Group of Experts 
S.P. Nielsen 
 
National Correspondents on Assistance and Emergency Planning in the Event 
of a Nuclear Accident or Radiological Emergency 
F. Nielsen 
 
Group for Nuclear Safety Research Index, NSRI 
E. Nonbøl 
 
OECD/NEA 
Nuclear Science Committee 
Erik Nonbøl 

 
NEA Data Bank Executive Group 
Erik Nonbøl 

Editorial Advisory Boards 

Radiation Measurements 
L. Bøtter-Jensen 

 
Radiation Physics and Chemistry 
A. Miller (Editor-in-Chief) 
 
Radiation Protection Dosimetry 
L. Bøtter-Jensen 

Other Committees 
The Board of the Nordic Nuclear Safety Research Programme, NKS 
B. Majborn 
 
Baltic Marine Environment Protection Commission Helsinki Commission 
(HELCOM), Group of Experts on Monitoring of Radioactive Substances in the 
Baltic Sea (MORS)  
S. P. Nielsen 
 
International Solid State Dosimetry Organization 
L. Bøtter-Jensen 
 
Standing Committee for the International Solid Sate Dosimetry Conferences 
L. Bøtter-Jensen 
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ISO TC198/WG2, Radiation sterilization working group 
A.Miller 
 
CEN TC204/WG2, Radiation sterilization working group  
A. Miller (convener) 
 
ICRU report committee, Dosimetry for Radiation Processing 
A. Miller 

8 Publications 

8.1 Publications in international journals, books 
and reports 
Andersson, K.G.;  Fogh, C.L.;  Byrne, M.A.;  Roed, J.;  Goddard, A.J.H.;  
Hotchkiss, S.A.M., Radiation dose implications of airborne contaminant deposi-
tion to humans. Health Phys. (2002) v. 82 p. 226-232 
 
Andersson, K.G.;  Fogh, C.L.;  Roed, J., Mobility of 137Cs in undisturbed soil: 
Analysis methods and techniques. Radioprotection - Coll. (2002) v. 37 (no.C1) 
p. 231-236 
 
Andersson, K.G.;  Roed, J.;  Fogh, C.L., Weathering of radiocaesium contami-
nation on urban streets, walls and roofs. J. Environ. Radioact. (2002) v. 62 p. 
49-60 
 
Born, E.W.;  Dahlgaard, H.;  Riget, F.F.;  Dietz, R.;  Øien, N.;  Haug, T., Re-
gional variation of caesium-137 in minke whales Balaenoptera acutorostrata 
from West Greenland, the Northeast Atlantic and the North Sea. Polar Biol. 
(2002) v. 25 p. 907-913 
 
Brink, M.;  Lauritzen, B. (eds.);  Roed, J.;  Andersson, K.G.;  Rantavaara, A.;  
Hänninen, R.;  Saxén, R.;  Hansson, S.Ö.;  Salbu, B.;  Skipperud, L.;  Preuthun, 
J.;  Svensson, K.;  Rosén, K.;  Rinck, R.;  Bennerstedt, T.,  Agricultural coun-
termeasures in the Nordic countries after a nuclear accident. NKS-51 (2001) 32 
p. 
 
Brodén, K.;  Carugati, S., Nielsen, S.P.;  Lipponen, M.;  Tiitta, A.;  Pálsson, 
S.E.;  Fure, K.;  Ramsøy, T.;  Strålberg, E.;  Sekse, T.;  Sandell, Y.,  Radioactiv-
ity in commercially available metals. NKS-49 (2001) 19 p. 
 
Bulur, E.;  Duller, G.A.T.;  Solongo, S.;  Bøtter-Jensen, L.;  Murray, A.S., LM-
OSL from single grains of quartz: A preliminary study. Radiat. Meas. (2002) v. 
35 p. 79-85 
 
Bøtter-Jensen, L.;  Bulur, E.;  Murray, A.S.;  Poolton, N.R.J., Enhancements in 
luminescence measurement techniques. Radiat. Prot. Dosim. (2002) v. 101 p. 
119-124 
 



26  Risø-R-1417(EN) 

Bøtter-Jensen, L.;  Murray, A.S., Optically stimulated luminescence in retro-
spective dosimetry. Radiat. Prot. Dosim. (2002) v. 101 p. 309-314 
 
Chen, Q.J.;  Dahlgaard, H.;  Nielsen, S.P.;  Aarkrog, A., 242Pu as tracer for si-
multaneous determination of 237Np and 239,240Pu in environmental samples. J. 
Radioanal. Nucl. Chem. (2002) v. 253 p. 451-458 
 
Chen, Q.J.;  Hou, X.L.;  Yu, Y.X.;  Dahlgaard, H.;  Nielsen, S.P., Separation of 
Sr from Ca, Ba and Ra by means of Ca(OH) 2 and Ba(Ra)Cl2 or Ba(Ra)SO4 for 
the determination of radiostrontium. Anal. Chim. Acta (2002) v. 466 p. 109-116 
 
Drews, M.;  Aage, H.K.;  Bargholz, K.;  Jørgensen, H.E.;  Korsbech, U.;  
Lauritzen, B.;  Mikkelsen, T.;  Rojas-Palma, C.;  Ammel, R. Van,  Measure-
ments of plume geometry and argon-41 radiation field at the BR1 reactor in 
Mol, Belgium. NKS-55 (2002) 42 p. 
 
Eriksson, M.;  Ljunggren, K.;  Hindorf, C., Plutonium hot particle separation 
techniques using real-time digital image systems. Nucl. Imstrum. Methods Phys. 
Res. A (2002) v. 488 p. 375-380 
 
Fogh, C.L.;  Nielsen, S.P.;  Keith-Roach, M.J.,  Intercomparison of radionu-
clides in environmental samples 2000-2001. NKS-59 (2002) 27 p. 
 
Frid, W. (ed.);  Fantoni, P.;  Gustavsson, V.;  Lindholm, I.;  Lundström, P.;  
Sehgal, B.R.;  Sjövall, H.;  Thomsen, K.L.;  Walderhaug, T.P.,  Severe accident 
research and management in Nordic countries. A status report. NKS-71 (2002) 
59 p. 
 
Gäfvert, T.;  Ellmark, C.;  Holm, E., Removal of radionuclides at a waterworks. 
J. Environ. Radioact. (2002) v. 63 p. 105-115 
 
Göksu, H.Y.;  Degteva, M.O.;  Bougrov, N.G.;  Meckbach, R.;  Haskell, E.H.;  
Bailiff, I.K.;  Bøtter-Jensen, L.;  Jungner, H.;  Jacob, P., First international in-
tercomparison of luminescence techniques using samples from the Techa river 
valley. Health Phys. (2002) v. 82 p. 94-101 
 
Hansen, H.J.M.;  Grosell, M.;  Jacobsen, U.;  Jørgensen, J.C.;  Hogstrand, C.;  
Wood, C.M., Precautions in the use of 110MAg as a tracer of silver metabolism in 
ecotoxicology: Preferential bioconcentration of 109Cd by trout gills after 110MAg 
exposure. Environ, Toxicol. Chem. (2002) v. 21 p. 1004-1008 
 
Hansen, H.J.M.;  Kelly, S.P.;  Grosell, M.;  Wood, C.M., Study of lipid metabo-
lism in trout (Oncorhynchus mykiss) branchial cultures. J. Exp. Zool. (2002) v. 
293 p. 683-692 
 
Holm, E.,  Source preparations for alpha and beta measurements. NKS-40 
(2001) 14 p. 
 
Holm, E. (ed.), Seminar on detectors and measurements techniques. Seminar, 
Lund (SE), 3-4 May 2001. NKS-53 (2001) 130 p. 
 
Holm, E.;  Roos, P.;  Aarkrog, A.;  Mitchell, A., Vintro, L.L., Curium isotopes in 
Chernobyl fallout. J. Radioanal. Nucl. Chem. (2002) v. 252 p. 211-214 
 



Risø-R-1417(EN)    27 

Hou, X.L.;  Dahlgaard, H.;  Nielsen, S.P.;  Kucera, J., Level and origin of io-
dine-129 in the Baltic Sea. J. Environ. Radioact. (2002) v. 61 p. 331-343 
 
Howard, B.J.;  Andersson, K.G.;  Beresford, N.A.;  Crout, N.M.J.;  Gil, J.M.;  
Hunt, J.;  Liland, A.;  Nisbet, A.;  Oughton, D.;  Voigt, G., Sustainable restora-
tion and long-term management of contaminated rural, urban and industrial eco-
systems. Radioprotection - Coll. (2002) v. 37 (no.C1) p. 1067-1072 
 
Hubbard, L.;  Rantavaara, A.;  Andersson, K.G.;  Roed, J.,  Tools for forming 
strategies for remediation of forests and park areas in northern Europe after ra-
dioactive contamination: Background and techniques. NKS-52 (2002) 54 p. 
 
Ikaheimonen, T.K.;  Illus, E.;  Klemola, S.;  Dahlgaard, H.;  Ryan, T.;  Eriks-
son, M., Plutonium and americium in the sediments off the Thule air base, 
Greenland. J. Radioanal. Nucl. Chem. (2002) v. 252 p. 339-344 
 
Jain, M.;  Bøtter-Jensen, L.;  Murray, A.S.;  Jungner, H., Retrospective do-
simetry: Dose evaluation using unheated and heated quartz from a radioactive 
waste storage building. Radiat. Prot. Dosim. (2002) v. 101 p. 525-530 
 
Keith-Roach, M.J.;  Bryan, N.D.;  Bardgett, R.D.;  Livens, F.R., Seasonal 
changes in the microbial community of a salt marsh, measured by phospholipid 
fatty acid analysis. Biogeochemistry (2002) v. 60 p. 77-96 
 
Keith-Roach, M.J.;  Livens, F.R. (eds.), Interactions of microorganisms with 
radionuclides. (Elsevier Science, Oxford, 2002) (Radioactivity in the Environ-
ment, 2) 408 p. 
 
Keith-Roach, M.J.;  Stürup, S.;  Oughton, D.H.;  Dahlgaard, H., Comparison of 
two ICP-MS set-ups for measuring 99Tc in large volume water samples. Analyst 
(2002) v. 127 p. 70-75 
 
Lauritzen, B.,  Nuclear emergency preparedness. Final report of the Nordic Nu-
clear Safety Research Project BOK-1. NKS-63 (2002) vp. 
 
Mellander, H.;  Aage, H.K.;  Karlsson, S.;  Korsbech, U.;  Lauritzen, B.;  
Smethurst, M.,  Mobile gamma spectrometry. Evaluation of the RESUME 99 
exercise. NKS-56 (2002) 51 p. 
 
Milchert, T.;  Christensen, G.C.;  Backe, S.;  Nielsen, S.P., Feasibility investiga-
tions into a nuclear repository on Novaya Zemlya in Russia. Detailed evaluation 
of the safety of sea transport. (DBE Technology GmbH, Peine, 2001) 65 p. 
 
Miller, A., Setting the 'right' standards for radiation sterilisation. In: Medical 
device developments 2001. Leibowitz, A. (ed.), (Sterling Publications, London, 
2001) p. 16-17 
 
Miller, A.;  Hansen, J., Revision of the ISO and EN radiation sterilization stan-
dards. Radiat. Phys. Chem. (2002) v. 63 p. 665-667 
 
Miller, A.;  Kovacs, A.;  Kuntz, F., Development of polystyrene calorimeter for 
application at electron energies down to 1.5 MeV. Radiat. Phys. Chem. (2002) 
v. 63 p. 739-744 
 



28  Risø-R-1417(EN) 

Nielsen, M.T.;  Livbjerg, H.;  Fogh, C.L.;  Jensen, J.N.;  Simonsen, P.;  Lund, 
C.;  Poulsen, K.;  Sander, B., Formation and emission of fine particles from two 
coal-fired power plants. Combust. Sci. Technol. (2002) v. 174 p. 79-113 
 
Poolton, H.R.J.;  Ozanyan, K.B.;  Wallinga, J.;  Murray, A.S.;  Bøtter-Jensen, 
L., Electrons in feldspar II: A consideration of the influence of conduction band-
tail states on luminescence processes. Phys. Chem. Miner. (2002) v. 29 p. 217-
225 
 
Poolton, H.R.J.;  Wallinga, J.;  Murray, A.S.;  Bulur, E.;  Bøtter-Jensen, L., 
Electrons in feldspar I: On the wavefunction of electrons trapped at simple lat-
tice defects. Phys. Chem. Miner. (2002) v. 29 p. 210-216 
 
Povinec, P.P.;  Badie, C.;  Baeza, A.;  Barci-Funel, G.;  Bergan, T.D.;  Boja-
nowski, R.;  Burnett, W.;  Eikenberg, J.;  Fifield, L.K.;  Serradell, V.;  Gastaud, 
J.;  Goroncy, I.;  Herrmann, J.;  Hotchkis, M.A.C.;  Ikaheimonen, T.K.;  Jakob-
son, E.;  Kalimbadjan, J.;  Rosa, J.J. La;  Lee, S.H.;  Kwong, L.W.;  Lueng, 
W.M.;  Nielsen, S.P.;  Noureddine, A.;  Pham, M.K.;  Rohou, J.-N.;  Sanchez-
Cabeza, J.A.;  Suomela, J.;  Suplinska, M.;  Wyse, E., Certified reference mate-
rial for radionuclides in seawater IAEA-381 (Irish sea water). J. Radioanal. 
Nucl. Chem. (2002) v. 251 p. 369-374 
 
Rietz, B.;  Heydorn, K.;  Krarup-Hansen, A., The determination of platinum in 
tissue of different human organs by means of neutron activation analysis. Trace 
Elem. Electrolytes (2002) v. 19 p. 38-41 
 
Sauter, E.J.;  Laier, T.;  Andersen, C.E.;  Dahlgaard, H.;  Schlüter, M., Sam-
pling of sub-seafloor aquifers by a temporary well for CFC age dating and natu-
ral tracer investigations. J. Sea Res. (2001) v. 46 p. 177-185 
 
Shtangeeva, I.V.;  Vuorinen, A.;  Rietz, B.;  Carlson, L., Combination of ICP-
AES and instrumental neutron activation analysis as effective methods for 
studying distribution of elements in soil and plants. Geostandards Newslett. 
(2001) v. 25 p. 299-306 
 
Strand, P.;  Howard, B.J.;  Aarkrog, A.;  Balonov, M.;  Tsaturov, Y.;  Bewers, 
J.M.;  Salo, A.;  Sickel, M.;  Bergman, R.;  Rissanen, K., Radioactive contami-
nation in the Arctic - sources, dose assessment and potential risks. J. Environ. 
Radioact. (2002) v. 60 p. 5-21 
 
Thomsen, K.J.;  Bøtter-Jensen, L.;  Murray, A.S.;  Solongo, S., Retrospective 
dosimetry using unheated quartz: A feasibility study. Radiat. Prot. Dosim. 
(2002) v. 101 p. 345-348 
 
Thomsen, K.J.;  Bøtter-Jensen, L.;  Murray, A.S., Household and workplace 
chemicals as retrospective luminescence dosemeters. Radiat. Prot. Dosim. 
(2002) v. 101 p. 515-518 
 
Thomsen, K.L., Percolation cooling of the Three Mile Island Unit 2 lower head 
by way of thermal cracking and gap formation. Nucl. Technol. (2002) v. 137 p. 
28-46 
 
Trinkler, L.;  Bøtter-Jensen, L.;  Berzina, B., Aluminium nitrate ceramics: A 
potential UV dosemeter material. Radiat. Prot. Dosim. (2002) v. 100 p. 313-316 
 



Risø-R-1417(EN)    29 

Wallinga, J.;  Murray, A.S.;  Wintle, A.G.;  Bøtter-Jensen, L., Electron-trapping 
probability in natural dosemeters as a function of irradiation temperature. Ra-
diat. Prot. Dosim. (2002) v. 101 p. 339-344 
 
Wallinga, J.;  Murray, A.S.;  Bøtter-Jensen, L., Measurement of the dose in 
quartz in the presence of feldspar contamination. Radiat. Prot. Dosim. (2002) v. 
101 p. 367-370 
 
Wood, C.M.;  Grosell, M.;  Hogstrand, C.;  Hansen, H.J.M., Kinetics of radio-
labelled silver uptake and depuration in the gills of rainbow trout (Oncorhyn-
chus mykiss) and European eel (Anguilla anguilla): The influence of silver 
speciation. Aquat. Toxicol. (2002) v. 56 p. 197-213 
 
Ølgaard, P.L., The DR-2 decommissioning project, Denmark. In: International 
Atomic Energy Agency (AT). Decommissioning techniques for research reac-
tors. Final report of a co-ordinated research project 1997-2001. IAEA-
TECDOC-1273 (2002) p. 65-78 
 
Ølgaard, P.L.,  The potential risks from Russian nuclear ships. NKS-57 (2001) 
58 p. 
 
Ølgaard, P.L., The decommissioning problems of the Russian Navy. Trans. Am. 
Nucl. Soc. (2002) v. 87 p. 291-292 

8.2 Risø-R Reports 
Eriksson, M., On weapons plutonium in the arctic environment (Thule, 
Greenland). Risø-R-1321(EN) (2002) 148 p. www.risoe.dk/rispubl/NUK/ris-r-
1321.htm 
 
Lauritzen, B.;  Majborn, B.;  Nonbøl, E.;  Ølgaard, P.L. (eds.),  International 
kernekraftstatus 2001. Risø-R-1338(DA) (2002) 96 p. 
www.risoe.dk/rispubl/NUK/ris-r-1338dk.htm 
 
Majborn, B.;  Damkjær, A.;  Nielsen, S.P.;  Nonbøl, E. (eds.), Nuclear Safety 
Research Department annual report 2001. Risø-R-1318(EN) (2002) 31 p. 
www.risoe.dk/rispubl/NUK/ris-r-1318.htm 

8.3 Publications in proceedings 
Aarkrog, A.;  Molchanova, I.;  Mikhaylovskaya, L.;  Karavaeva, E.;  Pozolot-
ina, V., Plutonium in terrestrial ecosystems of the Ural region. In: Proceedings. 
5. International conference on environmental radioactivity in the Arctic and 
Antarctic, St. Petersburg (RU), 16-20 Jun 2002. Strand, P.;  Jølle, T.;  Sand, Å. 
(eds.), (Norwegian Radiation Protection Authority, Østerås, 2002) p. 79-82 
 
Aarkrog, A.;  Trapeznikov, A.V.;  Molchanova, I.V.;  Yushkov, P.I.;  Karavaeva, 
E.N.;  Pozolotina, V.N.;  Polikarlov, G.G.;  Dahlgaard, H.;  Nielsen, S.P., Envi-
ronmental radioactivity in the South Urals 1990-1997. An international study 
supported by INTAS, EC and national funding. In: Modern problems of radio-
biology, radioecology and evolution. Proceedings. International conference 
dedicated to the centenary of the birth of N.W.  Timofeeff-Ressovsky, Dubna 
(RU), 6-9 Sep 2000. Korogodin, V.I. (ed.), (JINR, Dubna, 2001) p. 252-261 



30  Risø-R-1417(EN) 

 
Andersen, C.E., Anvendelse af radon som sporgas på forurenet renserigrund: 
Bestemmelse af jordluftindtrængning til hus og influensradius for vakuumeks-
traktionsanlæg. In: Jord- og grundvandsforurening. Vintermøde, Vingsted-
centret, 5-6 Mar 2002. (ATV-Fonden for Jord og Grundvand, Lyngby, 2002) p. 
69-79 
 
Andersson, K.G.;  Rantavaara, A.;  Roed, J.;  Rosén, K.;  Salbu, B.;  Skipperud, 
L., Datasheet based countermeasure evaluation for radioactively contaminated 
Nordic food-producing areas. In: Proceedings. 8. Nordic seminar on radioecol-
ogy, Rovaniemi (FI), 25-28 Feb 2001. Ilus, E. (ed.), NKS-70 (2002) p. 107-110 
 
Bexon, A.P.;  Lepicard, S.;  Nielsen, S.P.;  Simmonds, J.R., Overview of the 
marine model developed for the MARINA II project. In: Proceedings. Interna-
tional conference on radioactivity in the environment, Monaco (MC), 1-5 Sep 
2002. Børretzen, P.;  Jølle, T.;  Strand, P. (eds.), (Norwegian Radiation Protec-
tion Authority, Østerås, 2002) p. 557-560 
 
Chen, Q.J.;  Dahlgaard, H.;  Nielsen, S.P.;  Aarkrog, A., 242PU as tracer for si-
multaneous determination of 237Np and 239,240Pu in environmental samples. In: 
Proceedings on CD-ROM. International conference on radioactivity in the envi-
ronment, Monaco (MC), 1-5 Sep 2002. Børretzen, P.;  Jølle, T.;  Strand, P. 
(eds.), (Norwegian Radiation Protection Authority, Østerås, 2002) vp. 
 
Dahlgaard, H., Radionuclides in the Greenland environment. In: Proceedings. 
5. International conference on environmental radioactivity in the Arctic and 
Antarctic, St. Petersburg (RU), 16-20 Jun 2002. Strand, P.;  Jølle, T.;  Sand, Å. 
(eds.), (Norwegian Radiation Protection Authority, Østerås, 2002) p. 199-201 
 
Dahlgaard, H., Baltic 137Cs outflow through the Danish Straits indicates re-
mobilisation. In: Proceedings. International conference on radioactivity in the 
environment, Monaco (MC), 1-5 Sep 2002. Børretzen, P.;  Jølle, T.;  Strand, P. 
(eds.), (Norwegian Radiation Protection Authority, Østerås, 2002) p. 516-520 
 
Dutton, L.M.C.;  Gerchikov, M.Y.;  Nielsen, S.P.;  Simmonds, J.R.;  Sazykina, 
T.;  Hunter, G., Overview of the Marina II project on discharges of radioactive 
substances into the North East Atlantic. In: Proceedings. International confer-
ence on radioactivity in the environment, Monaco (MC), 1-5 Sep 2002. Børret-
zen, P.;  Jølle, T.;  Strand, P. (eds.), (Norwegian Radiation Protection Authority, 
Østerås, 2002) p. 538-542 
 
Eriksson, M.;  Dahlgaard, H., Inventory calculations in sediment samples with 
heterogeneous plutonium activity distribution. In: Proceedings. 8. Nordic semi-
nar on radioecology, Rovaniemi (FI), 25-28 Feb 2001. Ilus, E. (ed.), NKS-70 
(2002) p. 70-74 
 
Fogh, C.L., The Nordic experience in intercomparison exercises and magnitude 
of common corrections for gamma measurements. In: Seminar on detectors and 
measurements techniques. Seminar, Lund (SE), 3-4 May 2001. NKS-53 (2001) 
p. 40-47 
 
Grebenkov, A.J.;  Baxter, L.L.;  Fogh, C.L.;  Pleshchenkov, I.G.;  Roed, J.;  So-
lovjev, V.N., Formation and release of radioactive aerosols during combustion of 
contaminated biomass. In: Proceedings. International conference on radioactiv-
ity in the environment, Monaco (MC), 1-5 Sep 2002. Børretzen, P.;  Jølle, T.;  



Risø-R-1417(EN)    31 

Strand, P. (eds.), (Norwegian Radiation Protection Authority, Østerås, 2002) p. 
493-496 
 
Gäfvert, T.;  Ellmark, C.;  Holm, E., Removal of radionuclides at a waterworks. 
In: Proceedings. 8. Nordic seminar on radioecology, Rovaniemi (FI), 25-28 Feb 
2001. Ilus, E. (ed.), NKS-70 (2002) p. 170-174 
 
Holm, E.;  Eriksson, M., Radionuclide processes in Arctic Canadian lakes. In: 
Proceedings. International conference on radioactivity in the environment, 
Monaco (MC), 1-5 Sep 2002. Børretzen, P.;  Jølle, T.;  Strand, P. (eds.), (Nor-
wegian Radiation Protection Authority, Østerås, 2002) p. 356-359 
 
Holm, E.;  Leisvik, M., Radiocaesium och polonium i säl från Östersjön, en pre-
liminär studie. In: Proceedings. 8. Nordic seminar on radioecology, Rovaniemi 
(FI), 25-28 Feb 2001. Ilus, E. (ed.), NKS-70 (2002) p. 80-83 
 
Holm, E.;  Ravila, A., Dosen i en bastu eller in sauna veritas et corpore sano. In: 
Proceedings. 8. Nordic seminar on radioecology, Rovaniemi (FI), 25-28 Feb 
2001. Ilus, E. (ed.), NKS-70 (2002) p. 146-148 
 
Hou, X.L., Activation analysis for the determination of long-lived radionuclides. 
In: Seminar on detectors and measurements techniques. Seminar, Lund (SE), 3-
4 May 2001. NKS-53 (2001) p. 27-39 
 
Hou, X.L.;  Fogh, C.L.;  Kucera, J.;  Andersson, K.G.;  Dahlgaard, H.;  Niel-
sen, S.P., Iodine-129 and Cesium -137 in Chernobyl contaminated soil. In: Pro-
ceedings. International conference on radioactivity in the environment, Monaco 
(MC), 1-5 Sep 2002. Børretzen, P.;  Jølle, T.;  Strand, P. (eds.), (Norwegian Ra-
diation Protection Authority, Østerås, 2002) p. 211-214 
 
Howard, B.J.;  Sickel, M.;  Rissanen, K.;  Dahlgaard, H.;  Joensen, H.P.;  Páls-
son, S.E.;  Golikov, V.;  Nikitin, A.;  Dasher, D.;  Bergman, R., Radioactive con-
tamination and vulnerability of Arctic ecosystems. In: Proceedings. 5. Interna-
tional conference on environmental radioactivity in the Arctic and Antarctic, St. 
Petersburg (RU), 16-20 Jun 2002. Strand, P.;  Jølle, T.;  Sand, Å. (eds.), (Nor-
wegian Radiation Protection Authority, Østerås, 2002) p. 35-38 
 
Johannessen, P.M.;  Pettersson, L.H.;  Gao, Y.;  Nielsen, S.P.;  Borghuis, S.;  
Strand, P.;  Reiersen, L.O.;  Boylev, L.P.;  Volkov, V.A.;  Neelov, I.;  Stepanov, 
A.;  Bobylev, K.;  Zheleznyak, M.;  Maderich, V., Simulation scenarios for po-
tential radioacrive spreading in the 21st century from rivers and external sources 
in the Russian arctic coastal zone - RADARC. In: Proceedings. 5. International 
conference on environmental radioactivity in the Arctic and Antarctic, St. Pe-
tersburg (RU), 16-20 Jun 2002. Strand, P.;  Jølle, T.;  Sand, Å. (eds.), (Norwe-
gian Radiation Protection Authority, Østerås, 2002) p. 53-57 
 
Keith-Roach, M.;  Roos, P., Technetium reduction and removal in a stratified 
fjord. In: Proceedings. 8. Nordic seminar on radioecology, Rovaniemi (FI), 25-
28 Feb 2001. Ilus, E. (ed.), NKS-70 (2002) p. 66-69 
 
Keith-Roach, M.J., Inductively coupled plasma mass spectrometry (ICP-MS) - 
Progress and problems. In: Seminar on detectors and measurements techniques. 
Seminar, Lund (SE), 3-4 May 2001. NKS-53 (2001) p. 15-20 
 



32  Risø-R-1417(EN) 

Lauritzen, B.;  Aage, H.K.;  Astrup, P.;  Bargholz, K.;  Drews, M.;  Jørgensen, 
H.E.;  Korsbech, U.;  Mikkelsen, T.;  Rojas-Palma, C.;  Thykier-Nielsen, S.;  
Ammel, R. Van, Atmospheric dispersion of radioactive releases from a nuclear 
research reactor: Measurement and modelling of plume geometry and gamma 
radiation field. In: Proceedings. 8. International conference on harmonisation 
within atmospheric dispersion modelling for regulatory purposes, Sofia (BG), 
14-17 Oct 2002. Batchvarova, E.;  Syrakov, D. (eds.), (Demetra Ltd., Sofia, 
2002) p. 68-72 
 
Lindahl, P.;  Gäfvert, T.;  Roos, P.;  Mattsson, S.;  Erlandsson, B.;  Holm, E., 
Long term study of 99Tc in brown seaweed from the Swedish coast. In: Proceed-
ings. 8. Nordic seminar on radioecology, Rovaniemi (FI), 25-28 Feb 2001. Ilus, 
E. (ed.), NKS-70 (2002) p. 196-199 
 
Nielsen, S.P., A Nordic view on perspectives for radioecology. In: Proceedings. 
8. Nordic seminar on radioecology, Rovaniemi (FI), 25-28 Feb 2001. Ilus, E. 
(ed.), NKS-70 (2002) p. 22-26 
 
Nielsen, S.P.;  Hou, X.L.;  Keith-Roach, M.;  Mitchell, P.;  Povinec, P.;  San-
chez, A.;  Gerchikov, M., Collation and analysis of information on environ-
mental measurements of radionuclides and critical group exposures. In: Pro-
ceedings. International conference on radioactivity in the environment, Monaco 
(MC), 1-5 Sep 2002. Børretzen, P.;  Jølle, T.;  Strand, P. (eds.), (Norwegian Ra-
diation Protection Authority, Østerås, 2002) p. 552-556 
 
Povinec, P.P.;  Aarkrog, A.;  Buesseler, K.O.;  Delfanti, R.;  Hirose, K.;  Gi 
Hoon Hong;  Ito, T.;  Livongston, H.D.;  Nies, H.;  Noshkin, V.E.;  Shima, S.;  
Togawa, O., Worldwide marine radioactivity studies (WOMARS). In: Proceed-
ings. International conference on radioactivity in the environment, Monaco 
(MC), 1-5 Sep 2002. Børretzen, P.;  Jølle, T.;  Strand, P. (eds.), (Norwegian Ra-
diation Protection Authority, Østerås, 2002) p. 569-572 
 
Roos, P., Analysing alpha particle emitters using semiconductor detectors. In: 
Seminar on detectors and measurements techniques. Seminar, Lund (SE), 3-4 
May 2001. NKS-53 (2001) p. 73-84 
 
Simmonds, J.R.;  Lepicard, S.;  Nielsen, S.P.;  Gerchikov, M.Y.;  Bexon, A.P., 
The radiation exposure of the population of the European Union from radioac-
tivity in North European waters. In: Proceedings. International conference on 
radioactivity in the environment, Monaco (MC), 1-5 Sep 2002. Børretzen, P.;  
Jølle, T.;  Strand, P. (eds.), (Norwegian Radiation Protection Authority, Østerås, 
2002) p. 561-564 
 
Strand, P.;  Tsaturov, Y.;  Howard, B.;  McCelland, V.;  Bewers, M.;  Dahl-
gaard, H.;  Joensen, H.P.;  Nikitin, A.;  Palsson, S.E.;  Rissanen, K., Radioac-
tive contamination in the Arctic. In: Proceedings. 5. International conference on 
environmental radioactivity in the Arctic and Antarctic, St. Petersburg (RU), 
16-20 Jun 2002. Strand, P.;  Jølle, T.;  Sand, Å. (eds.), (Norwegian Radiation 
Protection Authority, Østerås, 2002) p. 1-5 
 
Tsaturov, Y.;  Strand, P.;  McCelland, V.;  Dahlgaard, H.;  Rissanen, K.;  
Nikitin, A., New information on actual and potential sources of contamination in 
the Arctic (second stage of the AMAP programme). In: Proceedings. 5. Interna-
tional conference on environmental radioactivity in the Arctic and Antarctic, St. 



Risø-R-1417(EN)    33 

Petersburg (RU), 16-20 Jun 2002. Strand, P.;  Jølle, T.;  Sand, Å. (eds.), (Nor-
wegian Radiation Protection Authority, Østerås, 2002) p. 6-9 
 
Vintró, L.L.;  Mitchell, P.I.;  Smith, K.J.;  McMahon, C.A.;  Holm, E.;  Dahl-
gaard, H.;  Nielsen, S.P.;  Boust, D.;  Leonard, K.S.;  Papucci, C.;  Delfanti, R.;  
Salbu, B.;  Strand, P.;  Cabeza, J.A.S.;  Rissanen, K.;  Pollard, D.;  Gascó, C.;  
Christensen, G.C.;  Herrmann, J.;  Nies, H., Results and analysis of a seawater 
interlaboratory comparison exercise for 90Sr, 99Tc, 137Cs, 238Pu and 239,240Pu. In: 
Proceedings. 5. International conference on environmental radioactivity in the 
Arctic and Antarctic, St. Petersburg (RU), 16-20 Jun 2002. Strand, P.;  Jølle, T.;  
Sand, Å. (eds.), (Norwegian Radiation Protection Authority, Østerås, 2002) p. 
258-259 
 
Ølgaard, P.L., Nuclear risks in submarine decommissioning. In: Proceedings. 
International conference on ecological problems of nuclear powered submarines 
decommissioning, Severodvinsk (RU), 4-9 Jul 2001. Avdonin, E.;  Vasiliev, A.;  
Kalistratov, N.;  Nikitin, V.;  Patrusheva, O.;  Shcherbinin, N. (eds.), (Onega 
Research and development Technological Bureau, Severodvinsk (RU), 2002) p. 
212-214 

8.4 Unpublished lectures 
Andersen, C.E., Radon i danske boliger: Mekanismer, målemetoder og kortlæg-
ning. Faggruppemøde i Selskab for Bygningsteknik, Ingeniørforeningen i Dan-
mark, København (DK), 18 Apr 2002. Unpublished.  
 
Aznar, M.;  Polf, J.;  Akselrod, M.;  Andersen, C.E.;  Back, S.;  Bøtter-Jensen, 
L.;  Mattsson, S.;  McKeever, S.;  Medin, J., Real-time optical fiber dosimetry in 
radiotherapy. 44. AAPM annual meeting, Montreal (CA), 14-18 Jul 2002. Med. 
Phys. (2002)  v. 29 p. 1371 
 
Chen, Q.J.;  Dahlgaard, H.;  Nielsen, S.P.;  Aarkrog, A., 242Pu as tracer for si-
multaneous determination of 237Np and 239,240Pu in environmental samples. In: 
Proceedings. 8. Nordic seminar on radioecology, Rovaniemi (FI), 25-28 Feb 
2001. Ilus, E. (ed.), NKS-70 (2002) p. 136 
 
Dahlgaard, H., Outflow of 137Cs from the Baltic through the Danish Straits. In: 
Program og abstracts. 12. Danske Havforskermøde, Århus (DK), 9-11 Jan 2002. 
(Aarhus Universitet, Århus, 2002) p. 202-203 
 
Dahlgaard, H.;  Chen, Q.J.;  Stürup, S.;  Keith-Roach, M.;  Nielsen, S.P., On 
neptunium-237 in Nordic waters. In: Proceedings. 8. Nordic seminar on radio-
ecology, Rovaniemi (FI), 25-28 Feb 2001. Ilus, E. (ed.), NKS-70 (2002) p. 60 
 
Hou, X.L., Chemical speciation analysis of iodine-129 in environmental sam-
ples. In: Programme and abstracts. Pre-conference workshop: Advanced tech-
niques and radionuclide speciation within radioecology, Monaco (MC), 30-31 
Aug 2002. (Conference Committee, Monaco, 2002) p. 25 

 
Hou, X.L.;  Dahlgaard, H.;  Nielsen, S.P., French and British emissions of ra-
dioactive iodine-129 in the Baltic Sea. In: Proceedings. 8. Nordic seminar on 
radioecology, Rovaniemi (FI), 25-28 Feb 2001. Ilus, E. (ed.), NKS-70 (2002) p. 
195 
 



34  Risø-R-1417(EN) 

Hou, X.L.;  Dahlgaard, H.;  Nielsen, S.P.;  Kucera, J., Neutron activation 
analysis of iodine-129 in thyroid and urine. In: Book of abstracts. 7. Interna-
tional conference on nuclear analytical methods in the life sciences (NAMLS-
7), Antalya (TR), 16-21 Jun 2002. (NAMLS International Committee, Antalya, 
2002) p. 90 
 
Hou, X.L.;  Fogh, C.L.;  Kucera, J.;  Andersson, K.G.;  Dahlgaard, H.;  Niel-
sen, S.P., Chemical fractionation of iodine-129 and cesium-137 in Chernobyl 
contaminated soil and Irish Sea sediment. In: Abstracts. 9. International sympo-
sium on environmental radiochemical analysis, Maidstone (GB), 18-20 Sep 
2002. (Royal Society of Chemistry. Analytical Division, Maidstone, 2002) p. 84 
 
Johannessen, O.M.;  Pettersson, L.H.;  Nielsen, S.P.;  Bobylev, L.P.;  Volkov, 
V.A.;  Maderich, V.;  Zheleznyak, M.;  Stepanov, A.;  Bobylev, K., Study of in-
fluence of land-based sources of radionuclides on radioactive contamination of 
Kara sea through Ob and Yenisey river systems. In: Proceedings. International 
conference on radioactivity in the environment, Monaco (MC), 1-5 Sep 2002. 
Børretzen, P.;  Jølle, T.;  Strand, P. (eds.), (Norwegian Radiation Protection Au-
thority, Østerås, 2002) p. 428-429 
 
Lauritzen, B., BOK-1: Nuclear emergency preparedness. NKS idag och i mor-
gon, Roskilde (DK), 19-21 Mar 2002. Unpublished. Paper available 
 
Lauritzen, B., Report on the ECCOMAGS project. NKS/ECCOMAGS collabo-
ration. NKS seminar on mapping mixed radionuclide fallout, Danish Emer-
gency Management Agency, Birkerød (DK), 17-18 Oct 2002. Unpublished. 
PowerPoint presentation available 
 
Lujaniene, G.;  Chen, Q.J.;  Nielsen, S.P.;  Kubariaviciene, V., Determination 
of Am and Pu in soil, sediment and aerosol samples. In: Booklet of abstracts. 
14. Radiochemical conference, Marianske Lazne (CZ), 14-19 Apr 2002. (Czech 
Technical University, Prague, 2002) p. 42 
 
Nielsen, S.P., HELCOM MORS-PRO background and tasks. Seminar on moni-
toring strategies and programmes, Baltic-Danish Co-operation on Radiation 
Protection, Risø (DK), 30 Sep - 2 Oct 2002. Unpublished. Presentation avail-
able 
 
Nielsen, S.P., Monitoring environmental radioactivity in Denmark. Seminar on 
monitoring strategies and programmes, Baltic-Danish Co-operation on Radia-
tion Protection, Risø (DK), 30 Sep - 2 Oct 2002. Unpublished. Presentation 
available 
 
Nonbøl, E., Beregning af induceret radioaktivitet i DR 2 reaktoren. Videnbe-
redskabsseminar, Risø (DK), 18 Apr 2002. Unpublished. Abstract available 
 
Nonbøl, E., Methods used for activity calculations in research reactor DR 2. In: 
Baltic-Danish co-operation on radiation protection. Seminar on Radioactive 
waste, modelling and dose assessment, Risø (DK), 2-6 Dec 2002. (2002) p. 115-
118 
Ølgaard, P.L., Kernekraft. Foredrag i Frederiksborg Rotary Klub, 13 Feb 2002. 
Unpublished. Abstract available 
 
Ølgaard, P.L., Perspectives on risks associated with nuclear vessels. NATO 
advanced research workshop: Unresolved issues remaining in the decommis-



Risø-R-1417(EN)    35 

sioning of nuclear powered vessels and in the environmental remediation of 
their supporting infrastructure, Moscow (RU), 22-24 Apr 2002. Unpublished. 
Paper available 

8.5 Internal reports 
Højerup, C.F.;  Nonbøl, E.,  Calculation of energy deposition in the moderator 
tank of the Forsmark 1 BWR. Risø-I-1816(EN) (2002) 30 p. 
 
Nielsen, F., Beredskabsstyrelsens permanente målesystem. Driftsrapport for 
2001. Risø-I-1820(DA) (2002) 40 p. 
 
Nielsen, S.P.;  Clausen, J.;  Miller, A.,  Radioactivity in the Risø District July-
December 2001.  (Radioaktiviteten i Risø-området juli-december 2001). Risø-I-
1877(EN) (2002) 22 p. 
 
Nielsen, S.P.;  Clausen, J.;  Miller, A.,  Radioactivity in the Risø District Janua-
ry-June 2002 (Radioaktiviteten i Risø-området juli-december 2001). Risø-I-
1919(EN) (2002) 22 p. 

9 Personnel 
Head of department 
Benny Majborn 

9.1 Scientists and engineers 
Radiation physics 
Anders Damkjær (head of programme) 
Claus Erik Andersen 
Kasper Andersson 
Lars Bøtter-Jensen 
Jakob Helt-Hansen  
Mayank Jain (post doc) 
Bent Lauritzen 
Flemming Nielsen 
Erik Nonbøl 
Jørn Roed 
Povl L. Ølgaard (consultant) 
 
Radioecology and tracer studies 
Sven P. Nielsen (head of programme) 
Qing Jiang Chen 
Henning Dahlgaard 
Mats Eriksson (post doc, from 1 August) 
Elis Holm 
Xiaolin Hou  
Mikael Jensen (from 1 October) 
Jesper C. Jørgensen 
Miranda Keith-Roach (post doc, until 31 March) 



36  Risø-R-1417(EN) 

Per Roos 
Lars Frøsig Østergaard (post doc, from 16 April) 
 
Dosimetry 
Arne Miller (head of task) 

9.2 Technical staff 
Radiation physics 
Henrik E. Christiansen 
Jørgen Jakobsen 
Finn Jørgensen 
Jacob Reinholdt Madsen  
Gert H. Olsen 
Henrik Prip 
Finn Willumsen 
 
Radioecology and tracer studies 
Pearl Baade-Pedersen 
Tove Christensen (until 30 April) 
Jytte Clausen 
Susanne Kjærulff  
Lis Vinther Kristensen 
Kirsten Madsen 
Susanne Thyssing Nielsen (from 1 May) 
Svend K. Olsen 
Henrik Hougaard Pedersen  
Annette Aagaard Schou 
Mads Wille 
Yixuan Yu 
Abdirahman Yusuf (from 18 April) 

 
Dosimetry 
Hanne Corfitzen 
Lissi Sture Hansen (until 30 June) 
Nina Jensen 

9.3 Office staff 
Merete Larsen 
Majbritt E. Nielsen 
Lis Rasmussen 

9.4 Ph.D.students 
Marianne Aznar  
Martin Drews  
Christoffer Ellmark (from 1 December) 
Mats Eriksson (until 28 February)  
Kristina Thomsen  



Risø-R-1417(EN)    37 

9.5 Guest scientists 
Mirko Ballarini, Delft University, The Netherlands 
Jonas Gintautas Berlinska, Joint Research Centre of the Ministry 
of Environment, Lithuania 
Richard Bojanowski, Institute of Oceanology, Poland 
Sergej Bormotov, Ignalina Nuclear Power Plant, Lithuania 
Geoff Duller, University of Wales, United Kingdom 
Högne Jungner, Helsinki University, Finland 
Iwona Kaminska, Central Laboratory For Radiological Protection,  
Warsaw, Poland 
Celine Louis, Ecole des Mines de Nantes, Engineering school, France 
Steve McKeever, Oklahoma State University, USA 
Olga Pletneva, Ignalina Nuclear Power Plant, Lithuania 
Jerimy Polf, Oklahoma State University, USA 
Lyubomir Popov, Kozloduy NPP plc, Bulgaria 
Laima Trinkler, University of Latvia, Riga, Latvia 
Beata Vilimaite-Silobritiene, Institute of Physics, Vilnius, Lithuania 
Ann Wintle, University of Wales, United Kingdom 
 
 
 
 
 
 
 

 
 
 

 



Bibliographic Data Sheet Risø-R-1417(EN) 
Title and authors 
 
Radiation Research Department  
Annual Report 2002 
 
Edited by B. Majborn, A. Damkjær and S.P. Nielsen   
 
ISBN ISSN 
 
87-550-3233-8; 87-550-3234-6 (internet) 0106-2840
 1603-2586 
Department or group Date 
 
Radiation Research Department June 2003 
  
Groups own reg. number(s) Project/contract No(s) 
 
 
Pages Tables Illustrations References 
 
38 2 14    
 
Abstract (Max. 2000 characters) 
The report presents a summary of the work of the Radiation Research Depart-
ment in 2002. The department’s research and development activities are organ-
ized in two research programmes: ”Radiation Physics” and ”Radioecology and 
Tracer Studies”. In addition the department is responsible for the task  ”Do-
simetry”. Lists of publications, committee memberships and staff members are 
included. 
 
Descriptors INIS/EDB 
 
PROGRESS REPORT; RADIATION PROTECTION;  RADIOECOLOGY; 
REACTOR SAFETY; RESEARCH PROGRAMS; RISOE NATIONAL 
LABORATORY 
 


	Introduction
	Radiation physics
	Luminescence dosimetry
	Emergency preparedness
	ECCOMAGS project

	Contamination physics
	Reactor safety

	Radioecology and tracer studies
	Uranium uptake by plants with and without mycorrhiza
	Levels and trends of radioactive contaminants in the Greenland and the Faroese environment
	Determination of C-14 and H-3 in graphite and concrete from Risø’s research reactors
	Stable elements analyses in relation to the decommissioning of the reactors at Risø
	Baltic-Danish co-operation on radiology and radiation protection 2001-2003

	Dosimetry
	Isotope and irradiation services
	Education
	Committee memberships
	National
	International

	Publications
	Publications in international journals, books and reports
	Risø-R Reports
	Publications in proceedings
	Unpublished lectures
	Internal reports

	Personnel
	Scientists and engineers
	Radiation physics
	Radioecology and tracer studies
	Dosimetry

	Technical staff
	Radiation physics
	Radioecology and tracer studies

	Office staff
	Ph.D.students
	Guest scientists


