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1. INTRODUCTION 

The Health Physics Department has the responsibility for soae 

general functions at Risø: dosimetry, instrumentation, environ

mental monitoring, and health physics preparedness. The sec

tion for applied health physics, however, is part of the Safety 

Department. 

The department is also responsible for more extensive education 

in health physics. Apart from courses for the staff at Risø, 

this includes shorter courses and lectures for nurses, fire 

brigade inspectors, naval officers and many others. Further

more, many of the staff members give lectures or otherwise 

assist in educational programmes at universities and give 

informative talks to societies and clubs. 

For society at large, the department assists in answering 

inquiries and making statements or reports for the government 

and the central administration. 

In 1987 a special effort was done in assisting the Danish 

National Board of Health to recollect and describe the radia

tion protection work c&rried out during the clean-up at Thule 

Air Base (TAB) in 1968 after the crash of an US air craft 

carrying nuclear weapons. This reconstruction was needed be

cause of the claims of former Danish workers at TAB that 

they were suffering from radiation diseases caused by their 

participation in the decontamination work. 

Finally, it should be mentioned that the department is repre

sented in a number of international committees, the most im

portant of which are listed in Appendix 2. 
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2. DOSIMETRY AND INSTRUMENTATION 

2.1. Personal dosimetry 

Risø's personal dosimetry service covers the individual Monitor

ing of the personnel at Risø and the Niels Bohr Institute Tandea 

Accelerator. All workers and visitors staying at Risø for a 

period of »ore than two days are supplied with the Risø standard 

beta/gaaaa personal TLD badge. Additional doseaeters, e.g. fast 

neutron filøs, quartz fibre pen doseaeters, extremity doseaeters 

and criticality doseaeters are supplied according to special re-

quireaents. Urine saaples are routinely collected in accordance 

with an established prograaae. 

In 1987 approxiaately 2150 persons were monitors , of these 193 

persons received doses above the registration level for exter

nal doses of 0.2 nSv (20 area). The total dose (collective dose 

equivalent) registered to the aonitored personnel was 0.35 man 

sievert (35 man rem). 21 persons received internal doses caused 

by intake of tritiated water. The contribution to the total dose 

from internal doses was 0.006 man sievert (0.6 man rem). Figure 

2.1 shows the distribution of the levels of the registered doses 

for 1987. 
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Pig, 2.1. Distribution of yearly whole body doses (effective dose 

equivalent) from 1987 for the Risø personnel. 
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2.2. Beta dosiaetry 

The investigations of TL doseaeters for application to personal 

beta dosimetry has continued. The influence of detector charac

teristics as well as badge design on the response of the 

dosemeter was studied. The results froa the study eaphasize the 

iaportance of using thin detectors for skin dose assessaent. 

Furthermorer a badge design with a ainiaal shadow effect froa 

the beta window should be aiaed at. 

In co-operation with NRPB, UK and PTB, FRG, aeasureaents were 

aade of conversion coefficients for estimating the new ICRU 

quantity Hs(0.07) froa standard beta-ray sources for different 

angles of radiation incidence. It has been planned to continue 

the aeasureaents using non-standard sources. For this purpose 

four carefully prepared and equal 4 ca x 4 ca 147Pa sources 

aounted on equal holders have been prepared and distributed to 

four laboratories (NRPBr PTB, Fontenay-aux-Roses, and Risø) for 

Making coaparative aeasureaents of dose rates at different 

distances and angles from the sources. A detailed prograaae for 

the measurements using extrapolation chaabers has been prepared 

and the experiaental work will take place during 1988. 

The group has assisted CEC in performing a beta dosemeter inter-

comparison programme including the arrangement of a seminar 

held in Bologna and the preparation of proceedings from the 

seminar. 

2.3. Nuclear track detectors 

In connection with a programme of joint European/US/Canadian 

neutron irradiations, the response of CR-39 track detectors has 

been investigated as a function of neutron energy and angle of 

incidence. The detectors were irradiated with monoenergetic 

neutrons at seven different energies between 144 keV and 14.7 

MeV, with thermal neutrons and with neutrons from 252Cf. The 
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results demonstrate that it is possible to obtain a threshold 

energy below 144 keV with systeas based on siaple cheaical 

etching. However, the sensitivity below 250 keV was obtained at 
the expense of an increased background and variability in 

background. For detectors calibrated with 252Cf neutrons the 

response to aonoenergetic neutrons of normal incidence deviated 

by less than ±50% in the energy range 0.15-9HeV. 

2.4. Natural radiation in Danish dwellings 

A representative distribution of the annual average radon 

concentration in Danish dwellings has been established from the 

results of the nationwide investigation carried out in 1985-86 

in co-operation with the National Institute of Radiation Hygiene. 

The distribution can be described by the weighted sun of two 

log-noraal distributions (57% detached houses with a aedian of 

52 Bq/a3 and a standard deviation of 2.0, and 43% apartaents 

(aulti-faaily houses) with a aedian of 18 Bq/a3 and a standard 

diviation of 1.4). Based on the arithaetic aeans for detached 

houses and apartaents, weighted aeans were calculated. The 

aean radon concentration in Danish dwellings was found to be 

47 Bq/a3 and the population-averaged aean value was 53 Bq/a3. 

In no case did the annual average radon concentation exceed 

600 Bq a/3. 

Significant differences between the distributions of radon con

centrations in detached houses were found based on a geological 

classification of the subsoil. For areas characterised by aainly 

aoraine clay the geoaetrical aean is 68 Bq/a3 compared to 39 

Bq/a3 for the rest of the country characterised by aainly sand 

and gravel. 

The results for the absorbed dose rate indoors froa external 

radiation showed much less variation than those of the radon 
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measurements. The arithmetic Bean value was found to be 85 

nGy/h. 

For the dose assessment, residence probabilities of 0.7, 0.2, 

and 0.1 were used for indoors at bone, indoors elsewhere, and 

outdoors, respectively. An equilibrium factor of 0.5 together 

with the NEA conversion factor of 0.076 aSv pr. Bq y/a3 BBR 

yields an average effective dose equivalent to the Ĉ r.ish 

population from radon exposure of 1.8 aSv/y. For the external 

radiation a dose conversion factor of 0.7 Sv/Gy for the ambient 

gamma radiation and 1 Sv/Gy for the cosmic radiation yields an 

average annual effective dose equivalent of 0.62 mSv/y. 

2.5. Factors influencing indoor radon concentrations 

Variations in indoor radon concentrations and some influencing 

factors have been studied during a two-year period (1986-1987) 

in 16 almost identical single-family houses. The annual average 

radon concentration in the houses varied from about 50 to about 

400 Bq/m3. Variations in soil characteristics and radon con

centration in soil gas could not be directly related to the 

variations of the average indoor radon concentrations. Host of 

the houses showed a "normal" seasonal variation of the radon 

concentration with a maximum in winter and minimum in summer. 

A deviating seasonal variation was found in three of the hous

es. Hourly data obtained in one unoccupied house during a 

period of 2 1/2 months showed no or only weak correlations 

between the indoor radon concentration and meteorological fac

tors. However, for most of the houses the seasonal variation 

of the indoor radon concentration was well correlated with the 

average indoor-outdoor temperature difference on a 2-month 

basis. It was demonstrated that the radon concentration can be 

strongly reduced in the houses if a district-heating duct, 

which is connected to all the houses, is ventilated, so that a 

slight under-pressure is maintained in the duct. 

The work was partly financed by the Commission of the European 

Communities. 
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2.<. Environmental dosimetry 

As part of the environmental monitoring programme carried out 

by Rise, gamma background exposure levels at different sites in 

Denmark are routinely measured by means of LiP TLO-700 dose-

meters. The integration times used are € months for zones sur

rounding the Rise> facilities and 12 months for selected sites 

elsewhere in the country. The mean exposure levels, expressed 

in units of absorbed dose in air per hour, for different parts 

of Denmark in 198? are given in the following table: 

Location Mean exposure rate (nCy/h)* 

Rism area 75 

Zealand and islands 84 

Jutland 75 

Bornholm (Baltic island) 98 

*) cosmic component is included 

2.7. Phantom for internal dosimetry 

An experimental programme for determining the radiation doses 

absorbed in target organs from radionuclides deposited in 

different source organs will be carried out with a constructed 

phantom. To determine the importance of tissue substitute 

compositions in the phantom, experiments with both T- and 4-

emitting nuclides have been made. 

New tissue substitutes for 9 tissues have been evaluated« both 

theoretically and experimentally. One of these substitutes is 

"total soft tissue" and is close to the composition of the 

total soft tisue given by the ICRP. Because of the low density 
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of a human lung (0.25-0.30 g/al in the aedian respiratory 

state) a liquid cannot be used as lung substitute. For these 

experiments, a preliminary substitute was prepared froa two 

different types of porous granules, both produced froa geolo

gical Minerals. The grain sizes ranged froa 0.3-3 am, and their 

aass densities were aeasured to be 0.10 and 0.40 g/al, respect

ively. The two materials were nixed in an approximately equal 

volume ratio giving a aass density of 0.2« g/al. 

Fure »-emitters 32P, 204T1, and 35S were successively dissolved 

in water, the soft tissue equivalent liquid, and the lung tissue 

granule. The lung granule was soaked with water containing the 

nuclide, and after drying the absorbed activity was distributed 

hoaogeneously in the granule. 

The following table shows the result of the measurements. 

Nuclide 

35 
S 

204T1 

»p 

D / D 
tissue' water 

measured calculated 

0.89 0.93 

0.91 0.93 

0.94 0.93 

D /D 
lung7 water 

measured calculated 

5.4 3.8 

4.8 3.8 

6.1 3.8 

The dose rate ratio Dtissue/Dwater noma Used to source volume 

varied between 0.89 and 0.94, and the dose rate ratio Dlui>9/ 

°water between 4.8 and 6.1. 
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It is concluded that water is a good substitute for different 

tissue equivalent liquids for measurement of internal p- and 

Y-doses, and that mass density is the decisive parameter for 

the absorbed ø-dose. The measurements on the lung granule show 

that factors other than the mass density may influence the 

absorbed ti-dose. Further measurements on other granule materials 

with a more realistic elemental composition are required to 

determine these factors. 

2.8. Instrument service 

The health physics instrument service covers routine calibra

tion and maintenance of approximately 650 health physics sur

vey instruments of which approximately 50 are positioned out

side Risø as part of emergency arrangements. In addition, the 

instrumentation group is responsible for the operational per

formance and calibration of area- and effluent monitoring 

systems installed at nuclear facilities at Risø. 

2.9. International intercomparison of environmental gamma moni

tors 

As a head contractor of the CEC study contract "Establish

ment of Practical Methods for Environmental Gamma Monitoring 

Instruments (Phase III)1', the department planned and arranged 

in August 1987 multi-laboratory calibration experiments with 

environmental dose-rate meters. The calibration experiments at 

Risø were coordinated with those carried out at PTB, Braun

schweig prior to the Risø experiments. 

A total of 18 scientists from 10 European laboratories parti

cipated with 18 different environmental gamma monitoring in

struments. 
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The calibration experiments at Risø concentrated mainly on 

performing multi-level exposure measurements by using weak 

artificial sources to produce radiation fields in addition to 

the natural background level. The idea was to simulate the 

release from a nuclear plant in normal operation, and to see 

how normally used environmental gamma monitors responded to 

small changes of the natural environmental radiation. A special 

set-up was designed with an automated source transport system 

intended for interchangeable weak *37Cs sources to be moved to 

different lead-shielded positions. The system was programmed to 

perform exposure/time sequences that were unknown to the parti

cipants. Two runs were made with two different *37Cs sources 

and different program steps. It was assumed that the filtered 

137cs radiation from the lead shield would not influence the 

energy responses of the different instruments. The results showed 

that the closest agreement was found for the high-pressure 

ionisation chambers. 

Free-field calibrations - similar to experiments carried out at 

Risø in 1985 - were included in the calibration programme to be 

able to test the reproducibility. Reasonable agreement with 

1985 results was found and again the high-pressure ionisation 

chambers showed the best reproducibility. 

Shadow-shield calibrations were performed with a restricted 

number of instruments. The results reflect the same tendency as 

seen for the free-field calibration. 

Finally, a measurement of the natural environmental gamma 

radiation level was made at the field site. To compare these 

results it was necessary to measure and subtract the cosmic ray 

component due to the different responses to cosmic radiation 

for the different detector types. The cosmic ray component was 

measured on Roskilde Fjord on board an old steamboat of low 

contamination. The terrestrial component at the field site was 

thus determined as the difference between the field and cosmic 

ray responses (see Fig. 2.2). The results will be further 

evaluated. 
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2.10» Multicounters for low-level beta counting 

A desire to use beta spectrometry in connection with low-level 

beta counting led to the development of a prototype anticoin

cidence beta counter based on Passivated Implanted Planar 

Silicon (PIPS) detectors. The research work was based on many 

years of experience with the development of gas flow anticoin

cidence GM counters for ultra low-level beta counting applic

ations. 

Two types of PIPS detectors with an active area of 450 mm2 were 

investigated. One was a partially depleted type with a depletion 

depth of 100 microns and another was a fully depleted type with 

a depletion depth of 500 microns. The two PIPS detectors were 

arranged in a mechanical set-up with one guard counter in the 

shape of a square placed on top of the sample counters. An 

optimal guard effect was obtained by using PIPS detectors 

mounted with a radial microdot connector to allow the detectors 

to be placed in a close geometry to the guard counter. Initial 

measurements were carried out with the gas flow guard counter 

operated in GM mode. 

The PIPS detectors were coupled to a Canberra preamplifier type 

2003BT and to a home-designed electronic module incorporating 

linear amplifier and anticoincidence gates. In total count mode 

a background in a 100-mm lead shielding of approx. 0.5 cpm was 

obtained. The efficiency of a 136C1 test source (activity de

posited on 25 mm diameter plastic disc) was measured to be 

approx. 44%. 

The spectrometry properties of the beta counter - when using an 

anticoincidence technique - is being investigated. 

Four anticoincidence GH multicounter systems for measuring 

radioecological beta samples were produced in 1987 and deli

vered to Institute Petten, Holland; ENEA, Bologna, Italy; 

Alfred Wegener Institute, Bremerhaven, W. Germany, and Nordic 
TL Dating Laboratory, Denmark. 
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2.11. TL instrumentation 

A cooperative effort was continued between Risø and Alnor 0Yr 

Finland, on the development of a new automated TL system for 

personal and environmental monitoring. 

A second Alnor reader was delivered to Risø to replace an old 

Risø-produced model used for routine measurements of doses. 

A fully automated TL reader system for TL dating equipped with 

vacuum chamber and beta irradiator was constructed and delivered 

on a contract basis to the Office of the Supervising Scientist, 

Jabiru, Australia. 
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3. RADIOECOLOGY 

3.1. Environmental radioactivity 

The studies of environmental radioactivity were continued in 

1987. Radiostrontium was determined in samples taken from dif

ferent parts of the country of precipitation, ground water, 

drinking water, seawater, dried milk, grain, bread, potatoes, 

vegetables, fruit, total diet, and human bone. Furthermore, 
90Sr was determined in local samples of air, rainwater, marine 

sediments, grass, sea piarts, fish, and meat. Radiocesium was 

determined in air, precipitation, seawater, sediments, milk, 

grain products, potatoes, vegetables, fruit, total diet, sea 

plants, fish, and meat. Estimates of the mean content of radio-

strontium and radiocesium in the human diet in Denmark were 

reported. Tritium was determined in precipitation, fresh water 

and seawater. Plutonium and americium were measured in various 

environmental samples. 

The Chernobyl accident in April 1986 resulted in a substan

tial supplementary monitoring programme for Denmark, the Faroe 

Islands, and Greenland. The radionuclides of utmost impor

tance in 1987 were 137Cs, and 134Cs. A number of countries 

requested that imported food products from Europe were accom

panied by a certificate stating the radioactivity content of 

the product. Hore than 2000 such certificates were issued in 

1987. 

The Y-background was measured regularly by TLD, ionization cham

ber and on site y-spectroscopy at locations around Risø, at 

ten of the State experimental farms along the coasts of the 

Great Belt and around Gylling Nas. 

The marine environment at BarsebSck and Ringhals were monitored 

for 137Cs and corrosion products (58Co, 60Co, 65Zn, 5 4Mn). 

Samples of various foods and drinking water from Greenland and 

the Faroes were analysed for 90Sr and 137Cs. Chernobyl debris 

was also detectable in these samples. 
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3.2. Nordic Chernobyl Data Base 

Chernobyl fall-out data are collected from all the Nordic 

countries in a common data bank. The bank, which is partly 

financed by the Nordic Council of Ministers, is intended to be 

connected to the CEC REM-bank in Ispra. 

The bank uses a new data handling system (CBASE) which is under 

development based on our STATDATA data handling system. The new 

system consists of a data base part, which will run on PC's, 

VAX and ONIX-systems, and a graphic part to be used on PC's. 

3.3. Wholebody counting of radiocaesium 

The content of 134Cs + 137Cs has been measured monthly in a 

selected group of Danes consisting of 8 women, 8 men, and 4 

children. The mean content of radiocesium is shown in the 

figure below (marks). The variation in the measured concen

trations agrees well with theoretical predictions (solid line 

on the figure) for Zeelaenders. 
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By measurements of the radioces i urn content following an ingestion 

of 40 kBq of 137Cs, the biological half-life of cesium in a 

male and a female has been obtained. In both persons approximately 

25% of the ingested radioces i urn is excreted within a few days 

and the rest with a half-life of about eighty days. 

3.4. Dynamic models of the human food chain 

The 131 j data collected in Denmark, Finland, and Sweden after the 

Chernobyl accident have been used to compare predictions from 

fallout models and actual observations. Data on air concentra

tions (particulate and gas), total deposition (soil samples), 

grass and milk were used. In order to eliminate daily varia

tions, time-integrated data were applied. 

It appeared that the model based upon the observed air concen

trations of 1 3 1I overestimated the deposition by a factor of 2, 

the grass levels by a factor of 10 and the milk concentrations 

by a factor of 100. The variation among the 3 countries were 

least for the deposition and grass levels (relative geometric 

SD a factor of 1.2) and highest for milk (relative geometric SD 

a factor of 2.4). The large discrepancies for milk was due 

primarily to the fact that very few cows in the Nordic coun

tries were grazing when the Chernobyl fallout occurred. The 

reason for the other overestimates by the model were 1) the 

Chernobyl cloud arrived at the very beginning of the growing 

season, when the growth dilution and field loss are high and 

when the initial retention on the crops is low, 2) the rate of 

deposition of the fallout was high, as it came in showers; this 

also reduced initial deposition and enhanced field loss, and 

3) the physicochemical properties of the Chernobyl debris may 

have been different from those of global fallout. 
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3.5. Reduction of the contamination levels of the rural envi

ronment 

The radioecology section is participating in a project on 

improving practical countermeasures against contamination in 

the agricultural environment. This project is a part of the 

CEC post-Chernobyl programme initiated in 1987. Risø will 

contribute with a literature study, followed by field and 

experimental studies of root-uptake by various crops. 

3.6. Dptake and loss of certain transuranium-, fission, and 

activation nuclides by Mytilus and Pucus 

During 1987 most samples from the earlier long-term loss 

experiment with Mytilus and Pucus in the Baltic were analysed. 

A preliminary data analysis indicates that differences exist in 

the behaviour of plutonium added to the experiment in different 

oxidation states (+IV va. +VI). The reduced form is accumulated 

faster than the oxidised form in both mussels and seaweed. This 

can be explained by the higher affinity for reduced plutonium 

of particles (filtered by the mussels) and surfaces such as 

that of seaweeds. However, plutonium taken up from the reduced 

state is initially also lost much faster from mussels than 

oxidised plutonium, whereas the loss rates after two weeks are 

identical. Probably this shows that the loss of the two dif

ferent isotopes after two weeks is from the same state. Por 

fucus vesiculosis the more rapid loss of the plutonium isotope 

added in the reduced state appears to continue for at least 

some months. This could indicate that the reduced plutonium 

stays closer to the surface of the plants, which is gradually 

lost, whereas the plutonium isotope initially present in the 

oxidised state might penetrate deeper into the tissues. 
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A new one-year loss experiaent with Mytilus was started in the 

Mediteranean in collaboration with the IAEA laboratory in Monaco 

during November/December 1987. Several aussels were contaminated 

with «°Co, «Zn, l°«Ru, " 0"Ag, ^ C s , 154Bu, 239p,Jf 241*,, a n d 
244c 

before they were put out into the Mediterranean in saall 

net bags. Samples will be recovered monthly during 1988. This 

experiaent is to be coapared with earlier experiaents performed 

with the same methodology in the Baltic under very different 

environmental conditions. 

3.7 Determination of less well-known long-lived radionuclides 

After the Chernobyl accident it was noticed that the 99Tc 

counting samples contained impurities of ^n^Rur 10*Ru, and 

ll°*Ag. The analytical aethod used apparently did not decon-

taainate efficiently for these radionuclides. The main effort 

in 1987 within this project has therefore been to develop a 

new aethod for 99Tc analysis. This task has been very pertinent 

because it was necessary to ensure that the Chernobyl accident 

did not perturb the aarine radiotracer studies, where 99Tc 

probably is the only usuable tracer after the Chernobyl accident. 

A aethod for analyzing 99Tc in environmental samples has been 

developed applying solvent extraction in which the valences of 

Tc and Ru are controlled with H2O2 and NaOCl. Tc and Ru, which 

are oxidized to TCO4 and RUO4 by NaCIO, are separated by 

extraction with CCI4 at pH>4. The RUO4 is reduced to low valence 

and technetium is kept in the TCO4 state with H2O2. Tc, Ru, and 

other nuclides are subsequently separated by solvent extraction 

with cyclohexanone and 5% TIOA/xylene. The decontamination of 

the procedure is 1.35xl05 for 103Ru and 1.66-105 for 110«Ag. 

The chemical yield of 99Tc is 55t. 

A procedure for purifying 99Tc froa electrodeposition plates 

was also developed. This procedure was successfully applied to a 

number of analyses carried out according to the old 99Tc analysis. 
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3.8. Studies of t ransur an ic elements, radiocesium, tritium 

and *°Co in seawater sediments, seaplants and missels 

in the Worth Atlantic region 

Ris« participated in the F/S Pol ars tern cruise in June 1987 to 

the Greenland Sea. Approximately 100 seawater samples were col* 

lected for radiocesium (54), 90Sr (37), 99Tc (26), Pu (18), 

and Am (18) analysis. The 99Tc were precipitated fro« large 

vol uses (0.2-1 m3) of water with ""re added on board as yield 

determinant. The sampling shall be seen in context with the 

so-called Greenland Sea Project (GSP), which is a cooperation 

between scientific institutes from 8 countries aiming at a 

better understanding of the processes going on in this part of 

the HB-Atlantic. The sampling in June was supplemented by 

another one in September taking place in the southern part of 

the Greenland Sea. Approximately 20 samples were collected here 

from the Islandic ship Bjarni Samundsson. Finally, the Green

land Fisheries and Environmental Research Institute collected 

14 seawater samples along the west coast of Greenland in Aug.-

Sept. 1987. 

The results of the 99Tc analysis from the F/S Gauss cruise to 

the Baltic Sea in Oct.-Bov. 1986 show that the Chernobyl accident 

did not contribute significantly to the 99Tc levels in the 

marine environment. Hence one may still use 99Tc as an oceanic 

tracer in the NE-Atlantic. 

3.9. Environmental studies of plutonium and americium at Thule, 

Greenland 

The results of the plutonium and americium analysis from the 

1984 expedition have been published. 

The analysis of the sediment samples for 210Po and 210Pb from 

the 1984 sampling has been continued by our Canadian colleagues 

at Bedford. As yet, no results are available. 
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3.10. Long-tern tagging of elvers, Anguilla anguilla, with 

radioactive europ" -m 

•hat happens to larval or small post-larval fish that are set 

out in the environment to secure a natural population? Oo they 

ever reach Maturity in amounts sufficiently large to influence 

fishery in practice? In order to answer these questions one 

needs a fish aark that can be introduced through food or water 

and which will follow the animal throughout a aajor part of its 

further growth. 

1300 155Bu-labelled elvers (50 Bq/eel), each weighing on the 

average 0.21 g, were set out near Oskarshamn on the east coast 

of Sweden in June 1902. One of these was caught nearby in 

April 1987 when it was 39 en long and weighed 92 g. 

About 10,000 152Eu-labelled elvers were set out under siailar 

conditions in June 1984. Six of then were caught in Hay, July, 

August, and September 1987. They were on the average 36 en long 

and weighed 71 g. 

A total of 312 eels were caught and tested in 1987. 

3.11. Membrane lipids in the eel, Anguilla anguilla, affected 

by environmental factors 

This project aims to study the mechanism of salt transport in 

•arine animals and how this mechanism is affected by various 

environmental factors. 

Recent results can be summarised as follows: 

Incorporation in vivo into various eel (Anguilla anguilla) 

tissue lipids of 14C-acetate and 32P-phosphate added to the 

water in the incubation tank results in the specific labelling 

of surface anion-transporting cells. It leads to the conclu

sions: 
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1) During adaption to sea water a common 14C-phospholipid pat

tern seen in the gills, esophagus and intestine seems to repre

sent a general proliferation and differentiation of mitochondria-

rich chloride cells. Mainly unsaturated fatty acids seem to be 

incorporated into the lipids of newly formed mitochondria. 

2) Eels adapted to fresh water show the same 14C-phospholipid 

pattern in the intestine as during adaption to sea water, 

indicating a common anion uptake mechanism in this tissue, 

independent of salinity. However, the corresponding patterns 

in gill tissue and to a less degree in the esophagus show a 

relatively enhanced incorporation of 14C-acetate into mono 

unsaturated phosphatidyl ethanolamine, indicating a different 

type of facilitated anion transport than that seen in the 

corresponding chloride cells in sea water. 

3) 32p-phosphate seems to label the same small fraction of the 

cell lipid moiety as 14C-acetate, i.e. the mitochondria. 
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4. ELEMENTS OF RISK BY NUCLEAR ACTIVITIES 

For many years, the Health Physics Department has been engaged 

in calculations of the consequences of large nuclear accidents. 

In recent years, the main effort has dealt with radioactive 

contamination with emphasis on urban environments. The work is 

partly financed by CEC (the MARIA research programme) and by 

the Nordic Council of Ministers (the NKS/AKT programme). 

A workshop on "Consequences of Accidental Contamination of the 

Urban Environment", June 9-12, 1987, Roskilde, Denmark, was 

organised jointly by the Radiation Protection Programme of the 

CBC and the department. 

4.1. Puff model 

A new model PUFFCON is being developed for calculating the 

consequences of accidental releases taking into account the 

variation of the meteorological conditions with time. This 

model is based on a puff dispersion model. It is a three-

dimensional computer model which simulates the release of 

pollutant puffs and predicts their concentration as they dif

fuse while being advected downwind by a time- and space-dependent 

windfield. The work had been supported by the Nordic Council of 

Ministers. 

A users guide for version 20 of PUFFCON/RIMPUFF has been written 

and is now available. 

RIMPUFF has been used for simulating 6 of the 1984 Øresund 

tracer experiments which took place over an inhomogeneous 

region (land/water/land) at distances typical for the mesoscale. 

The results of the simulation with the puff diffusion model 

show that the location of the actual plume is very well simul

ated, and that the width of the plume and the concentrations 

are well predicted. 
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An operational hazard assessment technique has been developed 

to investigate impacts of high concentrations from pollutants 

emitted in complex terrain. In such environments, atmospheric 

dispersion is influenced not only by turbulent mixing and 

diffusion of the cloud itself, but also by topographically 

induced wind shear, channelling, local slope flows and hill-

curvature speed-up effects, etc. 

We have developed a puff-splitting technique (PENTAPUFF), 

which in connection with a fast, diagnostic mean-flow model 

(LINCON) simulates both bifurcated and shear-induced spread 

over complex terrain. This combined model (RIMPUFF/LINCOM) 

was applied in a climatological study of possible release 

hazards at the Vandenberg Air Force Base, California. Here 

ten major flow types, spanning a range from stagnation to sea 

breeze, drainage to synoptically dominated conditions, were 

classified and characterized via tower and radiosonde data 

and then simulated with the combined flow/puff model. 

Work with the on-line version of PUFFCON is continuing. The 

model can be used for real time monitoring of the dispersion 

of material released in an accident. 

The computer programs for calculating concentrations of air

borne material and for graphical presentation of calculation 

results have been further developed. 

4.2. Dry deposition 

More results concerning deposition on urban surfaces have 

been found from samples collected in a dry period after the 

Chernobyl accident; weather conditions were stable with a 

mean wind speed of 3 m/s and Pasquill stability catagory of B-

C. Some of the data are given in following table. 
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Deposition velocity on roads (10~4 ms - 1): 

isotope 134Cs 131I 141Ce 140La
 loeRu 95Zr 95Ne 

Drban Areas; 

asphalt and 

concrete flagtone 0.7 3.4 7.4 4.8 2.9 6.6 6.5 

Suburban: 

asphalt and 

concrete flagstone 0.7 5.7 8.5 3.2 4.7 16 9.1 

Rural; 

asphalt 1.1 7.7 11 3.2 2.9 8.2 8.8 

Mean total 0.8 4.6 8.2 4.3 3.5 9.9 7.4 

4.3. Ventilation, filtering, and internal deposition 

The internal rate coefficient of deposition represents the 

fraction of the aerosols in the air inside a dwelling deposit

ing per unit time. In order to determine this coefficient, 

outside air was ducted directly into a test house using a 

centrifugal blower so that an overpressure was maintained. 

The air exchange rate and inlet/indoor integrated air con

centration were measured. Some of the results are shown 

in the table below. 
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Isotope 

l " C s 

13*Cs 
1 3 1 J ( p a r t i c u l a t e ) 

?Be 
103 R u 

106R u 

1 4 1 C e 

144 C e 

9 5 Z r 

Mean d e p o s i t i o n 
v e l o c i t y (10~ 4 

0.6 

0.6 

1.1 

0.7 

2.0 

1.7 

3.1 

3.9 

5.8 

ms"1) 
Rate 

depc 
c o e f f i c i e n t of 
»s i t ion ( h _ 1 ) 

0 .39 

0 .38 

0 .65 

0 .44 

1.26 

1.02 

1.89 
2 .44 

3 .56 

4.4. Run-off and weathering. 

Run-off and wash-off has been measured during 1986 on six 

different roof materials, not all of the same slope. These 

were cement and red tile with a slope of 45° and corrugated 

eternite with and without a silicon surface treatment and with 

slopes of 30° and 45°. The retained 137Cs on the different 

roofs are shown in Figure 4.1. 

Figure 4.1. 
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It is seen that the retention factor for cesium is very high, 

and that the wash-off process is very slow for cesium and 

ruthenium. Only a small percentage of the material retained 

during the first rainfall after the Chernobyl accident was 

washed off by the end of the year. 

4.5. Shielding factors for plume radiation 

A mathematical model for describing a plume/building geometry 

has been developed. Building types are depicted as a compo-

site of cubic boxes. The thickness of outer walls, inner 

walls, partition walls and floors/ceilings can be varied 

independently of each other. Window apertures are accounted 

for by the so-called "window-smearing" method by which an 

effective outer wall thickness is calculated. 

Calculations have been made for a traditional and modern 

Danish single-family house as well as for a traditional and 

modern concrete 5-story house block. The shielding factors 

have been calculated as the ratio of indoor dose rate 1 meter 

above the floor to the outdoor dose rate 1 meter above the 

ground. The indoor concentration, which contributes to the 

indoor gamma dose, is assumed to be equal to the outdoor 

concentration, and the plume size is assumed to be semi-

infinite. 

Single-family house 

The horizontal cross section of the house, the structure data 

and some of the results are shown below. The three numbers in 

the figure are the detector positions. 
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Multistory building 

The horizontal cross section of the building, the structure 

data and some of the results are shown below. 
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Shieldings factors for multistory buildings (0.68 MeV): 

Story no. Traditional Concrete 

pos. 1 pos. 2 pos. 3. pos. 1 pos. 2 pos. 3 

1 0.0023 0.0033 0.0056 0.0011 0.065 0.0057 

3 0.0029 0.0025 0.0063 0.0009 0.0032 0.0042 

5 0.011 0.0083 0.015 0.0085 0.010 0.013 

4.6. Decontamination of streets and houses 

The post-Chernobyl actions of the CEC radiation protection 

programme include a project to improve practical counter-

measures against nuclear contamination in the urban environ

ment. Under this project the department has been entrusted 

to study full-scale decontamination of streets and houses. 

The work, which is fully financed by CEC, will be carried out 

during 1988 and 1989. It is the intention that some of the 

work will be done in the rather heavily contaminated town of 

Gavle in Sweden. 

A Ge-gamma detection system is constructed and tested that can 

operate in all directions and thereby enable surfaces with 

different slopes to be investigated. To shield against unwanted 

sources, e.g. in the case where the weak sources at the 

vertical surfaces are investigated, a more efficient shield 

has been constructed. Also the shield is easy to mount and 

demount as the detector system has to be moved around. The 

in situ counting system has been tested in the laboratory as 

well as on the location in GSvle. 

4.7. Work for the Swedish State Power Board 

As a part of the Swedish State Power Board's safety documen

tation to the authorities, further calculations have been 

made of consequences after postulated severe accidents. 
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Por Ringhals reactors 3/4 the consequences were calculated 

after a core melt-down, caused by total power failure. It was 

assuaed that an installed scrubber would decontaminate the 

release with a factor of 500. Deposition of »ethyl iodide was 

taken into account. 

An investigation of the radiation levels to be expected 

within the site of Ringhals in case of a hypothetical severe 

accident has been initiated. The PLUCON4 code as well as the 

RIMPUPP model were »plied in the investigation. 

4.8. Design Safety Guidelines for the Next European Torus, NET. 

Risø is represented in a working group under the European 

fusion technology prograawe. The task is to write a set of 

design safety guidelines for the next European torus (and the 

next generation of fusion devices). 

The nost important part concerns the radiological guidelines, 

and it has been agreed to use a simple mathematical relation 

between accident frequency and consequence for an individual. 
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5. NUCLEAR EMERGENCY PREPAREDNESS 

5.1. Chernobyl 

Phase III of the National post-Chernobyl Monitoring programme 

covering 1 January - 31 October 1987 was completed during the 

final nonens of the year. The authorities did not find it 

necessary to establish a fourth phase. 

Further, the department has undertaken to monitor samples of 

exported foodstuff and issue certificates. 

The scientific outcome is reported in Chapter 3. 

5.2. nationwide Nuclear Emergency Plan 

Within 150 km of Danish territoryv 7 nuclear power plants are 

in operation including twice as many reactors. After the Cher

nobyl accident, it is decided that the existing emergency 

preparedness plan for accidents at the Swedish Barsebick plant, 

covering the northeastern part of Zealand, shall be extended to 

cover the whole of Denmark taking all the above mentioned 

plants into consideration. The Danish Civil Defence and Emer

gency Planning Agency are responsible for the plan and the 

department render them consultative assistance. 

Ten permanent automatic on-line monitoring stations are planned 

to register continuously the ambient background gamma radiation 

level. Measurements will be stored in a microprocessor unit, 

which also controls the functioning of the stations. Via a 

telecommunications network, data from the stations will be 

transmitted to an on-line central computer system at Rise and 

an identical unit in the National Emergency Control Center in 

Copenhagen. 

In case of an emergency, the ARGOS (Accident Reporting and 

Guiding Operational System) computer system will be connected 
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to the central computer. ARGOS facilitates transmission, regis

tration, evaluation, and presentation of sonitoring data froa a 

large number of locations. The data are presented on colour 

screens, prints or plots on suitable naps with the possibility 

of showing isocurves, population data and estimated doses. 

5.3. Work for the Swedish State Power Board 

a library of calculated dose consequences has been established 

for the Swedish State Power Board, Ringhals Buclear Power Plant. 

The idea of this library is to stake it possible in case of an 

emergency to predict doses by interpolation. 

The library includes two reactor types (Ringhals 1 and 3/4), 

two accident sequences and three Meteorological stabilities 

each with three typical wind speeds. 

For all 36 cases, doses were calculated to bone narrow, thyroid 

and whole body assuming that individuals remain indoors for 24 

hours. For the same 36 cases, deposited activity and outdoor 

dose rates after 24 hours were also calculated. 

The calculations were made with the PL0C0W4 code. 
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Appendix 2. 

PARTICIPATION IN INTERNATIONAL WORKING GROUPS, etc. 

IAEA, The International Atomic Energy Agency 

Advisory Group on Post-Accident Assessment and Recovery Opera

tions in a Radiation Environment (Hedemann Jensen). 

Group of Coordinated Research on Validation of Models for the 

Transfer of Radionuclides in Terrestrial, Urban, and Aquatic 

Environment (Chairman for urban environment, Roed). 

Advisory Group on Methodology and Technology and Technology 

for Clean-up of Very Large Areas After a Nuclear Accident (Roed). 

OECD, Nuclear Energy Agency 

Committee on Radiation Protection and Public Health (Gjørup) 

Committee Core Task Group, CRPPH/ICRP Interaction (Gjørup) 

CSNI: Principal Working Group IV (Gjørup) 

do. Subgroup of Experts on Accident Consequences (Thykier-

Nielsen, Roed) 

CSNI: Working Group on Fuel Cycle Safety (Roed) 

Executive Group for Research on Sea Disposal of Radioactive 

Waste (Aarkrog) 

do. Radiological Surveillance Task Goup (Dahlgaard) 

do. Modelling Task Group (S.P. Nielsen) 
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CoMBission of the European Communities 

Article 31 Committee, Basic Safety Norms (Gjørup) 

Article 31 Working Group concerning Sellafield (Gjørup) 

Article 37 Group of Experts (Walmod-Larsen) 

CGC on Radiation Protection (Gjørup) 

Working Party on the radiological impact on the polulations of 

member states of radioactive waste disposed of in the Northeast 

Atlantic (project MARINA) (chairman: Aarkrog) 

do. Modelling Group (S.P. Nielsen) 

Expert Group on Safety and Environment for the European Fusion 

Programme (Warming). 

Expert Group on Environmental Gamma Monitors (Bøtter-Jensen). 

Expert Group on Transfrontier Emergency Planning (Walmod-Larsen) 

Group of Technical Exports on Radiation Protection Dosimetry 

(Christensen and Majborn) 

EURADOS-CENDOS, Beta- and Low-Energy Photon Dosimetry (Christensen) 

EURADOS-CENDOS, Personal TLD Dosimetry (Christensen) 

European Atomic Energy Society: 

Public Relations Correspondents Group (Walmod-Larsen) 

International Committee for Radionuclear Metrology (S.P. Nielsen) 

International Union of Radioecologlets (president: Aarkrog) 
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Nordic Cooperation; 

Steering Committee for the AKT projects (Heikel Vinther) 

BIOHOVS 

Biospheric Model Validation Study (S.P. Nielsen) 

Editorial Boards 

Journal of Environmental Radioactivity (Aarkrog) 

Radiation Protection Dosimetry (Bøtter-Jensen) 
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