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Editorial 

VISBY '89 
FACHVERBAND FOR STRAHLENSCHUTZ 

NORDISKA SÄLLSKAPET FOR STRAHLSKYDD 
XVth REGIONAL CONGRESS OF IRPA 

Radioecologists use natural and artificial radionuclides as a 
tracer to investigate mechanisms of ecosystems. Nuclear bomb 
tests in the fifth and sixth decade of this century 
distributed radioactive fallout over the whole world which 
could be measured even in the Antartic and in the depths of 
the oceans. These radionuclides were used in the past as 
tracer to study environmental processes . After the reactor 
accident in Chernobyl, further radioactive fallout reached 
many parts of the world having been used by radioecologists 
for environmental studies. Both societies, the "Fachverband 
für Strahlenschutz" and the "Nordiska Sällskapet för 
Strälskydd", decided to organise jointly the XVth Regional 
Congress of IRPA in order to bring together new radioeco
logical data and to update our understanding of our 
environment. 

The Scientific Programme Committee decided that the programme 
should include invi ted papers, full oral papers and posters 
which will be introduced in short oral presentations. The 
division between the two latter categories was determined by 
the content of the papers and not by their quality, or degree 
of interest. 

Each session of the Congress includes invi ted papers, full 
oral papers, and short oral presentations of posters. The 
Congress is supported by a product exhibition. The number of 
exhibitors and the quality of their stands demonstrate the 
interest and importance of this Congress. 

Publication of these Proceedings in advance of the 
enables the participant to study papers of special 
before the session. 

Congress 
interest 

Thanks are due to all committee members for their hard work 
and cooperation during the preparation of this Congress. 

Werner Feldt 
Chairman of the Programme Committee 

President of the Congress 
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NATURAL RADIONUCLlDES IN THE ATMOSPHER IC AN D TERRESTH lC ENV lRONl'!ENTS IN THE 

NORDIC COUNTRIES 

Er ling Stranden 

Radforsk AIS, P.O.Box 20, N-1472 Fjellhamar, Norway . 

The activity concentrations of natural radionuc lides in different env i ronments 

in the Nordic Countries are reviewed, and the radiation doses to the Nordic 

population are discussed. The radiation doses are dominated by inha l ed radon 

progeny in houses . Mainl y due to differences in geology , t he Nordic Countries 

can generally be divided intü three radiological regions: The levels in Norway , 

Sweden and Finland are generally higher than the world average , and within 

these countries a significant fraction of the population l ive i n houses with 

very high radon concentrations . The radiation dos es in Ieeland are generally 

very low, and the levels in Denmark are intermediate. Some modif i cat i ons of t he 

natural radiat ion environment by human ach vi ties are discussed. 

Introduction 

The radiation doses we recei ve from natural radionuclides in our envir onment 

are caused by external gamma radiation , inhaled radionuclides dnd radionuclides 

in the foodchain. All these müdes of exposure depend to a large degree on the 

activity concentrations in soil and bedrock, together with other factors such as 

dietary habits, house construction and cl i mate. The concentrations of naturally 

occurring radionuclides in soil and bedrock depend again on the local geology. 

The natural radiation environment mayaiso be mod i fied by different human 

activities. In this paper, data on natural radiat i on in the Nordic Countries are 

summarized, and some examplesof its modifications by human activities are 

discussed . 

Geology 

From a radiological point of view, there are three different types of main 

geologies in t he Nordic Countries : 1) The volcanic rocks in Ieeland, 2) the 

relatively young sedimentary rocks in Denmark, and 3) the much older 
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Precl1mbr i l'.n büseruent. .::uld t.be C,:.,.ledDni0: n mQ!Jrrt.~. in r,:~.n 8'8 i n N'urw,:ty I Sweden and 

F inland (SG88) . 

Radionuc lides in soil and bedrock 

In Table I , the concentrations of Ra-226, Th-232 and K-40 of different soils 

are given . The table is based on da ta collected by Statens Landbruksuniversitet 

in Sweden (Ev83). 

Table 1. Natura l ac tivity in soils (Ev83) 

Soil t ype 

Sand and sil t 

Clay 

Morene 

Soil containing 

alum shalp 

Activity 

Ra-226 

5-25 

20-120 

20-80 

100-1 000 

concentration <Bq / kg) 

Th-232 K-40 

4-30 600-1200 

25-80 600-1300 

20-80 900-1300 

20-80 600-1000 

In Table 2, data on activity concentrations in different types of rock are 

given . 

Table 2. Ac:tivi:ty concen:tra:tions in rocks from :the Nordic Coun:tries (Ak87) 

Rock type Activity concentration (Bq / kg) 

Ra-226 Th-232 K-40 

Granites 20-500 20-350 600-1800 
Gneisses 20-120 20-80 600-1800 
Diorite 1-20 4-40 300-1000 
Sandstone 5-60 4-40 300-1500 
Limestone 5-20 1-10 30-150 
Shale 10-120 8-60 600-1800 
Alum shale* 120-600 8-40 1000-1800 
Alum shaleU 600-4500 8-40 1000-1800 
*Middle Cambrian •• Upper Cambrian or Lower Ordovician 

Ra.dia.:tion d.o~e~ 

The outdoor gamma radiation is directly connected to the concentration of 

radionuclides in soil and bedrock while the indoor gamma radiation also depends 

on the building material. In Table 3, estimated levels of gamma dose rates in 
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the Nordic Co.mtries are given. Ihe mean effective dose equivalents have been 

calculated by assuming that 80 % of the time is spent indoors . 

Iable 3. Estimated mean values for the outdoor and indoor gamma radiation in 

the Nordic Cüuntries (NKA89a) 

Country Population averaged gamma dose Annual effective 

rates in air (nGy / h ) dose equivalent 

Outdoors Indoors (mSv / year) 

Denmark 37 63 0.36 

Finland 71 80 0.49 

Iceland 28 23 0.15 

Norway 73 79 0.48 

Sweden 80 110 0 .64 

Ihe differences in geology are clearly seen, especially in the outdoor levels. 

Rn-222 (radon) is produced by the decay of Ra-226. Ihe rna in sources of radon 

to indoor air are soil and bedrück, building materials and radon rich household 

water. Ihe radon concentrations in outdoor air are generally low compared to 

the indoor levels . In Iable 4, the radon concentrations in houses in the Nordic 

Countries are summarized. Estimates of annual effective dose equ ivalents are 

also given . 

Iable 4. Radon in dwellings (NKA89a) 
Country Mean radon Percentage of dwellings Effective dose 

concentration above given values equivalent 
<Bq / m3 ) (Bq / m3 ) (mSv / year ) 

200 400 800 
Denmark 50 2 0.1 0 1.5 
Finland 100 10 3 1 3.0 
Ieeland 10 0 0 0 0.3 
Norway 100 10 3 1 3.0 
Sweden 100 10 3 1 3 .0 

Here also, the geology is clearly reflected in the levels. In Finland , Norway and 

Sweden, severa l areas are classified as "high radon risk areas". In these areas, 

extremely high radon concentrations occur in a significant fractions of the 

houses. In Denmark and Iceland no such areas have been identified . 
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Rn-220 (thoron) is produced by the decay of Ra-224 . Due to i t s short half-life 

(55 s), thoron is a small problem eompared to radon in most eases. In extremely 

thorium-rieh areas, thoron daughters may however eause high doses. As an 

average, thoron daughters in indoor air are estimated to cause effective dose 

equivalent of less than 10 % of that af radon daughters. 

In Fig. 1, the total effective dose equivalents from natural radiation in the 

Nordic Countries are given. In thi s figure, the contribution from cosmic 

radiation (0.3 mSy / year ) and internal ly deposited long-lived radionuelides 

(0.35 mSv / year ) are included (NKA89a) . 

2.7 DENMARK 

4.4 FINLAND 

1.1 ICELAND 

4.4 NORWAY 

4.6 SweOEN 

2.5 5 mSv/a 

Fig.l . Meaneffective dose equivalent from natural radiation in the Nordic 

Countries 

In total, the collective effective dose equivalent from natural radiation in the 

Nordic Countries is about 92000 manSv I year . 

Man-made modifications Of the natural radiation environment 

The main radiological impact of non-uranium mining is the exposure of miners to 

elevated levels of radon in under-graund air. The total collective effective dose 
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equivalent from the radon exposure of Nordic miners is 35-40 manSv / year 

(NKA89b). Near same mines, the waste from the mining could r epresen t :J. 

radiological pollution if the mined minerals are associated witb high activity 

concentrations or if there is an enrichment in the tailings . An exampl e of this 

is the tailings and waste rock from earlier mining in the Fen area in Norway. 

The area is especially known for its high thorium concentrations in s ame types 

of rock. The tailings from this mining activity have concentrations of Ra-226 

and Th-232 as high as about 50 kBq / kg (St85 ) . Some of these tai l ings have 

been scattered around in the local environment. In certain areas in Sweden there 

are large piles of waste from alum production . Alum was prodused by burning 

alum shale, and in hauses built on such land the radon concentrations in air 

are often much elevated. 

Non-nuclear energy product i QJl will also cause modifications .of the natural 

radiation environment, especially through emmis sions from fossil fupl powpr 

~. The radioactive emmissions from fossil fuel power plants cau cause 

radiation dos es in different ways: through inhalation , through con t am i nated 

food, through external radiation from radionuclides in the air or on the ground, 

and through t he use of wast e products. The workers in underground hydro 

electric powpr stations receive in some cases elevated doses from inha led radon 

daughters. Hydro electric power do however not cause significant rad ioactive 

emmissions. In Iceland, geothermal energy is used for heating of dwell ings. Hot 

spring water is used directly in the household . The radon concentr at ion of t his 

wateris released before the water reaches the hausehold, and the contribution 

to population doses is believed to be negligible . The collective effec tive dose 

equivalent fr om non-nuclear Cmainly coal and peat) energy production in the 

Nordic Countries is estimated to about 80 manSv / year CNKA89c). 

Energy conspr vation by reducing heating costs in dwellings may cause inc rease 

in radiation doses from inhaled radon daughters , if the heat i ng cos ts are 

reduced by reducing the air exchange rates in the dwellings. The annual 

energy consumption for heating per dwelling decreased by about 39 % in Finnish 

dwellings from 1970 to 1984 CMi85,Bo83). If we assume that all this reduction 

was done by reducing ventilation, and that the same is truefor the rest of the 

Nordic Countries, the increase in annual collective dose equivalent caused by 

energy conser vation in the Nordic Countries from 1970 to 1984 is about 

23000 manSv / year. 
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Prodyction and use of phosphate and potassium fertilizer will cause increase in 

natural radionuclides in the soil. This may cause increased doses by external 

radiation and by consumption of food. The external radiation levels due to Ra-

226 and K-40 in fertilizer is estmated to increase by about 0.5 nGy I h after 

75 years of supply on the soil. The increase in internal doses are caused by 

the increase of Ra-226 in plants caused by the fertilizer. The increase is 

estimated to about 4 % compared to the Ra-226 not caused by the fertlizer. In 

the Nordic Countries, it is estimated that the contribution to internal 

radiation caused by fertlizer is about 50 manSv I year, while the external 

contribution is less than 1 man Sv I year (NKA89d). The use of ~~ 

~ from fertlizer production as building materials, will cause increased 

individual doses, but it is estimated that the contribution is less than 100 

manSv I year. 

CQncluding remarks 

The natural radiation doses to the population in the Nordic Countries are 

dominated by inhaled radon in dwellings. The differences between the countries 

are mainly caused by differences in geology. Human activi ties, such as energy 

production, mining and use of fertilizer cause small modifications in the 

natural radiation environment, but the collective doses from these activities 

are very small compared to the increase caused by energy conservation during 

the last decades. 

Acknowledgement; Ihe data used in this paper are based on work done in the 
Project Group "RAS-430" of Nordisk Kontaktorgan for Atomenergispf1lrsmäl. 
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ENVIRONMENTAL EXPOSURE TO RADON. SOURCES • MIGRATION. CONCENTRATION AND 

METHODS FüR REDUCTION. 

Gert Kell e r 

Institut für Biophysik, Homburg/Saar, Germany F.R. 

Summary 

The main s ource of high radon concentration in dwellings is the exhalation 

of radon from the soil. The results of our measurements of radon 

migration, exhalation and 

the wes t ern part of 

Electrosta tic deposition 

concentration in two "high radon 

Germany (Eifel, Hunsrück) were 

of the radon daughter products on 

areas" in 

presented. 

a surface 

barrier detector and subsequent analysis of the measured alpha spectra 

allows one to determine the values with high accuracy. A maximum indoor 

concentrat ion of radon of 6000 Bq/rn ' i n a bedroom and approximately 30 000 

Bq/ rn 1 in a cellar room was determined in a house buil t in 1976. The 

outdoor radon concentration in these regions vary between 20 and 150 

Bq / rn ' . The exhalation rates of radon from the soil were found to be in a 

range of 0,002 to Bq/ rn ' . sand depended strongly on geological and 

meteorological parameters. 

Dif f erent methods of reducing radon entry from the soil into houses were 

discussed and the results of a house reconstruction by sealing the ground 

slab with polyurethane were presented . 

Introduct i on 

Referring to our existing radon measurements (Bundesminister des 

Innern 1985), special investigations on Radon-222 sources, migration, 

concentrat ions and mitigation in so called "high radon areas" in the 

western part of Germany were carried out within a special research 

projec t. In 1987/88 we investigated the small village Döttingen/Eifel, 
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where the highest radon concentrations indoors were found to be about 1500 

Bq/rn'. This village is located in the so called "Rhenish Schiefergebirge" 

in an area with sil t- and sandstones of low uranium content (less than 

2 ppm). The detected high radon houses are positioned on a tectonic 

fracture, that acts as a "chimney" for radon, driven by CO 2 and 

circulating waters caused by postvolcanic activity in the region. In this 

study (Keller and Schütz 1988) we measured radon concen trations indoors 

and outdoors, exhalation rates from the soil and from building materials 

and we also determined the radon potential of the soil by direct 

determination of the radon concentration in bore-holes. In 1988/89 we 

examined another high radon area in the "Hunsrück", where the village 

Ellweiler is situated nearby a former uranium pi t. Here the "Institut für 

Strahlenhygiene" in Neuherberg has measured radon concentrations in a 

bedroom of one house in the range of 1000 to 4400 Bq / m' . 

Experimental methods 

A quick and simple way to measure radon concentrations in dwellings is 

the absorption method with charcoal and subsequent gamma- spectroscopy of 

the radon daughters. Metallic boxes containing 70 g of charcoal were 

exposed for 72 hours in the rooms. The resulting radon concentrations were 

determined from the spectroscopic values with an evaluated calibration 

factor and a humidity correction factor. 

The concentrations of the short-lived radon daughters were measured by air 

sampling on a membrane filter and alpha- spectroscopy (Keller et al. 

1984) . 

Point measurements, continuous measurements of radon concentrations over 

several days and also the determination of radon- potential in the soil 

f d b h d . h 1 . d .. f 218p . were per orme y a met 0 Wlt e ectrostatlc eposltlon 0 0- lons on 

a surface barrier detector and subsequent alpha- spectroscopy. 

The same method was used to determine the radon exhalation rates from the 

soil and from building materials (see Figure 1). The exhaled inert gas 

radon passes through an insulated intermediate area and reaches the 

measuring chamber consisting of the positively charged metallic hemisphere 

and the grid. After the alpha decay of radon the polonium ion formed is 
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Detector 

Figure 1. Measuring arrangement for the determination of radon 

exhalation rates from the soil 

deposited on the negatively charged detector. The polonium decays further 

upon emis sion of alpha particles which produce spectra in the multichannel 

analyser for the various successi ve periods of time. The rate of radon 

exhalation from the soil is computed from the increase in polonium or 

radon concentration respecti vely in the measuring volume. The integral 

rise in concentration is determined every 15 min. over aperiod of 2 h. 

The resul ting lower limit of detection under these conditions for the 
-2 radon exhalation rate is about 0,3 mBq . m 

approximately 10% (Keller et al. 1982). 

Results 

-1 h d" b " s , t e me lan error elng 

A former uranium pi t on a hilI named "Bühlskopf" is located north of the 

village Ellweiler. From 1960 to 1975 uranium ores with a maximum 

U308- con tent of 0,2% were exploited from this pit. The houses of 

Ellweiler are si tuated on the southern slope of the hilI, the nearest 
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houses are only 100 m away from this uranium occurrence . 

In this region the radon concentrations outdoors vary from 20 to 50 Bq/rn' 

with maximum va1ues up to 150 Bq / rn ' . 

In more than half the houses of this village the radon con centration 

indoors was measured wi th charcoa1 dosimeters. The resul ts are shown in 

Figure 2 . 

• : 0 - 100 
. : 100 - 250 
• : 250 - 1000 
• : > 1000 

Figure 2. Radon-222- concentration indoors in (Bq / rn ' ) in Ellweiler 

Radon concentrations between 0 and 100 Bq / rn ' were f o und in 20% of the 

dwellings, values between 100 and 250 Bq / rn ' in 50% and conce ntrations 

between 250 and 1000 Bq / rn ' were found in 20% of the houses. 10% of the 

dwellings in Ellweiler s howed very high radon concentration s above 1000 

Bq/rn ' . 

The maximum radon concentration in this village was found in a cellar room 

being 34 000 Bq/rn'. In the bedrooms and livingrooms of the same house 

radon values between 2000 and 8000 Bq/rn ' were detected. The source of 

these high radon concentrations indoors was obviously the soil containing 

uranium . The house had been built extremely deep into the southern slope 

of the "uranium hill". The radon gas found its way from the soil into the 

house via a cellar, which was buil t deep into the ground. In this small 
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cellar wi th a former height of approximately 1.50 m the massive concrete 

plate had been removed and after excavation a new one had been constructed 

on a 0.7 m lower level. This plate was connected neither to the walls nor 

to the foundations and there were up to 2 cm wide fissures and cracks 

which ran into the sojl . So the radon gas could easily get from the ground 

into the house. Continuous measurement of the radon concentration in this 

cellar showed fluctuations of the radon levels between 10 000 and 34 000 

Bq/rn' . 

In this cellar mitigation methods were tested. The fissures between wall, 

foundation and floor slab were widened and filled with polyurethane 

resins. Then the floor was covered with a 4 mm thick polyurethane layer. 

For vertical sealing of the walls a method of high pressure packing with 

polyurethane was used. Moreover the cellar walls were covered with a 1 mm 

thick polyurethane layer. After this mitigation measures the radon 

concentrations in the unventilated cellar decreased by a factor of ten but 

were still high with va lues of about 1000 to 2000 Bq/rn'. Additionally a 

ventilation system was installed which allowed to suck off the soil air. 

These investigations have not yet been finished. The expenses for these 

measures to reduce the radon concentration amount to about 200 DM per m' 

cellar surface. 

In a new building area in Ellweiler a radon exhalation rate of 18 

mBq/m' s was measured directly above the ground. After completion of the 

foundations and the floor slab which was covered by a thick plastic foil, 

no radon exhalation from the concrete plate could be detected. But at an 

unsealed drain pipe break the radon exhalation reached values of about 250 

mBq/m' s. After a correct sealing with silicon rubber the measurements 

showed only low rates for the radon exhalation from the ground. 

Conclusions 

In Ellweiler there is a small region where the indoor radon concentrations 

reached va lues above 1000 Bq/rn ' . Those houses are located on a steep slope 

under which possibly uranium ore lodes exist . Further examinations in 

cooperation with geologists shall be car~ied out t o show possible 

anomalies in this special area. Whereas in Döttingen/Eifel a postvolcanic 
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tee tonic fracture is the reason for high radon concentration indoors in 

Ellweiler these are probably caused by ore lodes, veins of rock or 

dis1ocations. In special radon areas one can most1y find - aside from 

a high uranium content of the soil - certain geo1ogica1 anoma1ies which 

allow fast radon transport in the ground (Swedjemark 1987). 
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RADON AND KARST 

G. PILLER and H. SURBECK 

Bundesamt für Gesundheitswesen 

Sektion Überwachung der Radioaktivität 

Chemin du Musee 3, CH-1700 Fribourg 

The 222Rn concentration in the air of several caves in the Swiss Western 

Jura, a limestone karst landscape, reaches some tens of kBq/m 3 • Continuous 

measurements were performed in a natural vertical shaft. The radon concentra

tion in thi s cavity (average 35 kBq/m 3 ) shows diurnal variations and sudden 

very sharp decreases. These drops in concentrations occur simultaneously with 

pressure drops and sharp temperature increases of up to 20°C in the cavity. 

The temperature peaks are more pronounced at measurement points farther down 

in the shaft, showing that the drops in radon level are due to outbreaks of 

hot and low-radon air . The origin of the hot air remains unclear. 

INTRODUCTION 

High indoor radon concentrations are found in the Western Swiss Jura 

Mountains, a limestone karst terrain [1]. 

The 226Ra activities in the soils of this region are generally higher than in 

soil samples from the Swiss Plateau and some hot spots due to the former use 

of 226Ra in t he watch industry are present. But all 226Ra found so far is not 

sufficient to explain the high indoor radon concentrations of up to 5 kBq/m3 

in living rooms. 

We therefore s uppose that the radon problem in this region is due to the high 

permeability ( 10-' 0 to 10- 9 m2 ) of the karstified bedrock. The high permeabi

lity and the high underground radon concentration (up to 40 kBq/m3 in caves) 

form together a very powerful radon source. 

This paper presents apart of the measurements carried out in a house having 

an efficient connection to this radon source . 

including arguments for the above given 

published elsewhere. 

A more complete description, 

permeability values, will be 
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RADON IN KARST CAVITIES OF THE WESTERN JURA 

Radon concentrations were measured in several karst cavities situated in a 

town of the western Jura. 

The first cavity has a total length of 140 m and attains a depth of 25 m. Air 

sampIes were taken at different points and analysed for radon content. In 

addition, passive radon dosimeters (track edge) were exposed during 10 days. 

The results are displayed in Fig. 1, where the good agreement between the 

two measuring methods can be seen. The radon concentration in this cave lies 

between 20 and 40 kBq/m 3 and increases with depth. The interpretation of this 

fact is not evident. The radium content of the limestone is low and is thus 

not able to produce such a high radon concentration . The increase with depth 

could be explained if the radon is provided by the crystalline bedrock. But 

this bedrock lies at a depth of at least 1000 m and even if the radium 

content would be high there, the produced radon has to reach the cavity. A 

more or less continuous vertical air current of the order of mm/s would be 

necessary to transport enough radon to the cave. This seems not very 

reasonable. 

In another cave, the radon concentration is only 400 Bq/m3 • This cave is 

rather small. It has a length of 8 m and a depth of 3 m. Contrary to the 

first cave, this one is weIl aerated. So even this low radon level calls for 

a high radon availability. 

A very interesting cave has been discovered only recently in a house lying 

directly on the limestone. During completion of the interior, apart of the 

soil broke down and gave access to a vertical shaft of 16 m depth. The 

aperture in the house has a diameter of 50 cm. At the bottom, the diameter 

reaches about 2 m. First measurements revealed that the radon concentration 

is high (25 kBq/m 3 ) and that additional experiments should be performed here 

and in the surroudings. 

RADON AND AIR MOUVEMENT IN THE VERTICAL SHAFT 

The access to karstic cavities is not always easy. Moreover, the humidity 

inside the caves often reaches 100%. For these reasons it is normally not 

possible to install measuring devices for continuous monitoring. A cave with 

an opening inside a house represents thus an exception. Therefore, we were 

very interested when we heard about the existence of such a cavity and we 
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decided to per form some continuous measurements. there. The principal goal was 

to study the fluctuation of the radon concentration and the air movement 

inside the cave. 

Air from the cave was sucked through a Lucas-cell with a flowrate of 

0.1 l/min and analysed for 222Rn content. The temperature was measured at 

four different points; in the room and in the cave at three different depths. 

The pressure-difference between the cave and the room was also registered. 

All these physical quantities were measured in 10 min intervalls and stored 

in a data-Iogger. 

Fig. 2 shows the variation of the radon concentration 

periods. The mean value is about 

for 

The 

one of the 

concentration measuring 

generally shows a rather smooth diurnal pattern. But sometimes there is a 

sharp decrease for a short time. These events occur simultaneously with 

pressure drops in the cave, as can be seen from fig. 3. A simple explanation 

could be that in these moments air from the room is sucked into the cave . 

Because of a rather high air exchange rate, the air in the room contains much 

less radon (fig. 4) and this would lead to radon dilution in the cavity . 

But considering the temperature in the cave (fig. 5), this conclusion has to 

be rejected. In fact, the temperature in the cave has some sharp peaks which 

coincide with the decreases of the radon concentration. These peaks do not 

appear in the room temperature (fig. 6). The room temperature itself also 

shows some peaks which, however, have a different origin. These peaks are due 

to the sun shining directly to the thermometer for a periode of about one 

hour. Therefore, the cave temperature is not correlated with the room 

temperature and the room air cannot be responsible for the behavior of the 

radon concentration in the cave. 

The temperaure peaks can be observed at all three points in the cave . The 

amplitude of the peaks increases with depth and can reach 20°C. It can hence 

be concluded that sometimes a warm and radon-poor air current rises from the 

bottom and creates an underpressure relative to the room. 

Eut where do these temperature increases come from? A first idea is that a 

gas bubble could suddenly be released from great depth and reach the earth 

surface. Eut if the warm air comes from far down, the radon concentration 

should increase rather than decrease. It is possible that a chemical analysis 

of the air composition would give information about the origin of the air, 

but this could not be done. 

All measurements were performed during the heating periode of the winter 

1988/89. Heated air may be transported from one of the neigbouring houses 
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through the karstic system to the shaft studied. A detailed examination of 

the known nearby cavities [2] showed a possible provenance of this air. There 

is a school building at a distance of about 300 m. During the construction, 

two large cavities (20 m depth) were discovered . They have been filled up 

with coarse material and are now covered by the building. Possibly, hot and 

radon-poor air moves under certain circumstances from the furnace room of the 

school to the karstic system. This could explain the increase in temperature 

observed in the cave, but hardly the small width of the observed peaks. 

DISCUSSION 

The origin of the observed outbreaks of hot low radon air remains unclear. 

There is same evidence for a man-made source. The sharp drop in radon 

concentration, the fast temperature rise and the important air mass involved 

(several tens of m3 ) point to an efficient underground air transport. 

These measurements once again show the very complex nature of a karst system. 

Little is known on the air movement in a karstified bedrock, most work on 

karst is limited to hydrologie aspects. 

Limestone karst is frequently considered to be a geological formation with a 

low radon risk because of the low 226Ra content of the bulk limestone. 

This view neglects that the high air permeability of a karst terrain may 

create a serious radon problem on its own. We ho pe that this paper will 

increase interest in radon problems on karst terrains which form about 20% of 

the earth's land surface. 
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Radon In a karstlc cavlty 
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INVESTIGATION ON THE ENVIRONMENTAL IMPACT OF RADIONUCLIDES RELEASED BY COAL 

FIRED POWER PLANT 

G.A. Battiston, S. Degetto, R. Gerbasi, G. Sbrignade110 

Istituto di Chimica e Tecno10gia dei Radioe1ementi 

C.N.R. Area de1~a Ricerca, C.so Stati, Uniti 4, 35100-Padova (Ita1y) 

Abstract 

Coa1 samp1es from a coa1-fired power plant operating at Mestre (Ita1y), to

gether with their respective bottom ash and f1y ash are examined to detect 

the activities of natura11y occurring radionuc1ides. 

A mass balance between coa1 input and the ash fractions produced in the 

plant is carr ied out to assess the possib1e environmenta1 impact of the ra

dioactivity r elease from the stack. The ca1cu1ated 210-Pb emission from the 

stack is compared with its natural f1ux from atmosphere to ground. Enrich

ment effects of radioelements in the ash fractions caused by the combustion 

process are also considered. 

Soi1 samp1es co11ected in the area surrounding the plant are fina11y 

ana1ysed with the aim of verifying the occurence of radioactive pollution 

due to the CFPP stack emissions. 
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A NATURAL RADIOACT I VI TY INVESTIGATION IN AN ALLUVIAL SOlL OF PO RIVER VALLEY 

(Northern Italy) 

P.A.Borroni*,V.Caramella Crespio , N. Genovao , A.Berzero+ , S.Melonio,M.Oddone* 

* Dipartimento di Chimica Generale e ° Centro CNR Radiochimica e Analisi per 
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Summary 

The paper describes an investigation on natural radioactivity carried out 

in an alluvial soil of the Po river valley (Northern Italy). The depth pro
files of 214Bi , 214pb , 228Ac , 212Bi , 212pb , 208Tl and 40K are reported , di -

scussed and correlated to the soil quality parameters . Uranium and thorium 

abundances , as obtained by neutron activation analysis , are given as weIl. 

Introduction 

Natural radioactivity in Italy is not homogeneously distributed ; the indivi 
- 3-

dual annual dose due to external gamma irradiation ranges from 0 . 49 . 10 

Gy (Aosta Valley- North West Italy) to 1 . 74 . 10- 3 Gy (Campania - South ltaly) 
with a peak of 2 . 13 . 10- 3 Gy in the Naples area. In all cases the major 

contribution comes from t he terrestrial radioactivity . 

A growing interest is also addressed to contributions due to natural radio

activity enh anced by human activities , such as bottom and fly ashes from co 

al fired power plants, building materials , phosphatic fertilizers, mines , 

zirconium ores and so on. 

Recently much attenti on has been addressed to the radon and radon daughters 

question . As it is weIl known (WHO 1988) the main sources of naturally oc

curring radi ation indoors are the ground and building materials . Radon exh~ 

lation from soil and building materials depends primarily on the concentra

tion of 226Ra in soil and building materials , but also on the permeability 

of soil for ai r flow and on porosity and surface preparation of materials. 

Aim of the present work was to investigated the depth profiles of natural 

radioactivity in an alluvial soil of the Po river valley and its ability to 

act as a potential 30urce of radon . 

Experimental 

Soil samp l ing. The investigated area is located in the Po river valley , wh~ 

re Po and Ticino rivers merge together . The chosen site is an unpolluted 

and undisturbed one , kept free from agricoltural uses in the last 30 years . 

Soil sampies were collected , at summer time , by removing successive layers 

5 cm thick, up to a depth of 50 cm . No further soi l layers were collected 

because of the vicinity of the ground water (70 cm) . 
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Soil sampIes w~re oven- dr ied at 100·C, homogeneized a n d sealed into Marinel

li counting c ontainers ; they were left to stand for about 30 days to allow 

the radon and its daugh ters equilibrium to reached . SampIe weigh t was in the 

range 600 - 1400 g according to layer density . SampIes were then submitted 

to radioactivity measur ement. 

Soil aliquots were a l so used for the measurement of some typical soil param~ 

ters such as pH , total organic carbon, organic matter , total nitrogen , water 

content , mine ralogy, and cation- exchange capacity (SISS 1985) . 

Radioactivity measurement.Radioactivity was measured by direct gamma- ray spe 

ctrometry using a Ge(Li) detector (32.8% efficiency, 2.0 KeV FWHM , peak/Com

pton ratio 52 . 3 : 1) coupled to an analyzer computer system . The system eff~ 

ciency and calibration was routinely checked by using standard reference so

lutions of 152Eu - 154Eu and of mixed radionuclides by Amersham Int . plc. 

The following radionuclides were detected and measured: 214pb , and 214Bi for 
the 238U deca y chain , 228Ac , 212pb , 212 Bi ard 208Tl for the 232Th decay cha

in , and 40K. Some nuclear data of these radionuclides are reported in Table 

3. 

Results and discussion 

The soil quality parameters are reported in Table 1 - 2. 

Soil acidity smoothly decreases from top layer to the last one : this trend 

is correlated to the increasing sand content (Genova et al . 1989) in the so

il sampIe as well as to the decreao;e of organic matter. Accordingly the to

tal organic c arbon and the nitrogen content decrease . Acidity values (pH) 

indicate a strong a c id soil (SISS 1985) mostly due to accumulation on surfa

ce layers of idrogen ions from wet deposition and organic matter. This trend 

confirms the undisturbed nature of the soil . 

The humidity of the first four layers is quite constant (38- 40%) , then a de

crease can be evidentiated. 

The cation exchange capacity decreases with depth in connection with similar 

reduction of t h e clay content of t h e soil layer. 

The major mineral component is quartz , typical of river bottom sediments . Ac 

tually the i n vestigated site lies over ancient Po and Ticino r i vers beds. 

The distribut ion of measured radionuclides with depth is reported in Figure , 

according to their belonging to the 238U and 232Th decay chains re 

spective ly . Points in t h e Figure represent the average specific activity v~ 

lue of t hree or more countings ; average precision is about 5% . No meaningful 

differences i n t h e radionuclides distribution in the 10 investigated layers 

were observed . In addition radionuclides belonging to the same decay chain 

show similar behaviour . Only for 212pb a different trend can be observed: 

its concentration increases with depth and, at the bottom layer , its 

is greater by a factor of about 1 . 6 with respect to the top layer . 

The concentration data of 40K are reported in Fig . 1 : also in this 

homogeneous 1distribution is exhibited . 

value 

case a 

Figure includes also the abundances of 238U and 232 Th : they were ob-

tained by neutron activation anaillysis (Caramella Crespi et al . 1988) . 
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Tcble 1 - Physico-chemical characterization of the sampling site 

Depth C N Water O.M . pH C.E . C . 

cm (%) (%) (%) (%) mEq/l00g 

3.5 9.20 0.80 38.00 18.00 3.5 21. 7 

9 5 . 50 0.50 38 . 00 13.00 3 . 2 19 . 0 

13 3.90 0.40 40.00 10.00 3 .4 17.7 

17.5 2.40 0 . 30 40.00 7.00 4 . 0 14 . 2 

23 2 .30 0.25 34.00 5.00 4.3 12 . 3 

28 1. 70 0.20 31.00 5.00 4.4 8.3 

33 1.00 0.10 23.00 3.00 3 . 7 5.8 

38 0 . 40 0 . 07 18.00 3.00 3 . 2 4 . 3 

44 0.20 0 . 07 18.00 2.00 ~ 1 
Cl. " 2.1 

50 0.20 0.04 18.00 1.00 3 . 3 4 .6 

O.M. - ORGANIC MATTER C.E.C. = CATIOCi ~XCHANGE CAPACITY 

Table 2 - Minerals present in the investigate d soil 

SILICATES - Quartz, Feldspar (K ; Na - Ca) 

CARBONATES - Calcite, Amphiboles 

CLAY MINERALS - Smectite, Chlorite , mixer- layer Mica (Illite), Kaolinite 

Table 3 - Average radionuclide content (Bq/Kg) in the investigated soil 

RADIONUCLIDE MEASURED GAMMA HALF- LIFE AVERAGE ACTIVITY 

RAYS ENERGY 

(KeV) 

Bi 214 1765 19.7 m 35 . 3+4 . 0 (11.4%) 

Pb 214 351 , 99 26.8 m 40.3+4.0 7 .1%) 

U 238* 4.49x109y 48.0+4.2 8.7%) 

Bi 212 727 60 . 5 m 54.5+3.9 7.1%) 

Tl 208 583 3 .1 m 16.7+0 . 9 5 . 5%) 

Ac 228 911 6 . 13 h 43 . 3+2 . 7 6.2%) 

Pb 212 238 , 6 10.6 h 57 . 8+9 . 6 (16.6%) 

Th 232* 1 . 39x101Oy 48 . 1+5 . 5 (11. 5%) 

K 40 1460 1.25x109 Y 611 . 9+42 ( 6.9%) 

* Determined by neutron activation analysis 
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Fig. 238 1 - Natural radioactivity distribution with depth: - A U decay chain 
and 40 K: - B 232Th decay chain 

According to t he uniform radionuclide distribution over the investigated so

il layers (0-50 cm), the average radionuclide contents were evaluated and re 

ported in Table 3, together with the standard deviations . The small values 

of relative s tandard deviations , ranging from 5 . 5 to 11 . 5% confirm the homo

geneous radionuclide distribution . Only for 212pb a higher value is shown 

(16 . 6%) . 

214Bi and 214Pb appear to be , as expected , in radioactive equilibrium . Equi 

librium may a Iso be extended" to the head of the decay chain (238U) by taking 

into account the experimental errors , even if reasonable expJanations may be 

advan~ed to j ust i fy the higher value of the 238U specific activity . 

In some cases 226Ra was directly measured by considering the 186 KeV gamma

ray and correc ting for the presence of 235U. 226Ra abundance da ta agree wi 

thin the exp e rimental error with those derived from 21 4pb measurements . 

Among the radionuclides belonging to the 232Th decay c hain it is worthwhil e 

to observe the agreement of activities of 232Th and 228Ac , the former's be

ing obtained by neutron activation anal ysis . In addi tion the lower 208Tl ac-
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tivity value may be explained if the decay branching of 212Bi parent (33.7% 

of decay to 208Tl) is considered. 

It is interesting to considere the behaviour of 228Ac and 212pb . Up to the 

4th layer (17.5 cm) their activity ratios are in the range 1 . 06 - 1.16 with 

the danghter's activity always greater than the parent's one. In the remai

ning layers their activity increase and their ratios are risen to 1.47-1. 54 , 

as it should be if the transient equilibrium between parent and daughter is 

achieved . According to the difference in their halflives the time necessary 

for the equilibrium be reached is 20 years or greater. 

The quite high 40K activity, homogeneously distributed over the investigated 

soil depth, indicates the occurence of a highly potassium enriched 

(1.9%), to be correlated to presence of feldspar among the minerals. 
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Summary 

For emiss i ons into the environment during fuel fabrication 

the radiological impact is compared between enriched uranium 

which is made of natural uranium and of reprocessed uranium 

respectively. The consideration is not restricted to time 

per iods directly after the emission, but is extended to periods 

much later on the time scale. A person's exposure first 

decreases with time; but caused by the generation of daughter 

nuclides in the soil and in spite of migration, it increases 

again up to a second maximum after a few thousands of years due 

to the pathway of ingestion. U-232 which is important for 

specifying reprocessed uranium, turns out to be of subordinate 

importance in radiological impact. 

Introduction 

Reprocessed uranium can be used to fabricate new fuel elements. 

Compared with uranium of natural origin reprocessed uranium 

contains in addition the nuclides U-232, U-233, U-236 and has 

a different content of U-234 respectively. In some respects 

remarkable higher precautions in the radiological protection of 

personnel result from these differences (L 1). 

But additional to this radiological aspect attention must be 

given to radioactive effluents which are released to the 

environment and which cause a radiological impact of persons 
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living there. Because of the responsibility for later living 

generations, the radiological impact must be considered not 

only in a the presence but also in reasonable future. The 

following article concerns this radiological aspects. The 

exposure in the environment is evaluated by means of models 

which are usually used for licensing (L 3). The daughter 

nuclides generated in the environment after the emitted 

nuclides are deposited on ground, are included. These nuclides 

we will call "following nuclides". Additionally in order to 

describe the behavior of the radioactive particles in the soil, 

migration is considered by means of a compartment model (L 2, 

L 3). Because the specification of the U-232 content in 

reprocessed uranium is in some discussion, attention is payed 

to this nuclide. 

Evaluation of the radiation exposure 

Because of the absorption of fast neutrons by U-236 and U-234 

an equal reactivity can only be reached if U-235 is enriched 

in reprocessed uranium (RPU) with a fe,., tenths of percent 

higher then in uranium of natural origin (UNO) (L 1). In the 

following an UNO-uranium with a mass content of 3,5 % U-235 

(total uranium alpha activity: 7,7 . 104 Bqjg) is compared 

with reprocessed uranium with 4 % U-235 (total uranium alpha 

activity: 3,1' 105 Bqjg). 

The following nuclides need some time for their build-up. 

Therefore they can be important only via pathways like 

ingestion or gamma radiation from the ground because there is 

enough time for generating. Because ingestion is an important 

pathway for radioactive effluents in exhaust air as weIl as in 

liquid waste, for this pathway the dose calculation is dealt 

in detail. The time dependence of the contents of uranium as 

weIl as of following nuclides in the soil layer relevant for 

root uptake is characterized by fig. 1 for RPU (ground 

contamination after a 50 years period with uniform emission: 

I mg uraniumjm2 ). The dose as a function of time is shown for 
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RPU in fig. 2. The contribution of the following nuclides is 

given separately. The dose decreases first, but than it grows 

up to a second maximum (2nd max). 

Different pathways may contribute to the total exposure. For 

the purpos e of showing their correlation to one another, 

effluents in exhaust air of a typical nuclear installation are 

a very il l ustrative example (stack height: 100 m, edge 

distance: 200 m, real meteorological data). The released 

uranium i s chosen to be an oxid because that is the most 

complex s i tuation with respect to the time dependence of the 

maximal exposure. 

Releases of radioactive materials from a nuclear facility can 

be distinguished in two main aspects: 

the act ivity of effluents is restricted by licensing 

(assumption here: uranium alpha activity: 10 9 Bq/a); 

areal facility always releases the same mass of uranium 

irrespective of the nuclide composition; that means the 

licensed limits are not achieved. A typical example is a 

release by an incident (emission: 4,3 kg heavy metal, 

result i ng in 10 mg/m2 at the most unfavorable place). 

These two cases are considered in detail. The results are given 

in table 1 und 2. with "Equilib" a calculation is marked which 

bases on t he method described in L3 which gives a first 

approach f or taking account of the following nuclides; 

accordingly the activities of the following nuclides of U-232 

and U-234 are set to the value of the decay equilibrium with 

neglecting migration and time effects. 

Conclusion 

Comparing the radiation exposure between enriched fuel material 

of uranium of natural origin and of reprocessed uranium 

respectively, the main features are: 

- After a first maximum at presence the radiation exposure 
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increases up to a second maximum after a few thousands of 

years. 

- If the activity of the releases is restricted by licence, due 

to the second maximum the dose of some organs will be higher 

with uranium of natural origin. 

- As far as incidents or mass determined emissions are 

concerned, the maximal dose is attributable to the following 

nuclides (except the dose of lung for which the pathway via 

inhalation is the most important). 

- After incidents reprocessed uranium always yields the higher 

dose; the difference however is moderate. 

- In the specification of reprocessed uranium, U-232 is set to 

a relatively low limit. That is because in radiation 

protection of personnel, U-232 is an important nuclide. In 

contrary for the radiation exposure of persons in the 

environment, U-232 is of subordinate importance. 
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Pathway Committed Dose Equivalent (Mikro-Sv/a) // Bone iurface/Adultj 
t = 0 I 2nd Max. I Equilib. t - o 2nd Max. Equilib. 

Uranium of Natural Origin Reprocessed Uranium 

Gamma Sub. < 10. 6 - - < 10· 6 - -
Inhalation 0.078 - - 0.099 - -
Gamma Rad. 0.018 0.1' 1.7 0.060 0.1' 1.7 
from Ground 

Ingestion 1. 54 2.05 326 1. 96 1. 97 312 

-- -- -- --- -- --
Total 1.6 2.2 328 2 . 1 2.1 314 

Part of U-232 - - - 23 \ - - - -

Table 1: Dose by effluents in exhaust air from a hypothetic facility; comparison between the 
different points of time for the impact (-: not existing, --: < 0.01 \, *: rough estimation) 

Pathway commit,ed Dose EquiTalent (mSv) // Bone surfaci/Adults 

I t = 0 2nd Max. Equilib. t - o 2nd Max. Equilib. 

Uranium of Natural Origin Reprocessed Uranium 

Gamma Sub. 8 '10· 10 - - 1. 5'10· 9 -

Inhalation 6.0'10. 4 - - 0.003 -
Gamma Rad. 0.0086 0.07' 0.79 0.11 0 . 2' 3.0 
from Ground 

Ingestion 0.65 0.93 147 3.14 3.47 550 

--- -- -- --
Total 0.65 1.0 148 3.3 3.7 553 

Part of U-232 - - - 23 \ - - - -

Table 2: Maximal lifetime dose after arelease to atmosphere caused by an incident in a hypothetic facility; 
comparison between the different points of time for the impact (signs: look at table 1) 
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Ra-226 AND Rn-222 IN AUSTRIAN DRINKING WATER 

F. Schönhofer 

Federal Institute for Food Control and Research, 

Vienna, Austria 

Since Ra-226 is a very hazardous radionuclide and since much interest has 

been focussed on Rn-222 during recent years a survey on Austrian drinking 

and mineral water was conducted. A very simple and timesaving method using 

an ultra low-Ievel liquid scintilltion counter was developed. 

The health hazards of the two radionuclides are discussed. The measurement 

method is described. In certain areas values for radon were found up to more 

than 600 Bq/ I. Until now only one private weIl was found exceeding the maxi

mum permissible level for Ra-226 (122 mBq/l) , but mineral water showed 

values of up to 2.6 Bq/!. The highest value for Ra-226 found in drinking 

water was 600 mBq/l. The geographical distribution of the radon levels will 

be compared to geological factors. 
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THE CONTRIBUTION OF BUILDING MATERIALS TO THE INDOOR RADON 

CONCENTRATION IN SWISS DWELLINGS 

Ch. Schuler, R. Crameri and W. Burkart 
Radiation Hygiene Division 
Paul Scherrer Institute 
CH-5232 Villigen PSI, Switzerland 

SUMMARY 

A survey of the radium content and the radon emanation power of building materials most 

commonly used in Switzerland was undertaken. The investigation covered the raw materials 

gypsum, cement, gravel, and sand and the building materials clay brick, aerated concrete, 

pumice concrete, and sand-lime stone. Measured Ra concentrations and Rn exhalation factors 

are compared to the results of other countries. No building materials with Ra levels above 450 

Bqm-3 were detected. The maximum contribution of Rn from building materials to the indoor 

Rn level in Swiss dwellings is estimated by model calculations to be in the range of 30 to 70 

Bqm-3 assuming an air exchange rate of 0.3 h-1. Contributions in this range are only a fraction 

of the average indoor Rn level measured in Swiss hornes. 

INTRODUCTION 

Recent investigations in Switzerland have revealed that soil and bedrock beneath houses are the 

dominant sources of indoor radon in single-family hornes (Buchli and Burkart 1985; Crameri et 

al. 1988). On higher fIoors of multi-story buildings, however, the importance of the soil as radon 

source decreases and the contribution from building materials to the indoor Rn level may 

become relevant. In order to assess the contribution from building materials to the indoor radon 

level, the two important parameters 226Ra content and free radon exhalation rate have to be 

known. The investigation of building materials manufactured in Switzerland was undertaken in 

anational survey as part of the ongoing Swiss radon program. Experimentally determined radon 
exhalation values are used to perform calculations of the contribution from building materials to 

the radon level in a model room. 

MATERIALS AND METHODS 

Sampie collection, preparation and measurement techniques 

Manufacturers associations were asked to designate those companies with the greatest market 

share of the most used building materials. These cumpanies were then inquired to participate at 

the survey. More than 90% of the asked companies were able to supply enough samples to cover 
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most part of the market. Dried sampie sizes were between 0.5 and 6 kg. When neccessary, 
sampies were crushed to grainsizes less then 2 cm, so that they could be filled in the gas-tight 

containers (11 volume) used for gamma spectroscopy. Sampies were stored in sealed containers 

for about 4 weeks to allow Ra, Rn, and Rn decay products to reach radioactive equilibrium. The 

226Ra concentration was determined with a HPGe detector from the gamma intensities of 
214pb and 214Bi. CalibratlOn of the measurement equipment was tested and found to be correct 

by analyzing fly coal ash reference material (Kalincak et al. 1989). The estirnated 

reproducibility 1a error for a single 226Ra determination is smaller than 5%. 

Radon mass exhalation rates were determined as follows. Sarnples were left spread for at least 

24 h in a room with a stabilized temperature of 20 °c in order to equilibrate humidity with the 

environment and were subsequently placed in gas-tight metal Rn collection containers of 0.02 

m3 volume. A charcoal adsorption collector (Pensko and Wicke 1988) with an intergration time 

constant of 17.6 h (Cohen and Nason 1986) was fixed on the inside of each container cover, and 

the containers closed for about 3 h. The collectors were then rem6ved, closed and the Rn 
activity determined after proper ingrowth using the gamma lines of 214pb and 214Bi. Free Rn 

exhalation rates were calculated according to Jonassen (1983) and Barton and Ziemer (1986). 

The reproducibility la error of a Rn exhalation rate determination is about 20%. 

RESULTS 

226Ra concentrations 

Mean Ra concentrations of the raw materials gypsum, cement, gravel, and sand and of the 

building materials clay brick, aerated concrete, pumice concrete, and sand-li me stone are 

summarized in table 1 for comparison with the values reported for some other countries. The Ra 

contents of natural gypsum vary by nearly a factor of four, but are generally very low in relation 

to the extraordinary high concentrations reported for phosphogypsum sarnples (This by-product 

gypsum is not imported in Switzerland). Cement manufactured in Switzerland has a rather low 

Ra content. The values for gravel and sand are in the same range for all the countries listed in 

table 1, with the exception of values from the Netherlands where these raw materials are mainly 

derived from sedimentary structures with low Ra content. A moderatly high Ra content seems to 

be common for clay bricks. Relatively few measurements of the Ra content have been 

performed for aerated concrete, pumice concrete, and sand-li me stone, but the results obtained 

for the Swiss sampies are in the range of the data reported for other countries (see table 1). 

Noticable is the high Ra content of pumice concrete bricks. Measurements of the raw pumice 

showed that this volcanic product has a mean concentration of 237 Bqkg-1 (Pensko and Burkart 

1986). To summarize, it may be stated that the Ra content of raw and building materials 

commonly used in Switzerland are in the range of the values reported for other countries. 
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Table 1: Mean 226Ra concentrations, mean radon exhalation rates (ER) and mean radon exhalation 
factors (EF) of building materials from different countries. 

Building Country Number CR. ER EF References 
material of 

[Bqkg- 1] [J.!l3qkg-1 s-I] sampies [-] 

Gypsum FRG 23 18 (7.0)* NEA,1979 
NL 4 6.5 Ackers et al., 1985 
S 4.0 NEA, 1979 
USA 12 12 6.3 .280 Ingersoll, 1983 
CH 5 15 7.2 .242 

Phospho- FRG 33 592 NEA,1979 
gypsum NL 3 450 Ackers et a1., 1985 

S 15 NEA,1979 
USA 
CH 12 687 Pensko and Burkart, 1986 

Cement FRG 14 26 (16)* NEA,1979 
NL 6 27 Ackers et al., 1985 
S 55 NEA,1979 
USA 4 50 1.0 .Q10 Ingersoll, 1983 
CH 10 20 6.4 .152 

Gravel FRG 5 18 Martin, 1985 
NL 4 9.7 Ackers et al., 1985 
S 48 NEA,1979 
USA 4 15 2.2 .Q70 Ingersoll, 1983 
CH 12 25 9.0 .196 

Sand FRG 50 15 (15)* NEA,1979 
NL 4 8.1 Ackers et al., 1985 
S 
USA 2 34** 12** .160** Ingersoll, 1983 
CH 22 20 8.6 .192 

Clay FRG 109 59 (1.4)* NEA,1979 
brick NL 14 39 Ackers et al., 1985 

S 96 NEA,1979 
USA 6 44 1.0 .010 Ingersoll, 1983 
CH 18 46 3.0 .032 

Aerated FRG 2 5.0** Martin, 1985 
concrete NL 4 21 Ackers et a1 ., 1985 

S 55 NEA,1979 
USA 
CH 2 18** 1.8** .062** 

Purnice FRG 
concrete NL 2 115** Ackers et a1., 1985 

S 
USA 
CH 5 149 13 .052 

Sand- FRG 25 3.7 Martin, 1985 
lime NL 10 8.3 Ackers et a1., 1985 
stone S 

USA 
CH 2 13** 9.6** .350** 

* sampies from Martin, 1985 ** average value 
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Rn exhalation rates and exhalation factors 

The range of the Rn mass exhalation rates for building materials of the different countries listed 

in table 1 is large. This might be due to some extent to the different methods used for the 

determination of this parameter. Few values are available for the Rn mass exhalation factors (i.e. 

the emanation power). Hovewer, a good agreement between Swiss and U.S. samples was 

observed for gypsum, s;md, and c1ay bricks, whereas the values for cement and gravel differ. 

Model calculations 

Samples with the minimum and maximum Rn exhalation factor were selected. Factors and Ra 

contents of these samples were used to calculate minimum and maximum area exhalation rates 

for walls and floor and ceiling. For the calculation of the mean values, mean exhalation factors 

were combined with mean Ra contents. The calculated minimum, mean, and maximum area 

exhalation rates were then used to estimate the radon contribution from the building materials in 

a model room. The dimensions of the model room were 4 x 5 x 2.50 m3 with a door of 0.95 x 

2.00 m2 and a window of 1.5 x 1.2 m2 resulting in a surface to volume ratio of 0.83 rn-I and 

0.80 rn-I for the walls and floor and ceiling together, respectively. Model calculations were 

performed following Stranden (1976) and Jonassen and McLaughlin (1980) using the formulas: 

Qw 

QF,C 
CRnequ 
CRnequ - CRnoul 

EF 
CR• 
P 
m 
dw 
d 
~ 
Qw 
QFC 
S ' W 
~,c 

R 
k 
CRnequ 
CRnoul 

. -

( Li EF,i X CRa,i X Pi x mi) x dw x "'Rn 

( Lj EFj X CRaj X Pj X m) x dF,c x "'Rn 

(Qw~) x (SWNR) + (QF,CARn) x (SF,cNR) for k« "'Rn 

(Qw/k:) x (SWNR) + (QFc!k) x (SFcNR) for k» "'Rn , , 

Rn mass exhalation factor of raw or building material [ 
Ra concentration [Bqkg- I ] 

densitiy of raw or building material [kgm-3] 

mass fraction of raw or building material [ ] 
half thickness of wall [m] 
half thickness of floor and ceiling [m] 
decay constant of Rn [S-I] 
Rn exhalation rate of total wall area [Bqm-2s- l ] 

Rn exhalation rate of floor and ceiling area [Bqm-2s-l] 

exhaling wall area [m2] 

exhaling floor and ceiling area [m2] 

volume öf model room [m3] 

air exchange rate [S-I] 
equilibrium Rn concentration in model room [Bqm-3] 

outdoor Rn concentration [Bqm-3] 

Contribution of buiIding materials to the indoor Rn concentration 

The validity of the Rn area exhalation calculation was verified by comparison of the range of 

0.6 - 10 Bqm-2h- I for concrete with values from literature (0.2 - 8 Bqm-2h- I). The minimum, 
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mean, and maximum Rn contribution calculated from the Rn exhalation rates of different 

building materials to the indoor environment are reported in table 2. Floor and ceiling of the 

hypothetical room are assumed to be made of concrete with dF,c = 0.1 m, the walls consist of 

different building material compositions as indicated in table 2, with dw = 0.19, 0.10, 0.18, 0.15 
and 0.19 m, respectively. Since the Rn concentration indoors depends primarily from source 

strength and ventilation, calculations were performed for some representative air exchange rates. 

Values around 0.3 air exchanges h- 1 are typical for inhabited energy efficient buildings (Burkart 

and Chakraborty 1984), while air exchange rates around 0.5 - 1 h- 1 may be typical for inhabited 

conventional homes. From the results reported in table 2 we can deduce, that the maximum 

contribution from building materials to the indoor radon concentration at an air exchange rate of 

0.3 h-1 is in the range of 30 to 70 Bqm-3. This contribution seems to be rather large, but it has 

to be taken into account that the mass exhalation rates used for the calculation are not realistic in 

two ways. First, the building materials had to be broken up to small pieces for analysis resulting 

in an extrernly enlarged exhalation surface and second, the shielding effects of pIaster between 

the bricks and of the gypsum pIaster are not considered. Therefore, the contribution from 

building materials to the indoor radon concentration may be severly overestimated. Moreover, 

an air exchange rate of 0.5 h- 1 may be more typical for the majority of the Swiss dwellings than 

an air exchange rate of 0.3 hol . 

Table 2: Calculated minimum, mean and maximum Rn concentrations from building materials with known 
radon exhalation in a model room (4 x 5 x 2.5 mJ ) . 

Air ex- Rn contribution from building materials [Bqm-3] 
cha~1e (h- Wall composition of model room (l1oor and ceiling: concrete) 

compound c1ay concrete; aerated concrete pumice concrete comp. sand-Iime 
bnckwork; bricks; bricks; stone brickwork; 

gypsum piaster no piaster gypsum piaster gypsum piaster gypsum piaster 

min 3 2 3 5 16 
0.3 mean 25 28 • 25 • 

max 71 54 32 49 63 

min 2 2 2 3 9 
0.5 mean 15 16 * 15 * 

max 42 32 19 30 38 

min 1 1 1 2 5 
1 mean 7 8 • 8 • 

max 21 16 10 15 19 

• sampie slze too small for calculattOn of mean 

CONCLUSIONS 

The survey on the Ra content and the Rn exhalation behavior of raw and building materials has 

revealed that materials in use in Switzerland are uncritical. An estimation of the maximum 

contribution to be expected from the investigated materials to the indoor Rn level of Swiss 



39 

dwellings gives a mean value around 30 Bqm-3. Even this high value which may overestimate 

the realistic contribution from building materials would represent only about 10% of the indoor 

radon levels measured in the Swiss alpine areas (Crameri et al. 1988; 1989). For the less 
affected region of the Central Molasse Basin, a contribution of 30 Bqm-3 from building 

materials to the indoor radon level would be insufficient to explain the measured mean value of 
60 Bqm-3. 
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ASSESSMENT OF THE EXPOSURE FROM NATURAL RADIONUCLIDES IN AUSTRIA 

Activitities of the Atominstitute 

E. Tschirf, M. Tschurlovits 

Atominstitute of Austrian Universities, Vienna, Austria 

Summary 

This review presents the activities concerned carried out by the Atominstitute radiation 

protection group. Starting in the early Seventies, comprehensive investigations were 

carried out to assess the level and the distribution of the natural background. Regarding 

external outdoor exposure, a simple GM- based counter was developed providing an easy 

to handle equipment with sufficient sensitivity to detect changes in natural background. 

Based upon these results, which are more than a thousend in number, the assessment was 

extended to the determination of the external dose rate indoors, where an ionisation 

chamber was used for about 1800 measurements. The program was continued by 

assessment of the concentration of Radon- daughters indoors with a modified Tsivouglu 

method. The results of these investigations are presented as distributions and a statistical 

evaluation is given. 

I.INTRODUCTION 

Natural radioactivity was subject of investigations since its discovery, and even in the 

early phase some research was done in Austria on this subject Bamberger 1907, 

Schrödinger 1913,u.a.). However, these works were focussed to the assessment of activity 

concentration for geological reasons or for general investigations / KIRSCH 1928 /. In 

the fifties, measurements of external dose rate were used for geological surveys 

( Küppers 1958 ) , Le. for exploration of uranium and thorium minerals. In the sixties, 

the interest moved to the assessment of radiation exposure, and some concepts as gonad 

dose, genetically significant dose etc. came and passed. Eventually, the concept of 

effective dose was established. However, the technique for assessment of natural external 

exposure remained the same even over changing quantities and units: the dose rate was 

assessed at I m above ground. Later these measurements were extended to indoor surveys 

assessing the contribution of building materials. Eventually, in the seventies it was found 

the a significant fraction of the natural dose is from radon progeny indoors. This paper 

is concerned with a review of the measuring program carried out in the Atominstitute. 
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2. EXTERNAL EXPOSURE OUTDOORS 

2.1 Conceptual issues 

The determination of the external dose rate for assessment of the dose of the population 

requires some changes in the assessment concept. Where a geological surveys aims in a 

given spatial resolution to identify formations of higher radioactivtity content, the 

assessment of external population dose rate has to lead to a weil proved mean value over 

the considered area. Therefore, a measuring device indicating a me an dose in the 

measuring time is weil suitable for this purpose. Therefore, a dose rate meter with an 

energy- compensated GM-tube was complemented with a simple mechanical counter. This 

led to a very cheap, really mobile equipment with sufficent accuracy. The conversion 

factor was determined by calibration as 0,50 min- I per mikroR/h (0,050 min- I pro nSv/h) 

for photons above 100 keV. The response for cosmic radiation was determined by 

measurements above a given wate layer (lake ) in different altitudes and lead 

approximately to the same figure. In addition, the detector was checked in a shield of 

pre-war scrap to assess the counting rate due to detector background counts. These 

influences were taken into account in calibration. These figures imply that a conting 

interval of larger than 30 minutes lead to a statistical uncertainty of less than 10 % ( 1 

SD ). This counting interval in turn is sufficient to move the detector over a given area 

and to obtain a reasonable mean value. 

2.2. Results 

The first part of the program was the determination of the external dose rate outdoors. 

The sampling sites were chosen to obtain a representative population weighted mean, i.e. 

in populated areas only. In practice, mainly towns with more than 3000 inhabitants 

were considered. 

The complete data are already published in some internat reports ( Tschirf et.a1.l973 ff ), 

but a statistical presentation is not yet carried out. 

It can be seen that the distributions of the results in different provinces do not follow 

the same kind of distributions. In general, it can be found that in regions with 

homogenous geological situation both a low dose rate is found and a normal distribution 

is weil proved ( Fig.1 ). However, when a higher dose rate is present, the activity 

distribution in soil is inhomogenous and a log normal distribution is found.( Fig.2) 

For the assessment of a representative value of the per caput dose, the following figures 

can be derived. 

• arithmetic mean 

• geometric mean 

• weighted me an 

For demonstration of possible difference, these figures are assessed for different 

provinces. 
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provinee shape arithmetie geometrie weighted 

of distribution mean (nGy/hl 

NÖ lognormal (53) 58 48 

B normal 29 30 27 

S normal 35 35 24 

This example illustrates the importanee of the method of evaluation: 

In Lower Austria (Niederösterreich, NÖ ) is an inhomogenous distribution of dose rate 

due the different geologieal formations, and the different mean values are different. It 

might be worth to note that the arithmetie mean is not applieable in this ease . 

In Burgenland (B) all figures are applieable and agree reasonable weil. This is due to a 

homogenous population and dose rate distribution. 

In Salzburg (S) however, the geometrie and the arithmetie mean agree weil, but an 

inhomogenous population distribution lead to a quite different weighted mean. 

These examples indicate that the weighted me an is the most appropriate method for 

deriving a representative quantity for assessment of the population dose, beeause this 

teehnique is independent from the shape of distribution and is taking into aeeount the 

population density properly. The use of the distribution is appropriate only when the 

population density is taken into aeeount. 

3. EXTERNAL EXPOSURE INDOORS 

3.1 General 

The pro gram for assessment of indoor external exposure from naturally oeeuring 

radionuelides in building materials was earried out in a different way than the program 

deseribed above: 

* The spatial integration used in the survey shown above was replaeed by on site 

measurements in seleeted rooms. A high-pressure ionisation-ehamber (RSS-III) was used 

for these investigations. 

In order to provide agreement with the measurements shown above, so me measurements 

were done at sites where data assessed with program 2. were available. A reasonable 

agreement was found. 

*The seleetion of measuring sites was done by taking into aeount the following issues: 

type of houses, building material, year of eonstruetion and population density 

The final program was based upon experienee gathered in many measurements in one 

provinee, where the dependenee of the dose rate from issues as geological formation, 

but also from other influenees as floor number was investigated. In addition, this suryey 
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was more complicated for practical reasons than the outdoor survey, e.g. due to the need 

for permission of access into rooms etc. Eventually, 1910 houses were investigated, 

which are located in 237 muncipialities. 

3.2 Results 

As an example, the data from Vienna are shown in fig.3. It can be seen that the dose 

rate indoor is significantiy higher than outdoors, the extent of the increase being 

dependent from the building material. The distribution is gene rally normal, but older 

bricks te nd to a log,normal distribution. 

4. INTERNAL EXPOSURE INDOORS 

4.1 General 

A survey for assessment of the the activity concentration of Radon daughters in air 

indoors was carried out. The survey inc1uded two provinces ( Vienna and Salzburg ), and 

some special issues as variablity of parameters, influences of environmental conditions as 

building materials, floor were considered. 

4.2 Measuring technique 

A modified Tsivoglu method ( Thomas ) was used for the assessment of the concentration 

of Radon progeny. In addition, the method by Kusnetz was also used. The daughter 

products are collected on a cellulosenitrate filter, and measurements in some given time 

intervals lead to information on the different daughter products ot the potential alpha 

energy, respectively. In 0rder to reduce the number of parameters, rooms were measured 

after at least two days of no use and hence only background ventilation rate of the 

room. Therefore, a saturation and hence rather an upper bound of the activity 

concentration was provided. 

4.3 Results 

Fig.4 shows the distributions of results in terms of WL. 

The equilibrium factor was assessed as 0,6 ± 0,2, following a normal distribution. 

5. CONCLUSIONS 

The measurements indicate that they follow different distribution. Regarding outdoor 

exposure,the results are following a normal distribution in regions of low dose rate, as 

predicted. However,at high dose rates, a log normal distribution is well proved. For 

indoor exposure, a normal distribution fits well the external dose rate, and a lognormal 

distribution the radon daughter concentration. The equilibrium factor fits also anormal 

distribution. 
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NATURAL RADIOACTIVITY IN THE BALTIC SEA. 

Elis Holm 
Department of Radiation Physics, Lund University, Sweden. 

Ryszard Bojanowski 
Institute of Oceanology, Polish Academy of Sciences, Sopot, Poland. 

Summary 

Studies of natural radionuclides and especial1y actinides in the environment 
are important not only from the viewpoint of their radiological impact, but 
also from the fact that some of them act as excellent biochemical and geo
chemical tracers especially in the marine environment. For some of the natu
ral radionuclides there is still a lack of basic data on concentration le
vels and further investigations on their chemical and physical speciation 
are required to understand their behaviour in the marine environment. 

~25 mos21ömportant natural radionuclides from radiological point of view are 
Ra, Pb-Po and several actinide elements. The measured and estimated 

activity concentrations of artificial actinides are at present in general 
a few orders of magnitude lower than those of the natural ones and their 
concentration factors to in biota are relatively low except in a few species 
of macroalgae and phytoplancton. 

Introduction 

The behaviour of natural radionuclides in the environment has gained inte
rest during t he last decade for comparative studies to artificial radionuc
lides from the nuclear industry. In many areas concentrations of anthropo
genie radionuclides especially actinides are very low and the only reaso
nable way, except for laboratory experiments, to study the behaviour in the 
marine environment is to study naturally occurring radionuclides, evaluating 
the possibili t y of using them as analogues to the artificial ones. 

The natural radionuclides reach the marine environment from different sour
ces such as at mospheric deposition, run-off from land, sediment-water inter
action, certa i n industrial activities and in situ production through radio
active decay. 

Natural radioactivity in the aquatic environment is a very wide subject, but 
the Baltic Sea constitutes an interphase between the freshwater and the ma
rine environment and this paper gives a general non-exhaustive overview of 
sourees, leve l s and transport of some selected natural radionuclides in the 
Baltic Sea on the basis of field data collected. 
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Conclusion 

It can be considered that depending on the long mean residence time in the 
sea for uranium, 5x105 years, that uranium is homogeneously distributed in 
the oceans with the concentration 43.6 Bq m- 3. However variations up to ~~§ 
have been noted depending on locality and depth. The activity ratio 234; U 
is between 1.02 and 1.20 with the mean value 1.14 and marine organisms show 
the same ratio (Miyake et. al., 1973). 

I' 
The activity ratio in river watelA?ntering the sea should in average be 1.25 
in order to result in an activity ratio of 1914 in the sea with the given 1 
mean residence time. The concentration of 2 U in river water is 0.4 ug 1-
corresponding to 5.3 mBq m- 3. Regarding uranium in the one could consider 
the environment as a coastal region influenced by river discharges. The con
centrations of uranium will then incr'?ase with salinity. The results obser
ved in 1983 are given in Fig 1a and F' g 1b. The mixing processesbetween ri
ver and sea water behaves conservatively and no additions or losses occur 
during the mixing processes. We can observe how the 234U;238U activity ratio 
decreases with increased salinity and stabilizes at about 1.20 at salinity 
6% i.e. somewhat higher than for open oceans. 

Results for uranium isotopes in biota from the Baltic Sea are very scarce. 
Activity concentrations of about 12700, 450 and 11100 Bq kg- 1 dry weight 
in the brown macro algae Fucus vesiculosus were observed at the Swedish 
sout west coast. This corresponds to a fresh weight concentration factor of 
about 140( Holm and Persson, 1980) which is higher than reported for other 
macroalgae frolll other areas( IAEA, 1985). 
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Fig. 1a. The activity concentration of 238U in surface water from 
the Baltic Sea as a function of salinity. 
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Fig 1b. The activity ratio 234 U/238U in surface water from the 
Baltic Sea as a function of salinity. 

232Th .. t . 1 f . d' 230 Th f d' t' d f orlgln~zgS maln y rom rlver ralnage, rom ra loac lve ecay 0 
uranium and Th from dissolution and radioactive decay of 228Ra. The sour-
ce of L3UTh is distributed rather homogeneously in the oceans while that of 
232Th does not. One might expect the different thorium isotopes to behave 
similarly after entering the oceans. 

The in situ production of 230 Th in the water column can according to Hirose 
and Suglmura (1987) be calculated from the 238U concentration in sea water,C 
if y is the 234U/238U activity ratio, via the equation: u 

Fi (230Th ) = 12.3 C dYÄ(230 Th )/,\(234U) t 1_exp(-.).(234U)tS 
u 

where Fi (230 Th ) is the in situ 230Th production rate in the water column 
(Bq m-2a- 1) 

d is th3 mea n depth of the ocean. 230 234 
and A(Z 0Th) and ~(234U) are the decay constants of Th and U resp. 

In the steady state the annual in situ 230 Th production must be equal to 
the amount scavenged from the water column. The 232Th concentration and in
ventories mu st be estimated based on isotopic exchange equilibrium between 
232Th and 230Th in seawater. 

If we then assume steady state and isotope exchange equilibrium between 
(230Th) and 230Th in ~h5 water column, t23 232Tha inventory, I(232Th) can 
be esti~ated from the 3 Th inventory, I( °Th) using an isotope dilutron 
equation: 



I(232Th )a = R/f1-R I(230Th )}I(230 Th ) 

R = F(232Th ) /F(230Th ) 
a 

where F represents the annual influx of each nuclide and (232Th ) and 
(230Th) are the species of thorium isotopes accessible to isoto8ic ex
change 8rocess in contrast to the other species locked in the crystal lat
tices of suspended particles. 

Since 1» R I(230Th ) the equation can be written: 

I(232Th ) /F(232Th ) = I(230Th )/ F(230Th ) =1: 
a a Th 

where ~Th is the removal time for thorium in the water column. 

In agreement with the assumed isotopic exchange equilibrium between 232Th 
and 230Th we found for the Baltic Sea a good linear relationship between 
the two isotopes as follows: 

C(232Th ) = -4.8 + 0.79 C(230 Th ) for C(230Th ) > 6.1 mBq m-3 

where C(232Th ) and C(230 Th ) are the activity concentrations of respective 
isotopes, mBq m-3 

A similar good relationship: C(232Th ) = 1.2 +0.31 C(230 Th ) was observed for 
temperate and arctic waters of the North Atlantic and for the fraction 
associated with particulate matter( >0.45 ~m) the relation was: C(232Th) 
0.03 + 0.72 C(230Th) (Holm and Fukai, 1986) 

The activity concentrations of 232Th and 230Th ~~ Baltic Sea water de
crea~3B with salinity from 70 to 2 mBqm- 3 for 2 Th and from 100 to 5 Bq m-3 
for Th when the salinity changed from 2 to 8r~ . Of both radionuclides 
40~ 10% were associated with particulate matter( >0.45 ~m) which is signifi
cantly higher than for open oceans except for the Barents and Greenland Seas 
(Holm and Fukai, 1986). Actinides with oxidation states +3 and +4 should 
theoretically be incorporated into particles when entering the sea. The 
conventional method using the fraction sorbed by filters with 0.45 ~m pore 
size gives in general that only about 10% is associated with particulate 
material. It has not been show if the remaining fraction is associated with 
smaller particles. 

The activity concentrations of 230Th , 232Th and 228Th in surface water from 
the Baltic Proper are about 50, 30, and 110 mBq m-3 which is much higher than 
for open oceans and more typical for coastal regions. The concentrations de
crease for 230Th and 232Th to 6 and 3 mBq m- 3 at 30g m depth while 228Th 
shows an increase over the same depth to 150 mBq m- due to dissolution of 
228Ra from the sediments and vertical transport. 

The relationship between 228Th and the other thorium isotopes is poor. A 
similar observation was done for temperate and arctic waters of the North 
Atlantic (Holm and Fukai, 1986). The activity concentrations of 228Th in 
surface water from the Baltic Sea compared to other areas are given in 
Table 1. 
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Table 1. Activity concentrations of 228Th insurface water from 
different regions. 

Region 

Arctic Ocean 
Subarctic 
North Pacific Central 
Eqatorial Pacific 
South Centra l Pacific 
Subantarctic 
Antarctic Circumpolar 
Ba lti c Sea 

228Th 
(mBq m-3) 

100-600 
20-200 
9-300 
2- 20 
4- 25 
1- 3 
3- 15 

90-400 

Reference 

( Hol m et. a 1 ., 1986) 
(Miyake et.al., 1973 

(Thi s work) 

It has been shown that there is a disequilibrium between 228Th and 232Th 
over land and sea with a large excess of 2L8Th (Hirose and Sugimura, 1987). 
It was sugge sted that this disequilibrium is due to aeolean flux over the 
Western North Pacific of continental dust where 228Th is associated with 
smaller part i cles than the other thorium isotopes and shows a higher redis
tribution and transport range. The atmospheric flux would be much more im
portant for 228Th than for the other thorium isotopes. A relatively smaller 
fraction, 25%, of 228Th was associated with particulate matter in the Baltic 
Sea. 

As for uranium there are very few data available for activity concentrations 
of thorium isotopes in biota from the Baltic Sea. Activity concentrations in 
Fucus vesiculosus were 5000, 400 and 90 mBq kg- 1 dry weight at the Swedish 
south west coast (Holm and Persson, 1980) corresponding to an observed ac
tiviy ratio plant(fresh weight)/ water of 2200, 200 and 200 respectively. The 
higher ratio for 228Th is mainly explained by in vivo build up from 228Ra. 

Polonium-210 

Atmospheric precipitation of 210 po and 210 pb are the basic sources for 210 po 
entering the marine environment. Polonium is removed from the sea much slower 
than lead. In water, polonium is accumulated by plankton while lead is to a 
larger extent sorbed on mineral suspen2rg matter (Skwarzec and Bojanowski, 
1988). The activity concentrations of Po in seawater from the Baltic Sea 
were, by the same ~~8hors, found to be about 0.5 Bq m-3. Significnatly higher 
concentrations of Pb were found in 1983 correspsnding to 2-10 Bq m-3 with 
no correlation to salinity. This indicates that 21 Pb and 210po are not in 
radioactive equilibrium in sea water and the activity ratios correspond clo
sely to what is found in ground level air The data should be taken with pre
causion since the activity ratio 21UPb/L10 po was not properly considered 
during analysis. 

The concentrat ion fact~rs for 210 po in phytoplankton was estimated to 5x103 
compared to (19-80)x10 for zooplankton with higher values for mesozooplank
ton than for macrozooplankton (Skwarzec and Bojanowski, 1988). 

Skwarzec and Falkowski (1988) investigated 210 po in several species of inver
tebrates from the Baltic Sea. It is well known that invertebrates strongly 
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accumulate 210 po . The concentration factors for Neris diversicolor, Gammarus 
sp., Macoma baltica(soft tissue) and Mytilus edulls(soft tlssue) were 17x103, 
74xl03, 75x103 and 30xl03 respectively. 

Skwarzec and Falkowski (1988) also investigated the distribution of 210 po bet
ween differnt organs for different specip.218f fish from the Baltic Sea. The 
weighte91mean ac~ivity"concen~rations of · Po for to~al fish ~ere in cod 80~ 
9 Bq kg dry welght, ln herrlng 26± 3 Bq kg- l dry welght and ln flounder 13-
1 Bq k4-1 dry weight corresponding to concentrations factors of 3.6xl04 , 
1.3xl0 and 0.7xl04 respectively on wet weight bQsis. The concentration fac
tors for muscle were 0.9xl04, 1.0xl04 and 0.6xl04 showing that the accumula
tion of 210po was much higer in certain other organs especially intestine, 
liver, kidney and gills. 

It " b " h 210 " f h " d" 1" " lS 0 V10US t at Po lS one 0 t e most lmportant ra lonuc ldes ln the 
Baltic Sea for dose to man through aquatic foodchains. 
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RADIUM-226 AND RADIUM-228 IN TEJO RIVER ECOSYSTEMS 

M.C.V.CARREIRO, M.M.A.SEQUEIRA 

Departamento de Protec~äo e Seguran~a Radiolögica 

Laboratörio Nacional de Engenharia e Tecnologia Industrial 

Estrada Nacional nQ 10, 2685 Sa.cavem, PORTUGAL 

The portuguese part of the Tejo River has been regularly subjected since 

1976, to a radiological survey, covering the artificial and natural radio

nuclides. Therefore, the daughrer products of the natural families of 238u 
?37 "226 228 and -Th, respect1vely Ra and Ra, have always been determined. 

This document summarizes and analyses data on the 2?6Ra and 228Ra concentra-
228 226 

tions, evalua ted by gamma spectrometry, and the Ra/ Ra ratios, in sedi-

ments, hydrophytes and fish, from s averal sampling stations in Tejo River, 

during the period 1987-1988. A comparison is done with data covering the 

years from 1976 to 1986. Some changes in both radionuclide concentrations, 

mainly in sediments, were noticed and an attempt of interpretation is pro

posed. 

Introduction 

226Ra and 22 8Ra from the 238u ano" 232Th " "1 f d" ser1es, respect1ve y, are 0 ra 10-

logical impo r tance to man, because radium behaves chemically like calcium, 

being deposi t ed on bone surfaces and areas of mineral metabolism (Evans, 

1974) . 

The radiolog i cal survey of the Tejo River sistematically covers the analyses 

of those rad i onuclides, in order to know the natural background and the dis

tribution pattern in the river ecosystems. An occasional change relatively 

to the norma l situation could be found through this knowledge, which also 

helps in understanding the role of 226Ra and 228Ra in this freshwater envi

ronment. It a lso makes possible to predict the consequences of liquid re

leases from mining and milling facilities to the environment and eventually 

to man. The present paper analysE' s da ta from years 1987-1988, comparing them 

with earlier da ta (Carreiro and Sequeira, 1988). 
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Nethodology 

The radiologie al survey of the Tejo Ri.ver is being earried out sinee 1976, 

eovering water, sediments, aquatie maerophytes (hydrophytes) and fish, at 

the fo1lowing sampling loeations: Rodäo, Fratel dam, Gaviäo, Barquinha and 

Valada. The fish speeies are Cyprinidae: Chondrostoma polylepis polylepis 

Steindaehner, Barbus boeagei Steindaehner and Cyprinus earpio Linne. The 

hydrophytes are Myriophyllum vertieillatum L. and Potamogetum erispus L. 

The whole fish and the aquatie maerophytes are dry ashed. The sediments are 

also dried. The radioaetivity measurements are performed by Ge(Li) gamma 

speetrometry (Carreiro and Sequeira, 1988). The natural radionuelides were 

not analysed in the water sampIes. 

The 226Ra measurement is done through its gamma emitter daughter products, 

214pb and 214B, 'l'h ' T'h 228, ' d d' 1 " 1 at equ l 1 rlum, e ~c lS measure lree t y, as lt lS a 

gamma emitter, nevertheless, as a eonseq1.1enee of 228Ae Ghort half life 

(6.13 h), it is in fact the 228Ra that should be coneerned. 

Geomet rie means are lIsed in this work, the presented errors being repre

sented hy the highest value of the geometrie mean standard deviation. How

ever, aritmeti.c means are also presented in braekets in the rabIes, fo( an 

easier eomparison with already iss'red values. The eonfidenee interval, 

P < 0.05, is ealeulated using the t value (Studen t law) t x s/ IN. 

Results aud Diseussion 

Sediments 

226R d 228R .. d 0 ] h 0 h O , h h .a an '3 coneentratlons l.n se Iments a .ong t . e rlver , W len ave s Ol,'n 

to be relatively eonstant d1lring eleven years, 1976-1986 (Carreiro emd Se

queira, 1988), in 1987 showed a remarkable inerease mainly at Rodäo. In Fig.l 

the 226Ra and 228Ra values are presented for the years 1986, 1987 and 1988. 

During the referred eleven years period, the mean values showed to be 56! 16 
-1 + -1 0 226 228 

Bq kg (d.w.) and 76 - 23 Bq kg (d.w.), respectlvely for Ra and Ra. 

Therefore, it ean be seen that, in 1987,226Ra and 228Ra are four '3nd six 

times higher, respectively. Although there being an increase of both radio

nuelides, a higher inerease of 228Ra in relation to 226Ra i8 also observed: 
228 226 + 

the ratio Ra/ Ra that was 1.38 - 0.16 during the above referred period, 

ehanges to 1.80 ! 0.18 in 1987. During 1988 all the eoneentrations decrease 

to values elose to the levels observed in 1986, Fig.1, although still re-

o. l' h 1 h' h h i 228R /226R . 1 ~4 + 0 10 1 ' . 0 malnlng 8 19 t Y 19 er; t e rat 0 a . a 1.S • .:> - • . , a .. reaay Slml-
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[gI Ra-226 

lSl Ra -226 

86.01 86.0286.0386.0466.0586.0686.0766.08 66.09 86.1086.11 86 .12 

t 1630 

[gI Ra -226 

lSl Ra -228 

87.01 87.0287.03 87.04 87.05 87. 06 87.0787.08 87.09 87 . 1087.11 87.12 

[gI Ra -226 

rsJ Ra -228 

88.01 86.0286.0388.04 86.0588. 0688.0786 .0668.09 68.1088 .11 88 .12 

ments from Va lada, y,hich has F' 1 226R d 228R .. 
~g. - a an a concentrat~ons ~n 

the highest 5i02 content sediments from Rodäo, 1986-1988 

(877.), while A1 203 content is the lowest (6.67.). Actually, these data con

firm that the lower is the A1203 content, the lower is the radionuclide con

centration, as proposed in our anterior paper. From the previous granulome-

tric study of the sediments (5equeira et al., 1989) we observe that sediments 

are finer (76 to 86% are < 500 pm) at Rodäo than at the other locations. How 

ever, this is probably not enough to explain those high natural radionuclide 

concentrations. 

In Lush et al. (1982) it is refered that thorium at pR 7-8, anormal value 

at this river location, is very insoluble as thorium hydroxide; therefore,in 

the ca se of an eventual input to the river, much of the thorium would preciE 



itate to the river sedimen ts. 

In Sheppard (1980) it is said 

that thorium is an element of 

low geochemical mobility.Thus, 

a preferential accumulation of 

thorium by sediments, might 

justify the higher values of 
228 226 Ra relatively to Ra . 

According to Sheppard (1980) 
2+ the divalent uranyl ion (U0 2 ) 

is very stable and tends to 

form compounds, suchas Na 2U0 2 

and others. This large ion is 

comparable in size to potas

sium, rubidium and cesium 

ions, which are readily 

58 

Sampllng 
lociltlon 

Rod.1o 

Fratel 

Gaviäo 

Barquinha 

Valada 

Radionuclide contp.:nt 

(Bq.kg- 1dry) 

226 Ra 228 
Ra 

120 :!: 20. 182 :!: 37 

(160 :!: 64)" (284 :!: 147) 

79 :!: 8 53 :!: 

(83 :!: 15) (56 :!: 15) 

65 :!: 8 60 :!: 15 

(68 :!: 15) (71 :!: 28) 

48 :!: 7 51 :!: 11 

(53 :!: 16) (58:!: 20) 

38 :!: 13 39 :!: 13 

(48 :!: 28) (49 :!: 23) 

.. geometrie mean ** aritmetic mean 

1;51 :!: 0.07 

(1.55 :!: 0.12) 

0.74 :!: 0.08 

(0.77 :!: 0.17) 

0.93 :!: 0.11 

(0.97:!: 0.20) 

0.91:!:0.11 

(0.95 :!: 0.19) 

0.99 :!: 0.20 

(1.11 :!: 0.42) 

Table I-Mean concentrations of 226Ra and 228Ra 
in sediments from Tejo River during 
1987-1988 

adsorbed by base exchange on clays and other layer-lattice minerals. A very 

likely chemical change at Rodäo (where there is a paper factory) might have 

caused a precipitation of natural uranium and thorium from water to sedi

ments. However, as already referred, we do not have data on water, which 

might confirm this hypothesis. 

Radionuclide con'tent 

Sampling (bq.kg- 1 dry) 
228Ra ,226Ra Ioeation 

226Ra 22~ 

Rodäo 226 :!: 38· 374 :!: 68 1.65 :!: 0.06 

(298 :!: 119)" (515 :!: 223) (1.67 :!: 0.10) 

Fratel 145 :!: 11 117 :!: 16 0.80 :!: 0.08 

(148 :!: 22) (126 :!: 35) (0.84:!: 0.16) 

Gaviäo 121 :!: 45 16.5 :!: 101 1.28 :!: 0.23 

(161 :!: 76) (285 :!: 191) (I.39:!: 0.41) 

Barquinha 115 :!: 17 173 :!: 22 1.31 :!: 0.12 

(124 :!: 29) (181 :!: 47) (1.33 :!: 0.21) 

Valada 61 :!: 25 63 :!: 40 1.21 :!: 0.25 

(90 :!: 56) (143 :!: 159) (1.32 :!: 0.46) 

* geometrie me an ** arltmetic mean 

T.able 2 - Mean concentrations of 226Ra and 228Ra 
in sediment fraction < 212 fJ m from 
Tejo River, during 1987 - 1988 

As discussed by Lush et al. 

(1982) the specific activity of 

surficial sediments is propor

tional to the activity of the 

particulates in the overlying 

water column and the deeper 

sediments will have an activity, 

corrected for decay, correspond

ing to water concentrations dur

ing the time they were deposi

ted. Therefore, another expla

nation would be a mixing of the 

sediments, with deeper sedi

ments being brought up to the 

surface by some unknown 

process. 



lIydrophytes 

Table 3 shows that the average 

values for the aquatic rnacro

phytes, ~Iyriophyllurn verticilla 

turn and Potarnogeturn crispus, 

during 1987-1988, do not dif

fer significantly along the 

four locations in the riverj 

at Valada there are no avail

ahle values and at Gaviao and 

ßarquinha they are very scarce 

and largely variable. It is 

remarkable that the 228Ra / 

/ 226R . . 1 a ratlos are a ways 

clearly below the unity. 

In Carreiro and Sequeira 
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Radionuclide content 

Sampling (Bq.kg -I dry) 
228Ra /226 Ra Ioeation 

226 Ra 228Ra 

Rodäo 48 :!: 9* 36 :!: 10 0.67 :!: 0.07 

(59:!: 18)" (45 :!: 14) (0.71 :!: 0.14) 

Fratel 34 :!: 8 25 :!: 7 0.59 :!: 0.07 

(47 :!: 18) (33 :!: 12) (0.64 :!: 0.18) 

Gaviäo (1) 
33 :!: 16 23 :!: 6 0.61 :!: 0.41 

(44 :!: 45) (23 :!: 6) (0.80 :!: 0.73) 

Barquinha (1) 51 :!: 24 31 :!: 16 0.62 :!: 0.04 

(66 :!: 42) (42 :!: 28) (0.62 :!: 0.08) 

(I) 
few values * .. 

very geome trie mean arltmetic me an 

Table 3 - Mean concentrations of 226Ra and 228Ra 
in hydrophytes from Tejo River, dur-
ing 1987 - 1988 

(1988) it had already been noticed that 228Ra /226Ra ratios were lower than in 

the other compartments of the ecosystem, 1.17! 0.28 and 1.03 ! 0.50, re

spectively f Ol" M. verticillatum and P. crispus, presenting very often lower 

'n8Ra than 226Ra concentrations. However, when cornpared with the former val

ues, the pre s ent concentrations are all higher. 

Fish 

During this period the whole fish was analysed. The 226Ra and 228Ra concen

trations, obtained by gc.mma spectrometry, are v~ry low, almost always close 

to the detection limits, with only one exception at Barquinha (1.62 ! 0.54 
-1 226 

Bq kg W.w. of Ra). 

The earlier data (Carreiro and Sequeira 1988) concern only (ish muscle, and 
228 226 

values were very stable, th.e Ra/ Ra ratios being for the different 

species, C. carpio, B. bocagei and C. polylepis polvlepis, respectively 

1.21 ! 0.14, 1.25 ! 0.22 and 1.22 ! 0.20. 

As it is known, radium metabolic behaviour is similar to that of calcium and 

an appreciable fraction is deposited in bone (Evans 1974). Thus, the low 

concentrations in fish for 1987-1988 are quite unexpected, when compared 

with the concentrations in sediments and hydrophytes, unless a high deple

tion of the natural radioactive families from water to sediments has occurred. 
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Conclusions 

According to the above discussion, a chemical precipitation either of the 

11 . 226R d 228R . J . kIf natura y occurl.ng, a an a l.n watet: or, more _-i e y, rom an un-

known dis charge , should have occurred in 1987 . Anoth€'r hypothesis , hO'_olever 

more unlikely, could still be faced of deeper sediments brought up to the 

surface. 

The enhanced concentrations in hydrophytes seem to confirm the hypothesis 

of an input to the river, reflecting also a slightly higher 226Ra bioaccu

mulation (Carreiro and Sequeira, 1988). 

In what concerns fish, the concentration factors for 226Ra and 228Ra are 

lower than those ones for the hydrophytes (Carreiro and Sequeira, 1988) and 

probably those radionuclides are no t so readil y accumula ted i n fish as i n 

hydrophy tes. Therefore, a depletion from water t o the hydrophy t es , but main

ly to sediments, might have occurred . 
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DETERMINAT ION OF FLOW TIMES AND LONGITUDINAL DISPERSION COEFFICIENTS IN THE 

MAIN RIVER USING 3HHO AS TRACER 

Walter J . Krause and Helmut Mundschenk 

Federal Institute of Hydrology, POß 309, D-5400 Koblenz, FRGermany 

Summary 

Single discharges from nuclear power plants as well as discrete labeling with tri

tiated water ar e used to determine flow times, flow velocities and longitudinal dis

persion coeffi cients in German rivers as shown here, for example, for the Main 
river. 

Introduction 

In order to describe the behaviour of dissolved radionuclides in rivers the flow 

characteristics and dispersion coefficients mustbe very well known. In dam-regulat

ed rivers the vertica l and lateral dispersion are only important in the vicinity of 

an emittent [Yo70], whereas the longitudinal dispersion takes place over an extend

ed distance, governing the distribution of the emitted radioactive substances in 

the water body. This long-range mixing process is decisively influenced by the 

characteristics of the stream (roughness of the river bed and banks, variability of 

river profiles , calm water zones, groin fields etc.). 

The use of 3HHO as a tracer is especially suited to describe the dispersion of dis

solved pollutants in discretely loaded river sections because it can be detected 

along very large flow distances [f~u81, Mu82]. Within this range, all the natural 

particularities of the water course are included and for the whole river section 

representative dispersion coefficients can be obtained. A comparison of the real 

dispersion behaviour with the expected one based on calculations permits further

more to estimate the usefulness of the relations derived from the second Fick's law. 

Experimental 

The investigations on the dispersion phenomena were performed in the Main river, 

the l argest right affluent of the Rhine, along a section of nearly 320 kms between 

the city of Schweinfurt and the Rhine embouchure [Mu86, Kr87]. The presence of a 

potential tritium emittent, in this case the Grafenrheinfeld nuclear power plant 

(KKG), was decisive for selecting this river section for in vestigation because tri

tium emissions during normal operation were expected to be used for tracing. These 

emissions are normally occurring intermittently during 1-2 hours and up to several 

times a week. Owing to the fact that the time data of discharge were not known in 

advanceand the emissions generally did not occur under determined runoff conditions 

desired for i nvestigation, the headwater at the Schweinfurt hydroelectric power 
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plant was additionally spiked with tritium. 

In order to cover a wide range of runoff conditions for determining the variation 

of flow time, velocity and dispersion coefficient, three investigations were per

formed, covering the most important runoff range between 0.4 and 4 times the mean 
runoff MQ. 

Sampling was performed with automatic sampling devices at four sampling sites down

stream, collecting aliquots each 1/2 hour and filling one-liter bottles normally in 

4 hours and in 2 hours at the first sampling location. The samples were transported 

to the Institute weekly, where their tritium concentration was measured by liquid 

scintillation following electrolytic enrichment. Under the conditions used (co untin g 

time 500 min/sample; enrichment factor between 15 and 20), the detection limit ob 

tained was about 0. 2 Bq/l . The number of samples amounted up to nearly 1000 per 

campaign. The tritium preload of the Main water ranged from 4.5 to 6.5 Bq /l , only 

scarcely influenced by precipitation events. 

Results 

The net tritium content due to spiking or to single discharges could be obtained by 

subtracting the preload from the total concentration (Fig .1 ). Multiplying the frac

tional net concentration with the corresponding runoff values and integrating over 

the passing time of the individual transition curves at the different sampling sta

tions, the total activity of single discharges could be calculated. The daily runoff 

variations are due to operation of the locks, especially noticeable under low runoff 

conditions. Its influence on the tritium load ist most clearly at constant tritium 
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Fig.1 Tritium concentration in the Main river at the sampling station of Garstadt 

showing the transition curves from tracing at the Schweinfurt hydroelectric 

power plant (GM) and of the single emissions from the Grafenrheinfeld nuc

lear power plant (KKG) 
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eoneentration. If the rate of preeipitation inereases, runoff and flow velocity in

crease with a eertain delay so that the individual transition eurves are apparently 
drawing together. 

Large tritium emissions from the Grafenrheinfeld nuclear power plant are deteetable 

even over dis t anees of several 100 kms. The shapes of the transition eurves register

ed at low run off values are slightly asymmetrie: on the aseending part they always 
show a high st eepness due to a low dispersion, whereas on the deseending part there 

is always a marked tailing. These observations ean be related to the existenee of 

seetions with different mobilities within the tritium-spiked water bodies. This be

haviour will be expected espeeially in impounded river sections. The bypass of loek 

water does no t influenee the eurve shape seriously beeause this part amounts only up 

to about 5 % on the average in the Main ri ver. The asymmetry deereases with inereas

ing runoff, as espeeially registered in the seeond and third eampaign . Under these 

eonditions, f l ooding of formerl y ealm water zones, groin fields and even overflowing 

inerease the t urbulenee and the spiked water bodies show more symmetrie transition 

eurves. 

To deseribe t he transport behaviour of tritium spiked water bodies under natural con

ditions, the determination of representative eharaeteristie values from the observ

ed transition curves is necessary. Dec omposing the complex shape of the transition 

curves, the mean flow time, the tritium concentration at the maximum and the tri

tium l oad for the Gaussian fraction of the curves were calculated. The Gaussian 
fraction amounts up to 65- 70 % of the total load, on the average. These charae

teristic values are quoted in Fig.2, where the transition curves of a spiked river 

body are plotted against flow time, by passing all the sampling points until reach

ing the Rhine embouchure. 
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Fig.2 Tritium concentration Cn in the Main river water in the profile section, 

resulting at the Schweinfurt tracing site and at the Garstadt (GM)' Markt

breit (MI), Faulbach (F1) and Eddersheim (E1) locks Comparison between 

calculated values and measured/corrected data and presentation of Gaussian 

fractions 



64 

An analysis of the shape of the dispersion curves has revealed that the ascending 
part over the maxima could be described fairly well by a Gaussian distribution func

tion. Thus it is supposed that this part of the transition curves exhibits the mov

ing behaviour of a water body transported in an undisturbed way, as being oberserv

able especially in freely f l owing streams. The decrease in concentration at the 

maxima of the transition curves can be observed with increasing flow time, result

ing in a broadening of the curves, because the total tritium load remains nearly 

constant. The full lines represent the measured tritium content, the dotted lines 

correspond to the Gaussian fraction agreeing fairly well with the ascending parts 

of the passing curves, and the dashed lines correspond to values evaluated by the 

momentum method . Comparing the calculated curves, the shape of the latter differ 

considerably, not only on both ascending and descending flanks of the oberserved 
curve but also on the temporal position of the maximum. In order to describe the 

dispersion behavio ur occurring in natural watercourses, the Gaussian method there

fore seems to be more suitable than the momentum method . 

The longitudinal mixing of a tracer as well as that of a soluble pollutant causes 

decreasing concentrations at the maximum of the transition curves. This decrease 

depends especially on the dispersion coefficient of the river section investigated. 

The variation of the normalized tritium contents at the maxima of the transition 

curves are presented for both types, the Gaussian and the momentum method, in Fig.3, 

where the course for several averaged single emissions and spiking events are plot

ted against the flow time. Furthermore, for three selcted flow times (10, 50 and 250 

hours) the corresponding dispersion curves are shown to elucidate the longitudinal 

mixing occurring in the river section considered. Comparing both plots it can be 

seen that the mentioned secondary effects appearing along the whole flow distance 

influence the dispersion process . The effects produce a faster decrease in the tra

cer concentration, associated with a corresponding broadening of the transiti on cur

ves; i n the example shown, the momentum method yields tritium concentrations that 
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Decrease in the normalized tritium 
concentrations at t he transition 
curve maximum as a function of flow 

time To over the distances between 

the Schweinfurt or Garstadt and Ed 
dersheim locks for the average of 

all evaluated profiles, taking the 

Gaussian method and the momentum 

method, respectively, into account 
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are lower by a factor of 2, compared with those obtained with the Gaussian met~od. 

Thus, the Gaussian method describes not only far better the ascending part of a 

transition curve but the maxima calculated with it also show a closer agreement with 

the measured values. 

Finally, the parameters needed to evaluate the longitudinal dispersion coefficients 

were determined disregarding disturbing secondary effects (Gaussian method) and 

taking all mea sured values intd account (momentum method). Details are given in the 

published paper s [Mu86, Kr87]. In the relative run off range between 0.3 and 0.7 MQ, 

the values of t he longitudinal dispersion coefficients range between 80 and 200 m2 /s 

from the momen t um method and between 20 and 150 m2 /s from the Gaussian method. 

From Fig.4, the flow times of a contaminated water body, starting from a given emis

sion point to t he single sampling sites can easily be found. The resulting values 

for both the Gaussian and the momentum method are close together. The flow veloci

ties are deduced from observed mean flow times and the well known distances. The 
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Mean flow velocities v in partial sections 
of the Main river as a function of the mean 
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relation between the mean flow velocity and mean relative runoff was found to be 

linear in the range below the mean discharge of the Main river (Fig.5). The flow 

velocities determined by the Gaussian method are always slightly higher than those 

determined by the momentum method. In order to prove if the relationship is valid 

for the whole river course from Schweinfurt to the Rhine embouchure (i.e. over a 

length of 320 kms), the mean flow velocities were plotted against the mean relative 

runoff. Hereby, one obtains one single linear relationship under low run off condi

tions, with only slightly scatter around the mean. At the other hand, the observed 

course deviates more and more from linearity with increasing mean relative runoff. 
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This observation may be explained by the fact that with increasing runoff the Main 
river overflows more and more the areas along the river course. Hereby the mean flow 
velocity is reduced and the dispersion increases. 
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Fig.5 
Mean flow velocities V in the Middle 
and Lower Main river as a function of 
the mean relative runoff Q/MQ 

By observing the behaviour of discretely spiked water bodies with tritiated water 
(3HHO) along the course of the Main river over more than 300 kms, flow velocities, 

flow times and dispersion coefficients could be determined under natural conditions. 

Using the relative discharge Q/MQ as a variable, it could be shown that the flow be
haviour along the total course was described by only one fundamental relationship. 

From this the flow velocity at variable discharges in the range between 0.4 to 4 
Q/MQ can be derived. Taking the dispersion coefficients evaluated into account, the 
model proposed allows to estimate the flow times and the decrease in the concentra

tion of a dissolved radioactive substance along the course of the Main in the ca se 

of an accidental release. 
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THE TRITIUM BALANCE OF THE EMS RIVER BASIN 

Walter J. Kra use 
Federal Institute of Hydrology, POB 309, D-5400 Koblenz, FRGermany 

Summary 

For the Ems r i ver basin, as a fine example cf a Central European lowland basin, an 

inventory of t he tritium distribution is presented for the hydrologie years 1951 to 

1983. On the basis of a balance model, the tritium eantents in surfaee waters and 

graundwater of the Ems river basin are calculated, using known and extrapolated 
tritium input data and comparing them with the ccrresponding values measured s i nce 
1974. A survey of tr i tium f lows oecurring in this basin is presented, taklng meteo
rologie and hydrologie facts into aecount. 

Introduction 

The first aim was to balance the lang-term tritium input and output of German river 
basins and to find out the influenee of nuclear power-generated tritium emissions 

in relat i on to atmospherie tritium washaut [Kr82]. Formerly de'/eloped model ca lcu 
lations were t ested for transfer from small closed basins [Kr80] to a hydrological
ly simp ly-structured lowland river basin cf average area, studying the modif i ca
tions necessa ry to adjust the calculated results to the actual facts. When investi
gating hydrol ogie events, tritium can be used as a tool for improving the water ba

lance of a given river basin, and for that reason, the possibilities of elucidating 

the transport ways into the groundwater zone are studied. A preliminary water ba

lance serves as a basis for determining the tritium balance. 

Experimental 

The tritium concentration in Ems water has been regularly measured at the Tritium 
Laboratory cf the Federal Institute of Hydrology since 1974. Corresponding values 

in precipitation have been measured since late 1977. Three subcatchment areas with 
sampling sta t ions, at Rheine as reference point, closing the Upper Ems basin, at 

Geeste, monitoring the effects of the former Lingen nuclear power plant (KWL) and 

at the port of Emden, clo-sing the Inland Ems basin, were considered to calculate 
the tritium output, whereas the poster, for simplicity, deals only with the latter. 
Automatie sampIers installed at the two first-mentioned stations collect small ali

quotes every 30 min, whereas at the tidal station weekly half-liter sampIes are 

taken manual ly to obtain monthly mixed sampIes. Precipitation is collected at se

lected presentative sites in 0,4 m2 , 20 cm deep pans and adequately stored to ob

tain monthly mixed sampIes as weIl. The tritium concentration is determined by 
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counting 500 min each sample by liquid scintillation after electrolytic enrichment 
bya factor between 15 and 20, obtaining detection limits of about 0,2 Bq/l. 

Model description and data processing 

The work divides into two partial aspects: the water balance for representing the 
different transport ways and, on the basis of this, the tritium balance, consider
ing the tritium concentration in the corresponding media in order to quantify the 
tritium distribution on these transport ways [KrS8]. The tritium balance model ap

plied is based on a first version elaborated at the Phys i cal Institute of the Hei

delberg University [Es80] and has now been deve!oped further to take more hydrome

teorological parameters into account (fig.l). The groundwater region is described 

by means of four compartments: a fast and a sl owly reacting groundwater reservoir, 

each of them divided up into a dischargeable and a non-dischargeable part (so
called tritium buffers). The input section encloses the tritium inflow on the basin 

surface by precipitation washout, by surface water from adjacent basins and owing 
to nuclear power plant emission. The output section encircles the areal tritium 

saturated 
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L ._ ._ ._ ._ ._ ._ ._ ._ . _ ._ . _ .J 
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the Ems river basin 
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T ; Tritium flow 
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graundwater reservoir 
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graundwater reservoir 
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9 ; Base-flow fraction 

NPP ; Nuclear power plant 

GS ; Slawly reacting groundwater 
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IK ; Inflaw from adjacent basins 

o ; Output to the sea 
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; Seepage inflow 
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outf10w from the basin via Ems estuary and into other adjacent basins via the 
northwest channe1 system as we11 as the tritium evapotranspiration and the tritium 
decay. 

Data proeessi ng is rea1ized on the basis of avai1ab1e meteorologie and hydrologie 
da ta files and aeeording to t~e known extended water balance equation, determining 
first the mon t h1y va1ues of t~e individual transport terms. Taking further the ap
pertaining me t eorologie, hydro logie and emission tritium da ta into account, they 
were 1 inked and co'rre1ated with the water balance transport terms to obtain the 
eorrespondent va1ues needed to estab1ish the tr i tium balance. The who1e da ta pro
eessing is ou t 1ined in a schematie block diagram (fig.2), where the most important 
parameters are stated. Se1e~:ed graphs of this parameters covering the period 1951 
to 1983 and showing also their mean month1y variations are presented on the poster . 

Starting fram measured runoff and ca1cu1ated areal j3recipitation and evaporation 

data, using the Turc model, a water balance was estab1ished, giving also informa
tion about th e relative soi1 water storage and its absolute variation. The ground

water runoff was est imated by comparing severa1 models of dry-weather surfaee water 

runoff. Evapo ration and soi1-water storage variation were ca1cu1ated tagether with
in a model deve10ped at the Water Budget Division to test and campare different 

evaporation formulas, whereas the superficia1 soil-water storage variation was 

estimated by taking average daily snowfall and snowcover values into account. Me

teorologie and hydrologie data were taken from tables published by the Ger

man Weather Service and the Water and Navigation Authorities, respective1y. The 

description of the tritium balance bases on the tran~port ways defined by the water 

balance, comp 1eted for decay. Tritium data of precipitation and surface water were 

taken, before starting own measurements, from severa1 research literature and from 
IAEA data fil es; tritium emission values were communicated by the KWL nue1ear power 
plant. 

Resu lts 

The app1icabi1ity of the triti um balance model can be proved best by compar ing the 

ca1eu1ated va1ues with the measured ones, as shown in Fig.3 for the Ems water at 
Emden since the beginning of the measurements. During the period 1966 to 1970 and 
after 1977 a satisfactory ac:ordance within the 2s-measuring error is noted, where
as va1ues fo r the first-mentioned period were extrapo1ated from measured tritium 
eoncentration in the Weser water. The higher va1ues before 1978 are main1y due to 
the severa1 suppositions of boundary conditions made for model ca1cu1ations, to the 

c1ear1y 1ess avai1ab1e da ta and to 1ess indicative spot samp1ing. A parameter opti
mization, for instance, varying the seepage input fraction to the groundwater re

servoirs, can approach the course of the calcu1ated tritium concentration to the 
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Fig.2 Water and tritium balance of a river basin 

Data processing scheme using a balance model 
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actua 1 one. 

As the tritium concentration in seepage water mixes with the initially very low 
tritium concentration in the groundwater reservoirs. according to the points given 
by the model. the latter increases with considerable delay. reaching the maximum 
recently in 1966 to 1968. depending on the type of groundwater reservoir. and de
clines markedly just in the decade of the seventies. Since 1977 the tritium concen
tration in precipitation has become definitively less than in Ems water. revealing 
that from the groundwater region a still relativeJy high tritium amount is still 
drained. The courses of tritium concentration and load in precipitation and Ems wa
ter develop mainly parallel to each other with relatively high increases in 1954. 
1958 and 1963 owing to nuclear weapon tests. Besides. the influence of extreme pre
cipitation and runoff conditions can also be recagnized. 
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Comparison of measured values of 

the tritium concentration TW of 

Ems water with those calculated 
by means of the balance model 

Apart fram the tritium input. the tritium evapotranspiration. the direct superfi
cial) tritium runoff. the tritium inflow to groundwater reservoirs and the total 
tritium load (output) represent the main tritium transport flows with long-term 
mean values of 64. 17. 17 and 28 %. respectively. The tritium inflow and out
flow thraugh t he northwest channel system amount only to 0.6 and 0.2 % respective
ly. varying slightly from one year to another. The maximum of KWL tritium emission 
oc-curred in t he period 1970 to 1972 with mean annual fractions of scarcely 1 % of 
the total trit i um input. The long-term fraction of tritium decay in the groundwater 
region amounts to 6.5 % from tritium input. increasing to 25 % in 1983. 

Accord ing to t e balance model. the mean value af net groundwater depth in the In
land Ems river basin is given with 3.6 m and the average groundwater residence time 

amounts to abo ut 13 years. In 1983. the groundwater region still contained about 12 
% of the net cumulated inflow through the soi 1 surface. Based on the exponential 

model that could be only a rough approximation. the average residence time of tri
tium amounts t o 7.5 years. taking the groundwater output and the tritium decay into 
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account. 

Conclusions 

Extrapolating the cumulative values of tritium input and output and taking the ac
tua l decrease in the tritium concentration in precipitation and river water into 
account, the removed tritium fractions ean be approximately stated. Thus the tri

tium eoncentration in preeipitation and the tri tium input wil l deerease to the na

tural level until the year 2000. On this bas is, it ean be estimated that about 95 % 

of the anthropogenie tritium reieased to the atmosphere until the end of 1983 have 

been washed out by precipitation. Compared to that, the dec rease in the tritium 

eoneentration in the Ems water will steadily slow down, because the tritium frae

tions arriving to runoff from the groundwater reservoirs will still inerease. 

From 1951 to 1983, nearly 97 % of the seepage tritium inflow to the dischargeable 

groundwater reservoirs have f lown out. In eompar iso n to that , the non-dischargeab l e 

groundwater rese rvoirs still eontain a eonsiderable tritium activity. Considering 

the deeay, in the future fram the fast reaeting groundwater reservo i r about 15 % 

and from the slowly reacting one even 60 % of t he tritium aetivity cumulated until 

1983 will be drained out. Owing to the points given by the model, the interaction 

between non-dischargeable and dischargeable groundwater reservoi rs is very l imited 

as compared to the groundwater discharge; their tritium aetivity will have decreas

ed to the natural level only after several decades. On the other hand, the tritium 

eoneentration in Ems water will already reaeh the variation range of natural tri

tium as before 1951 within 20 to 30 years. 
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THE RADON PROBLEM IN HOUSES 

w. Jacobi 

Institute for Radiation Protection 

GSF, Munich-Neuherberg, F.R. of Germany 

During the l ast years comprehensive measurements of radon in indoor air have 

been carried out in several countries. Simultaneously, improved models for 

the lung dosimetry of inhaled radon decay products have been developed. On 

the basis of these studies the resulting frequency distribution of lung do

ses in the population is discussed. It can be concluded that the ~ -irradi

ation of the bronchial epithelium from indoor inhalation to radon decay 

products represents by far the most important radiation hazard from environ

mental radioactivity. 

This statement is strengthened by the observed excess lung cancer frequency 

in groups of Rn-exposed miners. These da ta enable an estimate of the 

possible lung cancer risk to populations from indoor radon. The results of 

this risk analysis by an ICRP Task Group and by the BEIR IV-Committee are 

compared and their uncertainties are outlined. Direct large case-control 

studies in populations are required to confirm this approach from miners. 

The basic principles for the control of this exposure in existing and future 

houses are outlined. Mitigation measures should be taken in houses with high 

radon levels. The practical experiences, particularly in Sweden, have shown 

that subpressurization and basement sealing, in combination with an 

appropriate ventilation, seem to be the most efficient mitigation method. 

One of the main problems, however, is the identification of such houses with 

high radon l evels. 

1 
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Radium-226 concentration in human bone 

J. Berlich, B. Glöbel 

Universität des Saarlandes - Germany F.R. 

Abteilung Medizintechnik und Strahlenschutz 

Radium-226 concentration in human bone was measured to 

determine variation of concentration with age. Using a 

Silicon-Surface-Barrier-Detector Radium-226 was determined by 

Alpha-Spectrometry. In a wide range of ages, we found a factor 

of more than 100 between low and high concentration of 

Radium-226 in bone. Taking average values concentration was 

higher in young bones than in older one. 

Introduction 

With relation to earlier investigations (Muth60), concentration 

of Radium-226 was determined using Alpha-Spectrometry. 

Radium-226, as part of naturally occuring radioactivity, is 

found everywhere in our environment. Chemical behaviour of 

Radium is similar to other Earth-Alkaline metals like Ca, Sr or 

Ba. This means that Radium in man occurs mostly in bone 

(ICRP20). The results of the analysis were interpreted in view 

of age-dependence. 

In total 183 sampies of Femur were ashed and precipitated in 

the BGA (Bundesgesundheitsamt) in Munich-Neuherberg (Dehos79). 

A Barium-Chromat-Extract then was used to make a 

Barium-Sulfat-Precipitation. The Ba-Ra-SO is filtrated and the 
4 

filter is measured in a vacuum-chamber to determine directly 

the Alpha-particles of the Radium-226 decay. The 

surface-covering for this measuring methode should be in range 
2 

of 5 ~g/mm . In this measuring design aresolution of 70 keV at 

FWHM is possible. With increasing surface-covering, the 
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resolution decreases rapidly. The assessment of the measurement 

is using only the counts of the Radium-226-Decay. 

The 183 sampIes are covering a range of 0.2 years of age until 

88 years o f age. 

The concentration of Radium in bone is always calculated with 

reference to Calcium. This seems to be the most comparable 

parameter (Fisenne81 ) . The values for the Radium-226-

concentrat ion in bone referred to 1 g Ca varies within 0.02 

mBq/gCa and a maximum of 32.6 mBq/ gCa . All measured values were 

presented in figure 1. The distribution of the measured values 

is showed in figure 2. 
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Fig.1: Concentration of Radium-226 in 18 3 bone sampIes 

Obviously there are higher concentrations in ages from 0 to 25 

years the n in middle-years. Calculating an average value there 

is obtaine d a concentrat ion of 2 . 2 mBq Ra226 / g Ca . For further 

interpreta tion of age structure we calculated average values 

over 5 years. So we have a newage structure of sampIes 

presented in figure 3. This new classification produces an age

variation of concentration presented in figure 4. Obviously the 

variation with age is given looking at young and middle ages. 

The varie t y in concentration in different age classes is up to 

a factor o f 2 . 3. 
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Fig.4: Concentration of Radium-226 in bone using average values 

of 5 years 

To descr i be the experimental age-dependence by a mathematical 

expression, the following formulation was used (Bronstein70) 

n cx+d 
C a (x- b ) *e 

n n 

The adaptation of the coefficients a,b,e and d leeds to the 

following equation, describing the age-dependence of Ra-226-

concentrat ion in human bone: 

4 2 -O . 23(x-l) 
C = [O.006*(x-4.5) +O.4*(x+2.1) -x+21*e +O.05(x-40) 

with: x age (a) 

C Ra-226-ConcentrationjCa (mBqjg) 

The compa rison between experimental data and mathematical 

description shows figure 5. The mathematical description can be 

accepted a s good formulation of experimental measurements. 
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Fig.5: Comparison between mathematical description and experi

measured data of Radium-226-concentration in human bone 

In addition the experimental average value of 

Radium-226-concentration in human bone should be regarded 

compared to values from other countries (Fisenne81). In table 1 

there are values listed out of literature: 

Country Year Ra226-concentrationLCa (mBgLg) 

USA 1980 1.1 

Jamaica 1980 1.7 

Argentinien 1972 1.1 

Chile 1959 3.0 

Venezuela 1980 0.5 

Fidschi 1980 0.3 

England 1959 1.5 

Deutschland 1978 2 . 4 

Polen 1977 1.1 

Ukraine 1968 3.4 

Israel 1959 3.6 

Nepal 1980 0.9 

Table 1: Radium-226-concentration in various countries 
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Conclusion : 

Radium-226 - concentration in the Federal Republic of Germany 

agrees with values measured in other countries and with older 

results from Germany. Concentration varies with age more than a 

factor of t wo. Variation can be cornbined with bone growth and 

Calcium-met abolism (Berlich88). Calculating a dose equivalent, 

using the method described in ICRP 30 (ICRP30), results are 

negligible compared to natural occuring dose (GSF86). 
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THE SIGNIFICANCE OF NATURAL FAECAL THORIUM EXCRETIONS FOR THE SURVEILLANCE 

OF INHALED THORIUM CLASS Y COMPOUNDS 

Dieter Beyer, Reinhold Biehl 

Kernforschungsanlage Jülich, Germany F.R. 

Summary 

Inhalation of Th02 represents a hazardous route of radiological exposure. Fae
cal monitoring is in principle sufficiently sensitive to detect intakes below 

the lCRP annual limits of intake (ALl) but faecal Th excretion due to natural 

intakes should be taken into account. As this is generally unknown we investi

gated 8 faeces samples from 6 non-exposed persons for natural Th excretion. 

For comparison the results of the surveillance of 10 potentially Th exposed 

persons are given. On the basis of the data of the non-exposed group we cal
culated detection limits of 19 and 6.3 mBq/d for Th-232 and Th-230, respec

tively. Consequently, within 10 days after inhalation lower fractions of ICRP 

ALl's can be detected than by urine analysis. After this period both monitor

ing methods are inadequate even for detecting Th-232 lCRP ALl and other meth- I 

ods should be preferred . 

lntroduction 

Health problems common in the use of Th arise at the Jülich Nuclear Research 
Center mainly from possible inhalation of Th0 2-containing dusts . The lCRP Task 

Group on Lung qynamics assigned the oxides and hydroxides of Th to class Y 

compounds. According to lCRP 30, ALl's of these compounds are restricted to 

100, 600 and 600 Bq for Th-232, Th-228 and Th-230, respectively. For internal 

Th monitoring there are in principle 6 methods : urine analysis, faeces analy

sis, whole body, head and lung counting of y-emitting Th daughters and thoron

in-breath measurements. Urine analysis and whole body counting proved to be 

inadequate as methods of detecting lCRP ALl's of Th-232 class Y compounds. Re
sults of head and lung counting are often unreliable and diffic~lt to inter

pret because of the unknown ~quilibrium state within the Th decay chain and 

the presence of interfering radioactive contaminants. To overcome these draw

backs Peterman /Peterman 1985/ promoted the development of thoron-in-breath 

monitoring for the detection of Tr.-232 lung depots of less than 1/20 lCRP ALl. 
Lipsztein /Lipsztein 1989/ favoured faeces analysis, which she claimed to be 

"the only practical method for routine measurement". 
As shown in Figure 1 the faecal excretion of Th up to one year after inhala

tion is orders of magnitude higher than excretion via urine. On the basis of 
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our laboratory limits detection of low fractions of ICRP ALI's by faeces anal

ysis should be possible. However, Th is a widely distributed primordial ele

ment. It is incorporated by plants and dissolved by water und hence finally 

ingested and exreted by man. These natural excretions, predominantly via fae

ces, and their fluctuations should be known and taken into account in inter

preting the faecal excretions of Th monitored persons . Unfortunately, there 

is a pronounced lack of information on natural Th contents in diets and fae

ces. This may partly be caused by the difficult analytical procedure. After 

developing an adequate method, we began to investigate natural faecal Th ex

cretions in the region of JÜlich. The first results are presented and conse

quences for the availability of faecal measurements in occupational Th moni

toring are discussed . 
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Fig. 1. Th-232/230, Class Y: Daily excretion after inhalation, acute 
intake, AMAD: 1 ~m 

Methods 

Since 1987 6 occupationally non-Th-exposed persons living in or near Jülich 

(designated as non-exposed group) collected 8 faeces samples and 10 potenti

ally Th-exposed persons of different regions within the F.R.G. (designated as 

exposed group) collected 10 faeces samples, each sample representing a one-day 

excretion. For cOllecting and preparing the samples up to the final Th separa

tion we applied two different methods. 

~ The samples of the exposed group were collected in a PE bag which was stored 

and transported in a smell-tight PC jar with screw cap. Faeces, bag and jar 
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(without cap) were dry ashed at 500 °c for 5 - 6 hours. Mineral ash mean, 

standard deviation and range in g/d were 4.6, Z.3 and Z.O to 8. 4, respective

ly. Ash aliquotes representing 1/6 of the one-day excretion were tracered 

with Z5 mBq Th-ZZ9 and dissolved with 8 n HN0 3, conc. HC104 and conc . H2S04. 

SiO Z was destroyed with (HF)2 . After dissolving in 8 n HN0 3 the insoluble res

idue was fused with K2SZ07 and H3B0 3 (Z5:1). The fusion was dissolved with 
1 n HN0 3, Th precipitated as Th(OH)4' separated by centrifuging and decom
posed with 8 n HN0 3. The 8 n HN0 3 solutions were combined . 

~ To overcome analytical difficulties from contaminations with TiOZ and from 
the formation of insoluble compounds like pyrophosphates during dry ashing, 

faeces of the non-exposed group was collected directly in a PTFE jar . Fresh 

weight mean, standard deviation and range in g/d were 120, 50 and 48 to 180, 

respectively. After tracering and wet ashing of the whole sample (2 n HN0 3 
and HZO Z; 5 - 6 h; 160 °c final temperature; 8 n final acid conc.) two phases 

were obtained. The acid solution was decanted and the fat phase including 
inorganic residues was evaporated at 300 °c and dry ashed at 500 oe for a 

few minutes. After destroying Si02 with (HF)2 the residue was fused with 

KZS207 and H3B0 3 and the fusion disolved with 8 n HN0 3. The 8n HN0 3 solutions 

were combined . 

From the combined 8 n HN0 3 solutions according to separation method 1 or 2 the 
[Th(N0 3)6]Z- complex was separated by liquid low pressure chromatography using 

Oowex lx8 in (N0 3) form. Interfering ions were eluted with 8 n HN0 3. Th was 

eluted with 9 n HCl whereas Pu, Np and small portions of U remain on the col

umn. The Th fraction was converted to a sulphuric acid solution at pH 2. Th 

was electrodeposited onto a steel disk and determined by a-spectrometry using 

an SSB detector. 

At the 95 % confidence interval the analytical detection limits LO /Currie 

1968/ in mBq/d for the dry ashing and the wet ashing method are 2.5 and 0.6, 

respectively, for each Th-23Z, Th-ZZ8 and Th-Z30. 

Results and discussion 

Our results and for comparison a summary of the available publi shed data on 

natural faecal Th excretion are reported in Table 1. One sample of the non

exposed group is not included. This will be discussed later. Oue to the change 

from dry to wet ashing the results of the non-exposed group cannot be stand
ardized to the mineral ash excretion. This disadvantage will be eleminated by 

modifying the wet ashing method. 

As expected, we found a clearly greater Th-228 than Th-232 excretion. Th-228 

results primarily from ingrowth following Ra-228 decay in foodstuffs and Ra 
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is much more available to plants and animals than Th. Hence as determined, the 

fluctuation of Th-228 excretions is greater than of Th-232 and thus this nu

clide is less suitable for detecting additional occupational Th intakes. 

Table 1. Our results on natural Th excretion in faeces and for comparison 

a summary of the available da ta from the literature; Means + SO 

Source Th-232 Th-228 Th-230 Th-232 Th-228 Th-230 

mBq/d mBq/g min.ash 

Our results 
non exp.groupa) 6.9+5.5 19+13 4.0+1. 8 
pot. exp. groupb) 21 + 14 40+30 14 + 14 5.9+5.0 14+12 2.7+1.4 - -

ICRP 23 12 

UNSCEAR 1977 c) 4 4 

/Linsalata 1986/ 
first group d) 13+7.4 46+21 8.5+6.7 

second group e) 10+5.6 59+10 11+6.7 

third group f) 0.7+0.4 5.4+3.3 2.4+1. 4 
/Fisenne 1987/ g) 4.2+0.2 6.3+0.2 

a) 7 samples from 6 different persons. Ranges: 0.8-14, 4. 4-41 and 2. 2-7.7 in 

mBq/d for Th-232, Th-228 and Th-230, respectively. 

b) 10, 6 and 4 samples from different persons for Th-232, Th-228 and Th-230 

respectively. Ranges: 3.1-41, 1.4-84 and 3.1-32 in mBq/d and 0.8-15, 

0.4-25 and 1.6-4.5 in mBq/g mineral ash for Th-232, Th-228 and Th-230 

respectively. 

c) inferred from suil concentrations 
d) 8 samples from 5 different persons living within 1,5 km of a Th ore body 

e) 6 samples from different persons living within 3 km of a Th ore body 

f) 11 samples from different residents of New York State 

g) inferred from intake by diets and tap water in New York City 

Th-230 belongs to the U-238 series and thus its excretion cannot be related to 

excretions of Th-232 and Th-228. As Th isotopic concentrations may cover a wide 
range and Th-230 may contribute up to 90 % to the total activity the natural 

faecal Th-230 excretion should also be known. 
An occupational exposure cannot be deduced from the greater mean faecal Th 

concentrations of the potentially exposed group, as in ca se of Th-232 the 

difference is only statistically significant on the 95 % level but not on the 
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99 % level . For Th-230 the basis of only 4 results is too poor to perform a 

simi 1 ar test. 

To decide at which level above natural faecal Th excretion a measured Th ex

cretion of an occupationally exposed person results from an accidental intake, 

detection limits LO /Currie 1968/ were calculated using the data from the non

exposed group in Table 1. At the 95 % confidence interval they are 19 and 6.3 

mBq/d for Th-232 and Th-230, respectively. From the measurements of the poten

tially exposed group one can deduce that mineral-ash-related results may lower 

these limits. This becomes meaningful if in cases of constipation and diar

rhoea exact 24 h sampling cannot be guaranteed. 

On the basis of these limits and the excretion functions in Figure 1 the time

dependent detectability of Th-232 and Th-230 in terms of percentages of the 

ICRP ALI's are given in Table 2. Within 10 days after inhalation of Th02 
faeces analysis is much more sensitive than urine analysis. After this period 

the sensitivity of both methods is nearly the same and they are inadequate for 

detecting Th-232 ALl. 

Table 2. Oetectability of Th-232 and Th-230 after inhalation of Th0 2 in 

terms of percentages of ICRP ALI's 

Time after 

inhalation (d) 

2 

4 

8 

10 

20 

365 

Faeces analysis a 

Th-232 

0.4 

0.1 

0.3 

4.8 

24 

127 

240 

Th-230 

0.02 

0.005 

0. 02 

0.3 

1.3 

7. 0 

13 

U . l ' b rlne ana YS1S 

Th-232 Th-230 

3.3 

13 

100 

330 

330 

330 

250 

0.6 

2.1 

17 

56 

56 

56 

42 

a) based on the detection limits calculated from natural Th excretions 

b) based on an analytica~ detection limit of 1 mBq/d 

Restrictions of the given detection limits and the need for further investiga

tions becomes evident in view of the abovementioned result excluded in Table 1. 

In a second faecal sample taken from a member of the non-exposed group 14 d 

after the first we found faecal excretions of 45 mBq Th-232/d, 57 mBq Th-228/d 

and 380 mBq Th-230/d. As analytical errors and contaminations can be excluded 

this extreme finding shows that the homogeneous data in Table 1 from only 7 
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samples may not represent all possible fluctuations of natural Th intake and 

excretion. Cl arifying investigations including consumed foodstuffs of this 

person are being performed. 

Conclusion 

According to our inv~stigation s faecal monitoring of Th02 is only sufficient

ly sensitive within aperiod of 10 d after inhalation. Measurements on corre

lations of faecal Th excretions to Th concentrations in soil are not helpful 

in lowering t he detection limits as ingested diets stern from many different 

locations and their compositi on may, as shown, change rapidly. Our observa

tion of a po ssible correlation between natural Th and rare earth concentra

tions in faeces could be meaningful, where the latter could serve as a natu

rally occurr i ng internal tracer. Thoron-in-breath monitoring seems at the 

moment to be the most sensitive method for Th0 2 monitoring, especially at 

longer intervals than 10 days after inhalation. Besides the initial goal, 

our investigations may contribute towards supplementing the scarce informa

tion on natural doses by Th and on it s metabolism in humans. 
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THE LONG RANGE ATMOSPHERIC TRANSPORT OF NATURAL AND ARTIFTCT/\T. 
RADIONUCLIDES 

W. Weiss, Bundesamt für Zi v ilschut z , Institut for Atmospher ic 
Radioactivity (IAR), Rosastraße 9 , D-7800 Freiburg, W.-Germany 

1. Introduetion 

The phenomena of the long range transport of natural and 
artificial radionuclides over distances of hundreds and 
thousands o f kilometers are weIl known. Examples are: the global 
spreading of radioacti ve debris originat i ng from atomspheric 
nuclear weapon tests or from the Chernobyl reactor accident. 

Most of these radionuclides are attached to atmospher i c 
aerosols. A quantitative interpre tation of such da ta therefore 
requires knowledge about the activ ity-size distribution and of 
the atmospheric conditions during the transport of the air mass. 
For aeroso l s wi th aeorodynami c d i ameters between 0,1 and 1 fIrn, 
for example, the residence time in the lower troposphere is 
comparable to the time of one circ umvolution of the earth. 

The atmospheric concentrat i ons o f radionuclides of noble gases 
such as Ar-37, Kr-85, Xe-133, Rn-220, and Rn-222 are not 
effected by deposition processes like ar e osols. They are 
chemically inert, their only s i nk i n the atmosphere is 
radioactive decay. The i nterpre t ation of noble gas data is 
therefore much more stra i ghtforward than the interpretation of 
aerosol da t a. 

The "fallout" radionuclides fr om atmospheric nuclear weapon 
tests or from the Chernoby l acc i dent could have been detected 
for a shor t per iod after the injec tion into the atmosphere only, 
whereas the radioactive noble gases are permanently a vailable in 
the air. 

2. The requirements for model evaluation 

In recent years there has been an increasing interest in 
numer ical models which simulate the dispersion of releases of 
radionuclides and of chemical pollutants over long distances. 
Atmospheri c da ta of natural and artificial radionuclides can be 
used for the evaluation of such models in different ways: 

1. Trajeetory models which predict time and loeation of 
advected material can be checked against observed times of 
arri val of atmospheric peak activities. 

2. Transport and mixing models of Eulerian, Lagrangian or 
Gauß i an type which calculate air eoneentrations can be 
checked against absolute values of measured atmospher ic 
conce ntrations. 
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3. Models of the same type which include deposition can be 
checked against absolute values of measured atmospher ic 
concentration and of deposition. 

Model evaluations of this kind require informations on the 
respective source function(s) as well as a data base which is 
capable of characterizing the absolute va lues and the temporal 
and areal variability of atmospheric concentrations and of 
deposition. 

In general, these informations are incomplete. As however the 
radionuclide data provide valuable information on time
integrated transport and mixing parameters. They have been and 
are being used for model evaluations. 

3. Data base and source information 

3.1 The Chernoby1 data (Graziani et al. 1988, IAEA 1986) 

Data of atmospheric concentrations of Cs-137 and of particulate 
1-131 available for more than 100 stations in Europe during the 
period 25 April to 11 May have been collected at Ispra. The time 
resolution of the data is at least 24 hours . The data have been 
checked for internal consistency before they were included in 
the REM da ta bank. 

Xe-133 data are available for four stations only, e.g. Krakow, 
Poland, and Freiburgj Schauinsland and Munich, West Germany. 

Deposition da ta of different types (in situ gamma spectrometry, 
bulk samples of grass and 5 cm soil, results from fallout 
collectors) have also been included in the REM data bank from 
several hundred locations in Europe. 

Estimates of the source strength of the Chernobyl reactor during 
the 10 day per iod of the release are available from the Soviet 
author i ties. The quoted uncertainty is 2: 50%. The data agree 
with independent estimates within a factor of 2 to 3. About 15% 
of the estimated reactor core inventory of the iodine and 
caesium isotopes and 100% of the noble gases were injected into 
the atmosphere during the accident. Although the Soviet 
estimates do not specify the activity-size relationship of the 
aerosol release it is expected that only part of it is capable 
of long range transport without gravitational settling. 

3.2 Radon-222 (Lambert et al., 1970, Dörr et al., 1983, Liu et 
al., 1984, Weiss et al., 1985) 

Although Radon-222 has a high potential for atmospheric studies, 
only few stations are available wi th continuous records over 
many years. The time resolution of the data is typically one 
hour. With the establishment of air monitoring networks in many 
European countries, the data base will be considerably larger in 
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the future. The German network, for example, which is under 
construction, will consist of 36 monitoring stations. 

Long time observations of vertical radon profiles do not exist. 
The available aircraft measurements have been summarized by Liu 
et ale Information on the seasonal variations of the vertical 
distribution of Rn-222 can be obtained from records at mountain 
stations as compared with nearby ground level stations. Examples 
are: the Schauinsland, the Wank, and the Zugspitze. 

The flux of Rn-222 from the continental soil into the atmosphere 
has been me asured at many sites all over the world. Estimates of 
the global average of this flux vary between 0.7 and 1.2 
atoms/ cm2sec. Although the point to point variability may be 
as large as a factor of 10 due to differences in soil properties 
and in atmospheric conditions, these differences, to some 
degree, average out when transport times of several days are 
considered. 

3.3 Krypton-85 (Weiss et al. , 1986, van Hippel et al. , 1986) 

The atmospheric concentrations of Kr-85 resulting from 
discharges from nuclearfuel reprocessing plants have been 
increasing since the mid 1950's. The present day background 
level in the northern hemisphere is about 1 Bq/ m3 with a 
constant yearly net increase of a few percent. Atmospheric Kr-85 
activities reported for European stations after 1965 are 
characterized by a high variability above the background level. 

In the nor t hern hemisphere atmospheric concentrations near the 
ground are documented by time series of weekly integrated 
samples from 10 stations; three stations are available in the 
southern hemisphere. For the Freiburg/ Schauinsland station daily 
integrated samples are available for per iods with va lues 
distinctly higher than the background level. 

Latitudinal (vertical) profiles of Kr-85 show a sharp 
concentration gradient across the intertropical convergence zone 
(tropopause ) of about 15% (25 %). 

Up to now the sources for Kr-85, e.g. 10 reprocessing plants for 
nuclear fue l, are located north of 300 N. The source strength 
of the repr ocessing plants in the US and in Europe is availa~le 
as records of yearly averages. For some plants, the time 
resolution of the da ta is higher, e. g., hours to months. At 
present the global discharge rate is about 300 PBq per year. 
Major contributions are from European and Soviet plants. 
Information about the absolute value of the discharge of the 
Soviet plan t(s) is obtained by global integration of measured 
atmospheri c Kr-85 concentrations. 
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4. Resu1ts and discussion 

4.1 Chernoby1 studies (ApSimon, et al., 1986, 1988, 
Memmesheimer et al., 1989) 

Most of the available model resul ts have been obtained wi th 
diagnosticmodels of various complexity . In the early phase of 
the Chernobyl accident these estimates provided valuable 
informations on the severity of the accident and on the overall 
radiological impact within the USSR and at the Chernobyl site. 
Refinements of the early studies on the basis of the now 
existing improved models and the broader da ta base are still 
under investigation. The establishment of operational real-time 
prediction models which include atmospheric transport and mixing 
and deposition on the ground is aimed fore Results of this kind 
are reported for the EURAD-Model for 72 hours prediction 
intervals. The results are encouraging: both the absolut va lues 
of measured atmospheric Cs-137 concentration and their regional 
and temporal var iations are predicted by the model wi th good 
accuracy. The regional pattern of the integrated Cs-137 
deposition (25 April to 3 Mai 1986) are also in good 
quantitative agreement with available deposition datae, xcept in 
areas for which values above 200 kBq/m2 have been reported. 
Further improvements of are expected from a better modelling of 
the vertical distribution of the emissions. 

4.2 Radon (Rn-222) studies (Lambert et al., 1970, Dörr et al., 
1983, Feichter and Crutzen, 1989) 

Due to differences in the exhalation rate of the continents and 
the oceans high (low) concentrations observed in the mar ine 
(continental) air indicate air masses of continental (marine) 
origine. Lambert et ale report "radon storms" at several 
stations in the subantarctic areas south of 40 0 which 
originated from the southern part of the American continent. The 
radon records are character ized by aper iodici ty of one month 
which is attributed to cyclic variations of the large scale 
atmospheric circulation in this aera. 

As it takes a few weeks to reach atmospheric equilibrium most of 
the results obtained at continental sites at distances up to 
several thousand kilometers off the coast represent transient 
conditions. Under steady advection conditions, the radon 
concentration increases wi th distance from the coast. Dörr et 
ale report synoptic· radon observation from several stations in 
Europe which clearly show this pile up of the near surface radon 
levels due to the continental radon emanation and diurnal 
variations as a result of vertical mixing in the lower part of 
the atmosphere. 

Rapid vertical transport of air and of short lived radioactive 
and chemical tracers plays an important role in the quantitative 
understanding of atmospheric balances. These processes can take 
place on a small time and space scales, e.g., for many models 
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they represent subgrid scale processes. Radon measurements can 
be used to get a proper parameter ization of these transport 
processes. It has been shown by Feichter and Crutzen, that 
convective processes are of particular importance for the 
vertical transport of short lived trace substances in the 
tropical regions above four kilometers heigth: Neglecting 
convective transport leads to model results which underestimate 
the observed va lues of Rn-222 at about 10 kilometers height by 
two orders of magnitude! 

4.3 Kr~85 studies (Draxler, 1982, Jacob et al., 1987, 
Zimmermann et al., 1989) 

The measured Kr-85 distr ibution at distances of up to 150 km 
around the Savannah River Plant has been used for the 
calibration of mesoscale trajectory dispersions models and for 
the intercamparisan of three dimensional advection - diffusion 
models. It was found that the error in calculated concentrations 
decreased significantly when averages for per iods greater than 
one week were used. 

Data which characterize a global distribution of Kr-85 have been 
used to calibrate three dimensional general circulation models 
(GCM). Camparisan of the model calculation for continental 
European stations like Madr id, Spain, show that the seasonal 
variability of these data is to same extent due to a seasonality 
of the emission. The GCM simulation of the large scale transport 
of Kr-85 originating from a fictive emission of the Sovjet 
sour ce gave the following results: Two month after the fictive 
injection the maximum intensity of the "Kr-85 wave" reached the 
equator all over the Pacific acean, whereas it was found at 
about 300 N over Africa. The thr ee months line of the Kr-85 
wave followed the equator over South Amer ica and Afr ica but 
extented down to 400 N around Australia. Central Europe as well 
as the United States were situated in the belt between the five 
and seven weeks lines. This results clearly demonstrate that the 
long range atmospher ic transport of substances which da not 
undergo deposition even on scales of ten thousands of kilometers 
is extremly fast. On the other hand it takes up to four years 
until a global steady state is reached after such an injection. 
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DETERMINATION OF THE ORIGIN OR THE TRACE OF CONTAMINATED AEROSOlS BY 3-DIM: 
TRAJECTORY ANALYSIS 

Kolb, w. 
Physikalisch Technische Bundesanstalt 
Braunschweig and Berlin, FRG 

Reimer, E. 
Inst. f. Meteorologie 
FU Berlin, FRG 

Introduction and Procedure 

Since many years aerosols are collected with high volume air samplers at 
some stations operated by PTB in Brunswick (52°18-N, 10 0 28-E), Berlin . 
(52°25-N,13°08-E), Skibotn (69°21-N, 20 0 20-E) and VardH (70 0 21-N, 31 °02-E). 
The activity concentrations of various radionuclides contained in surface 
air are determined by ~amma-ray spectroscopy. Due to the very low detection 
limit (0 .01 to 1 ~Bq/m ) fresh fission or activation products were 
occasionally detected before and after the Chernobyl accident from other 
sources, as shown in Table 1 (f.e. KOlB, 1986) . For better comparison the 
activity concentrations were multiplied with the relevant sample times (in 
days) . 

At the Met . Inst . FU-Berlin a system running on a microvax has been 
developed to view and analyze trajectories and meteorological synoptic 
patterns to determine the origin or the t race of contaminated aerosols over 
Central Europe. The meteorological database is given by 6-hourly numerical 
finemesh analyses on 22 isentropic surfaces and three sigma-levels (terrain 
following coordinate surfaces) ne ar the ground using radiosondes and 
surface observations (REIMER, 1986) . 
The trajectoriesare determined by a mixed dynamic/kinematic procedure and 
a continuous simulated particle transfer between troposphere and planetary 
boundary layer is possible . Starting each timestep (10 min.) with a plume 
the synoptic 3-dimensional spreading of substances by forward and backward 
trajectories can be displayed like an exhaust-stream. 

Experiment 

An example is given for January 1987, where relative high values of Zirkon 
and Niob had been observed in Brunswick and Berlin. Having a look at the 
different sampling periods of the observations in Berlin and Brunswick 
displayed in Table 1 it is obvious that t he highest values of Zirkon and 
Niob occurred from 16 . 1. to 19 .1.87 with a slow increase on the days 
before. 
In the following presentations of air motion each source of backward and 
foreward traj ectories is represented by three levels (about 200, 400 and 
800 m above gr ound) one upon another. However, for simplicity they are not 
marked here and giv~ only an impression about the spreading by vertical 
wind shear . 
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At first backward-trajectories were determined for Brunswick and Berlin 
(both marked by a B in the fig's). Fig.1 to 2 display the heads of these 
trajectories for special synoptic dates, where the time difference to the 
start is given by small numbers for a 12-hour intervall. Fig.1 shows a 
direct linkage to Chernobyl (T) for the 17.1 . to 19.1. with a time lag of 
about three days, while in fig.3 the trajectories are in touch with 
Chernobyl and Ignalina (I) too for the days before with a time lag of one 
to two days. 
Therefore foreward-trajectories were determined for Ignalina and Chernobyl 
for the same time period. However, aerosol traces from Chernobyl are only 
given here, because the distinct maxima of observed contaminated aerosols 
in Brunswick and Berlin are sufficiently described by them alone. 
Fig's. 3 to 5 give an example. Both display the heads of the Trajectories 
for fixed synoptic times to give the effect of a smoke streamer. 

For the first days up to the 13.1.87 06UTC a direct transport is demon
strated in fig 3 with easterly winds over West-Russia and Middle-Europe. 
But for the following two days the airmasses generally remained over the 
Ukraine with weak winds from varying directions and an accumulation of 
aerosols contaminated by Chernobyl is possible . Fig's.4 and 5 display the 
accumulation and the transport to the West of these air masses verifying 
the maximum of observed Zirkon and Niob in Brunswick and Berlin for the 
17.1. to 19 . 1.87. Here, one has to consider the synoptic time difference 
between fig's. 4 and 5 so that particles marked with a "I" in fig.4 are 
identical to particles marked with a "5" in fig. 5. 

A verification by the foreward trajectories from Ignalina is only possible 
for the 11.1. to 15.1.87 OOUTC, so that the observed contamination should 
belong to the Chernobyl nuclear power station. 

Concl usion I 

The procedure presented above is designed for a graphical workstation with 
a possible time step of 10 minutes as the minimum between each synoptic 
picture of particles. A timeloop of these graphs with a dense swarm of 
trajectories in the background seem to be useful for recognition of 
possible sources or for the valuation of transport of tracers, as further 
case studies demonstrate . 
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Table 1: ActivitJ concentrations of some ano.aloua radionuclides 

mult i plied vith sampling time (pBq.d/m3 ) 

Station and 
SampUng 
period 

BRUNSWICIC 
13.-16.12.83 
16.-19 . 12.83 

16.-20.2 . 84 
12.-16 . 3.84 
04.-09.1.85 
08.-13.2.85 
13.-15.2.85 

05.-12.1.87 
12 . -14.1.87 
14.-19.1.87 
05.-09.3.87 
09;-12.3.87 
12.-13.3.87 
13.-16.3 . 87 
06.-10.4.87 
10.-11.8.87 
12.-17.8.87 

23.-30.9.88 

BERLIN 

01.-15.2.85 

2.0 
2.5 
0.85 
2.2 . 
1.0 

1.8 
2.5 

16 

1.8 

5.9 

05.-16.1.87 2.6 
16.-23.1 .8 7 17 
11.-i6.3.87 
03.-11.8.87 

29.9 . -4 . 10.88 

SKIBOTN 

30.10.-30.11.83 5.3 

26.12.83-30.1.84 
30.1.-29.2.84 
29.2.-26.3.84 0.49 
30.10.-29.11.84 1.4 

30.12.84-31.1.85 1.5 
31.1.-28.2.85 2.2 
28.2.-1.4.85 
1.4.-1.5.85 0.93 

31.12 .86-30 . 1.87 
30.1.-28.2.87 
28.2.-30.3.87 
30.7.-11.8.87 
11. -21. 8 .87 
21. 31.8.87 

28.2.-29.3.89 

VARDÖ 
9.3.-3.4.89 

Filter 
3.2 

1.4 

3.5 

1.1 
1.3 
0.5 
1.5 
1.4 

4.0 
6.0 

20 
2.3 
2.4 
0.62 

1.2 

6.0 

4.2 
32 

6.2 

0.67 
0.66 
0.68 
0.21 

0.96 
1.0 
0.90 
0.96 

lost 
7.0 
1.7 

1.3 

3.0 

0 . 43 
0 . 52 
0.65 
0.70 
1. 35 

2.28*) 
2.4 *) 
1. 23 

1. 32 

1. 10 

1 .96*) 
1. 86*) 

1. 18 

1. 37 
0.15 

0.63 
0.47 

1.03 

2.18*) 

0.96 

0.85 

29 
24 

34 
265 

17 
30 

13 
13 

230 
15 

16.103 
450 

34 

*) possib1y sti ll from C~~~nobr37fallout 
**) according t o the low Cs/ Cs ratio not from Chernoby1. 

others 

140La:840 

140La:125 

103 Ru: 

51 60 
103 Cr, Co 

Ru: 

51 103 
51Cr Ru. : 
51 Cr 

Cr 

103 
103 Ru : 

Ru: 
various fission products 

" " 

137 Cs : **) 

137 Cs: **) and 
actiyatiQo products 
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AEROSOL PARTICLE SIZE DISTRIBUTION IN DEPENDENCE ON THE TYPE OF 
RADIONUCLIDE AFTER THE CHERNOBYL ACCIDENT AND IN THE NPP EFFLUENTS 

Petr Rulik. Ivan Bucina. Irena Malatova 

Institute of Hygiene and Epidemiology. Centre of Radiation Hygiene. 
Prague. Czechoslovakia 

SUD1D1ary 

The results of activity distribution of 12 radionuclides - present in the 
air after Chernobyl accident - according to the aerodynamic size as obtai
ned with the aid of a high-volume cascade impactor and semiconductor 
gamma-spectrometry is presented. Pronounced differences in the AMAD and in 
the GSD of the distributions as weIl as their bimodality were observed. Lo
wer AMAD is typical for volatile radionuclides as Cs 137 and higher AMAD 
for refractory ones as Nb 95. which is an evidence of two supposed distinct 
ways of origin of aerosol particles released from Chernobyl reactor. For 
comparison the distributions of aerosol taken from the ventilation stack of 
a NPP are also presented. 

Introduction 

After the Chernobyl accident 9 samplings of aerosol were carried out in 
Czechoslovakia in the period from 3.5. to 20.6. 1986 with a five-stage cas
cade impactor (Type 235 Sierra Instruments) attached to a high-volume air 
sampIer with flow control. The details on sampling are given in Tab. 1. 

Tab. 1 Aerosol samplings by cascade impactor 

Sampling Date Locality Volume of filtered air 
number (m3 ) 

1 3.5. - 4.5. Moravsky Krumlov 1185 
2 6.5. Ostrava 560 
3 12.5. - 14.5. Praha 3172 
4 16.5. - 19.5. Praha 4509 
5 19.5. - 23.5. Praha 6447 
6 23.5. - 28.5. Praha 8136 
7 28.5. - 5.6. Praha 12848 
8 6.6. - 13.6 .• Praha 11210 
9 13.6. - 20.6. Praha 11390 

3 - 9 12.5. - 20.6. Praha 57712 

By means of semiconductor gamma-spectrometry the activity of individual ra
dionuclides was determined on slotted collection filters from individual 
stages (1 ••• 5) of the impactor and on the back-up filter (6) situated after 
the last stage. The aerodynamic diameter cut-offs of the aerosol particles 
at the used flow rate of 1.13 m3 .min-l are given in Tab. 2. 
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Tab. 2 Five - stage cascade impactor 

Impactor stage Aerodynamic diameter 
cut - off 

(tum ) 

1 7,2 
2 3,0 
3 1,5 
4 0,95 
5 0,45 
6 ( 0,01 ) 

(back-up filter) 

Results 

In Fig. 1 there are presented in differential form the size distributions 
of aerosol particles found for individual radionuclides, i.e. the percentual 
fractions on individual stages of the impactor of the total collected acti
vity. Below the distribution the estimates of activity median aerodynamic 
diameter (AMAD in micrometers) and geometrie standard deviation (GSD) deter
mined from the cumulative logarithmic-normal distribution are presented. The 
results for samplings 1 and 2 are given separately. For samplings 3 to 9 the 
activity of each radionuclide was summed up for each respective stage of the 
impactor and the cumulated results were treated as one sampling. This was 
possible since no time trend in the particle size distribution was found 
when the samplings were evaluated separately. In the first two lines are 
AMAD and GSD calculated from all values , in the second two ones are AMAD and 
GSD calculated with omitting the stage 6 (back-up filter) . 
Owing to further corrections some of the presented values slightly differ 
from those given in Report on Radiation Situation in CSSR after Chernobyl 
Accident (IHE86)~ 
It has to be noted: 
- The activities of Zr 95 and Nb 95 were evaluated "with a great uncertaini

ty. 
- The data on Nb 95 activity were cor~ected for the build-up of Nb 95" from 

Zr 95 in t he time between the sampIe collection and its measurement. 
- Considering the La 140 short half-time (1,68 day) its activity was calcu-

lated assuming equilibrium of La 140 with Ba 140. 
In Fig. 2 and 3 percentual fractions of activity on individual impactor sta
ges for sampl ing 1 to 9 are presented for Cs 137 and Nb 95 as the represen
tatives of t wo different radionuclide groups with distinctly different sha
pes of particle size distribution. In the first two lines AMAD and GSD cal
culated from all values, in the second two ones AMAD and GSD calculated witl 
omitting the .tage 6 (back-up filter) are presented as weIl. 

For compar ison in Fig. 4 and 5 percentual fractions of activity in indi
vidual impac t or stages and estimates of AMAD and GSD are presented for 
Cs 137 and Zr 95 as the representatives of two groups of radionuclides with 
distinctly di fferent shapes of particle size distribution obtained from 
samplings in the ventilation stack of the Nuclear Power Plant VI Jaslovske 
Bohunice dur i ng the normal operation (A), during the shut-down of one re ac
tor for refuelling and repair (B) and for the normal operation and the shut"
down together (C). 

In the fi r st two lines are again AMAD and GSD calculated from all values. 
in the second two ones AMAD and GSD calculated with omitting the stage 6 
(back-up fil t er). 
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Fig. 1 Aerosol particle size distributions of individual radionuclides 
from post-Chernobyl samplings. (From left to right stages 6 to 1 
as in Fig. 2, 3, 4 and 5.) 
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The histograms of the differential activity distribution according to the 
aerosol particle size, their shape and calculated AMAD and GSD for the sam
plings after the Chernobyl accident indicate bimodal distributions with one 
part above approx. 1 Jum and the second one bellow. Since the impactor used 
gives no information bellow approx. 0,5 turn, it was possible only to esti
mate AMAD and GSD for the higher sub-distribution omitting the activity 
fraction on the back-up filter. The great decrease of GSD as weIl as the in·· 
crease of medians seems to justify this procedure. Using both the monomodal 
and the bimodal distribution the radionuclides can be divided into two 
groups: the volatile I 131, Te 132, Cs 134, Cs 137, Ru 103, Ru 106 belong t<l 
the first group with lower AMAD values, while the refractory La 140, Ba 140, 
Ce 141, Ce 144, Zr 95, Nb 95 belong to the second one with higher AMAD va
lues. The existence of the bimodal distribution and mainly the existence of 
these two groups of radionuclides is an evidence of supposed two distinct 
ways of origin of the aerosol particles: the condensation of volatile ra
dionuclides and the dispersion of the nuclear fuel by explosion. 

It is useful to compare the post-Chernobyl results with the results of 
our studies in ventilation stack of the Nuclear Power Plant VI Jaslovske Bo·· 
hunice. The particle size distribution of Cs 137 and ·Zr 95 in sampIes taken 
during the nOFmal operation and during the shut-down of one reactor for re
pair shown in Fig. 4 and 5 are bimodal as weIl. Since to the main part of 
the exhausted air which is filtered some other parts without filtration con·· 
tribute, the bimodality might be expected. For Cs 137 the particles are mor,! 
frequent in the submicron region than for Zr 95 likewise in the post-Cherno·· 
byl distributions. However, unlike the particle size distributions from the 
Chernobyl accident there is no difference in AMAD between both groups if 
the region above 1 turn only is evaluated, i ~ e. the activity fraction on the 
back-up filter is ofuitted. In general the AMAD of the particle size distri
bution from the NPP VI Jaslovske Bohunice is higher than that observed afte:: 
the Chernobyl accident. 
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SummaIY 

The distribution of nonvolatile radionuc1ides in the Chernobyl fallout is different from 

that of volatile species like 137 Cs due to different emission and deposition processes. 

Nonvolatile radionuc1ides were mainly released by mechanical processes incorporated 

into small particles of nuc1ear fuel ("hot" partic1es). An approach for a reconstruction 

of their distribution based on measured 144Ce/137Cs activity ratios is proposed. Inha

lation and retention of "hot" particles may have represented a significant radiation ha

zard near the accident site due to high local doses of beta radiation in lung tissue. 

Introduction 

Detailed maps of ground contamination with 137Cs from the Chernobyl fallout are 

now available for most European countries (Ne88) inc1uding USSR (ls89). There are 

no corresponding maps, however, for non-volatile radionuc1ides like 95Nb, 95Zr, 

144Ce or transuranium isotopes, which were released, distributed and deposited in a 

different way than volatile 137Cs (Pe87, An87, Wa89a). A consequence of the release 

of non-volatile radionuc1ides predominantly via mechanical processes was the occu

rence of "hot" partic1es, i.e. dust partieles with high specific beta activity (De86), which 

was reported from many locations throughout Europe (De86, De87, Br87, Sc87, Ra87, 

Wa89b). 

In this contribution arguments will be developed for the idea that (i) non-volatile ra

dionuc1ides in the fallout were inc1uded in fragmentized nuclear fuel particles formed 

in the initial power excursion of the reactor and correspond to the "hot" particles 

found in the fallout, (ii) the areal distribution of non-volatile radionuc1ides in the 

fallout should contrast significantly with that of volatile 137 Cs and (iii) a non-negle

gible amount of nonvolatile radionuc1ide activity may contribute to the total radiation 

dose at least in the neighbourhood of the accident site. 
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Nonvolatile radionuclides as tracers for the distribution of released nuclear fuel 

The activity ratio of volatile and nonvolatile radionuclides in the fallout varied consi

derably across Europe. This is examplified by the gamma spectra displayed in fig. 1 

and 2 obtained (a) from a cistern sediment taken in the Lake Constance area (fig. 1) 

and (b) from street dust collected in Kiev (USSR) (fig. 2). Both sam pIes were taken in 

summer 1986 and measured in autumn 1986, therefore short-Iived radionuclides like 

132re (T 1/2 = 3.3 d), 131 J (8 d), 99Mo (2.8 d) or 140Ba (12.8 d) had almost decayed 

away. In the cistern sediment the activity of 137 Cs by far exceeds that of the nonvola

tile radionuclides 95Nb, 95Zr and 144Ce in co nt rast to the sampIe from Kiev, in which 

these nonvolatiles were dominating. 
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Fig. 1: Gamma speetrum o[ eistern sediment [rom the Lake Constanee area measured in 
Oktober 1986. 

This contrast is even more pronounced for the radionuclide composition of iso la ted 

"hot" particIes, in which volatile species were virtually undetectable (De86, De87, 

Br87, Sc87, Ra87, Va86, Wa89b). Essentially two groups of "hot" particles were identi

fied, (i) those dominated by 95Zr_95Nb)44Ce activity attributed to fragmentized U02 
fuel containing nonvolatile fission products, from which volatile radionuclides were 

evaporated off, and (ii) those dominated by 103Ru_106Ru activity attributed to preci

pitates of metallic fission products insoluble in the U02 matrix (Br87, Li86). 

Among the nonvolatile radionuclides, however, almost the same activity ratios were 

found irrespective of sampIe .... tYPe and sampling site (table 1). This also covers 

transuranium isotopes and holds in particular for hot particles from group (i). Since 

this activity ratio corresponds to that of mature fuel elements prior to the accident 
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(about 10300 MWd/t burn-up, In86), we pro pose that the nonvolatile radionuclides re

fleet the distribution of nuclear fuel powderized during the aecident and released me

chanically in the form of sm all particles. 
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Fig. 2: Gamma spectrum of a sampie of street dust taken at Kiev in August 1986 and 
measured at Konstanz in November 1986. 

Sampie type Ac1ivity ratios 

95Zr/144ee 239Np/144Ce 239 + 240pu/144 Ce 242Cm/144Ce 

Average values of hot particles 

from 5 different countries 1.55 

Air filters from 
5 different countries 1.16 +1· 0.26 14.2 +1- 5.7 (6.7 +1- 2.0)'10-3 

Soil sampies from 

5 different countries 1.40 + 1- 0.63 13.5 +1- 1.4 (4 .2 +1- 2.0)'10-4 (5.2 +1- 3.4),10-3 

Other direc1ly contaminated 

sam pies from 5 different countries 1.34 +1· 0.29 11.2 +1- 1.1 

Core prior to the accident 1.51 6.1 6'10-4 6.3'10-3 

I2~/e 1: Activity ratios of the nonvolatile radionuc/ides 95Zr, 239Np, 239+240pu and 
Cm obtained from different sam pie types along with the respective ratios in the mature 

nuc/ear fuel prior to the accident. All values are corrected for nuc/ear decay since April 
26th, 1986. 
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The distribution of nonvolatile radionuclides in the Chernobyl fallout 

A systematics for the contribution of nonvolatile radionuclides to regional deposition 

may be established from consideration of surveys of the Chernobyl fallout radioisoto

pes in directly contaminated sampIes taken throughout Europe. The ratio of 144Ce to 

137 Cs based on literature values and our own measurements, shown in fig. 3, is affec

ted by two contrasting processes (i) the nature and timing of emissions and (ii) subse

quent processes of deposition from the atmosphere. In sam pIes collected from regions 

contaminated by the first plume (full circles) possessing a high 144CeJ137Cs ratio on 

production, the ratio decreases by roughly an order of magnitude over the 1000 km 

between the USSR and Scandinavia. Preferentialloss of 144Ce downwind may be as

sociated with a higher dry deposition velocity of nuclear fuel particles as compared 
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F,ig. ~: Activity ratio of 14~Ce to I? Cs for directly contaminated sampies from different 
sztes Ln Europe as a Junctzon of drstance from Chemobyl as obtained fram the literature 
and fro,!, own measuremen,ts. This ratio is normalized to that in the mature core prior to 
the accident; the release ratzo expected for a slow core melt down pracess is also indicated. 
All values are corrected for radioactive decay since April 26th, 1986. 
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with ambient aerosols (Pe87, An87). A cluster of values from sites in midlle Europe 

(open squares) contaminated at a later time have significantly lower 144Ce/137Cs ra

tios which reflect altered source characteristics following emission reduction strategies 

at the site. A subsequent emission of 144Ce enriched material produced elevated ra

tios seen in the set of sampIes from south-east Europe and Turkey. 

On the assumption that the three groups of ratios reflect the three known (In86) dis

crete stages in the emissios from the reactor and that the relation with distance indica

ted by the dependence of first plume ra ti os applies to aJl three sets of data, it is pos

sible to reconstruct (within perhaps an order of magnitude) the distribution of 

transuranium isotopes from published maps of the 137 Cs distribution (Wa89a). In this 

way for middle Europe a typical 239+240pu activity due to Chernobyl of 0.1 Bq/m2 

can be deduced. We infer for the most heavily contaminated regions in USSR with 

more than 500 kBq/m2 137Cs ground activity a 239+240pu contamination of more 

that 1 to 2 kBq/m2. This amount considerably exceeds that of atmospheric nuclear 

weapons testing. 

The relevance of nonvolatile radionuclides for radiation protection 

The most relevant feature of the nonvolatile radionuclides with repect to radiation ha

zards to the public to our opinion is their inhomogene aus distribution in form of smalI, 

insoluble partieles with rather high specific activity. The uptake of these partieles by 

inhalation and their retention in the lung seems to demand for particular attention: In 

the neighborhood of those particles (i.e. within a few mm) rather high doses of beta 

radiation up to several Gy can be accumulated (H086, Bu86), wh ich might exceed the 

survival threshold of individual cells. Since the gradient of beta dose with distance 

from the emitter is less steep than for alpha radiation, rather large sections of tissue 

(i.e. same mm) may receive doses inducing cell transformations without killing those 

cells. In any case a non-stochastical treatment of local irradiation processes appears to 

be necessary in contrast e.g. to irradiation by 137 Cs radionuclides rather ho

mogeneously distributed in the tissue. 

For those reasons at least in the neighbourhood of the accident site the prevention of 

dust inhalation should be considered one of the most important radiation protection 

measures. 

Conclusion 

Attention is drawn to the different contamination pattern of thermally (volatile) and 

mechanically (nonvolatile) released radionuclides in the Chernobyl fallout and to po-
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tential radiation hazards due to inhalation of "hot" particles in the neighborhood of the 

accident site. 

The provision of unpublished manuscripts by R. Broda and S. Luokkanen as weil as 

helpful discussions with J.A Robbins are gratefully acknowledged. This work was par
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DEPOSITION OF RADIONUCLIDES IN THE MIDDLE OF SWEDEN DUE TO THE 

CHERNOBYL ACCIDENT 

B. Sundblad 

STUDSVIK NUCLEAR, Sweden 

Abstract 

Soil samples (0 - 3 cm), including vegetation, were taken in May 1986 and 

analysed. About 10 - 12 radionuclides could be detected. Factorial analysis 

was performed to group the data. This analysis gave, among other things, 

that there exists a covariation between deposition and precipitation. How

ever, this relation differs markedly between the radionuclides. Cesium and 

ruthenium show strong correlation with the precipitation, while zirconium 

is uncorrelated. The positive correlation between deposition of iodine and 

cesium with precipitation is not as strong as for cesium and ruthenium. 
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RADIOACTIVITY IN FUKUI,JAPAN AFTER THE CHERNOBYL 

Hideki TOKUYAMA, Hirosi YAMAGISI, Hiromi TAKAYAMA, Hiroyuki 
MATUURA, Shuiti IGARASI, Mituo YOSIOKA, Kiitirou ITOU 

and Motoiti HATANO 

Fukui Prefectural Institute of Public Health 
Harame-cho 39-4 Fukui-shi Fukui-ken, Japan 

A large number of radionuclides released by the Chernobyl 
nuclear r e actor were detected in Fukui,Japan(the approximate 
distance f rom Chernoby[ is 8,OOOkm) between May and June 1986. 
Concentrations of 1-131 and Cs -137 were much greater than thos e 
observed f rom the past nuclear tests. The radioisotopes of Sr 
and Pu wer e also found. From isotopic ratios, Sr-89/Sr-90, Pu-
238/Pu-239,240, each of the cont r ibutions from the Accident was 
calculated. These contributions were much lower than those from 
the past nuclear tests. 

In Japan, the volatile radionuclides (I-131,Cs-137) were 
dominant in Chernobyl debris because of the burning aspect of 
the accid e nt. On the other hand, Sr and Pu are refractory 
elements, so that smaller quantities of Sr-90 and Pu-239,24 0 
were transported to Japan. 

Fukui Pr e fectural Institute of Public Health has provided the 
environmental radioactivity surveillance around the nuclear 
power plants during the past two decades. Several days after the 
Chernobyl accident, the Chernobyl radionuclides were suddenly 
observed in surface air and prec i pitation in Japan(A086 ) . We 
established the environmental monitoring program to collect 
sampies an d determine radioactivi t y from Chernobyl for assessing 
the radiol ogical impact from the period May 1986 to March 1987. 
A large number of radionuclides t ransported from Chernobyl were 

found in air filters and precipitation. Of these nuclides, 1-
131,Cs-137,Sr-90 and Pu-239,240 are particularly detrimental 
radionuclides to human health as a result of a nuclear accident. 
On the basis of the analysis o f radioactivity data obtained 
during this period in Fukui Prefecture, the present paper 
describes the air concentration and the ground deposition, 
compared with those from nuclear weapons fallout from China. 
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Air sampling was conducted on the roof of our laboratory on a 
daily basis during the period from the 4th of May to June the 
6th 1986. A High volume air sampler(Starplex) with a glass-fiber 
filter was used to collect particulate radionuclides from the 
Chernobyl fallout. The gaseous lodine as weIl as the particulate 
was sampled in actlve charcoal trap wlth a air sampier, a flow 
rate of which was 501 per minute. 

The rain water of every rain event and dry fallout were 
separately collected in order to determine the daily deposition. 
Dry fallout was collected in pans filled with a thin layer of 
distilled water. These sampies were measured without 
preparation. A collector with an open surface was placed on the 
roof of our laboratory in order to determine activities in total 
precipit2tion and dry fallout for one month. The sampling area 
was O.5m . Sampling was conducted every month over the period of 
May 1986 to March 1987. After collection, a powdered ion 
exchange resin(a mixture of anion exchange resin, PAO, and 
cation exchange resin,PCH) was applied to the collection of the 
radionuclides in the rain water. 
Gamma-ray-emitting radionuclides were analyzed by gamma-ray 

spectrometry using Ge(HP) with FWHM resolution of 2.1kev at Co-
60 energy. The procedure of chemical separation and the 
determination is described in references(Fu80,Ka79). 

1.1-131 and Cs-137 

In Fukui Prefecture, the 1-131 activity in the air was suddenly 
observed on May 4. Both particulate and gaseous 1-131 were 
detected in air sampies, as was expected. Figure 1 shows the 
variation of 1-131 in the air. The 1-131 In garticulate forms 
showed the highest concentration of 670mBq/m in air filters 
collected on May 7 and was two or three orders of magnitudes 
greater than that observed from the past nuclear tests. 
Thereafter, its concentratlon graguall y decreased with time, and 
showed the activity of 1-10mBq/m in late May. In early June, 
small quantities of particulate 1-131 were detected. The 
particulate of 1-131 during the Chernobyl fallout period 
exceeded that of Cs-137. 

The 1-131 activities In gaseous forms were between 2 and 4 
times as great as those in particulate forms; however, from the 
period May 7 to May 9, it was somewhat smaller in particulate 
forms. Rain events had the high efflciency washout for the 
particulate lodine and it decreased immediately after a 
precipitation event, but not for the gaseous forms. 

The ground deposition from the Chernobyl fallout was evaluated 
from activities in rain water. The da~IY deposition of Cs-137 
showed the maximum activity of 41Bq/m on May 7 when rai2fall 
amounted to 20mm/h. Thereafter it ranged from 11 to 33Bq/m in 
May. Rain events accounted for 95% of the total deposition for 
Cs-137 in May, while the dry fallout, which was measured 
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Figure 2 shows the annual deposition of Cs-137 in Fukui Cit y 
during 2the past decade. The deposition in 1986 amounted t o 
160Bq/m and was about twice the hig2est activity from nuclear 
tests. Cs-137 deposition of 160Bq/m reached a value of tw~
thirds of the cumulative deposition ~ince 1976, 233Bq/m- . 
However,in 1987 it decreased to 1.4Bq/m, which corresponded 
approximately to the activity level before the Chernoby] 
accident. 

2.Strontium and Plutonium 

The ratios of a pair of isotopes might be useful in evaluating 
contamination resulting from particular sources. For example, in 
the environmental radioactivity m6nitoring around nuclear power 
plants, the ratios such as Sr-89/Sr-90 and Pu-238/Pu-239,240 are 
often used in order to dis t ingu ish contamination of nuclear 
weapons tests as oppo s ed t o that released from nuclear power 
plants. As described bel ow , Sr- 90 and Pu-239,240 activity from 
the Chernobyl accldent were calculated from a value of the 
deposition ratios in the present paper. 

Sr-89 2 and Sr-90 dzpositions fr om the Chernobyl debris were 
27Bq/m and 2.9Bq/m in June 11 1986, respectively. The Sr-89 
activity was evidently the fallout from Chernobyl. Because China 
had performed no nuclear weapons testing since October 1980, the 
weapons tests Sr-89 would have completely decayed because of its 
half-Ilfe of 50.5days. Monthly deposition of Sr-90 was so small 
in recent years that the Sr-90 c ontribution from nuclear tests 
can be disregarded In 1986. Therefore these activltles could 
only be fallouts from Chernobyl . Ro ' activity ratio Sr-89/Sr-90 
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from Chernobyl, is thus given by 

RO=sr-89/Sr-90=27/2.9=9.3 on June 11 1986. 

Sr-89 and Sr-90 in terrestrial indicator plants are shown in 
Table 1. Terrestrial indicator plants such as wormweed and pine 
needles are normally inedible. But, these plants were collected 
in the environment and determined in the laboratory because they 
relatively concentrate certain radionuclides and can be 
regularly collected even when it is difficult for agricultural 
products to be collected. On the assumption that the activity 
ratio Sr-89/Sr-90 in the indicator plants has the same value as 
that in deposition because each of Sr-89 and Sr-90 is an 
isotopic element of the other and they have the same behavior 
in the environment, the Chernobyl fallout Sr-90 in the indicator 
plants is obtained by dividing Sr-89 content in the indicator 
plants by RO. 

Sr-90Caccident)=Sr-89 content/Ro Cl) 

Activity ratio, Ro was corrected to the collection date of 
plants by the physical half-life of Sr-89. The results are shown 
in the fifth column of Table 1. Sr-90 contents varied from 0.1 
to 0.5Bq/kg-fresh and were much lower than those from past 
nuclear tests, whose contents were from 7 to 36Bq/kg-fresh 
during the year 1974 to 1981. 

Table 2 shows the ground deposition of Pu-239,240 at Fukui City 
after the Chernobyl accident, together with that from past 
nuclear weap2ns testing. The level of Pu-239,240 ranged from 4.8 
to 7.8mBq/m and these values were fairly smaller than those 
from thz nuclear weapons fallout, which values were from 78 to 
292mBq/m during the year 1978-1979. 

By the way, weapons tests have a particular ratio of Plutonium 
i n the environment. Our study yields the ratio Pu-238/Pu~ 239,240 

of 0.03CYa84). In case of the Chernobyl accident, a Pu-238/Pu-
239,240 ratio of 0.19 measured during the period May to June 

Table 1 Concentration of OqSr, qOSr in terrestrial indicator plants 
from Chernobyl accident and the past nuclear tests 

~Q , [g- res B /k f h 
amolinl! ooint Samplinl! date OqSr qOSr qOSr from Chernobyl 

<Chernobyl accident> 
0.2 3 I1IYADOI1E l1ay 8 1986 3.4 0.32 

OGURUI l1ay 8 1986 4. 7 2.0 0.3 2 
FUKUI-SHI l1ay 8 1986 6.8 1.0 0.48 
URAZOKO June 12 1986 1.4 0.43 0.1 6 
NYU June 11 1986 1.3 1.6 o. 1 4 
11 I YADOI1E June 11 1986 4. 8 0.8 2 0.52 
OGURUI June 11 1986 2.3 3.1 0.2 5 
FUKUI-SHI June 12 1986 1.8 1.8 0.2 0 

<nuclear tests> 
FUKUI-SHI 1974 3 6 

11 1975 3 1 
11 September 7 1978 3 3 
11 August 61mB 6.6 
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Table 2 Deposition of 239, 240pU from the Chernobyl accident 
and the 23rd nuclear tests 

Samo I i nll oeri od 
<Chernobyl accident> 

May - June 1986 
July 1986 - March 1987 

<nuclear tests> 
March 1978 
Apri I 1978 
November 1978 
Feburary 1979 

4.8 
7.8 

292 
9 6 
4 1 
7 8 

note;The 23rd nuclear test was performed on March 

mBq/ rti 

o. 1 9 
0.05 

0.0 3 
0.0 3 
0.0 3 
0,0 2 

15,1978. 

J986 was g reater than a value of weapons tests, 0.03. On the 
other hand , the ratio was 0.09 in the succeeding nine months and 
resembled t hat from nuclear weapons tests. This allowsed us t o 
confirm the suggestion that t he mixing of nuclear weapons 
fallout wi t h the Chernobyl fallout leaded to the variable of Pu-
238/Pu-239 , 240 ratio and most of the Plutonium from th e 
Chernobyl accident was deposited during the period May to Jun e 
1986. 
Plutonium deposition included the activity contribution from 

nuclear we apons fallout and th e Chernobyl fallout, and RM, 
activity r a tio observed, is hence expressed as fallows: 

where 
CA=Pluto n ium contribut i on of the Chernobyl accident to th e 

total deposition; 
RF=Pluto n ium activity ratio from nuclear weapons tests. as 

above mentioned, R is 0.03;and 
R =activity ratio be~ween Pu-238 and Pu-239,240 released from 

s the Chernobyl reactor. The activities of rr!ease of Pu-2 38 
and PYS239,240 were reported to be 1.0*10 Bq and 
2.0*1 0 Bq respectivelyCINSAG86), so that RS has 
a val e of 0.5. 

CA' Chern obyl contribution, is found from the calculation to be 
0.34 by applying a RM of 0.19 which was measured during the 
period May to June 198ö. From this value, only thirty percent o f 
the Plutonium observed from May to June 1986 were transported 
from Chernobyl to Japan. 

A large a mount of the volatile radionuclides such as 1-131 and 
Cs-137 were found in air sampies and precipitation, while less
volatile elements such as Sr and Pu were small, as compared to 
those from nuclear detonations. Volatile radionuclides were 
vaporized and the fuels In the reactor were fragmented, as a 
result of the explosion and the burnlng of Chernobyl graphite. 
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The fragmented fuel was a eomparatively large size. These larger 
aerosolswere apparently depleted from the plume more rapidly 
than aerosols generated by vaporization. From these results, 
we ean eonelude that refraetory eomponents and fuel fragments of 
the Chernobyl debris were deposited eloser to the aeeident 
loeation than the volatile eonstituents, and volatile and 
gaseous radionuelides were transported to very large distanees 
from Chernobyl. In Japan, the radionuelides eomposition of the 
Chernobyl debris was thus different from that seen in the 
USSR(USNRC87). 

Ao86 Aoyama M.,Hirose K.,Suzuki Y.,Inoue H. and Sugiyama 
Y.,1986,"High Radioaetive Nuelides in Japan in 
May",Nature,321,819 

Fu80 Fukui-ken Kankyo-Hosyanou Sokutei Gijyutu Kaigi,1980, 
"Hosyasei Strontium no Bunseki-ho",in Japanese 

lNSAG86 International Nuelear Safety Advisory Group,1986, 
"Summary Report on the Post-Aeeident Review Meeting on 
the Chernobyl Aeeident",Safety Series No.75-INSAG-l,34 

Ka79 Kagaku-gijyututyo, 1979, "Plutonium Bunseki-ho", 
in Japanese 

USNRC87 U.S.Nuelear Regulatory Commission,1987,"Report on the 
Aeeident at the Chernobyl Nuelear Power Station", 
NUREG-1250 

Ya84 Yamamoto M.,Igarasi S.,Kitagawa T. and Sakanoue M, 
1984,"Transuranie Elements in Nyu Bay Sediments", Health 
Phys. ,46(2) ,455 
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DIRECT RADIOMETRIC MEASUREMENTS IN A HYMALA Y AN GLACIER 

Y.Y.Shopov, D.L.Balabanski 1 and V.N .Gurev 

Faculty of Physics , Sofia University, 1126 Sofia, Bulgaria 
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Summary 

Direct radiometry of ice cracks in the Dokriani Bamak glacier at an al titude 

of 4600 m was done with a portable ß - y radiometer. A sharp peak was found 

in the ß - profile, which is most probably due to the Chernobyl accident. The 

time-scale reconstruction suggests that the Chernobyl fallout has arrived at the 

Garhwal Hymalayas , India , as late as the next snow season after the accident. 

The ß - and y - rays intensity vs . the altitude was measured between 2100 m and 

5200 m . A maximum corresponding to a height of 4100 m was found. 

Introduction 

Radioac tive inclusions in the glaciers are of both, natural and artificial 

origin . The la tter result from the fallout produced in by human activities , such 

as the atmos pheric testing of nuclear weapons or operational accidents in the 

atomic energy industry . There are a number of radioglaciological studies connected 

with the nuclear tests . A detaiJed survey of these results was done by Kotlyakov 

and Gordienko (Kotlyakov and Gordienko 1982), The high mountain and the pola,' 

glaciers provide an ideal laboratory to study the fallout deposition . The reason 

is that it is included in the ice within definite year layers , which almost do not 

mix with one another. Several reference firn layers which are connected with the 

atmospheric nuclear tests are known. They are characterized with increased gross 

ß - ?ctivity. These are the layers of the years 1953 and 1963 in the Greenland 

glacial cup (Koide et.al. 1977) , whiJe in Antarctica they are the 1955 and the 1965 

one (Lambert et.al. 1977) . Thus, there is a one-to-two years delay between the 

corresponding releases of radioisotopes in the atmosphere and their accomulation 

at the glacier s in the Northern hemisphere and a three-to-four years delay in the 

Southern. These studies have provided data , that helps to understand both, the 

atmospheric transport, and the ice accomulation and the glacial dynamics. 

The reactor accident at the Chernobyl power plant in Aplil 1986 led to the 

largest releas e of radioactivity ever known in a technological disaster. In terms 

of 137Cs , it is equivalent to the fallout from a large nuclear explosion and will 

be detectable over the next several decades. There is, however, an important 

difference between this fallout and the earlier one, considered so far. The nuclear 
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tests injected radioactivity high into the stratosphere. During the Chernobyl accident 

the ejected radioactivity remained in the troposphere (JNSAG 1986>' It is important 

to find out how this influences its atmospheric transport. We suppose that these 

da ta are to be found at the Earth's glaciers . 

Results and discussion. 

During an alpine expedition of the Sofia University Tourist Club in the Garhwal 

Hymalayas in October 1988 the gross ß - radioactivity of firn layers in the Dokriani 

Bamak glacier was measured . Ice cracks, having weil defined year layers, suitable 

dimensions and orientation in respect to the sun, were found in the glacier. Once 

a crack is chosen, it is equiped with cave equipment, allowing the experimental ist 

to get in and stay at adefinite depth for a certain period of time. The measurements 

were carried out with a portable ß - 'Y radiometer with five GM-counters SBT-S, 

which are weil sensitive to ß - rays, but have relatively low efficiency for 'Y - radiation. 

The ß - window of the counter was put to be in contact with the ice wall in a 

way that it covel's a single firn layer. 
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Flg,1. ß - actlvlty profile cf flm layers cf the Dokrlanl Bamak glacier, 

The t1me-scale reconstructlon 15 at the upper part of the flgure, 

The stratched areas show the standart errors. 
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A vertical ß - profile, where the intensity of the ß - rays vs. the depth of 

the ice crack is measured, is plotted in fig .l. Both, the depth and the time scales 

are shown in the figure. The weil defined peak, corresponding to the winter 

season 1986/1987 is most probably due to the Chernobyl accident. The increase 

of the ß - intensity in the points below Chernobyl layer is due to the contamination 

by mel twater from the upper layers, an effect that cannot by exculded totally 

in this type of measurements, although the ice wall was chosen not to be 

illuminated directly by the sun. For a more precise study the outer layer of the 

ice wall should be removed. These results show that the Chernobyl accident is 

a weil J'ecorded event in the Hymalayan glacieJ's . 

The radioactive background along the expedition route was measured at 

every 100 m d ifference in the altitude , between 2100 m and 5200 m in the valley 

of the river Din Gad, a left geographical tributory of the Ganges river. The 
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Flg.2. (a) Dlstr butlon of the radloaetlve background vs. the altltude In the valley of the 

Dln Gad river; (b) the same after the first snowfall In aetober 1988. 
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ness of the Dokriani Bamak glaciel' is 

smaller than 20 m and it most probably 

follows slope of the glacial valley. No 

deviations in its thickness are expected. In 

fig.3. the 'Y - rays altitude profile is com

pared with the slope of the glacier and 

the changes in the slope above and below 

the measurement points. The last curve is 

obtained after subtracting the tangencies 

of the slope inclinations above and below 

a measurement point. There is a strong 

correlation between these curves showing 

that this is the most probable mechanism 

for accomulation of the radioactive de

posits at certain parts of the glacier. 
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FIg.3. Radloact.lve baCkground measured 

at the glaclal surface vs. the al

tltude (the empty points). In the 

flgure the tangencles to the slope 

(the aosses) and Its changes above 

and below the measurement points 

(the tull points) are shown. too. 

Conclusions 

These results suggest that one possible way to study the deposition of 

the fallout following the Chernobyl power plant accident is by reading the data 

recorded in the firn layers . Such measurements should not necessary involve heavy 

and expensive equipment, but rather can be done qualitatively with portable 

radiometers. It is interesting to study the isotope composition of the fallout using 

portable scintillation spectrometers. The glaciers are usually away from the big 

industrial areas and the data concerning the atmospheric circulation is not too 

much infl uenced by them . In connection with these measurements there are several 
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items that are worth mentioning: (j) the Chernobyl layer is a good reference layer 

in every glacier and its monitoring can provide a vast body of data concerning 

the glacier dy namics; (jj) it is important t o study the glacier fallout records in 

future since they are going to provide data how the Chernobyl fallout isdepositeOd 

at least at these points; (jjj) the background due to the nuclear tests fallout is 

easy to be subtracted taking a mean from the layers below the Chernobyl one; 

(jv) this allows to investigate the differences in the fallout transportation in the 

case the radioactivity is ejected in the troposphere. Futhermore, in the next years 

we are going to get the ans wer what is the speed of the Chernobyl fallout 

deposition, thus getting a measure for the degree of the atmoshperic refinement . 

Our results indicate that the Chernobyl fallout has arived at the Hymalayan 

glaciers almost a year earlier than in the case of the atmospheric nuclear tests , 

a result whi c h needs approval by further measurements . 
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SUrrnnary 
When a nuel ear reactor accident releases a large anount of radioacti ve 
substances to the t:ropos{ilere, the c:c.qx>Sition of the radioactive conta
mination may c:harx;Je with distance. Although the mean residence time for 
nuelear debris in the troposhere is on the order of 1 m:>nth, fallout may 
still occur years after the accident due to resuspension. 'Ihe resuspended 
debris is less avaiable for direct contarnination and translocation in the 
crops than global fallout deposited directly from the abrosphere. 

Introduction 
When the reactor accident took place on 26 April 1986 at the Cllernobyl 
nuclear power station in Ukraine, radioecological researc:h had been going 
on in Europe for about 30 years. For those institutions that still had 
the staff and expertise in working with global fallout problems, IroSt of 
the radioecological experience needed to detennine the effects of or~yl 
were already :tWly well-known. It was thus not smprising that I and 
in particular es were the radiologi cally inportant radionuelides. It 
was also expected that certain food chains, e.g. lichen-reindeer-man were 
very sensitive to radioactive contarnination. It was neither a smprise 
that fish from oligotrophie lakes often contained high radi~um levels, 
and that rnushroorns also showed enhanced concentrations of es. It was 
also predictable that the time of the year of the contarnination influenced 
the radioactivity levels in crops, particulaly grain , and it was well
known that fruits were expected to show enhanced radiocesium levels due 
to translocation. 

Nevertheless, the Cllernobyl accident threw light on a number of radioeco
logical aspects that had not been in focus through the years of global 
fal)out studies in the fifties and earl y sixties. 

Olange in composition with distance of Cllemobyl debris 
Based on USSR information (USSR, 1986) and envirorunental rneasurements 
around Europe (UNSCFAR, 1988), the World Health Organization (WHO, 1987) 
has estimated the releases of long-lived radionueliedes from the Cllernobyl 
accident; this is shawn in Tab1e 1. It ~ from the table that while 
about two thirds of the radiocesium were deposi~ outside the USSR, only 
10% of the transuranics and about 15% of the Sr, did not fall in the 
European part of the USSR. 'Ihe radioecological illplicatio~cP-f this may 
be that whil e Western Europe could negl ect transuranics and Sr in their 
radiological considerations, these radioelements had to be taken into 
account in the contarninated areas in the USSR, in particular those elose 
to Cllemobyl. 
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Table 1. 'Ihe estimated releases arrl deposition of lon;r-lived radionuclides 
from the Olernobyl accident (acco~ to WHO, 1987). All activities are 
decay-cx>rrected to 26 April 1986. 

Radionuclide 

137es 
134es 
90 

106sr 
Ru 

144ee 

ll0Ag 

125Sb 

239,24°Pu 

238Pu 

241Pu 

241Am 

242Qn 

243,244Qn 

Release in PBq 

:::::100 

::::: 50 

::::: 8 
::::: 35 

::::: 90 

::::: 1.5 

::::: 3 

::::: 0.055 

::::: 0.025 

::::: 5 

::::: 0.006 

::::: 0.6 

::::: 0.006 

Percent of activity deposited 
in the Eurq:lean part of the 
USSR 

:::::30 

:::::30 

:::::85 
:::::70 

:::::85 

:::::35 

:::::65 

:::::90 

Based upon five sanples co11ected in 1986, all with a relatively high 
content of Olernobyl debris, the variation ~ distance from Olemobyl 
for various radionuclides relative to the es content in the sanples 
was calculated. 'Ihe five sanples bave been described earlier in (Aarkrog 
et al., 1957-1989). 'Ihey consisted of a grass turf co11ected in Kiev 
(:::::100 km from Olernobyl), dust from a lorry from Brest in Ukraine (:::::450 
km), a soil sanple from &lcharest (:::::800 km), an air filter from a cutter 
east of ~~ (:::::1100 fB1j 'lRfU ~.P.rfir filter from RiS(ll (:::::1300 km). 'Ihe 
ratios Sr/ es arrl ' v"Ruj es decreased roqx>nentially with a 
balf-distance of about 300 km arrl the 2N,24"0rujI37Cs shCMed a half-distance 
of about 200 km. 

Resuspension of 137 es arrl 90sr from Olernobyl 
'Ihe Olernobyl accident was a troposrheric event Le. the debris was injected 
in the lawer part of the atnosp1ere. 'Ihe nean residence time in the tropos
phere is 20 days (UNSCE'AR, 1962). Hence it was to be ~ that the 
Olernobyl fallout bad decreased to insignificant levels within a few 
lOOnths of the accident. 'Ihis was not the case, hawever. Table 2 shC1.Vf39CM 
the resuspension factor calculated by division of the quarterly es 
concentration with the Olernobyl deposit has decreased since July-Sept., 
1986 at RiS<2l arrl Bornholm in Dernnark. 

'Ihe decrease fo11CMS a power function: 

RF=15100·10-9 ·X-1 •25 (Eg. 1) 
Where RF is the resuspension factor in m -1 arrl X is the time in days 
since 7 May 1986, when the release from Olernobyl ceased. 
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Tab1e 2, Resuspension factors for 137es at RiS0 anj Bornholm July 1986-
March 1989 (quarter1y means), 

Rij0 Bo~olm 
m m 

July-sept 1986 48'10-9 30'10-9 

Oct-Dec 1986 24'10=~ 22'10~ 
Jan-Mar 1987 12'10_9 21'10_9 
Apr-utm 1987 9,1'10_9 20'10_9 
Jul-sept 1987 2,8'10_9 5,5'10_9 
Oct-Dec 1987 6,4'10_9 7,3'10_9 
Jan-Mar 1988 4,7'10_9 7,4'10_9 
Apr-utm 1988 4,4'10_9 8,4'10_9 
Jul-Sep 1988 1.3'10_9 2,4'10_9 
Oct-Dec 1988 2,8'10_9 4,8'10_9 
Jan-Mar 1989 1.4'10 3,0'10 

It a~ that the resuspension factor since 1987 has been significant1y 
hi9ilJll at Bornholm than at RiS0, In Tab1e 3, the semiannual dr~itions 
of es are shown as a percentage of the original deposit of es fram 
the CherndJy1 accident at the ten state experilll:!l1tal1~ in Dernnark 
(Aarkrog et al" 1988), 'Ihe percentage of resuspen::led es follows as a 
power function: 

% = 69000 X-1 ,83 (Eg, 2) 
where X is mnnber of days e1apsed since 7 May 1986, 

If we campare this with eq, 1 we notice that the resuspen::led matter deposited 
by precipitation decreases m:>re rapidly than the resuspension factor, 
HCMever, the resuspension factor was calrulated for two stations onl y, 
both located in the eastern part of the country where there may be sarre 
regional resuspension fram the contaminated areas in the USSR anj Po1anj, 
It is thus evident that Bornholm, which is closest to these areas, shows 
the highest resuspension both in Tab1es 2 anj 3, Abed, which also is 
re1ative1y near to these contaminated areas, also shows a high resuspension 
(cf, Tab1e 3), 

'Ihe ~~~ ~2also measured in the Farce Islands, which received 
about 2 kBq es m fram CherndJy1, although the distarx::e to Chernoby1 
is about 2400 km, 'Ihe percentage of resuspen::led deposition with rain fram 
July 1986 to Decernber 1988 was 30% at 'Ihorshavn anj 24% at Klaksvig, 'Ihe 
reason for these high percentages in the Farce Is1ands is not known, but 
it may be re1ated to the rocky nature of the Is1ands, which may make 
deposited material m:>re susceptib1e to resuspension, 

1 
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Tab1e 3. Relative deposition of 137Cs at the state experimental fanns in 
Dernnark July 1986-Dec 1988 given as % of the original deposit frau the 
Chernd.Jy1 accident. 

Experimental Fann Chernd.Jy1 Jul-Dec Jan~un Jul-Dec Jan~un Jul-Dec Ac-

d~it 1986 1987 1987 1988 1988 ClB\U.l-

Bq -2 Cs % % % % % 1a1:fi 
m 

Ty1stI:up 
(N~ut1and) 660 10.3 1.79 1.37 0.24 0.26 14.0 

Kal(/) 
(E~utland) 1270 8.4 2.2 0.63 0.43 0.31 12.0 

Borris 
(W~utland) 940 10.6 0.20 0.15 0.11 0.16 11.2 

Askav 
(SW~utland) 3600 8.6 1.16 0.79 0.47 0.56 11.6 

st. Jyrrlevad 
(S~ut1and) 980 8.2 1.58 1.29 0.85 0.54 12.5 

Ars1ev 
(F\men) 2100 8.1 1.21 0.77 0.41 0.31 10.8 

Tystofte 
(W-Zealand) 850 10.2 0.70 0.49 0.17 0.094 11.7 

Ledreborg 
(E-Zealand) 1060 4.9 1.60 0.77 0.46 0.41 8.1 

Abed 
(Lolland) 810 9.0 2.9 1.91 0.91 0.52 15.2 

Tornbygärd 
(Bon'lholm) 630 12.5 1.59 1.36 0.81 0.63 16.9 

Country IOOan 1290 9.1 1.49 0.95 0.49 0.38 12.4 

Relative SE of IOOan 22% 7% 16% 17% 18% 15% 6% 

Strontium 90 deposited frau Chernoby1 was ~~ resusperrled, but the re1a
tively higher glOOal fallout backgroorxl of Sr makes % estimate of the 
resuspension percentage 1ess reli~be than those for Cs. However, as 
seen in Tab1e 4 the ~ge for Sr resuspension is on the same order 
as that abserved for Cs. 1\gain Tornbygärd and Abed show significantiy 
higher resuspensions than the other Danish locations, and the difference 
~ with the other locations is even nore pronoonced than that abserved 
for Cs. 
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Table 4. Percentage of original 90sr deposit fran the OlerndJyl aa::ident, 
deposited in Dernnark in Jul-Dec 1986, Jan-Dec 1987 arxi Jan-Dec 1988 (cf. 
also Table 3). 

Experbtental Farm OlerndJyl Jul-Dec 8ep-Dec* Jan-Dec* Accu-

d~it -2 1986 1987 1988 IlIllated 
Bq Sr m % % % % 

Tylstnlp 31 4.0 1.9 0.8 6.7 
Askov 70 9.1 1.4 0.01 10.5 
At. Jynnevad 38 6.2 1.4 0.6 8.2 
Arslev 83 4.0 1.3 1.3 6.6 
Tystofte 40 2.1 0.1 2.2 
Ia:3reborg 16.4 6.7 2.1 3.7 12.5 
Abed 16.7 19.2 8.1 8.1 35.4 
Tornbygärd 25 21 10.1 3.3 34.4 

Mean 40 9.0 3.3 2.2 14.6 

Relative SE 
of the mean % 22 28 39 44 31 

Kal(Zl arxi Borris were excluded because the O1ernobyl deposition of 90sr 
was not determined at these locations, as the sanples were lost. 

*) 'lhe 90sr deposition in 1987 arxi 1988 was 9ß:termined by subtraction of 
~e extrapolated contribution fran glcbal Sr fallout fran the total 
90sr deposits in these years. In the calculation, the mean deposition of 

Sr fran glcbal fallout in Dernnark (y) is aSSlUOOd to hawe follOW'ed the 

equation:_0 . 112X 90 -2 . .. . 
y = 1. 8· e Bq Sr m where x 1S the t:une m years smce 1982. 'lhe 
equation was valid 1982-1985. 

Availability of resusperded 137 es 137 
since 1962, we have ~ the deposition of es in Dernnark in the 
period May.,J\.U1e with the (~:3'f:>ncentrations in Ißnish grain of rye, 
barley, arxi wheat. If 1 kBq es is deposited pr m21:lf ~lperiod, 
Ißnish rye will contain 85, barley 59, arxi wheat 52 Bq es kg • 'lhese 
empirical models were calculated fran data collected 1962-1976 (Aarkrog, 
1979). If the models are used ~ the years 1977, 1978, 1979, arxi 
1981, when the fallout rate of es was similar to that in the post 
~Oby~ y~ 1987 arxi 1988 (Aarkrog et al. 1957-1989) (i.e. ~10-30 Bq 

es m yr ), the mean ratio of cbserved to predicted levels was 
1. 14±0.24 (N=24;±lSD) , while the mean ratio of these levels of 1987 to 
1988 was 0 . 5O±O.25(N=12;±1SD). In other words, the resusperded O1ernobyl 
debris was less available for contamination of the grain than glcbal 
fallout. 'lhe lIDSt pronounced discrepancy between cbserved and predicted 
values in 1987 arxi 1988 was found for those stations with the highest 
resuspension (cf. Table 3). FUrthernvre, the agreenent between cbserved 
arxi predicted values was twice as good in 1988 as in 1987, prcbably because 
the resusperded particles were smaller in 1988 than in 1987; thus, they 
had a better chance to adhere to the crops arxi pertlaps be translocated. 
oats was not included in Ws c:anparison because there seems to be a 
significant root uptake of es by grain. 
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'Ihere may be two reasons for the lower availability of resusperxled particles 
c::atpared with directly deposited fallOJt. Firstly, 'Ne llI.lSt consider the 
~ter retention ard higher field loss than for glcbal fallOJt. Sec::on:lly, 

Cs adheres to, e. g. clay minerals, ard the suspen::1ed material may make 
the radiocesitnn less available for absorption by the crops ard thus for 
translocations to the grain. 

Conclusions 
Years after a nuclear reactor accident has cxx::urred, dehris may be deposited 
as secorrlary fallout. 'lhis secorrlary fallout is due to resuspension. 
CoIIpared with the delayed stra~ic fallout being deposited years 
after an a~ic nuclear test ~losion, the resuspen:led dehris is 
less available for direct contamination of the crops. At a great distance 
fran the accident site, radiocesitnn is the daninant lo~ived radionuclide; 
ha;..rever, closer to the site, the relative inq:lortance of Sr ard transuranics 
increases. 
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Introduction 

In the district of Västerbotten, northern S~~den are the uptake and 

turnover of radioactive caesium (Cs-134 and Cs-137) studied in aboreal 

forest ecosys t em. Different aspects dealing with water-soil, soil-plant and 

plant-herbivor e interactions are studied in cooperation with the Swedish 

Agricultural Science at Umeä. The study area is loacted to the Forest 

Research Stat i on at Svartberget 50 km west of Umeä in Västerbotten. An 

important top i c in this study concerns the transport of caesium in food 

chains to man (Bergman et al., 1988). Consumption of forest products by man 

i.e. game (pr i marily moose) and berries constitutes the major pathway of 

radioactive caesium to man. Moose meat contributes to about 30 r. of the 

total meat consumption in Västerbotten and the average over the Swedish 

population has remained at the level of 5-10 r. during the present decade. 

In order to assess the absorbed dose resulting from intake via these food 

products over a long period of time, knowledge about the long term 

behaviour of caesium in the biotic community is necessary. 

In general, the boreal forest soils are poor in potassium. Caesium is 

similar to po t assium in certain chemical respects and is expected to 

behave similar y. Retention and uptake of caesium by the roots are therefore 

of particular interest. There is, however, not yet sufficient basic 

knowledge for a reliable identification of the most important processes 

in the forest ecosystem, especially with regard to the distribution of 

caesium many years after its introduction in the system. Thus 

extrapolations to the future situation solelyon the basis of the behaviour 

of radioactive caesium the first few years after the accident in Chernobyl 

are hardly meaningful. 
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Hethods and results 

Pine (Pinus silvestris) of different ages collected in 1984, i.e. two years 

before the Chernobyl accident, had one order of magnitude higher levels in 

plants born before the start of nuclear weapons test in the atmosphere in 

the fifties as compared to plants of the same size but less than 10 years 

of age. Yhether the considerable difference in concentration of Cs-137 

mainly depends on the soil characteristics, poor soil for the old trees 

and good soil for the young ones or on effective retention of caesium 

absorbed at direct exposure to fallout in older trees is not clear. This 

sampling procedure, selecting material that has and has not been directly 

exposed, respectively, under otherwise comparable conditions is possible to 

apply also is pre-and post-Chernobyl cases. 

There are sites relatively close to the area presently under study, where 

the contribution of radioactive caesium from the Chernobyl accident is 

slightly lower than from Hold" fallout due to the atmospheric nuclear 

weapons tests. This favourable balance between the two sources of deposited 

radioactive caesium may allow identification in a single sampIe of the 

short- and long-term distribution in soil profiles and vegetation. Ye 

intend to use this strategy in the further study of caesium in this system. 

As we lack necessary knowledge about important processes for predictions of 

the long-term behaviour of caesium in the ecosystem, other alternatives are 

attempted to get at least an indication on what levels of caesium could be 

expected to remain in the forest ecosystem some decades from now. For that 

purpose we have used information about the deposition of fallout of 

caesium-137 from the nuclear weapons tests. 

The Swedish Defence Res earch Es tablishmen t continously collects and 

measures particulate r adioactivity in the air at different sites 

distributed from southern to northern Sweden. At some sites this started 

already in the fifties. One of these site is at Lycksele in Västerbotten 

about 130 km from Umea. Less than 10 % of the cumulative deposition at 

Lycksele adjusted for decay to 1988 (1 . 2 kBq / m2 ) has ocurred after 1970, 

the deposition being highest 1962-64 (DeGeer, private communication, DeGeer 

et al., 1987). That means that most of the deposition from the atmospheric 
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tests have been in the environment for about twenty years at the time of 

the Chernobyl accident. 

At Svartberget the me an deposition of caesium-137 from the reactor in Cher

noby1 is 15 kBq per m2 according to our gammaspectrometric measurements re

ported e1sewhere (Bergman et a1. 1988). Moose meat from that area during 

the hunting season september 1986 and 1987 contained activity concen

trations of caesium-137 with a me an va1ue in the interval 150-200 Bq per kg 

fresh weight for adult moose and 250-300 Bq per kg for ca1ves. At the same 

period in september 1988 the level in adult moose was about 350 Bq per kg 

and in ca1ves about 600 Bq per kg. In moose meat from 1985 (DaneIl, Ne1in 

and Yickman, 1989) was measured 27 ± 25 Bq per kg (N=13j comprising adult 

moose, ca1ves and some 1acking age specification). 

For the purpose of comparison between resu1ts from 1985 with those for the 

three years onwards an average for equa1 number of adult moose and ca1ves 

has been ca1cu1ated. The activity concentration of caesium-137 in moose 

musc1e in relation to the cumu1ative deposition before and after the con

tribution from the Chernoby1 accident has been 1isted for the years 1985 to 

1988 in Tab1e 1. 

Table 1. Activity concentration of Cs-137 in moose musc1e 1985-1988 in 

relation to the cumu1ative deposition from atmospheric nuc1ear 

weapons tests and releases from the reactor in Chernoby1 in 1986. 

Year 1985 1986 1987 1988 

Cumu1ative Cs-137 deposition 1.2 15 15 15 

(kBq per m2 ) 

Mean concentration of Cs-137 27 220 220 450*) 

in moose, adult and calf 

(Bq per kg f.w.) 

Transfer factor (Bq/kg 0.02 0.02 0.02 0.03 

in moose per Bq/m 2 of Cs-137 

deposition on ground) 

*) based on resu1ts from the district of Västerbotten 
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It seems reasonable to assume that the activity of Cs-137 measured in 

sampIes from 1985 mainly is a consequence of the deposition ocurring about 

20 years earlier. This implies that the turnover in the forest ecosystem 

is not so fast that the content in the moose mostly reflects the relatively 

recent deposition over e.g. the last ten years. If the small cumulative 

deposition during the ten years be fore the accident should be the main 

cause for the caesium-137 content in moose in 1985, the transfer factor 

(relating the activity concentration in the meat to the surface deposition) 

must be very high. In fact, it must be more than one order of magnitude 

higher for fallout from nuclear weapons tests in the atmosphere as compared 

to that due to the Chernobyl accident. This is not probable. Furthermore, 

we have support for our assumption from the levels of caesium-137 in moose 

meat 1979-1982 reported from sampling in Finland (Rantavaara et al., 1987 

and Rissanen, Rahola and Illuka, 1987) and arecent report from Norway 

(Hove and Solheim Hansen, 1989) about pre-Chernobyl activity levels of 

Caesium-137 in sheep and reindeer that also corroborate with our data. 

Conclusions 

In comparison with the measure ("transfer factor"), characteristic of the 

conditions the first years after the Chernobyl accident, the level for the 

pre-Chernobyl situation in 1985 is about the same. If we are correct in our 

assumption that in sampIes from 1985 the contribution arises mainly from 

Hold" ceasium deposition the implication is that the turnover of 

radioactive caesium is notably slow in the boreal forest ecosystem. In 

fact, no significant change is apparent after about 20 years. 

A number of uncertainties may be identified besides that already mentioned 

about the age of the deposition and quantitative assessment is attempted 

for some of them. However, the estimation about the long term behaviour of 

caesium in the forest ecosystem gives only an indication of what is to be 

expected from presently available data. For instance, the decrease in pH in 

soils and water in forest ecosystems initiated a long time before the 

Chernobyl accident, may affect the mobility and availability of caesium in 

the vegetation in an unknown way. The different conditions for deposition, 

with regard to the period of time during which deposition mainly have 

ocurred as weIl as the physical and chemical characteristics of caesium and 

its particulate carrier, probably influence the distribution of radioactive 
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caesium in the ecosystem. Furthermore, the variation between years 

regarding the me an concentration in moose meat at the hunting season is at 

least a factor 2 based on the experiences from the years 1986-1988. This 

variation is probably due to changes in food composition, which in turn is 

affected by the actual weather conditions for the particular year in 

question. 

Still this comparison indicate that the change in a long term perspective 

probably is slow, that physical decay therefore will be a major factor in 

the effective ecological "residence time". A better understanding of the 

effects of uptake and retention on the resulting turnover in specific 

plants and the system as a whole is necessary also for interpolations 

within the future 20 year period. 

The local si t uation at the Svartberget site is expected to be applicable in 

estimations concerning the long term behaviour of caesium-137 in the dis

trict of Väs t erbotten and even the boreal forest area in general. However, 

the ecological situation particularly with regard to the soil conditions in 

the forest systems south of the boreal part, i.e. about the southern half 

of Sweden, may affect the rate of turnover of caesium differently from that 

in the mostly poor soils in the boreal part. Such possible differences have 

not yet been studied or reported to our knowledge. 

According to Holmberg et al. (1988) meat, milk and milk products contribute 

about half of the intake of caesium-137 by the food as an average for the 

Swedish population the first year after the Chernobyl accident. For forest 

products, comprising moose meat and berries, the corresponding estimate 

yields 10 %. It was also calculated that the intake of caesium-137 via 

agricultural products integrated over twenty years should be twice as high 

as the contribution during the first year. In that perspective the relative 

importance of forest products to the collective effective dose accumulated 

over several decades is high. In fact, if the slow turnover of caesium 

expected in the northern forest ecosystems should be characteristic for 

most parts of Sweden, forest products will contribute about as much as 

meat, milk and milk products during twenty years. With regard to the 

collective dose commitment, when all future dose contributions from the 

particular source are included, the importance of the food chains in the 

forest ecosystem becomes even more accentuated in comparisons as the above. 
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CESIUM TRANSFER TO AGRICULTURAL CROPS FOR THREE YEARS 

AFTER CHERNOBYL. 

Me Eriksson and Klas Rosen 

Department of Radioecology, Swedish Univ. of Agric. Sciences, Uppsala. 

Summary 

In 1986 about 50 farms in the fallout region were selected for sampling at 
fixed sites of the soil surface layer and of the grassland and grain crops to 
come. The aim was to cover the different soil types and the farming practices 
of the region during studies on the transfer levels and on the change with 
time in transfer of cesium to the crops. 
It was found that the transfer level, as expected, was much higher for the 
grassland than for the grain crops. However, within both groups a con
siderable variation in the transfer level for the same year as measured by 
the transfer factors has occurred. For the former crops it can be concluded 
that the transfer factor during year 1 depends on the interception capacity 
of the plant cover and on the dilution by growth i.e on soil fertility and on 
fertilization level. In the following years the cesium TF-value for the grass 
cover was reduced by a factor from 2 to about 10. The reduction rate differed 
above all between the organic soils and the mineral soils and should largely 
depend on the type of the grass cover, on the different cesium fixing 
capacities of the two soil groups and on the potassium fertilization level. 
On ploughed land the transfer by root uptake to grain crops was about one 
magnitude lower than the transfer to the hay crops. 

Introduction 

Grasslands, pastures as weIl as those used for producing hay and silage, the 

winter fodder for the animal stock, are vulnerable for atmospheric fallouts. 

This is especially the case for the hay crops in June, when a considerable 

part of a deposition can be intercepted, retained and transferred to the ani

mal feed of the winter season. Now, in Sweden the fallout in 1986 came with 

the precipitation just at or before the start of the growing period and the 

consequences became less serious. The fallout contaminated old dead plant 

remains and basal parts of the resting grass plants from which the new shoots 

were to develope in May. The new leaves were thus not directly contaminated 

but obtained part of the intercepted radioactivity by an indirect transfer, 

either on the surfaces or within the plant. High concentrations at the begin

ning of the season were later reduced by dilution by the intense growth and 

by falloff. Dilution by growth also tended to promote a stratification of the 

cesium retained by the grass cover. At the harvest time most of it was still 

concentrated at the lower parts of the grassprofile, 0 - 10 cm above the soil 
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surface. Much less was found above that horizon in the upper parts of the 

plants, which had been developed more recently (Lönsjö et al. 1988, Bertils

son et al. 1988.). The problems met with in the fallout districts initiated 

besides the surveys also the start of several research projects to study the 

consequences of a cesium fallout in agricultural environments up to "the lag" 
time period. These projects dealt also with the annual grain crops although 

the cesium transfer to grain (by root uptake) was much smaller than that to 

grass. The work goes on. Below are given the results available at present. 

The studies have been supported by the National Institute of Radiation 

Protection and initially also by the Agricultural Board of Sweden. 

Materials and methods 

Fixed sampling sites: In cooperation with local county advisers and with the 

farmers a network of fixed sampling sites was established in June 1986. The 

prerequisites for such a site was that it should be situated on a farm in the 

fallout districts, that the farmer could cooperate when necessary at samp

lings etc and that the selected sites, about 100 m ,irom any tree, building or 

edge of forest, could be used also in the future. In total about 50 such 

farms were registered in the fallout districts and on most of them two samp

ling sites were fixed. The area of these even plots were limited to about 100 

m2, one on cultivated grass land and one on ploughed land. The crops on the 

sites were sampled by harvesting 4 subsampies of 0.25 m2• 15 soil cares were 

taken on the harvested plots far soil analysis and for estimation of the 

fallout level on the site. 

Field experiments: The field experiments used are of two kinds. 1. Experi

ments carried out for studies of other effects than for the investigation of 

the transfer of 137CS. 2. Experiments started in 1987 for investigation of 

the effects in situ on sensitive grasslands from counter measures such as 

fertilization and the turning of the contaminated surface layer and plant 

cover by ploughing. The results of the former group are outlined below. The 

latter are described elsewhere in this volume by Rosen (1989). 

Analysis: Chemical and physical characteristics of the soils were determined 

according to standard methods. Determination of the cesium content of all 

sampies, dried and ground and contained in 1 liter MarineIli beakers, was 

carried out in a low background laboratory with germanium detector systems. 



143 

The measurement time needed for obtaining low and acceptable counting errors 

has varied from 10 rninutes to 1 hour. 

Transfer factor: TFd is used to describe the transfer of 137CS to the 

harvested materials. Index d in TFd stands for the weighting of the cesium 

content in the harvest by the total deposition, Bq m·2, not only that part 

which had reached the ground. 

Results and discussion 

The work with the hay and barley crops of the fixed sites established has 

given the ranges and me ans shown in Table 1. We find that the variation in in 

the transfer of cesium to hay is very high. The TFd-values as such were 

poorly correlated with the soil factors. Only the variation in clay content 

137 Table 1. Transfer of es to hay cro8s, grass and stubble, and to 
barley grain, m2 Ckg dry matterl-1*10-, on the fixed sites of the 
invest i gated farms in the X- and Y-counties in 1986-88. 

Year. Ari thmetic description Geometrie descr iption 
cut 
No Sampie N Range Average 1. qu . 3. qu. Median 

V-count y 
86 . 1 grass 36 0.45 - 41. 4 10.4+-10.7 2.9 12 . 1 6.1+-3.5 

s tubble 36 2 .8 - 505 88.5+-105 
87.1 grass 36 0 .6 - 129 6.5+-20.8 1.3 3.5 1 .8+-3. 1 

stubble 36 0.5 - 90.4 7.3+-16.3 
87 . 2 grass 36 0.5 - 52 .9 4.5+- 8.7 1.0 4.1 1.9+-2.6 

s tubble 36 0 .3 - 64.3 5.6+-10.5 
88.1 grass 38 0.2 - 17.3 2.3+-3.3 0 .4 7.3 0.9+-3.5 
88.2 grass 24 0.2 1.2 0.8+-0.4 0.4 0 . 8 0.6+-1.4 

86 Barley gr. 33 0.15 - 7.3 1. 1+-1. 3 0.4 0.8 0.7 +-2 
87 .. 16 0.04 - 0.64 0.2+-0.1 0.1 0.3 O. 13+-2 

X-county 
86.2 grass 16 2 . 8 - 480 86 +-123 8.1 82 30 +- 5 

stubble 16 3.8 - 359 113 +-108 
87 . 1 grass 14 3.5 - 280 46 +- 74 7.9 69 13 +- 5 

stubble 14 0.51 - 488 89 +-141 
87 . 2 grass 13 0 . 8 55 18 +- 19 1.5 33 9 +- 4 

stubble 13 0.5 83 22 +- 26 
88.1 grass 15 0.7 82 14 +- 20 0.7 18 5 +- 4 
88.2 grass 11 0 . 3 20 5 +- 8 

86 Barley gr. 17 0.2 - 3.8 1. 2+-1. 0 
87 .. 10 0.03 - 0.36 0.1+-0.1 
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contributed to any degree to the explanation of the variation lTI TFd for 

grass. The variation in TFd-values and their low degree of correlation to 

soil factors shows the uncertainty and stresses the importance of other 

grassland conditions, which are difficult to measure and describe by data. 

Such conditions are the density of the grass cover and the capacity for 

interception and retention of the fallout in the grass cover and then for the 
subsequent transfer of the nuc1ide to the new grass. The very high transfer 

values in X-county depends on 

a selection of sites with 

tufted grasses on organic 

soils. On the mineral soils 

Y-county there was in 1986 a 

large difference between the 

cesium content above (in hay) 

and below (stubble) the 

cutting horizon. 
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Also the general trend is an '" 
annual reduction in transfer 

as shown by the averages and 

the median values in Table 1. 

The distribution of the sites 

with regard to the transfer 

values are given in Figures 1 

and 2. They show that up to 

the 3rd quartile the range is 

rather moderate and that the 

wide ranges and high averages 

in Table 1 are caused by a few 

sites. These few sites should 

represent those environments 

which are sensitive to cesium 

fallout depending on the type 
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Figure 1. Distribution of hay grass sites in Y-copnty in 

these factors, dense grass 1986-1 9~7 with respect to the transfer factor TFd, m (kg dry 
matter)' for ceS lUm. TFd arranged 10 the order of 

covers, peaty or coarse sandy increasing vaJu es. 



soils and low fertilization 

levels are combined. This can 

thus as observed result in an 

elevated and persistant cesium 

transfer to the crop. On weH 

fertilized soils in a micro

plot experiment, carried out 

in the field for other pur-

poses, the transfer values in 

Table 2 were obtained. They 

have a range between soils 

corresponding a factor 2 - 4 

for both grass and grain in 
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F igure 2. Distribution of hay grass sites in Y-c~unty in 
1988 :-:ith respect to the transfer factor TFd, m (kg dry 
matter)" for cesium. TFd arranged in the order of 
increasing values. 

1986 and 1987. However, in 1988 the organic soil, a fen, still shows a high 

and persistent root uptake, 5-10 times high er than that from the mineral 

soils. On the clay the range over years for TFd is about 6-0.2 for grass and 

0.3-0.04 for grain, while on the organic soil it is 11-2 and 1.2-0.5 

respectively. On the loamy soils the basic potassium fertilization and a 

dense grass cover made the transfer to hay more similar to the fen than to 

the clay. However, on the latter a lower initial interception capacity of a 

thinner grass cover has certainly contributed to the lower transfer 

throughout the period. As shown in the grain section of Table 2 the root 

uptake of cesium from weIl fertilized soils differ mainly between the mineral 

soils on one hand and the organic on the other. This reflects the fundamental 

difference between them with regard to their cesium binding capacity. 

Table 2 . Transfer of 137Cs to 3rd, 4th and 5th year timothy grass in a field 
micro p l ot experiment with four soils afte r the Chernobyl fallout in April 
1986, 36+-5 kBq per square meter . For comparison a grain crop section of the 
same experiment is included. Transfer given by TFd, m2 (kg dry matter)-1· 10-3. 

Grass 86 Grass 87 Grass 88 

Soil id . 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 

U: Clay 6.4+-1. 4 2.5+-0.8 1. 1+-0.4 0 . 8+-0.1 0.2+-0.2 0.4+-0.2 
Kr: Sandy 1. 13. 3+-1. 7 5.0+-1. 1 1. 7+-0. 3 1. 7+-0 . 4 1. 2+-0 . 4 1. 0+-0. 4 
Km: Loam 14 . 2+-2.2 6.4+-1.7 3 . 1+-0 . 6 3 . 4+-1.1 1.9+-0.6 2.2+-0.7 
S: Organic 11.1+-3.3 6 . 9+-1. 9 3 . 1+-1. 4 8 . 1+-5.6 1.7+-0.8 2 . 2+-0.7 

Barley 86 Barley 87 Wheat 88 

Straw Grain Straw Grain Straw Grain 

U: Clay 1. 2+-0.4 0.3+-0.2 0 . 6+-0 . 1 0 . 13+-0 . 04 0.1+-0 . 05 0.07+-0 . 02 
Kr : Sandy 1. 1. 3+-0. 6 0.4+-0. 3 0 . 6+-0.4 0.19+-0 . 15 0 . 2+-0 . 07 0.11+-0.13 
Km: Loam 1. 2+-0.4 0. 3+-0 . 2 0 . 6+-0.3 0.18+-0.12 0 . 2+-0 . 13 0. 10+-0.02 
S: Organ ic 3.3+-1. 5 1. 2+-0. 9 1. 6+-0. 9 0.47+-0 . 28 1. 8+-1. 05 1. 11 +-0.72 



One part of the natural 

environment is more or 

less under farmer's con-
trol, natural pastures. 
For those it is obvious 

that all factors enhanc-

ing a high cesium trans-

fer to grass are at work. 

Even if properly managed 

and fertilized there is a 
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Table 3. Transfer of 137Cs • m2 (kg dry matter)-1. 1O-3. to 
grass in a long term fleld experiment on natural pasture 
l~rd after the Chernobyl fallout in April 1986. Dep. 20 kBq 
m . Soil type: Sand . The grass was harvested as hay in 
June and 1988:2 in Sept. 

Trea tment Grass 86 Grass 87 Grass 88 
with 
fertilizers 1st cut 1st cut 1st cut 2nd cut 

1 NPK 140+- 80 10+- 3 3.5+-0.3 5.1+-2.2 
2 PK+AmSulph. 240+-140 34+- 9 15.3+-4.0 9.7+-4.0 
2 PK+CaNitrate 60+- 30 5+- 2 2.1+-0 .3 2 .2+-0.8 
2 PK+AmNitrate 150+- 90 7+- 2 7.8+-1.1 3.8+-1. 9 
1 CaNitrate 150+- 50 5+- 1 7.6+-0.7 2.1+-0.2 

risk for very high transfers, similar to those from pe at soils. Table 3 shows 

transfer data for 1986-88 from a site near Uppsala under long term experi

mental control since 1961. Tbe TFd-values indicates a high interception capa

city of the grass cover and a high transfer in 1986. However, the annual 

reduction in transfer is also high initially and for some treatments the TFd 

in 1988 reaches the level of those for temporary grassland in Table 2. 

Conclusions 

Tbe study has shown that in practice there is a considerable variation bet

ween sites in the transfer of cesium to the crop. Also, the transfer level 

was about ten times higher for the grass land than for the grain crops. For 

the former crops it can be concluded that the transfer factor in 1986 has 

depended on the interception capacity of the plant cover and on the dilution 

by growth i.e on soil fertility and on fertilization level. In the following 

years the cesium TF-value for the grass cover was reduced by a factor from 2 

to about 10. Tbe reduction rate differed above all between the organic soils 

and the mineral soils and should largely depend on the type of the grass 

cover, on different capacities to bind cesium and on the potassium fertiliza

tion level. Tbe latters influence strongly also the cesium transfer to grain. 
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MEASURED RADIOECOLOGICAL PARAMETERS AFTER THE CHERNOBYL ACCIDENT 

H. Bonka 
Lehrgebiet Strahlenschutz in der Kerntechnik, RWTH Aachen, Germany, F.R. 

Summary 

After the nuclear reactor accident at Chernobyl the radioactivity in the environment in Aachen was 
measured in detail. The change of the different radionuclides in the eco-system made it possible to 
obtain radioecological parameters especially for iodine and caesium. The most important data obtained 
like deposition velocity, washout coefficient, retention factor, removal rate constant, and transfer factor 
food-milk, food- beef, and soil-grass are reported. 

Introduction 

The radioactivity measurements after the Chernobyl nuclear reactor accident allowed in a unique way to 
study very important radioecological parameters, especially for iodine and caesium. The measurements 
which are still continued give a very good impression of the transport of important radionuclides in the 
total eco-system, including humans. The very detailed I 131- measurements in the air, in grass and in 
cow 's milk helped very much to understand the iodine transport from air into milk. By that it was 
possible to explain why the dose calculation for I 131 in the frame of licensing procedures in the Federal 
Republic of Germany was overestimated by a factor of approx. 5. 

Deposition velocity 

On May 1st 1986 an enhanced activity concentration in air was measurable in Aachen. The first rain fell 
on May 3rd at approx. 6.30 pm. Up to that time the deposition velocity for aerosolbound radionuclides 
and iodine could be calculated from the measured activity concentration in the air and the deposited 
activityon grass. Besides iodine, all radionuclides detected in Aachen were particlebound /Bo 86;' About 
65 % of the total amount of iodine was gazeous. Particular measurements of elemental and organical 
iodine weren't possible. According to /Wi 86/ and /He 86/ the elemental fraction of gazeous iodine 
was approx. 30%. As an example for particlebound radionuclides Fig. 1 shows the measured values for 
Cs 137. The I 131 values are given in the same figure. 
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Figure 1: Activity concentration of Cs 137 and I 131 in the air at the RWTH Aachen and time- integrated 
activity concentration /Bo 86/ 

The deposited Cs 137 activity on grass increased continuously whereas the I 131 activity showed two 
peaks be fore the first rainfall. The first peak most probably results from the extreme change of air 
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Figure 2: Deposition per unit ground area for Cs 137 and I 131 on grass at the RWTH Aachen /Bo 86/ 

activity. The second peak can be caused by the sorption and desorption due to dewfall during the night 
/Bo 88d . According to measurement results, adeposition velocity for Cs 137 on 10 to 15 cm high grass 
of 0.03 to 0.11 cm/s with a mean value of 0.07 cm/s results /Bo 88d, /Ho 88/. Without taking into 
account the two peaks the deposition velocity for the total I 131 lies between 0.13 and 0.15 cm/s /Bo 
88d, /Ho 88/. Adeposition velocity up to 0.28 cm/s results for the peaks. Referred to element al iodine 
only, the deposition velocity is five times higher. A mean value of approx. 0.7 cm/s results. 

Washout ratio and retention factor on grass 

On May 3rd the specific activity in rain in dependence of the rain intensity could be measured still having 
high above ground air activity as weil as on May 5th , when the above ground air activity had already 
decreased. The lower cloud layer Hl was approx. 1400 m and the upper layer H2 was approx. 12000 m. 
Taking into account the activity concentration in the air and an air density of 1.25 kg/m3 the washout 
ratio W in Fig. 3 results. Assuming the same activity concentration over the total ceiling as in the above 
ground air, the x-value shown in Fig. 3 results. 
Here Cr is the activity concentration in rain and Ca the activity concentration in the air . The x-value 
corresponds with the washout coefficient. It is amazing that according to the assumptions made the 
x-value and the washout coefficient agree in the course of May 3rd. 
Because we took grass sampies every hour (see Fig. 2) it was possible to measure the retention factor 
- fraction of deposited activity retained on grass. On May 3rd, the retention factor for I 131 , Cs 134, 
Cs 137, and Ru 103 lay betwen 0.2 and 0.6 referring to a precipitation height of 0.25 mm. The mean 
value was approx. 0.4 /Ho 88/. On May 5th the increase of the specific activity in grass was small inspite 
of a precipitation height of 0.95 mm, see Fig. 2. Calculating a mean value over several grass sampies 
nearly the same value as for the first rainfall results. 

Half- life for removal of activity on plants by weathering 

The half- life for removal of activity on grass by weathering could be calculated by determining the 
deposited activity per unit ground area. Fig. 4 shows the measurement values for I 131 and Cs 137 of a 
meadow at the RWTH Aachen. 
Taking into account radiological decay, a half-life of approx. 10 days result for I 131 , one of approx. 14 
days for Cs 137 as weil as for Cs 134. A value of 8 days results for Ru 103. For stringing nettles the 
half-life was about the same as for grass. 

Transfer factor food-milk 

Since the beginning of May 1986 until now cow 's milk of one smaller and four larger farms in the vicinity 



10',-------,------,-------,------, 
c . (s 137 ---- 
o • Ru 103 . - -
v ~ I 131 --

-

149 

1i. 

10-' 

1 , 

10-3 

(s137--
Rut03 -- --
I 131 

/ / 

.... Ith meQsured 
size distribut ions 

10- '+--------,-----~_,_---~,_____-----< 
W' 10-' 10° 10' mm /h 10' -

Figure 3: Washout ratio W in dependence of the rain intensity land comparison of the measured data 
with the washout coefficient A IBo 86/ , IRo 881 

10 4 104 
Bq ,. 

~ 
;;;2 1131 I m2 (s 137 

--+----- - - --
A (s 137 103 

A 1131 
grass grass I 102 .' 1 

- I 102 

h eff . v = 0.16 d-1 
h eff•v =0.05d-1 

10' T1n ett.v = 4.4 d +- 101 
T,neff,v= 14 d 

T1I2 .v =9.8d T. = 14d 
100, 

I 
100 r 112.v 

I 
1 May 15 June 1 May 15 June 

-t -t 

Figure 4: I 131 and es 137 activity on grass per unit ground area and half- life by weathering at the 
RWTR Aachen 



150 

of Aachen was analyzed. Fig. 5 shows e.g. the activity concentration of I 131 in the milk of 36 cows of a 
farm in the south of Aachen. 
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Figure 5: Activity concentration of I 131 in cow's milk and specific activity of I 131 in the grass of a farm 
in Aachen 

Before May 23rd a continuously decreasing amount of grass ensilage and 3 kg/d concentrated feed was fed 
/Bo 822/. According to the activity concentration in the cow's milk and the daily I 131 intake, a transfer 
factor of 0.002 d/I and an effective removal rate constant of 0.57 d-l result using the least squares fit. 
This transfer factor is about a factor 5 sm aller than it has to be used in the Federal Republic of Germany 
in licensing procedures. Using the same method for Cs 137 a value of 0.003 d/I results for the transfer 
factor as weil as a value of 0.37 d- I for the removal rate constant. In goat's milk of a small farm the 
activity concentration of I 131 respectively Cs 137 was approx. 3.4 times respectively 1.4 times higher 
than in cow's milk. In ewe's milk the enhancement for Cs 134 and Cs 137 was about a factor 1.5. 
Fig. 6 shows the Cs 137 activity concentration in cow's milk after June 9th, 1986. The lower part of 
Fig. 6 shows the ratio of the Cs 137 activity concentration in milk and the ativity intake by feed. 
During the grazing time only the specific activity in grass that was cut approx. 1 cm above soil and 
in concentrated feed was taken into account. In equilibrium the ratio is the transfer factor food-milk' 
The transfer factor increased during the grazing period to approx. 0.007 d/1. Tests showed that this was 
caused by aditional activity intake of the cows due to partly tearing grass roots and soil intake. Grass 
that was torn had a specific activity that was more than a factor 2 higher than cut grass. The specific 
Cs 137 activity of the first 2 cm soil depth of meadows is approx. 100 Bq/kg in Aachen. Assuming an 
intake of soil of about 0.2 kg/d, the cows get approx. 20 Bq Cs 137 that way. Heine and Wieehen /Re 
79/ also found out that the transfer factor for Cs 137 increased from the beginning of the grazing period 
to later times by a factor of 2 to 3. 

Transfer factor food-beef 

In the vicinity of Aachen the contamination after the Chernobyl accident differs not much. Therefore it 
is possible to study the ratio of the specific activity in beef and the specific activity in cow's milk. Fig. 7 
shows the measured specific Cs 137 activity in beef of the vicinity of Aachen. 
Larger differences are caused by the feeding with grass ensilage of high er specific activity and with indian 
corn ensilage or turnip ensilage with lower specific activity. When comparing the specific Cs 137 activity 
in beef with that in cow's milk of 3 farms it can be seen that the value in beef is approx. 6 times higher 
than in cow's milk. According to this , the transfer factor food- beef lies between approx. 0.015 and 

0.04 d/kg. 
The few beef measurements in May 1986 showed that the specific I 131 activity in beef is approx. as 
high as the specific I 131 activity in cow's milk. The I 131 transfer factor food- beef is therefore ap

prox. 0.002 d/kg. 
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Transfer factor soil-grass 

Soil and grass sampies were taken over the whole Federal Republic of Germany in order to analyze the 
local variability of the transfer factor soil-grass after a single contarnination. The measured mean values 
are given in table 1. In licensing procedures in the Federal Republic of Germany a transfer factor of 0.05 
is used for caesium. 

1987 1988 
Cs 134 Cs 137 Cs 134 Cs 137 

mean value 0.16 0.13 0.079 0.055 
minimum value 0.0038 0.0025 0.001 0.0018 
maximum value 0.99 0.91 0.87 0.66 
number of sampies 75 75 38 38 

Table 1: Measured mean transfer factors soil-grass for Cs 134 and Cs 137 in 1987 and 1988 

The extensive measurement results could only be obtained because of the high effort of all assistants, 
my secretary, and the students at the Lehrgebiet Strahlenschutz in der Kerntechnik . I want to thank all 
of them. We also want to thank the Chemisches Lebensmittel-Untersuchungsamt for the meat sampies 
from the Aachen abbatoire. 

The measurements were sponsored by the Bundesminister für Umwelt, Naturschutz und Reaktorsicherheit 
under the number St. Sch. 1026. 
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FACTORS INFLUENCING CAESIUM-137 LEVELS IN MOOSE (Alces ~ AND SMALL 

GAME IN NORTHERN SWEDEN 

Per Nelin and Thomas R. Palo, Department of Wildlife Ecology, Swedish University of 

Agricultural Sciences, 

S-901 83 Umeä, Sweden. 

ABSTRACT 

In the third annual hunting season after the Chernobyl accident in April 1986 the 

concentration of caesium-137 in meat of northern Swedish moose was significantly higher 

than in the first one (1986). In September 1986 the mean caesium concentration was 500 

Bqj kg in calves but in September 1988 it has risen 1300 Bqj kg. This increase was only 

temporary and a rapid decline occured after September and by December 1988 the 

concentration of caesium was the same as in late 1986. Adult moose showed the same 

increase during the hunt 1988 but to a lower magnitude. 

Typical food plants of moose such as bilberry (Vaccinum myrtillus) and birch (Betula 

pubescens) showed, contradictory to expected by the level in moose, a decline of 

concentration caesium from 1986 to 1988. A probable explanation to the dramatically 

increased concentration of caesium in moose is a change in diet selection during 1988. Small 

mammals such as voles and lemmings showed a variation in concentration of caesium-137 

which was more dependent on other factors than on their body size. This emphasize the 

necessity to study diet selection by herbivores in detail in order to predict uptake and 

changes in enviromental contaminants. 

INTRODUCTION 

We are studying the uptake an transport of the Chernobyl fallout within aboreal forest 

ecosystem in northern Sweden. Since May 1986 we have been monitoring the plants and 

animal of the adminstrative district of Västerbottens for radiocaesium. For many household , 

especially in the northern part of Sweden, moose (Alces alces (L.)) is an important source for 

meat. Therefore the potential contribution of caesium from moose to man might be 

important. Here we will present caesium levels in moose and so me of its forage plants, and 

for comparision we will give some data on small game such as e.g. fox and voles. 

MA TERIAL A D METHODS 

Local hunters in the district of Västerbotten collected the material according to our protocol. 

All analyses on moose and small game were done by the Department of Radiation Physics at 

the University of Umea. From May 1986 to December 1988 about 5500 analyses of muscle 

tissue from moose have been done. 
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Plant sampies were also collected from different locations in Västerbotten (Fig. 1.). This was 

done in lune 1986 for e.g. birch (Be tu la pubescens (L.)) and bilberry (Vaccinum myrtillus 

(Ehr.)). 

In addition we collected plants, lemmings, voles and shrews within the Vindeln Experimental 

Forest where the ground deposition varied between 10 and 20 kBq 137Cs/ m2. From localities 

within the experimental forest we collected composite sam pies of bilberry and birch in 

september 1986-1988. A composite sampie consist of 10 subsampies was taken at the same 

site. The analyses of shrews, small rodents and plants have been done at the National 

Defence Research Establishment, NBC-Defence at Umea. 

RESULTS 

CAESIUM LEVELS IN MOOSE 

We found a significant positive correlation between the concentration of caesium-137 in 

moose me at and the ground deposition in the area where the moose was killed. There was 

also a statistically significant difference between adult moose (over one year) and calves 

(DaneIl et a1. 1989). The calves have a higher mean value and larger variation in 

concentrations than older moose. The mean caesium level for calf was 460 Bq/kg and for 

older moose 300 Bq/ kg during the hunting season 1986 (DaneIl et a1.l989). A large variation 

in caesium concentration between individuals is evident from the material as the 

concentration within the same area could vary from 100 Bq/ kg to 1000 Bq/kg (Fig. 2). 

At the the start of third annual hunting season after the Chernobyl accident (1988), the 

caesium levels of moose meat increased to more than twice the concentrations from 1986 and 

1987 (Fig 3). In 1988 the difference between adult moose and calves was more pronunced 

than during the preceeding years. The caesium level in 1987 was approximately 87% of the 

levels from 1986 (Fig 2). The increase in 1988 was general for the whole area of 

Västerbotten, irrespective of the differences in the fallout. 

CAESIUM LEVELS IN MAMMALS 

From 1986 we have analysed so me other animal species in the boreal forest. These includes 

common shrew (Sore x araneus (L.)), wood lemming (Myopus shisticolor (Lillj.)), bank vole 

(Clethrionomys glareolus (Shreb.)), mountain hare (Lepus timidus (L.)), red fox (Vulpes 

vulpes (L.)) and roe-deer (Capreolus capreolus (L.)). The variation in caesium concentration 

between species is large. It seems that no relationship exist between species of different body 

size and the caesium concentration in the body or museie (Fig. 3). Thus the primary factors 

that influence the transfer of caesium from ground to animal seems to be the type of food 

and digestive strategy of the animals . 
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CAESIUM LEVELS IN PLANTS 

The analysis of bilberry and Birch that where collected from 30 localities in the district of 

Västerbotten in 1986, showed a statistically significant correlation of caesium concentration 

with the ground deposition (Fig 5). The bilberry and birch that where collected in 

September showed a slow decrease in caesium content from year to year (Fig. 6). 

DISCUSSION 

Although, there is a general relationship between the ground deposition of caesium-137 and 

the caesium-137 concentration in moose, other factors might be of considerable importance. 

Among these factors are age and sex of the animals. The difference between these groups of 

animals might be explained by physiological factors such as body size. However, the 

influence by the diet among these groups of animals, may be large. Certainly the role of diet 

composition in the uptake of enviromental contaminats need to be further investigated. 

The dramatic increase in the concentration of radioactive caesium during the summer 1988 is 

most probably explained through a change in diet composition compared to the situation in 

1986 and 1987. This is strongly indicated by the fact that the major food plants of moose 

showed a decline continuing from 1986 (Fig. 6) . A comparison of the weather situation in 

1988 with the situation in 1986 and 1987 shows that last summer was extraordinary dry and 

sunny (Degermark 1987 and unpublished) . It is likely that the moose choosed another diet 

composition when the weather situation changed the enviromental conditions. It is known 

that the difference in caesium content between plant species are wide (Gorharn 1959, 

Coughtrey and Thorne 1983, Sawidis 1988). 

The difference in caesium content between bankvole and wood lemming is striking and a 

good example of two animals of the same size and that live in the same habitat, but differ in 

there foraging behavior. The lemming feeds mainly on mosses and the vole at herbs, grasses 

and dwarf -shrubs. Herbs and grasses have in general lower caesium concentrations than 

mosses(Gorham 1959, Sawidis 1988). In this case it is clear that the forage behavior is the 

probable explenation for the difference in caesium content. For other animals such as moose 

and roe deer it is not so easy to understand if the observed variation between time and, age 

and sex classes of animal depend on size, metabolism, foraging behavior or even social 

factorsof the animals . Our results clearly shows that more basic knowledge of ecological 

principles is needed to understand the transport of radionuclides in this ecosystem. 
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Fig. 2. Relationship between eaesium -13 7 in muscle tissue 
of adult moose killed in 1986 and the deposition of 
eaesium-137 on the ground aeeording to measurments 
from aireraft made by the Swedish Geologicai Company, 
Uppsala, Sweden during May- Oetober 1986. 

Oll (r = 0,3; p < 0,01; n = 1880). 
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DYNAMIC MODELLING OF CS-137 CONTAMINATION IN DENMARK 

Mette 0hlenschl~ger 

Ris0 National Laboratory, Denmark 

INTRO DUCTION 

This paper describes the structure of adynamie food-chain 

transport model for Cs-137 in the Danish terrestrial environment. 

The model solves a set of linear, coupled differential equations 

in order t o estimate the inventories and concentrations of 

Cs-137 in the soil, vegetation, animal tissue and animal produce 

as a func t ion of time based on the Cs-137 concentrations in the 

air after an accidental release. Meteorologi cal conditions a nd 

seasonal variations in agricul tural practice are included in 

the model . 

THE MODEL 

The schematic structure of the model is shown in Figure 1. 

Figure 1 
Schematic structure 
of the model. 

The pathways between the different compartments are indicated. 

The transfers between compartments are described by the transfer 

coefficients A ij and A j i, in units of reciprocal time. Thus, 

the rate of change of Cs-l37 in any compartment is given by: 

~ 
dt L AjiYj - AfYj + Pj (j = 1., •••• n) 

ir-j 
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The term Pj represents the input into compartment j from outside 

the system in units of activity per unit of time. The constant 

Af accounts for the physical decay of activity in compartment 

j. The air, soil and plant compartments, all refer to a surface 

of 1 m2 . The size of the time step, used throughout the model, 

is one day. 

The inputs to the model are the daily Cs-137 concentrations, 

in the air after an accidental release. The transport processes 

from the air to the soil-plant system are the traditional ones. 

In order to calculate the wet deposition, average values for 

Danish precipi tation are used; however, when data from the 

Chernobyl accident are used as input to the model, the actual 

amount of daily rain in 1986 is included in the model. 

The deposition is partitioned between the soil and plant surfaces, 

using a common foliar interception factor. The plant used in 

this model is pasture grass, and a value of 0.3 has been used 

for the interception factor, based on Danish condi tions. The 

plant growth rate is calculated from experiments made by the 

National Institute of Animal Science, Denmark (Kristensen et 

al. 1987) and provides for the above-ground biomass and dilution 

of the concentration of Cs-137 in the plant during the growing 

season. The loss of Cs-137 from the surface of the plants to 

the soil is described by two weathering constants (Nielsen, 

1981). The value, used for the first 30 days after the contami

nation, is chosen to be 0.099d-1 which gives an effective half

life of 7 days. The value used for the rest of the simulation 

time is chosen to be O. 023d-1 which gives an effective half

life of 30 days. 

Three soil compartments are used in order to account for the 

intensive cultivation of the Danish soil. Resuspension of con

taminated particles and soil ingestion by the livestock removes 

activity from the surface of the soil. Thus, an upper soil 

compartment of 1 cm thickness is considered. Plant uptake via 

roots is described by an expression similar to that used in the 
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Pathway model (Whicker and Kirchner, 1987) . The effect of ploughing 

is simulated by converting the inventories of the external and 

internal parts of the plant into the root zone compartment. 

Cows' diet is main determinant of the Cs-137 levels in milk and 

beef. The diet specified in the model is based on common Danish 

agricultural practice. A typical example of diet is shown in 

Figure 2. The cow model used here is based on a model previous

ly published (Crick and Simmonds, 1984; Simmonds, 1985) and 

adjusted to Danish conditions. 
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Figure 2 Structure of a typical fodder plan 

RESULTS AND DISCUSSION 

In order to simulate the conditions in Denmark after the Chernobyl 

accident, t he inputs to the air compartment are the Cs-137 con

centrations (Bq m- 3 ) measured at Ris~ (Aarkrog et al., 1988). 

The levels in grass, milk and beef predicted by the model are 

shown in Figs. 3-5 and the measured levels are given in com

parison. It can be seen that the model predictions for the 

levels in grass and beef are consistent with the measured levels; 

on the other hand the predicted levels for the milk are und er

estimated, primarily due to the lack of knowledge of the meta

bolism of cows. 
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Figure 3 
Cs-137 in grass at 
Ris0. Predicted and 
measured c:oncentrations. 

Figure 4 
Cs-l37 in milk. 
Predicted and measured 
concentrations. 

Figure 5 
Cs-137 in beef. 
Predicted and measured 
concentrations. 

In Figure 6 is shown the influence cf the seascn of the year 

following an accidental release cf 1 Bq m- 3 in January or in June. 
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Cs-~37 in pasture 
Predicted ccncentraticns 

~ Bq per cubic metre in the air: 

125 

1 July 
.... 15 January 

25a 
Time 

3.75 5aa 

Figure 6 
Cs-137 in pasture. 
Predicted concen
trations. 

Due to seasonal variation in precipitation the total deposition 

in June is about a factor two greater than in January. If no 

countermeasures are applied the time-integrated concentrations 

per unit fallout deposition for a release in June are ab out a 

factor three greater than for a release in January, Table 1. 

Table 1 Maximum levels and time-integrated concentrations 
per unit deposition of Cs-137 in milk and beef. 

Date 
of 
dep. 

Maximum concentrations Time-integrated concentration 
per unit depositiona ) 

15 Jan. 
1 July 
1 JUlyb) 

a) 

b) 

Milk 

Bq 1-1 

0.3 
8.2 
0.7 

Beef 

Bq kg-1 

2.2 
36 
6.6 

Milk 

mBq y 1-1 

per Bq m- 2 

0.17 
0.4 
0.15 

Beef 

mBq y kg- 1 

per Bq m- 2 

6 
17 
5.5 

An integration over eighty years. This time account 
for >95% of infinite time integration values. 

Including restrietions . Cows kept on stable for two weeks 
following the deposition, eating stored food. 

The effect of applying countermeasures, for instance keeping 

the cows on stable for two weeks after an accidental release in 

July, is shown in Table 1. It is noted that this will reduce 

the time-integrated concentration per unit fallout deposition 
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by a factor three compared with the situation when no counter

measures are applied. The maximum concentrations are reduced in 

a similar way. 

CONCLUSION 

Based on Danish data adynamie food-chain transport model for 

Cs-137 in the Danish terrestrial environment has been developed. 

comparisons have been made between predicted concentrations 

and measured concentrations of Cs-137 in grass, milk and beef 

and reasonable agreement has been seen. Effects of season and 

countermeasures have been examined. 
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TRANSFER OF RADIOCESIUM FROM LICHEN TO REINDEER 

Birgitta Ahman 
Swedish University of Agricultural Seienses, Dept of Clinical Nutrition, 
POBox 7023, S-750 07 Uppsa1a, Sweden. 

Radiocesium in reindeer relative to ground deposit and radiocesium content 
of lichens 

After the Cher nobyl nuclear plant accident 1arge parts of the reindeer 

herding area of Sweden were hit by considerab1e deposit of radioactive 
cesium, up to 80 kBq Cs-137/m2 (SGAB, 1986). lichens, the main forage 

plant for rei ndeer in the winter, absorb most of the radiocesium that 

falls on it. The amount of Cs-137 in one kg of dry lichen lies within the 

range of the deposit per m2 (table 1). Large intake of lichens in the 

winter makes r eindeer in contaminated areas reach high levels of radio

cesium in their bodies. The amounts of Cs-137 / kg in reindeer meat in the 

winter reach t he same levels as the activity concentration per kg in dry 

lichens (tabl e 1). During the 1ate sixties caribou in Alaska had activity 

concentration s in muscle about one third of the activity concentration in 

dry lichens f r om the same area (Luick, 1974). Liden and Gustafsson (1967) 

reported leve l s of Cs-137 in reindeer meat in 1961-65 about 50 % of the 

content of Cs - 137 in one m2 of lichen carpet. 

Table 1. Ground radiation and activity concentrations of Cs-137 in 

lichens and in reindeer me at in different parts of the reindeer 

hearding area in Sweden . 

Ground radiation 
(May - Oct 1986) 

Community kBq Cs-137/m2 * 

Tass asen 2 3 

Mal a 3 -

Gran 5 - 10 

Frosv iken 20 - 40 

Cs-137 in lichen 
(Sept 1986) 
kBq / kg d.w . ** 

1. 1, 1. 9, 2. 1 

3. 6, 4.0 

7. 1, 8 .9, 10.1 

18, 35, 41 

* SGAB , 1986 

Cs-137 in reindeer meat 
kB / kg in Jan - Feb 1987 
mean range 

1.5 (0.7 2. ll n=17 

3.0 (1. 7 - 6.4) n=42 

12 . 6 (2.3 - 18 . 5) n=94 

20 .3 (8.9 - 41. 8) n=23 

** Eriksson et.al, 1986 
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Radiocesium in reindeer relative to daily intake 

In an experiment made just after the Chernobyl accident (Ähman , 1986) five 

one year old reindeer were fed lichens (contaminated with 40 kBq Cs-137 / kg 
d.m . ) during 21 days . The animals were also given hay and three of the 
animals, no 3, 4 and 5, were given pelleted reindeer feed . The results are 
shown in table 2. The activity concentrations of Cs-137 in muscle at the 
end of the experiment was 29 - 38 % of the daily intake, and 26 - 31 % of 

the activity concentration of total feed. It has been suggested, by Hanson 

et al (1975) , that reindeer reach half the equilibrium value in 28 days. 

For the experiment he re described, this means that the activity concentra

tions would have increased to at least the duoble if the animals had been 
fed to equilibrium. 

Tab1e 2. Lichen and C5 - 137 intake pe r day and C5-137 in mU5c1e 

after 21 daY5 of feeding in five one year old female 

reindeer. 

Lichen Intake of C5 - 137 in C5-137 in 
Reindeer intake C5-137 total feed mU5c1e 

no 9 d.m ./day kBq / day kBq / kg d.m. kBq / kg 

600 24 35 9. 1 

2 600 24 35 9. 1 

3 400 16 18 5.5 

4 400 16 18 4.6 

5 160 6.4 6.5 2.0 

Effect of the relative amount of lichens in the feed on transfer of 
radiocesium from lichen to reindeer 

It has been discussed what factors decide the transfer of radiocesium 

(defined as Cs-137 / kg in muscle relative to intake of Cs-137 / day) from 
lichen to reindeer. The amount of lichens in the feed has been suggested 

as an important factor, since it contains little potassium and also little 

protein and fibre. 
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Material and methods 

To test the influence of relative lichen intake on transfer of Cs-137 from 

lichen to reindeer, a feeding experiment with six one year old male 
reindeer was performed in April - May 1989. The animals were fed different 
amounts of lichens; 73, 40 or 12 % of the total feed (d.m.). By using 

lichens with different activity concentration of Cs-137 the daily intake 

of Cs-137 coult be kept at the same level, 1.8 kBq/day, for all animals. 

In combination with lichens the animals were also fed pelleted reindeer 

feed and hay. 

The reindeer had body weights between 43 and 52 kg (46 kg at an average) 

at the start of the experiment. During the 35 days of feeding body weights 

increased by 5 kg at an average (there were no difference between the 

treatments). 

During the experiment the level of radiocesium in bodies of the reindeer 

could be evaluated by measuring external radiation, using a gamma detector 

(GRS-500). The method is described by Ahman (1988). After 35 days the 

animals were slaughtered and the activity concentration of Cs-137 in 

muscle was measured. 

Results and disscussion 

At the start of the experiment the reindeer had external radiation values 

ranging from 63 to 153 CPS (table 3), which corresponds to activity 

concentrations in meat between 520 and 1260 Bq Cs-137/kg. At the end of 

the experiment, activity concentrations in muscle of the two animals that 

had received 73 % of lichens in the feed, was 856 Bq Cs-137/kg at an 

average. The activity concentrations in muscle from the other four animals 
ranged from 516 to 737 Bq Cs-137/kg, the average value beeing 630 Bq/kg. 

This indicates a possible effect of the relative amount of lichens, so 
that a higher lichen intake results in a higer radiocesium level in the 

body relative to the daily intake of radiocesium. 
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Table 3. External radiation (CPS - counts per second) and Cs-137 (Bq/kg) 

in muscle at slaughter, in six one year old male reindeer 

receiving different amounts of lichens in their feed during 35 

days . All animals got 1.8 kBq of Cs-137 per day. Total amount 

of feed (lichens, hay and pellets) was 1500 9 d.m per day. 

Li chens External radiation, CPS Cs-137 in 
Reindeer % of total Apr Apr May May muscle, Bq/kg 
no feed d.m. 8 28 17 22 May 23 

26 73 % 153 163 124 120 956 

32 73 % 63 86 83 90 756 

02 40 % 113 111 85 737 

22 40 % 75 73 62 70 516 

10 12 % 98 88 65 577 

29 12 % 133 103 61 80 690 
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RADIONUCLIDES FROM THE CIIERNOBYL ACCIDENT IN SOlL OVER TIIE CZECHOSLOVAK 
TERRITORY: TIIEIR ORIGIN DEPOSITION AND DISTRIBUTION 

Ivan Bu~ina, Irena Mal'tovj, Hana Vrbov j , Da na Drjbov' 
Institute of Hygiene and Epidemiology, Cent re of Radiation Hygiene, 
Prague, Czechoslovakia 

Zde nek Dvoi"k 
Institute of Radiation Dosimetry, Czechoslovak Academy of Science, 
Prague, Czechoslovakia 

Summary 

The di st ributions over the territory of CSSR and in time oE the radionuclides 
in air, in fall-out and on soil are presented. On the basis of these distri
butions and the meteorological da ta an attempt was made to explain the origin 
o[ the deposited radionuclides in particular release periods from Chernobyl 
NPP. llle data on total deposition of radionuclides on the Czechoslovak terri
tory are also included; altogether 0.53 PBq of Cs 137 was deposited, i.e. 
4.2 Bq/m 2 • 

Introduction 

Volume activity of radionuclides in the ground-level air was monitored after 
the Chernobyl accident in sampling sites 1 to 10 displayed in Fig. 1. The 
results of air monitoring were reported for evaluation to the Centre of Ra
diation lIygiene of Institute of Hygiene and Epidemiology serving as the 
Centre of Monitoring Network of es SR (IHE86) 

Results and 
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In Fig. 2 there are time courses of volume 
activity of Ru 103, particulate I 131, Te 132 
and Cs 137 in the air averaged along 49 0 N Lat. 
based on da ta from sampling sites 1 to 5. Data 
were gained by semiconductor gammaspectrometry. 
In some cases aerosols were sampled continuous
ly, filters being exchanged in 24 hours inter
vals, in other cases sampling was performed in 
shorter intervals (down to 2 hours) sometimes 
covering not the whole 24 hours interval. Three 
maxima related to three passages of markedly 
contaminated air masses over the territory of 
CSSR can be identified: I - on April 30 (cros
sed), 11 - from 3 to 4 May (black) and 111 -
on about May 7, 1986 (hatched). 

Fig. 2 Time course of air contamination 
along 49 0 N 
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The or~g~n of the contamination is demonstrated in Fig. 1 by the arrows ba
sed on traj ectories calculated in the Slovak Institute of Hydrometeorology, 
J. Bohunice (Duran and Skulec86) giving the direction and timing of the 
passages and timing of their release from the Chernobyl NPP. Only the passa
ge I (April 30) and 111 (May 7) were recorded in all sampling sites. The 
passage 11 (May 3 to May 4) was almost not noticed in sites east of 19 0 E 
Long. This can be supported by the evidence of histograms representing the 
joint dry and wet fall-out of Cs 137 at sites 8, 2 and 5 on Fig. 3. For cor
relation the re are also the respective data on precipitations displayed. 
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Fig. 3 Time courses of fall-out 
3nd precipitations 

2 

Time cf release [rom Chernobyl 

I~ 1 : 27.4, - 2h 

2: 27.4. 14h 

IT- 26.4. - 2h 

m WZ1 1. 4.5. - 2h 

2: 4.5. - 14h 

3: 5.5. - 2h 

Time o f passage over ttle 
Czeclloslovak terrltory 

I ~ 1: 30.4. - 7h 

2 : 30.4. - 14h 

n II1II from 4.5. - 2h to 5.5. - 7h 

ill rzzzJ 1: from 8.5. - 2h to 9.5. - 2h 

2: from 7.5. - 2h to 7.5. - 14 

3: 8.5. - 2h 

Fig. 1 Air s ampling sites and timing of passages of contaminated a ir 
mas s es from Chernobyl NPP 

For the eva luation of fall-out and soil contamination approx. 1300 sampies 
were collected between June 16 and 18, 1986 by the hygienic stations using an 
unified procedure (IHE86). Sampies were taken on plain places with bare soil 
in localit i es with a virtually uniform distribution over the territory of 
CSSR. Activ ity of radionuclides was evaluated by semiconductor gammaspectro
metry in institutions of hygienic service and nuclear industry. In Fig. 4 the 
distribution of superficial activity of Cs 137 in form of a cartogram is 
displayed a nd for lucidity the same in Fig. 5 with contour lines separating 
areas of o f approx. equal superficial activity. The deposition of radionucli
des in CSS R as shown on the Cs 137 superficial activity in Fig. 4 and 5 ran
ges in mor e than three orders of magnitude. 
The compar i son of the deposition distribution with the precipitation distri
bution in t he days of passage of the contaminated air masses over CSSR as 
shown on Fi g. 6 manifests good correspondence. This refers primarily to the 
passage I, having the highest volume activity. Thus the assumption that the 
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Fig. 4 Distribution of Cs 137 deposition in soil over eSSR - cartogram 
of sampling points 
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Fig. 5 Distribution of Cs 137 deposition in soil over es SR - contour lines 
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deposition i s predominantly due to the coincidence of the precipitation 
occurence wi th the high activity concentration in tlle air was confirmed. Mo
re detailed analysis suggests that the short-term deposition during the 
cloud passage was not proportional to the quantity of precipitation; the 
occurence of a small rain or just a dew could cause a rather great deposi
tion of rad i onuclides. 
For later evaluation of the significance of observed variations some sets 
each of 10 s ampies were _taken in squares of O.lxO.l and 3x3 km2 as well as 
sets of samples along some profiles as shown by examples in Fig. 7. This de
monstrates t lle variability of the soil contamination and enables to deduce 
the difficu l ties in distinguishing each from the other the regional, inter
mediate and local variations, e.g. in evaluation of cartograms and construc
tion of con t our lines. 

20 

31J~ ~~ 
10 ----
u !i--~1U--' ------;! , , .. '" 

Fig. 7 Var i ability of soil contamination 
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Fig. 8 Dis t ribution oE Ru 103/Cs 137 activity ratio in soil over CSSR 

Fig. 8 shows the distribution oE Ru 103/Cs 137 activity ratio 38 to the date 
oE sampling (June 17, 1986) on which a distinct diEference cannot be over
looked between a wide strip of lower ratio in the middle of tSSR and higher 
ratio in i t s western part and in particular in its very eastern part. 
According to the Soviet reports on Chernobyl accident (USSR86) the fraction 
of Ru 103 i n release increased in the last days before the damaged reactor 
building wa s sealed up; this increase was observed in CSSR, too. The data in 
Fig. 9 on t ime course of the Ru 103/Cs 137 volume activity ratio in the air 
(as to June 17, 1986) compared with the CSSR averages in crossed, black and 
hatched co l umns suggest one - though insufficient by itself - reason for the 
uneven dep osition: greater Ru 103 ratio in the fall-out during the passage 

IU. 



',8 

I) 

Fig. 9 Time course of Ru 103/Cs 137 
activity ratio in air 
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Fig. 11 Time course of La l40/Cs 137 
activity ratio in air 

The main reason of the Ru 103/Cs 137 ratio unevenness has to be searched in 
the unevenness of the Cs 137 dep~sition. Looking at the grofiles of the 
Cs 137 relative volume acitivity in the air along the 49 N Lat. shown in 
Fig. 10 gives no unambigous answer. However, a look on the pattern of 
Cs 137 soil contamination on Fig. 4 or 5 and on the direction of the wind 
shown in th,~ upper part of Fig. 10 suggested the idea to study the profile 
across the strip of higher soil deposition and perpend i cular to the wind 
direction during the passage I. The resulting profile along the oblique li
ne (BOE) shows more pronounced dependence, being in negative form in coinci
dence with tlle resulting contamination of soil because the principal part of 
Cs 137 was deposited from passage I containing smaller fraction of Ru 103 
than the passage 111 contributing relatively more to the areas on the sides 
of the strip. Since the oblique line includes also the results from Hunga-
rian reports on monitoring (Andrasi86) in Budapest (B) obtained the nick-
name Balt-Orient Express or BOE. 
It is interesting to note that the origin of radionuclides in passage 11 is 
in the first hours of the accident just be fore the radionuclides forming 
passage I were originated. The witness can be found in the non-volati1e ele
ments, namely in the time course of La l40(Cs 137 volume , activity in air 
compared withthe CSSR averages in columns in Fig . 11 as weIl as in the re
su1ts on Pu 239+240 in the air since pronounced increase in s Bmpling sites 
7 and 2 on May 3 and 4 was found. 
The superficial activity of the soil has a logarithmic - normal distribution 
(IHE 86). Tab. 1 summarizes the parameters estimated from the distributions 
for 8 radionuc1ides as weIl as the geometric standard deviation. (some 1abo
ratories did not provide data on all the radionuc1ides given in this Tab. 1. 
In such a case the estimate is based on two different assumptions: lower li
mit - the missing superficial activities are below the levels of quantitati
ve determination; upper limit - the missing superficial activities are com
parable with the levels on the surrounding territory. 
Some soil sampies have been remeasured in the course of 1987 and 1988 to 
find out radionuclides of minor presence. Mean deposition of Ag 110m 
(70 Bq/m2 ) and Sb 125 (140 Bq/m2 ) were estimated on the basis of correlation 
of their deposition with the deposition of Cs 137 and that of Ru 106 
(1350 Bq/m2 ) on the basis of correlation with Ru 103. 
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Tab. 1 

Cs 137 
Cs 134 
Ru 103 
La 140 
Zr 95 
Nb 95 
Cs 141 
I 131 
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THE POSSIBLE RADIATION EXPOSURE BY THE RESIDUAL MATERIALS OF 

A POWER PLANT BURNING A KIXTURE OF COAL AND SEWAGE SLUDGE 

D. E. Becker 

Technischer überwachungs Verein Bayern e. V. 
D - 8000 München 21 (FRG) 

SUMMARY 

Due to the excellent filter systems in modern coal power plants 
there is nearly no emission of radioactive material by the 
exhaust air via the stack. Nearly all the radioactive material 
of the coal and the sewage sludge - which mainly originates 
from Chernobyl - remains in the residual material such as the 
ashes, electric filter dust or the gypsum. 

We have considered two pathways of radiation exposure 

- the inhalation of filter dust by the workers 

- the dose rate from the walls in a house built by using gypsum 
plates from such a plant 

In the case of inhalation filter dust a radiation exposure may 
result up to 3.75 mSv per year for the effective equivalent 
dose . It is mainly caused by the thorium isotopes. 

If all cesium from the sewage sludge reaches the gypsum, and 
the walls of a small room are built of gypsum plates the dose 
rate in the middle of the room may reach values of 2.2 mSv per 
year. 

INTRODUCTION 

For a modern heating power station, burning for example 111 Mg 
coal and 6 Mg sewage sludge per hour, it has been shown, that 
in practise only a small amount of radioactivity is emitted 
over the stack due to the excellent offgas purification system. 

The natural radioactivity of the coal and the Chernobyl iso
topes Cs 134 and Cs 137 of the sewage sludge is retained in the 
different stages of the offgas purification system. In these 
stages we have an enrichment of the radioactivity. 

There are a lot of possibilities where people of the plant or 
in the common public may be concerned with the radioactive 
residual material or will be exposed by irradiation. 
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First of all there are the workers which are handling the 
electric filter dust, then there may rise some problems on the 
deposition. If these materials are used for producing concrete 
they cause radiation exposure from the walls and perhaps a lot 
of additional emanation of radon. Finally the cesium isotopes 
can get int o the gypsum. 

Till now we have considered two aspects of the possible 
radiation e xposure 

- inhalation of filter dust by the workers 

- dose rate in a small room made of gypsum plates of the 
desulphur ation system 

RADIOACTIVITY CONTENT IN THE FILTER DUST AND GYPSUM 

Both coal and sewage sludge contains radioactive material. 
While most of the radioactivity in the sewage sludge originates 
from the accident in Chernobyl, coal contains natural uranium 
and thorium with their decay products. Because of the long 
deposition of the coal it was found that all nuclides of a 
decay chain are in equilibrium /1/. Moreover coal contains a 
lot of potassium 40. 

Because we can assurne that German coal will be burned we used 
the follow i ng values: 

U 238 and for all decay products 

Th 232 and for all decay products 

K 40 

35 BqJkg 

20 BqJkg 

100 BqJkg 

Especially in Australian coal the content of radioactivity can 
be a factor of ten higher. 

In 1987 we measured in sewage sludge va lues for cesium up to 
2000 BqJkg in dry mass. By natural decay we have to expect in 
1989 1700 BqJkg. The va lues measured in 1989 were all below 
1000 BqJkg (see figure 2). For that reason we calculate with 
this value which is composed of about 200 BqJkg of Cs 134 and 
800 BqJkg Cs 137. 

Because of the loss of mass with regard to the gaseous eff1uent 
we have an enrichment of radioactivity in the filter dust. From 
the l i terature we have taken a factor of 20. For the cesium 
isotopes we have the same enrichment but also a dilution with 
the cesium free dust of the coal in the relation 111/6, this 
means nearly a compensation . 
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Therefore we calculate with the following values in the filter 
dust 

U 238 and for all decay products 
Th 232 and for all decay products 
Cs 134 
Cs 137 
K 40 

RADIATION EXPOSURE BY INHALATION 

700 BqJkg 
400 BqJkg 
200 BqJkg 
800 BqJkg 

2000 BqJkg 

The maximum allowable dust concentration in working areas in 
Germany is 6 mg/m3. Assumed that a worker spends 2000 hours per 
year in the plant and he needs an air volume for breathing of 
1.2 m3/h he has a yearly intake of dust of 14.3 g. 

For the calculation of the radiation dose by inhalation we 
neglect potassium 40, because it can be assumed that there is 
a saturation in the human body, so that we obtain no additional 
contribution by this isotope. 

The intake of dust multiplied with the dose factors for inha
lation /2/ of the equivalent dose and the dose factors for the 
partial body dose such as the lungs and the bone surface leads 
to a radiation exposure of (see table 1): 

effective equivalent dose 
dose for the lungs 
dose for the bone surface 

3.75 mSv 
18 mSv 
39 mSv 

All other partial body dos es are below these values. 

The main contribution is caused by the isotopes of thorium. 
More than 50 % of the radiation exposure of the effective dose 
and the lung dose originates from Th 232 and Th 230. In the 
ca se of the bone surface 95 % of the dose is caused by these 
two isotopes . 

Radiation exposure by ingestion - swallowing the dust - can be 
neglected. 

In principle it should be possible to prevent a radiation 
exposure in these dimensions by avoiding inhalation of dust in 
such an amount. Certainly this is possible by reducing the dust 
concentration, wearing adequate breathing masks or by 
limitation of the duration of stay. 
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DOSE RATE IN A ROOM BUILT WITH GYPSUM PLATES 

The mass of sewage sludge and gypsum are nearly the same. 
Because the cesium isotopes are very volatile in a first 
approach we make the assumption that all cesium isotopes will 
reach the gypsum. Therefore we have the same concentration of 
radioactivity in the gypsum as in the sewage sludge, i. e. 200 
Bqjkg Cs 134 and 800 Bqjkg Cs 137. 

If we assume that the walls of a small room with the dimensions 
(2m 2m 2m) is built with such gypsum plates, with a thickness 
of 10 cm per plate, and a person lives within this room all the 
year we can estimate /3/ that the person will obtain a dose of 
about 2.3 mSv per year. 

In the ca se that the cesium does not reach the gypsum, we have 
to expect the cesium in the filter dust. Then we get nearly the 
same results for a room with the same dimensions built of 
concrete which is made of filter dust with an additional part 
of radiation exposure caused by the radioactivity which origi
nates from the coal. If one reduces the radiation exposure 
below a value of 0.1 mSv in the case of using filter dust for 
concrete it is necessary that the part of filter dust in the 
produced concrete is below 5%. 

CONCLUSION 

In the electric filter dust of coal power plants burning a mix
ture of coal and sewage sludge the radioactivity is enriched. 
On one hand the workers can obtain a radiation exposure by 
inhalation filter dust on the other hand radiation exposure is 
caused by using filter dust for concrete. In both cases the 
radiation exposure can reach va lues up to some mSv and it is 
necessary to take care to prevent such high amounts. 

In comparison with the radiation exposure that is tolerated by 
using residual material from nuclear power plants it seems that 
there is a great disproportion. 

LITERATURE 
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Institut für Strahlenhygiene des Bundesgesundheitsamtes 
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URANIUM - RADIUM AND DAUGTHERS 

nucl ide radioactive 
half-l ife 

( h ) 

I partial body 
I dos e 
I 
I 

activity I 
I lungs 
I 

(Bq/kg) I 
I 

(mSv/a) 

bonesurface 

e f f e c t i v e 
dos e 

(mSv/a) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
U 238 3_92E+13 700 I 2_69E+00 9_98E-03 3_ 19E-01 

Th 234 5_78E+02 700 I 6_39E-04 6_29E-06 9_48E-05 
Pa 234 m 1_95E-02 700 I 4_39E-08 7_48E-11 5_29E-09 
Pa 234 6_70E+00 1_1 I 1_35E-08 3_14E-10 3_29E-09 
U 234 2_19E+13 700 I 2.99E+00 1.10E-02 3.59E-01 

Th 230 6.75E+08 700 I 2.89E+00 8.48E+00 6.89E-01 
Ra 226 1.40E+07 700 I 1.60E-01 7.58E-02 2_30E-02 
Rn 222 9.18E+01 700 I 
Po 218 5.08E-02 700 I 
Pb 214 4.47E-01 700 I 
At 218 5.56E-04 0.1 I 
Bi 214 3.32E-01 700 I 
Po 214 4.56E-08 700 I 
Tl 210 * 2.17E-02 0.3 I 

3.59E-05 
1.50E-04 
5.84E-11 
1.20E-04 
1.99E-11 

Pb 210 1.95E+05 700 I 3.19E-03 
Bi 210 1.20E+02 700 I 4.29E-03 
Hg 206 * 1.35E-01 0.1 I 
Tl 206 7.00E-02 0.1 I 1.40E-11 
Po 210 3.32E+03 700 I 1.30E-01 
Pb 206 stable I 

amount 8.88 

THORIUM AND DAUGHTERS 

Th 232 1.23E+14 400 S.36E+00 
Ra 228 S.04E+04 400 4.11E-02 
Ac 228 6.13E+00 400 3.6SE-06 
Th 228 1.68E+04 400 3.93E+00 
Ra 224 8.78E+01 400 3.76E-02 
Rn 220 * 1.54E-02 400 
Po 216 4 .17E -05 400 1.6SE'08 
Pb 212 1.06E+01 400 1.14E-03 
Bi 212 1.01E+00 400 1.94E-04 
Po 212 8.47E-11 2S5 1.S3E-14 
Tl 208 S. 12E -02 14S 2.0SE-08 
Pb 208 stable 

amount 9.37 

CESIUM 

Cs 134 1.81E+04 200 3.42E-05 
Cs 137 2.63E+05 800 1.00E-04 

amount 1.3SE-04 

total 18.26 

6.69E-08 
3.89E-05 
2.42E-13 
S.09E-07 
1.S0E-16 

5.49E-01 
6.49E-07 

3.42E-14 
1.20E-03 

9.13 

2.8SE+01 
3.82E-02 
7.98E-03 
1.31E+00 
6.84E-03 

3.19E-11 
2.11E-03 
9.12E-07 
1.13E-21 
3. 72E -10 

29.88 

3.14E-05 
9.01E-OS 

1.21E-04 

39.01 

* no dose factors given in the publication ISH-Heft 63 /2/ 

4.39E-06 
2.10E-05 
7.27E-12 
1.80E-OS 
2.39E-12 

3.69E-02 
S.29E-04 

1.8SE-12 
2_49E-02 

1.45 

1.77E+OO 
7.41E-03 
4.73E-04 
S.2SE-01 
4.8SE-03 

2.11E-09 
2.62E-04 
3.31E-OS 
1.82E-1S 
3.10E-09 

2.31 

3.71E-OS 
9.81E-OS 

1.3SE-04 

3.76 

Table 1. Radiation exposure for workers by inhalation of electrostatic precipitator dust 
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MEASUREMENTS Alm EVALUATION OF A MULTICOMPARTMENT MODEL FOR ESTI
KATING FUTURE ACTIVITY PROFILES OF RADIOCESIUK IN UNDISTURBED 
SOlL OF PASTURE-LAND IN NORTH RHlNE-WESTPHALIA 

Hans-Jörg Denk, Michael Felsmann 
Fachhochschule Münster, FRG 

SUMMARY 

A modified multicompartment model is presented and used to calculate activity 
profiles of radiocesium in soil. The comparison with measured distributions 
yields migration velocities from 0.20 cm/a to 3.2 cm/a . For the typical 
velocity 0.3 cm/a the transfer dynamic for 137Cs is calculated (depth 0-15 cm, 
time 0 - 20 years after the deposition). 

INTRODUCTION 

The migration of artificial radionuclides in soil after adeposition is of 
special interest for the following reasons: 

- The contribution of these radionuclides to external exposure and its de
cline is directly linked to the migration velocity. 

- The concentration profile of the activity and its development in time within 
the region of roots is important for estimating activity up- takes by plants. 

- The development in time of the concentration profile allows to estimate the 
time of arrival and the height of the activity concentration in ground-wa
ter leading layers. 

The migration of radionuclides in soil can in principle be described by models 
explicitly based on the physico-chemical processes contributing to the migra
tion (Remson et al. 1971, Frissel and Penders 1983). For numerical results, 
however, often the parameters of these processes are not knownwith sufficient 
accuracy. Therefore the migration of radionuclides is mostly described by a 
so-called multicompartment model (Boone et al. 1985). 

HULTICOMPARTKENT MODEL 

In this model thesoil is divided in several horizontal layers (compartments), 
the activity transport across the boundary from compartment n to compartment 
n+l is described by the fractional rate of transfer (see FIG. 1) ~n . 

CI*IlZI=C I A 

11 zi cI 
~ ~I -C 2 ~ ~I C activity concentration 

6z2 
c 2 ---+-- re la ted to the volume 

~2 ! ~2 J- C activity concentration 

~ ~n-I 
related to the area 

c n 
C n ~ ~n-I A radioactive decay constant 

~n 

+ ~n -;I; 
Z depth 

Z 
FIG. l. Multicompartment model. 
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Within each compartment an instantanuous homogeneous mLxLng of the activity 
is assumed to occur (volume concentration c - const). For the activity 
concentration related to the compartment area one gets 

(1) 

respectively 

The solution of the differential equation system for a single deposition 
yields (Boone et al. 1985) 

with 

n 

Cn = C IO * L ßin 
1=1 

for several (N) depositions one gets 

N n 

C n = 2: C lk 2: ßin*e -(CXj+ A )*(t-tk ) 

k=1 1=1 

(2a) 

(2b) 

HULTICOMPARTMENT MODEL AND TRANSFER DYNAMIC WITHIN THE SINGLE COMPARTMENT -
A COMPREHENSIVE MODEL 

The advantage of the multicompartment model lies in the fact , that no explicit 
knowledge about the mechanism of the migration processes is needed . These are 
in summary described by cx. But apart from the physico-chemical properties 
of the soil, cx strongly depends on the thickness of the compartment, if one 
adjusts calculated concentration distributions to measured distributions. 
Dividing a 30 cm thick soil layer in compartments O-lcm, l-4cm, 5-l0cm, 
10-15cm, 15- 20cm , 20-30cm, and treating the soil layer as one compartment can 
y ield a diffe rence in the mean residence half-time for the whole layer by a 
factor 7 (Boone et al . 1985). Furthermore the assumption of instantaneous 
mixing in each compartment is far from reality . Therefore a somewhat different 
approach is made: 

Each compartment is subdivided in layers of equal thickness {j.z (Usubcom
partments") . As the physico-chemical properties and consequently the migration 
velocity within the compartment are assumed to be constant all subcompartments 
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can be attributed the same cx cx - v / ~ z ). 
For the first compartment (LI subcompartments , 11 Index) one gets simi1ar to 
(1) 

respective1y 

As cx is equa1 in every subcompartment (2a) no longer gives the solution, the 
integration yie1ds now 

(1,-1)! 

-( A+CXI)t 
e (3) 

The deve10pment in compartment 2 (L2 subcompartments, 12 Index) can be 
ca1cu1ated by treating the migration gain in the subcompartment (2,1) from 
subcompartment (l,LI ) 

+ 
d C2•1 

dt 

as sum of single depositions . 

= 

The general formu1a for the deve10pment in the compartment n (Ln subcompart
ments, 1n Index) is then 

(4) 

The advantage of this modified mu1ticompartment model is, that it inc1udes the 
transfer dynamic within a compartment at in princip1e any desired subdivision. 

APPLICATION AND RESULTS 

Based on the equation (3) and (4) the software "Gammasoi1" was written. Within 
an investigation of the spatia1 variation of concentrations of natural and 
artificia1 radionuc1ides in North Rhine-Westpha1ia (Felsmann and Denk 1989) 
depth profiles of the activity concentrations of 137CS and 134CS were measured 
at severa1 p1aces with high resolution gammaspectrometry. For three of thern 
("A","B","C") FIG. 2 and FIG. 3 show the rneasured as we11 as the ca1cu1ated 
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profiles of 137CS and 134Cs two years after the accident in Chernobyl. The 
"bomb-produced" 137CS was eliminated by means of the known ratio 137CS/134CS 
from the Chernobyl deposition . 

Bq/P,z Bq/l!lZ 

8 1888 2888 3888 4888 8 1888 2888 3888 4888 

8-5 CIII 

5-18 CI!I 

18-15 CI!I 

15-28 CIII 

A 

11 Cs 134 
CALC. 

[] Cs 134 
EXP. 

~ Cs 137 
CALC. 

l1li Cs 137 
EXP. 

FIG . 2. Measured (place A 2.0 years, place B 2.1 years after the deposition) 
and ca lculated depth profiles of radiocesium (compartment 0 - 20 cm 
divided in 4 subcompartments, velocity in A 0.20 cm/a, in 

B -0 . 31 cm/a). 

TAB . 1 shows some of the physico-chemical properties of the soil at these 
places. 

Place pH 

A, sand 5 . 7 
B, fairly c layey sand 5.7 
c, sand 5.3 

Phosphor Kalium Magnesium Organic 
- - - - - - - - - - - - - - - - - - - - - - - - - - - Comp . 

15 
13 
11 

mg/100g soil 

6 
12 
10 

11 
8 
6 

3.91 
2.76 
l. 24 

TAB. 1 Some physico-chemical properties of the soil at the 
investigated places 



FIG. 3 . 

Measured (2.41 years 
after the deposition) 
and calculated depth 
profile of radiocesium 
(compartment 1:0-5 cm, 
v - 1.3 cm/a, compart
me nt 2: 5-20 cm with 
5 cm thick subcompart
ments) . 
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Bq/",Z 

8 1888 2888 38IIt 4888 5888 
c 

18-15 CIII ~W&j 

15-28 CIII 

11 es 134 
CALe. 

liI es 134 
EXP. 

~ es 137 
CALe. 

11 es 137 
EXP. 

At the places A and B there is undisturbed soil of pasture-land, the place C 
(now pasture-land as well) has been deeply ploughed about 10 years ago. The 
determined velocities at the places A (0 . 20 cm/a) and B (0 . 31 cm/a) lie well 
within the range of values reported in literature . Their difference can be 
explained by the different amount of organic material, which inhibits the 
downward migration(Dörr and Münnich 1987). This is probably also the reason 
for the high velocity in the compartment 1 (1.3 cm/a) at the place C, but it 
cannot explain the even higher velocity (3.2 cm/a) in the compartment 2. The 
latter may have to do with the former loosening of the soil by ploughing, but 
a detailed consideration of this subject is beyond the scope of this paper. 
Similar high values (between 2 cm/a and 4 cm/a) are reported in forest soil 
for the region of about 0-5 cm (Bunzl et al. 1989). 

Finally FIG. 4 shows the calculated transfer dynamic of 137Cs within a 15 cm 
thick compartment subdivided in 1 cm thick subcompartments for amigration 
velocity of 0.3 cm/a. 
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C/Co in C/Co C/Co C/Co 
Y. in Y. in Y. in /: 

8 28 48 68 8 28 48 68 8 28 48 68 8 28 48 68 
8-1 
1 

6 years 18 years 28 years 

FIG. 4. Cal culated transfer dynamic for 137CS after a single deposition 
(compartment 0-15 cm with 15 subcompartments, velocity 0.3 cm/a). 

We thank Mr Tretner, LUFA Münster, for determinating the soil parameters. 
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TRANSFER OF CAESIUM-134/137 FROM SOlL TO SPRUCE NEEDLES 

B. Erlandsson1), S. Mattsson 2) and B. Nihlg~rd 3) 

1) Department of Nuclear Physics, University of Lund, Lund, Sweden 

2) Department of Radiation Physics, Malmö General Hospital, Malmö, Sweden 

3) Department of Plant Ecology, University of Lund, Lund, Sweden 

Abstract 

There are several reasons for studying the concentration of radionucliedes 

in forest products. 

a. Forests cover a large area of Northern Europe and forest trees are 

of interest as bio-indicators for various radionuclides. 

b. Forest products are used in energy production, whereby radionucli

des are enriched in the ash products. 

In our studies we have investigated the radionuclide concentration in spruce 

needles and in the soil und er the spruce trees. The trees were 7 - 10 years 

old and about 2 - 3 m tall ("Christmas trees"). The needles were collected 

in the period from autumn 1987 to early 1988 in southern Sweden, which is 

two growth seasons after the Chernobyl accident. The soil sampies were taken 

down to a depth of about 20 cm. The pH value and the Al content of the soil 

sampies were also measured. 

The ration between the activity concentration in dry needles and dry soil 

(0 - 10 cm) was found to be 0.03-0.08. A decreasing pH value in the soil 

gave an increasing activfty ratio. An increasing nitrogen load, on the other 

hand, seems to reduce drastically this activity ratio. 
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CAESIUM RADIONUCLIDES MIGRATION IN AN ALLUVIAL SOlL OF THE PO RIVER VALLEY 

(Northern Italy) AFTER THE CHERNOBYL NUCLEAR ACCIDENT 

N. Genovao, V. Carame l la Crespio, P.A . Borroni*, A. Berzerooo, S, Melonio , 

M. Oddone* 
° Centro CNR Radi ochimica e Analisi per Attivazione c/o Dipartimento di Ch~ 

mi ca Gene rale e * Dipartimento di Chimica Generale, Universita di Pavia, 

Pavia - Italy 

Laborator io Energia Nucleare Applicata, Universita di Pavia , Pavia, Italy 

Summary 

The paper describes on investigation carried out in an alluvial soil of the 

Po river val ley (North Italy) to study the migration of 137Cs and 134Cs dep~ 
sited by the radioactive cloud from Chernobyl . Distribution depth profiles 

and diffusion coefficients are reported and correlated to soil quality para

meters. 

Introduction 

Pavia , in Northern Italy , is one of the sites in Italy were radioactivity 

in air part i culate is continuously and routinely monitored, due to the prese~ 

ce on the University campus of the 250 Kw Triga Mark 11 research reactor . B~ 

ta activity from filters coming from air pumping stations is daily measured 

while the filters collected during one month are submitted to gamma- ray spe

ctrometry . 

Usually only natural radionuclides deriving from the 238{1 and 232Th decay se 
ries (such a s 214Bi , 214pb , 212pb , 212Bi and 208Tl ) , 40K and the cosmogenic 

7 Be had been detected in the last few years before the Chernobyl accident . 

As soon as t he information on the Chernobyl nuclear accident was released 

the air pumping stations were alerted and the filters were immediately gamma 

counted looking for fission products . In few days a rapid growth of radionu

clide concentration in air particulate was observed . Consequently an envi ro~ 

mental radioactivity monitoring program was started subm i tting to direct ga~ 

ma- ray spectrometry several matrices such as soil , grass, vegetables , rain 

water , cow milk goat milk, honey, bovine meat, etc ., in order to study the 

distibution of deposited radionuclides and their transfer to the human food 

chain, and the evaluation of the committed dose . 

The present paper refers to an investigation on caesium radionuclides, name

ly 134 Cs and 137 Cs , migration in an alluvial soil of the middle Po river 

valley. 
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Experimental 

Soil sampling.The investigated area is located in the Po river valley, where 

Po and Ticino rivers merge together. The chosen site is an unpolluted and u~ 

disturbed one, kept free from agricoltural uses in the last 30 years. 

Soil sampies were collected, at winter time, by removing successive layers 

2 cm thick, up to a depth of 27 cm. Soil sampies, after being homogeneized 

were transferred into Marinelli counting containers for radioactivity measu

rement. 

Soil aliquots were also used for the measurement of some typical soil param~ 

ters such as pH, granulometry, total organic carbon, organic matter, total 

nitrogen, water content, mineralogy, and cation-exchange capacity (SlSS 1985). 

Radioactivity meas~nt. Radioactivity was measured by direct gamma-ray spe~ 

trometry using a Ge(Li) detector (32.8% efficiency, 2.0 KeV FWHM, peak/Com

pton ratio 52.3 : 1) coupled to an analyzer computer system. The system eff~ 

ciency and calibration was routinely checked by using standard reference so

lutions of 152Eu - 154Eu and of mixed radionuclides by Amersham Int. plc .. 

134Cs and 137Cs content was evaluated by considering the lollowing gamma ray 

energies: 604.7 and 795.8 KeV for 134Cs and 661.6 for 137Cs . 

Sensitivity under the described experimental conditions is 0.3 Bq/Kg for 

both radionuclides. 

Results and discussion 

The soil quality parameters are reported in Table 1 - 3. 

Soil acidity smoothly decreases from top layer to the last one: this trend 

is correlated to the increasing sand content in the soil sampies as weIl as 

to the decrease of the organic matter. Accordingly the total organic carbon 

and the nitrogen content decrease. Acidity values (pH) indicate a strong 

acid soil (SlSS 1985) mostly due to accumulation on surface layers of idro

gen ions from wet deposition and organic matter. This trend confirms the in

disturbed nature of the soil. 

The humidity of the different layers is quite constant (32-40%), although a 

slow decrease can be evidentiated. Actually the examined soil is a quite hu

mid one, with the groundwater at only 70 cm depth. Consequently the mobili

t~o~ae6s , reactive ions, such as Cs+, is enhanced. 

The cation exchange capacity slowly decreases with depth in connection with 

similar reduction of the clay content of the soil layer. The silt content de 

creases with depth as weIl. According to the granulometric da ta the investi

gated soil may be classified from ~textural point of wiewas sandy loam 

(Eisenbud 1987). 
The major mineral component is quartz, typical of river bottom sediments. 

Actually the investigated site lies over the ancient Po and Ticino rivers be 

ds. 
The caesium radionuclides profiles are reported in Fig. 1. Both 134Cs and 

137Cs content regularly decrease with depth . 134Cs is detected down to 18 cm 
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Table 1 - Physico- chemical c haracterization of the sampling site 

Depth C N Water O. M. pH C. E . C. 

cm (%) (%) (%) (%) mEq/100g 

2 . 5 4 . 00 0 . 40 38.0 8 . 86 3 . 3 12 . 9 

6 . 0 6.01 0 . 56 44 . 2 11. 27 3 . 1 21.6 

8 . 0 3 . 52 0 . 36 39 . 1 7 . 56 3 . 1 18 . 2 

10 . 0 3 . 28 0 . 34 39 . 7 7 . 93 3 . 2 16 . 0 

12 . 0 2.98 0 . 35 38.7 7 . 16 3 .4 14 . 0 

14 . 0 2 . 50 0 . 26 38 . 1 5 . 91 3 . 6 16 . 3 

16 . 0 2 . 24 0 . 25 32 . 2 5 . 57 3 . 8 13.0 

18 . 0 2 . 39 0 . 25 37 . 1 5 . 11 3 . 8 12 . 2 

20 . 0 2 . 19 0 . 22 31.6 4 . 70 4.2 12.7 

22 . 0 2 . 04 0 . 20 34 . 5 4 . 32 4 . 2 11.9 

24 . 0 1.93 0 . 19 33.9 3.73 4 . 2 11 . 1 

26 . 0 1. 71 0.20 31. 2 3 . 70 4 . 2 11.1 

O. M. = ORGANIC MATTER C. E.C . = CATION EXCHANGE CAPACITY 

Table 2 - Granulometry * Table 3 - Minerals present in the 

investigated soil 

Depth Sand Silt Clay SILICATES 
(ern) (%) (%) (%) Quartz, Feldspar (K Na - Ca) 

2 . 5 48 45 7 

6 . 0 48 44 8 CARBONATES 

8 . 0 48 44 8 Calcite, Amp hiboles 

10.0 47 46 7 

12 . 0 50 43 7 CLAY MINERALS 

14 . 0 51 41 8 Smectite , Chlorite , mixer- layer 

16 . 0 54 40 6 Mica (Illite ), Kaolinite 

18.0 54 39 7 

20 . 0 56 38 6 

22 . 0 60 34 6 

24 . 0 58 36 6 

26 . 0 60 34 6 

* particle size : 

sand > 63 / um 
silt 4 - 63 /um 
clay <; 4/um 
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Fig. 1 - Depth profiles of Cs and Cs 

40 

whereas 137Cs is easily measured even in the last layer (26 cm) . No meaning 

ful differences in the behaviour of the two caesium radionuclides are shown . 

Diffusion coefficients for 134Cs and 137Cs were evaluated by using the Fi 

ck's second law as shown in Fig . 2. 

The two radionuclides shown an identical behaviour, as obvious . The reported 

curves indicate the occurence of two migration mechanisms over the examined 

soil horizons. The first one is active up to 12-15 cm and the second one for 

deeper layers. The values of diffusion coefficients indicate high ion mobi 

lity , comparable with Cs diffusion coefficients measured in sea bottom sedi

ments (Berzero et al. 1988). Of course the ontained val ues agree wi th those 

evaluated at infinity dilution. The change o f slope in Fig. 2, already shown 

for sea bottom sediments, evidentiates an increasing Cs mobility beyond 15 cm. 
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This trend ma y i ntepreted by considering some features: - es ion is , by it

self , less r e active with respect to sedimen t or soil particles ; - potential 

i n teractions (adsorption , compound formation , etc . ) are clearly reduced with 

depth on acco unt of t h e increasing inert c haracter of the medium and the de

creasing content of t hose components (clay minera l s and organic matter) , ab

le to interac t with caesium ions . 
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TRANSFER OF STRONTIUM-90 ALONG THE SOlL: PASTURE: COW: MILK PATHWAY IN AN 

AREA RECLAlMED FROM THE SEA 

N. Green 

National Radiological Protection Board, Chilton, Didcot, Oxon, 

OXI ORQ, Uni ted Kingdom 

Abstract 

Many of the radionuclides present in the Irish Sea as a result of authorised 

discharges from the Sellafield nuclear fuel reprocessing plant become 

associated with marine sediments. Some of these radionuclide-bearing sedi

ments are subsequently returned to the coastal environment by natural 

processes. Marine sediment, which may be used as land-fill or land treat

ment, and land which has been reclaimed from the sea and subsequently used 

for agricultural purposes can therefore act as a potential means of transfer 

of radionuclides to man in the terrestrial environment. Previous experiments 

to determine the disposition of radionuclides between phases in soils, sedi

ments and salt-marsh have suggested that availability for transfer is very 

dependent upon the origin of the activity. 

In 1977 an area of salt-marsh on the north-west coast of England was isola

ted from the sea, and this site has supported a large dairy herd for a num

ber of years. The site is 60 km south of the Sellafield nuclear fuel repro

cessing plant and so recei ves effecti vely no atmospheric deposition other 

than that from weapons fallout. The activity in the soil, therefore, is 

essentially entirely of marine origin. 

This paper describes the early stages of a field study to investigate the 

transfer of radionuclides along the soil: pasture: cow: milk pathway in the 

reclaimed area, and presents results from strontium-90 obtained so far. Ear

ly results are consistent with the implications of previous studies Le. 

that strontium remains in an unavailable form when salt-marshes are reclai

med from the sea. 
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SEASONAL VARIATION IN CONCENTRATIONS OF 137Cs IN ROE-DEER 

AND ITS DAILY INTAKE 

G. Kar1en, K.-J. Johanson and R. Bergström 

Dep of Radioeco1ogy, Swedish Univ. of Agric. Sciences, Sweden 

Abstract 

The aim of t he present study was to investigate the seasona1 variation of 

the concentration of 137Cs observed in roe-deer in the centra1 part of Swe

den, and to test whether this variation can be exp1ained by a variation in 

the seasona1 intake of different plant species. Musc1e samp1es of roe-deer 

were co11ected by loca1 hunters in 1986 (June-Sept), 1987 and 1988. In 1987, 

samp1es were co11ected in the contaminated regions in centra1 Sweden. In 

1987, samp1es were collected in the community of Gäv1e. In 1988, sampIes 

were co11ected from two study areas: Gäv1e and Harbo. The ground deposition 

in the Gäv1e area was 30 000 - 120 000 Bq/rn', and in the Harbo area 35 000 

- 45 000 Bq/rn'. The ca1cu1ated dai1y in take of 137Cs was based on know1edge 

of the feed composition considering the seasona1 shift in diet for roe-deer, 

and the concentrations of 137Cs in the most important feed p1ants. An in

crease in the concentration of 137 Cs in roe-deer was found in August and 

September in 1986, 1987 and 1988. The concentration of 137Cs seem to have 

increased in Gäv1e in 1988, from levels of 1000 - 3000 Bq/kg during Jan-July 

to peak va1ues of 11 500 Bq/kg in August and September. The seasonal 

variation of the concentration of 137Cs in roe-deer found in Gävle 1988 was 

simi1ar as f ound in Harbo 1988, with pronounced peak va1ues in August and 

September. The ca1cu1ated dai1y intake of 137 Cs corresponds well to the 

t · f 137C · d . A ·1 concen ratlons 0 s ln roe- eer, except ln prl. 
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ANALYSIS OF THE TRANSPORT OF CHERNOBYL FALLOUT 
NUCLIDES THROUGH THE PASTURE-COW-MILK FOOD CHAIN 

USING A TIME-DEPENDENT MODEL 

Gerald Kirchner 
University of Bremen, Dept. of Physics , Postfach 330440, D-2800 Bremen 33, F.R.G. 

Abstract 

Following the Chernobyl reactor accident, activity concentrations in grass from a pasture 
situated near Bremen and in milk from one particular cow grazing there were analyzed 
continuously in order to monitor the time-dependent transfer via the grass-cow-milk 
food chain. From these data weathering half lives on grass are calculated. Using a 
three compartment model, transfer rates for the transport of 131 I and 137 Cs into milk 
are determined. Transfer coefficients from feed to milk for use with equilibrium food 
chain models are derived. Generally, results are in the range of transfer data reported 
in the literature. Calculated weathering half lives, however , are in the lower range of 
values previously reported. 

1. Introduction 

As a consequence of the Chernobyl reactor accident, in May 1986 large areas in the 
northern hemisphere were contaminated by radioactive fallout. Although most of the 
measurements thereafter were performed primarily for purposes of radiation protection, 
the accident also gave an opportunity to obtain additional data on the environment al 
transport behavior of the radionuclides released. Because of the nature of the conta
mination, such data are particularly suitable for the determination of transfer rates 
required for time-dependent ('dynamic') radioecological models. 

As the importance of radionuclide transfer via the grass-cow-milk pathway is well known, 
samples of pasture grass and fresh milk from one particular cow ?razing there were 
collected and analyzed ,-spectrometrically. The measured data of 13 I and 134,137 Cs can 
be useful for the validation of model predictions. In this paper , however, using the 
concepts of linear compartmental theory (Jacquez 1972, Brown 1985), the structure 
of a compartmental model suitable to represent the measured time-dependent nuclide 
concentrations is presented and associated rate constants are calculated. From these 
data equilibrium transfer coefficients are determined. 

2. Experimental Methods 

Grass samples were collected from a pasture located in Uenzen about 50 km south of 
Bremen. For comparison, additional samples were taken from a pasture located on the 
outskirts of Bremen. Milk samples were obtained from one cow which was put to the 
Uenzen pasture for the first time on 14 May 1986 and was allowed to graze freely. Milk 
samples always were collected from the morning milking. During the summer season 
silage was given, constituting about 10 % of the cow's diet as estimated by the farmer. 
The daily intake of feed was assumed to be 65 kg (F.R.G. Minister des Inneren 1985) . 
Owing to depletion of fresh pasture grass the fraction of supplement al feed had to be 
enlarged at the end of September. During the sampling period (May to September) the 
milk secretion rate of the cow remained constant with an average of 19 liter cl-I. 

The ,-spectrometric analyses were performed using a Ge(Li)-detector with Compton 
suppression shields (Bleck-Neuhaus et al. 1981) . 
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3. Calculational Methods and Results 

Activity concentrations N 1(t) of the grass sampies are shown in Fig. 1 for 131 1 and 
134CS+137CS, together with the results of least squares fits. As there are no systematic 
differences be'tween sampies taken from the two sites, both data sets are combined. Data 
fitting with t=O set to May 14 results in 

Fig.1 

N{-131 272.9 e- O.209 t 

Nfs-134+137 = 262.1 e-O.0737 t 

(1) 
(2) 

Activity concentrations of 131 land long-lived cesium isotopes on pasture grass; 
data of 134CS are corrected for radioactive decay 
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Activity concentrations in milk are shown in Fig. 2 for 131 land 137 Cs. Times again are 
referenced to May 14. Since - at least in the ran~e of concentrations in the grass sampies 
measured by us - the concentrations of 131 land 37 Cs in milk vary linearly with those in 
the cow's feed (Miller et al. 1975, Kahn et al. 1965) , the measured milk concentrations 
can be given by a function of the form (Jacquez 1972) 

N 

c( t ) = Lai e- bit . (3) 
i=l 

We therefore fitted the experimental data to such a function. The unknown number of 
exponential terms, N, in equation (3), which is equivalent to the number of compart
ments contributing to activity transfer into milk, is determined by increasinffit N until the 
fit no longer improves (Jacquez 1972). Using a value of 0.528 for the 134:1 Cs activity 
rat.io at the time of fallout (Kirchner and N oack 1988), data fitting results in 

0.194 e-O.209 t + 0.0414 e-O.0927 t _ 0.236 e-O.743 t Bq liter-1 (4) 

0.274 e-O.0737 t + 0.0269 e-O.010 t _ 0.301 e-OA07 t Bq liter-I, (5) 
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where N3(t) denotes the activity concent ration in milk and Q1 the nuclide concentration 
of pasture grass on May 14. 

Fig. 2 : Activity concentrations of 131 land 137 es in milk 
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Laplace transformation of equations (4) and (5) gives 

0.1308 + 0.0152 
+ 1.044 82 + 0.243 8 + 0.0144 

0.1028 + 0.0017 
8 3 + 0.491 8 2 + 0.0348 8 + 0.0003 

(6) 

(7) 

Identification analysis (Brown 1985) shows that a transfer function of the form of equa
tions (6) and (7) leads to the model structure shown in Fig. 3. The three compartments 
can be identifled with pasture grass (1), udder (3), and cows' organs involved in slow 
metabolism of the ingested radionuclides (2) . 

Fig. 3 : Structure of the compartmental system compatible with the experimental data 
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With the assumption that activity removal from the grass ingested by the cow has been 
caused by weathering processes and radioactive decay only, time-dependent nuclide 
concentrations of the linear compartmental system of Fig. 3 in matrix notation are 
given by 

where kij denotes the rate constants of the system and >. the radioactive decay constant 
of the nuclide in question. Again using Laplace transforms, with kij = kij + >. the 
transfer function is calculated from equation (8) as 

(9) 

By equating the coefficients of equations (6) and (7) with those of equation (9), the rate 
constants are calculated. The results are presented in Table 1. 

Table 1 : Calculated rate constantsj all values are given in d-1 

131 I 
137CS 

0.122 
0.0737 

0.462 
0.068 

0.130 
0.102 

0.0065 
0.010 

0.656 
0.407 
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The rate constants kll correspond to weathering half lives of 5.7 d and 9.4 d for iodine 
and cesium, respectively. 

The total fraction P of radionuclides ingested by the cow that is transported into milk 
is calculated by 

(10) 

where V denotes the milk secretion rate and I the feed rate of the cow. Pis related to 
the equilibrium transfer coefficient into milk, T p Mi , by 

(11) 

As is seen from equation (8) with the diagonal elements (Xii of the transition matrix 
being eigenvalues of the system, the output of any compartment i can be written as 

i 

Ni(t) = I: aj e"'ii t . (12) 
j=l 

Comparing equation (12) with (1), (2), (4) and (5), transfer fractions Fand equilibrium 
transfer coefficients TFMi are calculated from the experimental data. Table 2 gives the 
results for the radiologically important isotopes of iodine and cesium. 

Table 2: Total transfer fractions, P, and equilibrium transfer coefficients, T p Mi 

p [%] 
TpMi [d liter-1] 

3. Discussion 

30.1 
0.016 

7.2 
0.0038 

3.0 13.1 
0.0016 0.0069 

8.0 
0.0042 

137CS 

13.6 
0.0071 

The structure of the compartmental model of Fig. 3 agrees with observations showing 
a rapid absorption from the digestive tract into the blood and subsequent transfer 
into the milk for both radionuclides (Lengemann et al. 1974).It should be emphasized 
that it is not the aim of this work to derive a detailed physiological model of the 
cow but to include only as many compartments as are necessary for the calculation 
of time-dependent radionuclide transfer via the pasture-cow-milk pathway. For cesium 
isotopes, some experimental data indicate the existence of two compartments acting as 
a nuclide reservoir, each with different rate constants (Crick and Simmonds 1984). Such 
a component could not be identified from our data - but this may be due to the limited 
time period for which experimental data are available. 

Weathering half lives are in the lower range of the values compiled by Miller and Hoffman 
(1982): for iodine particulates on herbaceous vegetation they report a range of 2.8 - 16 d 
with a mean of 8.8 d, for particulates other than iodine a range of 9 - 34 d with a mean 
of 17 d. Our results, however, are not surprising, as in spring grass growth rates are 
high, resulting in low weathering half lives compared to average values. 

Our calculated total transfer fractions of both 1311 and 137 Cs are in close agreement to 
mean values of 8 % for 1311 reported in the review of Miller et al. (1975) and of 13.4 % 
for 137Cs based on data of 18 lactating cows (Lengemann and Wentworth 1978). 



201 

Equilibrium milk transfer coefficients have been reviewed by Ng (1982) who recommends 
to use 0.0099 and 0.0071 d liter-1 as default values for iodine and cesium, respectively. 
Since element al transfer coefficients do not take into account radioactive decay (Ng 
1982), they are to be compared to the long-lived isotopes given in Table 2. For cesium 
the agreement is remarkable good, for iodine our value is somewhat higher, but weH 
within the experimental range varying from 0.0027 to 0.035 d liter-1 (Ng 1982). Thus 
our data do not support the recommendation stated recently (Bonka et al. 1988) to 
lower the default element al transfer coefficient of iodine. 

Acknowledgements. The author is obliged to the staff of the radioactivity laboratory of 
our Department for performing the measurements. 
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MIGRATION OF Sr- AND Cs-NUCLIDES IN SWEDISH GRASSLAND AND FORESTRY SOlLS 

DATA OBTAINED DURING THE PER IOD 1961-89 

H. Lönsjö 

Swedish University of Agricultural Sciences, Uppsala, Sweden 

Abstract 

Environmental and experimental studies on the migration of 90-Sr and 137-Cs 

(or 134+137-Cs) in Swedish soils have been performed since 1961. Results on 

the depth distribution and its change with time, as influenced by the vege

tation type and various soil characteristics, will be presented and dis

cussed. 

With increasing placement depth in the soil profile, the root uptake by the 

vegetation of as weIl Sr as Cs, and hence the transfer to the food chain, 

usually will decrease. The external exposure from the Cs-nuclides also will 

decrease with increasing placement depth. 

Soil cores have been taken from naturally or artificially contaminated areas 

and sectioned in layers varying between 10 and 50 mm. The activity has been 

assayed by means of GM-counting (for 90-Sr) or gamma spectrometry using NaI 

or Ge-Li detectors. The relative activity distribution at various layers to 

the depth of 150 - 250 mm has been calculated. 

Data from artificially contaminated grasslands showed after six years a me an 

depth of 137-Cs in the soil profile varying between 18 and 32 mm, depending 

on the soil type and its .plant nutrition status. For 90-Sr the corresponding 

range was 4.2 and 10.2 mm . Environmental sampling of pastures in the mid 

1960s showed a depth distribution of 137-Cs similar to that for the experi

mental data. 

The mean depth of 134+137-Cs on permanent grasslands in Chernobyl fallout 

areas amounted after 18 months usually to less than 10 mm. 
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CHERNOBYL FALLOUT IN SMALL MAMMALS CAPTURED IN SWEDEN 

Mascanzoni D., von Bothmer S. 
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Box 7031, 75007 Uppsala, Sweden 

Mattei T., Cristaldi M. 

Department of Animal and Human Biology, University "La Sapienza" 

Via A. Borelli 50, 00161 Roma, Italy 

Summary 

An investigation was carried out in Sweden aimed at studying the 

contamination of small mammals (orders Rodentia and Insectivora) following 

the Chernobyl fallout. The animals were captured in three differently 

contarninated areas in Sweden and, for control, in an area with negligible 

fallout. The results obtained show that the activity in the captured animals 

varied and depended on surface deposition. The differences between the 

species investigated and the influence of feeding habits on the contamination 

levels are discussed. 

Introduction 

The radioactive fallout following the Chernobyl accident in 1986 caused an 

extensive contamination of the environment in several European countries. The 

fallout levels recorded in the Swedish territory were among the highest in 

western Europe and involved mainly upland pastures and forests, with 

consequences both for grazing ruminants and wildlife. The contamination of 

reindeer due to the debris from the nuclear weapon explosions in the 

atmosphere was studied during the 1960's (cf. Lindell and Magi 1966), but 

relatively few works have been published on the consequences of radioactive 

fallouts for other components of wildlife. The permanence of radioactive 

substances in higher soil profiles renders them available for transfer to 

terrestrial food chains for a long time, while constituting a source of 

external irradiation for many animals. In this respect, small mammals are 

particularly exposed to ground-deposited fallout through direct contact with 

and ingestion of radioactive food. 

For this purpose, a study was carried out aimed at examining the 

contarnination in Sweden of wild rodents and insectivores two years after the 

Chernobyl fallout. This paper reports the activity of 137CS recorded in the 
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eaptured animals and discusses the variations exhibited in the trapping sites 

with possible relations hip to feeding habits. Mutagenetie methods were also 

used to investigate the extent of low-dose damage (cf. Cristaldi et al. 1984; 

Cristaldi et al. 1989) but the results of that study will be presented in 

another report. 

Experimental 

The trapping sites, mainly made up of eoniferaus forests mixed with 

deciduous species, were seleeted in three differently eontaminated areas and, 

for contra I, in an area with negligible fallout. Figure 1 shows the loeation 

of these sites, with the soil deposition as mapped by aireraft by the Swedish 

Geological Co. (Linden and Mellander, 1986). Sinee the fallout exhibited 

extreme loeal variations (mainly due to weather eonditions) and the 

>80 

ävle 

CESIUM-137 
kBq/m2 ground surface 
Results fram aerial surveys 
May 10 Oelober 1986 

Commissioned by the National 
Institute of RadIatIOn Protectlon 

~ SWEDISH GEOLOGICAL CO 

Fig. 1. Aerial survey of 137CS graund deposition in the trapping sites. 
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resolution of this aerial mapping was too poor, more accurate local 

measurements were performed. The ground deposition in the trapping sites was 
deterrnined by measuring the contents of 134CS and 137Cs in homogenized soil 

cores (5.5 cm diameter, 10 cm depth) collected from undisturbed soil in 

surrounding areas. After subtraction of old fallout-cesium present in the 

deeper profile of the collected soil cores, the ground deposition of 137Cs 
(in Summer 1988) resulted in 1800 Bq m,2 at site 1 (control), 22000 Bq m,2 at 

site 2, 90000 Bq m,2 at site 3 and 145000 Bq m,2 at site 4, The ratio 

134Csj137CS was constant throughout, 0.3. 

The captures were performed in Summer 1988 with Longworth traps, using 

high-quality, uncontarninated baits. Altogether 121 wild rodents 

(Clethrionomys glareolus, Schreber) and 64 insectivores (Sorex araneus, L.) 

were collected. Sex and somatic features were determined in each animal, 

whereas age (through evaluation of teeth wear) was determined only in C. 

glareolus. After removal of skulls, stomachs and digestive organs, the 

carcasses were weighed, homogenized and placed into plastic containers for 

activity determination. 

Gamma-spectrometry was performed using a high-efficiency, high-resolution 

HPGe-detector (ORTEC, FWHM 1.88 keV at 1.33 MeV) surrounded by a shielding 

consisting of 1 mm copper, 5 cm iron and 10 cm low-active lead in a special 

low-background laboratory. The output signal of the detector was fed through 

a linear amplifier (ORTEC 572) into a computerized 4096-channels analyzer for 

gamma-spectrometry (ORTEC Adcam). The whole system permitted activity 

determination with high efficiency also in sam pies with very low count rate. 

Results and discussion 

The 137Cs contents in the collected animals are presented in Table 1. The 

activity results were tested to assess whether they followed anormal 

distribution and probability plots were constructed. Some of the resulting 

curves were partially skewed and a logarithmical transformation considerably 

improved the data distribution, bringing it c\oser to the normality. The 

statistical analysis of the data was made on these log-transformed values, 

Wide f1uctuations of 137CS activity were observed, even in animals trapped 

at the same site. Nevertheless, correlation analysis showed that the 137CS 

contents were positively correlated with ground deposition (c. glareolus 

r = 0.78, P< 0.001; S. araneus r = 0.76, P< 0.001). These results, which are 

c\early dependent on the diet of the captured animals, also reflect the 

habitat of the trapping sites. Several studies have described the diet of C. 
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Table 1. Concentration of 137CS in the animals collected in the four 

trapping sites. Number of animals (N), mean (X), minimum (Min), 

maximum (Max), standard deviation (SD) and standard error (SE). 

Site 137CS Species N 137C B k·1 S, q g 
dep. 
Bq m-2 X Min Max SD SE 

1 1800 C. glareolus 22 39 2 254 54 11 
s. araneus 5 48 2 133 50 22 

2 22000 C. glareolus 38 676 38 2744 682 110 
S. araneus 25 751 2 2092 582 116 

3 90000 C. glareolus 22 5119 800 11100 3315 707 
S. araneus 25 3233 217 7015 1726 345 

4 145000 C. glareolus 39 7993 631 32330 8167 1308 
S. araneus 9 6289 1397 12520 4471 1490 

glareolus as composed of mixed vegetable food, such as mushrooms, shrubs, 

mosses, seeds and vegetative parts of the plants and of animal food, mainly 

invertebrates (Watts 1968; Holisova 1971; Hansson 1985). In particular, the 

consumption of mushrooms has been investigated (Fogel and Trappe 1978; Ure 

and Maser 1982) and found to be an important factor for understanding the 

dynamics of these populations also in relationship to the structure and the 

function of their ecosystem (Maser et al. 1978; Durrieu et al. 1984). The 

ready uptake of radioactive substances by mushrooms and their accumulating 

properties is established (Grueter 1971; Haselwandter 1978; Seeger and 

Schweinshaut 1981; Eckl et al. 1986), and after the Chernobyl fallout the 

conte nt of 137CS in mushrooms has been found to be elevated both in Sweden 

(Mascanzoni 1987) and in other countries (Nimis et al. 1986; Byrne 1987; 

Rückert and Diehl 1987; Sawidis 1988). Even though the contribution of other 

contaminated food cannot be excluded, it is likely that mushrooms, as 

suggested for other aninials (Johnson and Nayfield 1970), constituted the 

major component of the radioactive contamination of C. glareolus. 

The total me an 137CS concentration in S. araneus (2445±348) was lower than 

in C. glareolus (3727±537) and exhibited a more limited variability (cf. 

standard deviations). This reflects both the elevated metabolism and the diet 

of this animal, based on insects (Kisielewska 1963; Churchfield 1980; Barnard 

and Brown 1985) originating largely from deeper soil layers less contaminated 

by the Chernobyl fallout. Also the lower and more scattered 134CS/37CS 
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ratios (ranges 0.003-0.49 for S. araneus compared to 0.04-0.35 for C. 

glareolus), seem to indicate that the analyzed S. araneus fed on insects 
mainly living in a soil profile where the presence of old fallout 137CS made 
the 134Cs/137CS ratio diverge from the values expected in the Chernobyl 

fallout. 

The results obtained give a survey of the radioactive contamination of 

small mammals in areas with different fallout levels and provide basic 

information which can be used in establishing a relationship between ground 

deposition and radioactive transfer to components of wildlife. Similar 

results, together with biological and radioecological data concerning the 

habitat of the animals, constitute an important starting point for studying 

the impact of radioactive releases on natural environments. 
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BUILD-UP AND DISAPPEARANCE OF DAUGHTER NUCLIDES IN THE 

BIOSPHEREi THEIR RELEVANCE TO THE RADIATION DOSE AFTER 

EMISSIONS OF URANIUM, THORIUM OR PLUTONIUM 

H. Meyer 

Technischer überwachungs-Verein Bayern e. V. 

D - 8000 München 21 (FRG) 

Summary 

After the emissions of radioactive nuc1ides from fuel 

fabricating facilities and their deposition on the ground, the 

build-up o f daughter nuclides in the environment begins. Their 

contribution to a person's radiation exposure is negligible in 

case of nuc 1ear power plants. However, as far as fuel 

fabricating facilities are concerned, in many cases these 

daughter nuclides domi nate a person's lifetime exposure already 

in the period immediately after the emission. Although 

migration effects reduce the radioactive nuclides in the soil, 

e. g. for a thorium emission the maximum of ingestion dose will 

be reached in about 1000 years. 

Introduction 

Nuclear installations emit radioactive materials into the 

environment. After the deposition of these materials on the 

ground the build-up of daughter nuclides takes place, which we 

will call "following nuclides" in this article. For nuclear 

power plants these following nuclides can be neglected. In this 

case the lifetime dose always reaches its maximum in the period 

immediately after the emission. 

As far as f uel fabricating facilities are concerned this is not 

the case . I n this paper we will show why this is so. We 

evaluate the dose by using pure thorium. We assume that this 
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thorium will be emitted in a short puls. We consider effects 

such as migration, which transport the radioactive nuclides 

from the relevant soil layer into the depth. 

Evaluation of the exposure by following nuclides 

The exposure due to the following nuclides can be determined by 

model calculations in an appropriate way. until the activity of 

following nuclides has reached a noticeable level, some time 

must have elapsed. Therefore following nuclides influence 

exposure mainly via the pathways of gamma radiation from the 

ground and of ingestion. For dose calculations the number N of 

particles of each following nuclide in the relevant soil layer 

must be known as a function of time. In table 1 a differential 

equation for N is given in the soil compartment. The migration 

of the nuclides is realised by the decline constant Am (here: 

Am = 10-11 l/s for the considered nuclides (L 1)). The solution 

of the equation is also given in tab1e 1. 

The gamma dose rate from contaminated ground and the committed 

dose equivalent which results from the consumption of 

foodstuffs of one day, can be calculated as a function of time 

by using the usual models (L 1). Lifetime dose is determined by 

integration over a person's lifetime (here: 50 a). 

Results and Conclusion 

In our example at time t = 0 a pure thorium oxid (activity at 
-6 -3 -3 

t = 0 in 10 g: Th-232: 4.11· 10 Bq, Th-228: 4.11· 10 Bq, 

Th-230 : 2.67 10-3 Bq) is emitted, and the normalized 

contamination of the ground is assumed with 10-6 g heavy metal 

per m2 . The effective dose by gamma radiation from the ground 

(L 3) and the dose of bone surface by ingestion (L 2) are 

plotted in fig. 1 and fig. 2 respectively for the first 50 years 

after the emission. To demonstrate the correlation between the 

different pathways the total lifetime exposure is given in 

table 2. For our calculation we have assumed a facility with 
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typical data (stack height: 100 m, edge distance: 100 m, 

precipitation intensity: 5 mm/h, aeroso1 diameter: 10 - 20 ~m). 

As we can s e e in fig. 1 and fig. 2, the maximum will not be 

reached with in the first 50 years, which usually are taken 

account of in radiological assessments. In fig. 3 the results 

therefore a r e shown in an extended period. The activity in the 

soil layer r elevant for root uptake and the ingestion dose is 

shown in rel ation to the original emitted thorium nuclides and 

their following nuclides. 

Taking account of the following nuclides, the outstanding 

featur~s mentioned beneath are revealed, as far as typical 

effluents o f fuel fabricating facilities such as thorium, 

plutonium a n d uranium are concerned: 

the total lifetime exposure may be dominated by the following 

nuclides ; 

the impor tance of the different pathways may change (example 

in table 2); 

the total exposure may reach its maximum after a very long 

time (e . g. 1000 years and more) after the emission process. 
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with: 

Eq 2: 

n : position nurnber of a nuclide in its decay 

chain (mother: n = 1) 

pArs 
~n : physical decay constant 

A:; : constant of the decline by migration 

) pAyr 
"n + Am 

n 

with the following coefficients: 

C, • 
).:'" . ):"1 . ..... A:~:' . ~. 
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Table 1: Differential equatico for the c:cupartJrent of the relevant soil 1ayer and its solution 

Pathway Dose (mSv) Ratio 
of Bone Surface with/without 

without with Following 
Following Nuclides Nuclides 

Gamma < 1· 10-12 < 1· 10-12 
Submersion 

Inhalation 4.1. 10 - 5 4.1' 10- 5 1 

Gamma Rad. 1.8'10-8 2.3' 10- 5 1300 
from Ground 

Ingestion 2.3' 10- 4 1.2. 10- 3 5 

Total 2.7· 10- 4 1. 3· 10- 3 5 

Table 2: Lifetime exposure for adults, emission of 1 9 thorium in a p.llS 0Jt of a 

hypothetic nuclear installation 

i 
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MODELLING THE TRANSFER OF 1311 TO DANISH MILK 

AFTER THE CHERNOBYL ACCIDENT 

INTRODUCTION 

Sven P. Nielsen 

Ris0 National Laboratory 

DK-4000 Roskilde, Denmark 

One of the more important short-term consequences of atmospheric 

contamination wi th fission products is the potential risk to 

humans from the transfer of radioiodine through the grass-cow

milk pathway. Previous experience on this transfer is based 

mainly on data from the Windscale accident in 1957 and fallout 

from nuclea r weapons testing. In 1986 contamination from the 

Chernobyl a ccident provided new data for radioiodine in milk. 

This paper presents a dynamic compartment model for simulating 

the transfe r of radioiodine in the grass-cow-milk pathway. The 

model is applied to Danish data obtained after the Chernobyl 

accident. 

THE MODEL 

The schemat ic model structure is shown in Fig. 1. The model 

comprises a n atmospheric compartment, three soil compartments, 

and four grass compartments. The basic structure of the soil and 

grass compa rtments is similar to that used in the Farmland model 

developed by the National Radiological Protection Board (Sim

monds, 1985 ). The soil compartments are divided into three soil 

layers 0-1 cm, 1-5 cm and the deeper soil. The grass compart

ments compr ise two external and two internal plant compartments. 

One externa l compartment accounts for direct deposition and 



Figure 1. 
model. 
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COWS 
FODDER 

Schematic box structure of the 

initial resuspension and the other for surface soil contamina

tion. The levels of radioiodine in the soil and the grass com

partments are calculated from first-order differential equations 

as a function of time based on the atmospheric inputs and rate 

constants indicated by the arrows in Fig. 1. 

The daily intakes of radioiodine by the cows are calculated from 

the fodder composition where the pasture component represents the 

major intake of radioiodine when the cows are not stabled. The 

intake also includes the inhalation pathway calculated from the 

breathing rate and the atmospheric concentrations. The milk 

concentrations are calculated from a simple multiplicative factor 

that accounts for the fraction of the daily intake of radioiodine 

by the cow that appears in each litre of milk. 

The model dynamics uses a time step of one day, and as inputs to 

the model, atmospheric concentrations of 131r are used together 
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with da ta on precipitation and fodder composition, all given on 

a daily basis. The atmospheric iodine is assumed to comprise an 

elemental fraction, a particulate fraction and an organic frac-

tion. The deposition processes are modelled by dry deposition 

velocities and volumetrie washout ratios that are different for 

each fraction. The values used are given in Table 1. 

Table 1. Parameter values used for modelling dry and wet depos
ition for different iodine fractions. 

Fraction 

Elemental 
Particulate 
Organic 

Dry deposition 
(m d-1 ) 

1000 
100 

10 

Washout ratio 
(Bq m-3 per Bq m-3 ) 

200 
300 

10 

The fraction of the total deposition that is retained initially 

on vegetation is modelied using a constant interception factor at 

a value of 0.3. The grass yield is assumed to be 0.14 kg dw m- 2 • 

A weatheri ng half-life of 10 days is used to account for the 

field-loss of initially retained iodine on the grass surfaces. 

When the cow is on a full grass diet the daily intake is 22 kg 

dry weight. The concentration of iodine in the milk is calcu-

lated from the daily intake using a factor of 0.001 Bq 1-1 per Bq 

d-1 • 

The model i s implemented using a modelling development system for 

personal computers, TIME-ZERO (Kirchner, 1987). 

RESULTS AND DISCUSSION 

The model was used to simulate the 131 1 contamination of the 

Roskilde area in Denmark after the Chernobyl accident. As input 

values, daily averages of measured levels of 131 1 in the air were 

used. Since only the particulate fraction was measured, an as

sumption was made of the iodine composition: 30% particulate, 30% 

elemental and 40% organic. The measured concentrations are shown 

in Fig. 2 which also gives the daily precipitation data. 
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Figure 2. Atmospheric concentrations of particulate 
131 r measured at Roskilde after the Chernobyl 
accident (Bq m-3 ); precipi tat ion data (mm d-1 ) is also 
given. 

The predictions of the 131 1 levels in grass are shown in Fig. 3 

together with the observed levels. The predicted maximum level 

and the predicted time-integrated value are in relatively good 

agreement with the observations giving predicted-to-observed 

(P/O) ratios of 1.2 and 1 . 3, respectively. However, the dynamic 

time variation of the predictions appears to be significantly 

out of phase in comparison with the observations, which shows 

that the deposition is inadequately simulated by the model. 1t 

is noted that wet deposition (from day no. 127) does not produce 

higher levels in the grass than does dry deposition, which con

trasts with the model predictions. Considerable uncertainty is 

associated with the assumptions of a constant iodine fractiona

tion, where higher levels of elemental iodine in the initial 

phase could account for the higher grass levels in this period. 

The predictions of the 131 1 levels in milk were calculated from 
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Figure 3. Predicted and measured levels of 131 1 
in grass at Roskilde after the Chernobyl 
accident (Bq kg-1dry weight) . 

the fodder composition for the cows from where milk samples were 

obtained . The farm is located about 4 km from the site where the 

air and grass samples were collected. The cows were kept stabled 

until day no. 140 prior to which they were fed concentrates (mash 

and silage ) , which were stored outdoors and thus contaminated 

with 131 1 . The model predictions of the milk levels are shown in 

Fig. 4 toge ther with the observed values. The predicted milk 

levels from the stabling period are in good agreement with the 

observations, but when the cows are sent to pasture, the model 

significant ly overestimates the milk levels (p/O = 5.7) . This is 

caused main ly by the overestimate of the grass levels duringthe 

same period (p/O = 3 . 8). 

CONCLUSION 

The modelling of the transfer of radioiodine from the atmosphere 

to pasture is very uncertain due to the lack of knowledge of the 

chemical c omposition of the atmospheric iodine. The model pre-
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dicts the transfer of radioiodine from pasture to milk within a 

factor of two compared with the observations. 
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TRANSPORT 01 CABSIUK-137 IN A lOHST CATCBKBNT. 

Torbjörn Nylen (1) and Harald Grip (2) 
1 Swedish Defence Research Estab1isn.ent, Umea, Sweden. 

2 Swedish Un i versity of Agricultural Sciences, Umea Sweden. 

Introduction 

This study i s apart of the project 'Uptake turnover and transport of 

radioactive caesium in aboreal forest ecosystem' . The aim is to analyse 

the transpor t of radioactive caesium in a forest catchment . Here we present 

results concerning: vertical transport of caesium from trees; leakage of 

caesium from a forest catchment and levels in groundwater 

Experimental conditions 

The studied forest catchment, 50 Ha, is located in Northern Sweden, N 64 

14', E 19 46 ' (fig 1). The northern part, a swamp (33% of the total area) 

consists to more than 50% of peat bog while the ridges mainly are covered 
by Pine stands. The southern part is dominated by Spruce stands. The 

highest point is at 311 m and the lowest at 235 m m.a.s.l. At the southern 

site of the forest catchment five groundwater tubes are situated. They are 

positioned along the sloop along the eastern ridge and the inlet of water 

to the tubes varies between 2.9 and 6 • below the ground surface. Yater was 

sampled from the tubes every fortnigbt during 1986 and analysed without 

further preparation . 

Through fall was collected in aluminium troughs (200X20 cm), that were 

placed in two different conifer stands . Water flow is continuously 
monitored in the stream draining the catchment. Vater was sampled ones or 

twice a day during the peroid April to June 1986. 
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~ Till 

I~ I Bare bedrock or thin soil layer 

f.1~~il Vave wash sediment 

~ Till covered with thin wawe wash sediment 

II1II Peat 

~ Thin peat cover 

~ Hap over the studied forest catchment. 

The main part of the Chernobyl fallout occured during rainfall in April 

29:th. The rain lasted for 14 hours and the total precipitation was 3.3 .a. 
The resulting deposition over the area was 10-20 Bq/al according to our and 

SGAB:s measurements (Bergman et a1 1988). At this ti~ the ground was 

covered by approximately 50 cm of snow (Degermark et al 1987). Snow 

profiles were sampled in April 30:th 1986. 
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Results. 

Table 1 shows the content of Cs-137 in snow profiles saapled in coniferous 

stands and on the open area. 

Table 1. Act i vity concentration of Cs-137 in snow profiles. 

locali ty 

Open area 

Spruce stand 

Pine stand 

Deposition in snow 

(kBq/m2) 

22 +/- 5 

15 +/- 3 

9 +/- 2 

The differen t content of Cs-137 between the open area and the stands 

indicates tha t a large part of the deposited activity has been trapped in 

the trees. 

During the peroid June to October 1986 through fall was sampled under the 

coniferous s t ands. The total leakage from trees to the. ground in a spruce 

stand was found to be about 2 +/- 0.3 kBq/m2 (table 2) . This corresponds to 

10-15 % of t he deposition. 

Table 2. Leakage of Cs-137 from the crown layer 

in an old Norwegian spruce stand 1986. 

Peroid es-137 Through fall Leakage 

Bqll mm Bq / m2 

1/6-317 13 10 130+/- 20 

417-5/8 12 96 1200+/ -200 

6/8-8/10 4 87 350+/- 50 

9/10-23/10 19 25 480+/ - 50 

Total 218 2100+/ -300 
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Groundvatar vas ... pled durine 1986 and analysed vithout further 

treatement. No .i,nificant activity of Cs-137 could be detected in any of 
the s .. ples (The detection limit vas durine this time about 0.5 Bq/I). 

100 RUN OF!' (1/5) 

80 

Kay June 

Figure 2. The upper graph shovs the the activity concentration of Cs-137 in 

vater and the lover shovs run off (I/s) during the first tvo .onths after 

the Chernoby1 fallout. 

The transport of Cs-137 by run off from the forest catchment vas measured 

in vater from the stream. Tvo high levels of Cs-137 activity concentration 
vere detected. One during the fallout (20+/-3 Bq/I) April 29:th p.m. and 

one during the spring flood maximum (21+/-6 Bq/I) Kay 5:th p. m. (fig 2). 
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"ay 

Figure 3. Loss by run off of Cs~137 from the forest ca t chment. 

The 1055 of Cs-137 by run off culminated "ay 5:th (330 Bq/(m2xs» and 
decreased rapidly during the following days (fig 3) . 
The total 1055 of Cs-137 observed over the peroid April 24:th to June 
30 : th, was about 500 "Bq or about 5 to 10 % of the deposition over the 
forest ca t chment . 
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Conclusions. 

The difference in Cs-137 content between the snowprofiles in conifer stands 

and on the open area indicates that a large part of the Chernobyl fallout 

was retained in trees. This activity was partly washed out by rain fall 

during 1986. Thus the presence of conifers must be considered in studies of 
activity flow in the undergrowth. 

During the snowmelt peroid in 1986, five to to ten percent of the 
deposition over the forest catchment was lost in the spring flood. After 

this phase of rapid transport only relatively small amounts of activity is 

expected to leave the area. The levels of Cs-137 (0.1-0.25 Bq/I) observed 

in the stream in 1989 indicate a low mobility for Cs-137. Also the studies 

of global fallout Cs-137 in Finish rivers (Studies on environmental 
radioactivity in Finland 1979,1980) support this statement. 
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Upptake and retention of Cs-137 in Scots Pine. 

Torbjörn Nylen (1) and Anders Ericsson (2) 

1 Swedish Defence Research Establishment, Umeä, Sweden. 

2 Swedish University of Agricultural Sciences, Umeä Sweden. 

IntroductioD 

Retention of Cs-137 in a Scots Pine stand has been studied in a 45 year old 

Scots Pine stand. The area is located in northern Sweden, N 64 14', E 19 

46' and consists of a heath mainly on fine sand. The dominating flora is 

lichen, moss, heather, and pine. The height of the stand was during 1986 9 

to 10 m. and conained 1250 trees/Ha. 

The wetdepos i tion originating from Chernobyl was 17 kBq/m2 according to our 

gammaspectrometer measurements. 

Materials and .ethods. 

Sampling. 

Branches from the north and the south side of the trunk of Scots Pine were 

sampled every fourteenth day during the summer of 1986 and ones in May 

11:th 1987. Branches from the third (new 1983) and sixth (new 1980) whorl 

were used. At every sampling occasion 20 new trees Were chosen. Their 

average leng t h was 8.35+/-51(s.d.) m. In the laboratory the needles were 

separated in four classes (1986 years-, 1 year old-, 2 year old- and three 

year + older needles). They were dried at 85°c and put in to pots for gamma 

measurements (Bergman et a1). Needles of different age and from different 

whorls were measured separately. At two times (June 15:th and August 12:th) 

tne needles from twenty individual trees were analysed. in all other cases 

needles from five trees Were mixed in a pot and analysed together. 

Results. 

Methdology. 

The variation of Cs-137 content between 20 individual trees was analysed at 

two occations (June 15:th and August 12:th,1986). The result gives a 

standard error of the mean that is less than eight procent. This shows that 

twenty trees is enough for a good estimation of the meanvalue. No 

correlation was found between the activity in the needles that were new in 
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1986 and the one year old needles. This means that the distribution of Cs-
137 in the crown layer vas random. 

Activityconcentration of Cs-137. 

The activityconcentration of Cs-137 in the needles that vere exposed for 

the Chernobyl fallout decreased from about 10000 Bq/kg dry veight (d.v.) in 
June 1986 to about 4000 Bq/kg (d.v.) in Hay 1987. 

12 
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Figure L Activi ty of Cs-137 (Bq/kg) in needles of different age in to 

whorls of pine from June 1986 to Hay 1987. Each mark shows the meanvalue of 

20 pines.O-current years-j.=lyear old-jA=2year old-jA-3years and older 

needles. 

Except for the 1986 years needles, ther is no significant difference in Cs-

137 content between needles of different age and the change in activity in 

the studied whorls is similar over the peroid. 
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The needles that developed durini 1986, after the Chernobyl fallout 
contained less Cs-137 than the older needles (fig 1). The activity 

decreased from 3000 Bq/kg d.w. to 500 Bq/kg during 1986 and showed the same 

level (500 Bq/kg) in Kay 1987. 
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Figure 2. Total needle-weight/branch for the different age of needles 

(third and sixth whorl). Each dot shows the meanvalue of 20 trees. 

o -current years- ;. -1year old-;.-2year old-;~.3years and older needles. 
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Figure 3. The activity of Cs-134 in current the years shoots (1986) during 

June 1986 to Kay 1987.0 = Third whorl • = Sixth whorl. 
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The total activity in needles. 

The bio mass of needles in a tree is continuously changing. These changes 

must be related to the activity concentration of Cs-137. An example of this 

is that the decrease in activity concentration in 1986 years needles mainly 

reflects their increase in bio mass. The .bio mass (fig. 2) multiplied with 
the activity concentration (fig 1) indicates wether the changes in Cs-137 
content in needles is real or if it is due to changes in the biomass. The 
result (fig. 3) shows an increase in activity during the beginning of 

summer,vith a maximum in september folloved by a decrease to half of the 

maximum value. The lover activity in the sixth whorl is explained by lover 

mass. 

Figure 4 shows the total activity in a branch. The sixth whorl shows higher 

total activity then the third whorl. This is due to the higher bio mass and 
the lower part of current years (1986) needles in the sixth vhorl. The 

total activity decreased rapidly during the summer and autumn of 1986. 
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Figure 4 Total activity of Cs-137 for a 'mean branch' from the third (O)and 

sixth (.) whorl. 
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Discussion. 

The methodology study shows that the sampling and sampIe treatement methods 

including 20 trees is adequate for good determination of the Cs-137 content 

in Scots Pine. No horizontal or vertical gradient of radioactivecaesium 

could be demonstrated in the crown layer of Scots Pine. The needles that 

were developed during 1986 contained less Cs-137 than those that were 

directly exposed to the Chernobyl fallout. 

The rapid decr ease of activity in needles during the summer of 1986 is 

partly explained by wash out by rain water (Bergman et al). Another factor 

that might contribute to the rapid decrease can be that the needles absorb 

and retranslocate Cs-137 within the tree. An indication of this is that the 

absolute activity ind the new shoots increased during the summer of 1986 

(fig. 5). 

The content of global fallout Cs-137 from nuclear weapon tests calculated 

in the current year shoots (1986) was 120+/-60(sd n=90). In comparison to 

the deposition of global fallout caesium (about 1 kbq/m2) this activity 

indicates that the processes that retain es-137 in the forest are quite 

effective . 

Ve will attempt to estimate the total retention of es-137 in the forest. 

This will include calculations of the deposition in trees as compaired to 

the ground deposition. Ve will also calculate the contribution of es-137 to 

the forest flor by needles and with through fall. 
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EFFECTS OF POTASSIUM ON THE CESIUM TRANSFER TO THE CROPS 

AFTER CHERNOBYL. 

Klas Rosen 

Department of Radioecology, Swedish Univ. of Agric. Sciences, Uppsala. 

Summary 

The fallout in 1986 caused considerable problems on grassland in several 
Swedish districts. For all crops in these a higher level of the potassium 
fertilization was recomrnended in 1987. The situation was under observation at 
many field sampling sites and many field experiments. The latter, which have 
given data for 1987 and 1988, were started on organic and on sandy soils, on 
permanent and temporary grassland and in arable crops as well as in vege
tables. Some of them were placed on permanent pastures in the mountain 
district. The experimental treatments were 0, 50, 100, and 200 kg K per ha. 
It was found that for permanent grassland the highest annual transfer to 
grass, 2-4 % of the total deposition, occurred from peat soil and from a 
pasture in the mountain. The total transfer to arable crops from peat soil 
was in control treatments about 0.5 % of the total deposition. From the 
mineral soils the corresponding transfers were only one tenth. The potassium 
treatments were effective already on the 50-100 kg level, although 200 kg K 
per ha gave the highest reduction in total cesium transfer with 60-80 % on 
grassland. The effect was observed already in the 1st cut. In the barley 
crops the relative reduction in cesium transfer from the potassium 
applications was about the same but on a lower absolute level. 

Introduction 

The Chernobyl fallout in 1986 contaminated districts with large acreages of 
agricultural land. Parts of these were sensitive to cesium fallout because of 

the soil type, and because of the crops cultivated and the type of animal 

husbandry practised. Earlier Swedish investigations carried out as field 

micro plot experiments (Cf. Haak et al. 1973, Lönsjö, H. & Haak, E. 1986.) 

became the basis for remedial measures recomrnended to reduce the cesium 

transfer to grassland on sensitive peat and sand soils. The fallout, however, 

made it possible to extend the studies under field conditions to a number of 

new environments and to practical conditions. They should then deal both with 

the effects of ploughing and replacement of contaminated grass crops and with 

those of potassium fertilization. The investigation started in 1987 and is 

supported by the National Institute of Radiation Protection in Sweden. 

Materials and metods 

The experimental fields and plots are distributed on four counties with high 
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fallout levels and on in total 15 different sites. Table 1 below gives the 

sites, the soil type, the crop and the age of the grass land in 1986. 

Table 1. County and site for experiment, soil characteristics, 
deposition, crops and the age of the grassland in 1986 . 

Expt County Site Soil pH Loss on Dep. Crop Age, 
-2 

No type aq ign. % kBq m years 

1 C Järlasa Peat 6.2 37 43 Hay 3 
2 C 6.0 88 51 15 
3 C 5.5 85 50 10 
4 X Hille 6 . 6 50 200 5 
5 X 6 . 6 50 200 Barley 
6 X Trödje Sand 6 . 5 4 170 Hay 3 
7 X 6.5 4 170 Barley 
8 y Torsboda Sandy 1 6.0 6 50 Hay 3 
9 Y Valänger L sand 5.6 8 70 Pasture 6 

10 Y Berge Sand 6.0 Hay 4 
11 Y Holmsta 6.5 35 3 
12 Y Sundmo 5 . 4 7 30 Veget. 
13 Z Hammarstr Fine sa 6.2 11 37 Pasture 25 
14 Z Sand 5 . 6 27 32 5 
15 Z Bläsjön 6 . 1 10 32 35 

Experimental layout: The experimental treatments has in two cases (X-county) 

been ploughing and barley cultivation with the original grassland as control. 

The basic treatments are annual applications of potassium in the range 0-200 

kg per ha. In some cases, at lower pH-levels in soil, liming corresponding to 

4000 kg CaO per ha was added to the layout by split plot arrangements. In a 

similar way the effects of adding 4000 kg of a natural zeolite per ha on the 

grassland was studied. The plot size was 50 m2• On each plot 4 areas (0.25 

m2) were randomly selected for obtaining subsampies of the soil and of the 

crop at harvest. 15 cores out of the upper soil layer made one soil sampie. 

Analysis: Chemical and physical characteristics of the soils were determined 

according to standard methods. Determination of the cesium conte nt of all 

sampies, dried and ground and contained in 1 litre Marinelli beakers, was 

carried out in a low background laboratory with germanium detector systems. 

The measurement time needed for obtaining low and acceptable counting errors 

has varied from 10 minutes to 1 hour. 

Transfer factor: TFd is used to describe the transfer of 137CS to the 

harvested materials. Index d in TFd stands for the weighting of the cesium 

content in the harvest by the total deposition, Bq m·2, not only that part 

which had reached the ground. 
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Results and discussion 

For presentation and discussion material from 5 out of the 15 experiments has 

been selected, No 1, No 4, No 6, No 9 and No 15 (Cf Table 1). The transfer of 

137CS to the crops during 1987 and 1988 is shown in Figures 1-5. 

Experiment No 1 (Figure 1) is carried out on organic soil with a loss on 

ignition of 37 % of the dry weight. The grassland was 3 years of age in 1986. 

The TFd-values are high in control treatments and representative for peat 
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Figure 1. Experiment No 1. Transfer of 137CS from a peat soil hay grass, two 

cuts in 1987 and in 1988, at different levels of annual K-applications. 

soils. The level of plant available potassium in the soil is low and the 

fertilizer treatments reduced the cesium transfer al ready to the 1st cut, one 

month after application. Increased K-applications effectively reduced the 

total cesium transfer to the single cuts from 2 to 0.1 per cent of the total 

deposition. 

On mineral soils, even if conslstmg of medium sand and low in potassium 

available to the crop, the cesium transfer in 1987-88 was much lower than 

from the organic soils. Figure 2 gives the development with time on such a 

site, Experiment No 6. As shown from comparions of Figures 1 and 2 the 

transfer level is 5-10 times lower on the sand. Also in this environment the 

effect of K-fertilization is considerable from the beginning. The total 

cesium transfer to single cuts were reduced from 0.3 to 0.01 percent of the 

deposition. 
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cesium transfer to the grass and that the effects may be independant. The 

total transfer to single cuts shows a range of 0.9-0.1 per cent of the 

deposition. 

Experiment No 15 on pasture land is carried out on a site in the mountain 

district in the county of Jämtland. The soH, a sand, is low in clay and 

potassium and the pasture vegetation consist of natural grasses and other 

plant species. The experimental transfer data are shown in Figure 4. This 
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Figure 4. Experiment No 15. Transfer of 137CS from a sandy soil on a mountain 

site to pasture grass in two cuts in 1987 and in 1988. Different levels of 

annual K-applications. 4000 kg zeolitic material added 1988. 

si te is low producing with an annual harvest of 3000 kg dry matter per ha. 

All conditions in soil and in the plant cover contribute to the high transfer 

level obtained in the control treatment. The cesium transfer is very high and 

persistent. 200 kg K per ha is required to reduce it appreciably. The total 

cesium transfer to the single cuts varies from 4.5 to 0.2 per cent of the 

deposition. The zeolite added in spring 1988 on surface had no effect. 

On land ploughed after the Chernobyl fallout and sown with a grain crop like 

barley the transfer level is much lower than that on the original grassland 

(Cf Eriksson & Rosen, 1989). A reduction to one tenth is common. However, the 

transfer from peat soils to grain crops may still be noticeable. Figure 5 

below shows the experience from Experiment No 5 on peat soil with 50 per cent 

organic matter, low in potassium but high in calcium. Also, the effect of 

the annual potassium dressings were large, and comparatively larger in 1988, 
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Figure 2. Experiment No 6. Transfer of 137CS from a sandy soil to hay grass, 

two cuts in 1987 and in 1988, at different levels of annual K-applications. 

Figure 3 shows the experiences from the work on pasture land, with Experiment 

No 9 on loamy sand with pH 5.6. By split plot arrangement half of the experi

ment has been limed with 4000 kg CaO per ha. The soil is low in clay and K. 
0 . 055 ,--------------------------------------------------, 
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Figure 3. Experiment No 9. Transfer of 137CS from a sandy soil with low pH to 

pasture grass in two cuts in 1987 and in 1988. Different levels of annual 

K-applications on limed and unlimed plots. 

On this site we find that both liming and K-fertilization both depress the 
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when the cesium uptake in the crop was lower than in 1987. 
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Figure 5. Experiment No 5. Transfer of 137CS from a peat soil to barley grain 

and straw in 1987 and in 1988. Different levels of annual K-applications. 

Conclusions 

The experiments have shown that during the second and third year after a 

cesium fallout potassium fertilizer dressings are effective for reduction of 

of the cesium transfer to grass and barley crops on organic and sandy soils, 

where the status of the plant available potassium is labile due to crop 

uptake. On grassland the effect appeared already in the first cut. Liming may 

have a similar effect if pH is low and liming needed. Zeolite has not shown 

any effect on grassland. 
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MIGRATION AND DISTRIBUTION OF RADIONUCLIDES IN SOlLS AFTER 
THE CHERNOBYL ACCIDENT 

J. Schmidt. Ergenzinger. E. 
Freie Universität Berlin . Germany F.R . 

W Kolb 
Physikalisch- Technische Bundesanstalt. 

Braunschweig. Germany F.R. 

Summary 
After the chernobyl accident. vertical distribution of radionuclides in the 
soil has been studied at different sites in the Greater Hanover area. A 
translocation of radionuclides into greater depth has been detected in 
arable and grassland soils . In forest soils. radioactive fallout is almost 

Celle 

Meitze 
• projett site 

,18 M, 

Fig. 1: Lotation ~ap 

completely bound in the leaf-litter 
The by far highest specific 
activity was found in the colluvial 
sediments 01 a drainage ditch. 

Introductjon 

The chernobyl nuclear reactor 
acc ident provided an opportunity 
to investigate the migration 01 
radioactive lission products in the 
soil under natural conditions. The 
initial results presented here 
show that the migration 01 the 
nuclides is strongly inlluenced by 
the specilic characteristics 01 the 
sites investigated. In addition to 
the soil parameters. reliel and 
land use conditions are 01 
decisive importance. 

Materjals and methods 
Fig . 1 shows the location 01 the 
sites which the sampies were 
taken. At the Meitze site (Wietze 
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lowland). sandy soils predominate. Sampies were taken from forest soil , 
arable soil and grassland soil . 
The Algermissen site (Hildesheimer Börde) is characterized by loess soils . 
Here sam pies were taken from 7 soils from different relief positions (high 
slope, middle slope, low slope, drainage ditch). 

The sampies were taken between July and September 1986 and in 
October 1987, the sampling depths being 0 - 1, 0-5 , 20 - 25 and 45-50 cm. 
A total of 60 sampies was evaluated by gamma spectrometry. 

Results 
The specific activity of the dried sampies - with the decay corrected to 
July 1 of the sampling year - have been compiled in Table 1 (1986) and 
Table 2 (1987) In addition to the naturally ocurring radionuclides K 40, Ra 
226, Ra 228, and Th 228, the following nuclides were found : Cs 137, Cs 
134, Ru 103, Ru 106, Sb 125. Ce 144, Zr 95 . Ag 110m and Te 129m. Due to 
the high decay rate, Ru 103, Zr 95, Ag 110m and Te 129m were already 
below the detection limit. 
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The largest contribution to the 
specific activity of the soils is 
made by Cs 137. It therefore 
seems appropriate to take the 
behaviour of this nuclide as a 
example. 

Fig 2: sandy soil, forest 
(Meitze 11 profile) 

Contamination is essentially 
limited to the overlying organic 
hor iz on which consists of leaf 
litter in varying states of 
decomposition. A comparison of 
the years 1986 and 1987 shows 
no substantial change as far as 
the distribution in the depth is 
concerned. Contamination has not 
entered the deeper soil layers 
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Fig 3 sandy soil. grasland 
(Meit ze III profile) 
At first (1986). the specific activity 
of the top most soil layer (up to 
about 5 cm) was camparatively 
low It is assumed that some of 
the radioactive particles originally 
deposited on leaf surfaces were 
taken in by grazing cattle and 
therefore did not even enter the 
soil. 

In 1987 it was found that the 
specific activity had considerably 
increased in comparison with the 
year before. The sampling site lies 
in an area potentially flooded by 
the Wietze river. It is therefore 
assumed that material of higher 
specific activity was later 
deposited by inundation. 

Fig . 4 loess soil. arable land 
(Algermissen I profile) 

A comparison of the years 1986 
and 1987 exemplifies the influence 
of soil tilling. During ploughing. the 
topmost. originally high 
contaminated soil layer is mixed 
with slightly contaminated soil . Due 
to the thinning effect involved. the 
specific activity in the topmost soil 
layer (0 - 5 cm) decreases. In 
contrast to this. the activity in the 
underlying layer down to a depth 
of 25 to 30 cm increases . 
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Fig. 5 loess soil , ditch 
(Algermissen 111 profile) 

The highest specific activity 
found in the compar ison of the 
soils investigated was measured 
in the colluvial sediments of this 
dra inage ditch and is attributed to 
run - in from adjacent areas. The 
specific activ ity reached 5 to 6 
times that measured in neibouring 
ploughland at the same depth 

Whereas in 1986 the specific 
ac tivity continuously decreased 
with depth, it first increased with 
depth in 1987. After having 
reached a maximum at about 5 
cm, the activity again decreased. 
The activity peak marks the 
event which led to the deposition. 
The nuclear tests of the fifties 

and sixties have been similarly documented in sediments , for example in 
reservoirs (cl SCHNABEL, ERGENZINGER, 1987). 

Conclusion 
The vertical distr ibution of radionuclides in the soil depends essentially 
on sorption capacity Above all, the clay and humus content is the 
decisive factor. 

In forest and woodland, radioactive fallout is almost completely bound in 
the leaf - litter which is rich in humus (high sorption capacity) A 
translocation of radionuclides - though quantitatively low - into a greater 
depth has been detected in loess soils (Algermissen) despite of a 
relatively high clay content (about 15%). This may be due to the fact that, 
particularly in the case of heavy precipitation, some of the rain water 
penetrates into the soil via coarse pores (desiccation cracks, worm holes 
etc.) Sorption of radionuclides is then possible only to a sma\! extent. 
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Table 1, Speclfic dctivity of radionuclides in so il s 
dfter the Chernobyl accident (01.07.86) 

loco.tion prof i le depth K 40 Ra 226 Ra 228 Th 228 Cs 137 Cs 134 Ru 103 Ru 106 Sb 125 Ce 144 Zr 95 Ag 110m Te 129m 
No . in cm Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq/kg Bq / kg Bq/kg Bq/kg 

II.lgermissen I I 0-1 446 29 32 32 428 204 259 168 20 15 0 6 0 
arable soi I 0-5 556 33 40 36 126 57 66 48 8 8 0 2 0 
high slope 20-25 589 34 42 41 7 0 0 0 0 0 0 0 0 

45-50 560 28 40 38 1 0 0 0 0 0 0 0 0 

Algennissen IV 0-1 555 34 44 41 224 121 301 177 13 0 0 2 0 
ardble soil 0-5 549 31 40 39 228 109 154 91 11 9 0 3 75 

middle slope 20-25 528 29 39 38 8 4 4 0 0 0 0 0 0 
45-50 582 32 42 42 1 3 0 0 0 0 0 0 0 

Algermissen 0-1 546 32 35 35 626 294 499 309 27 37 6 8 0 
drable soil 0-5 540 31 40 42 215 110 162 100 11 14 0 2 0 

low slope 20-25 557 31 40 39 11 2 4 0 0 0 0 0 0 
45 - 50 564 27 42 44 1 0 0 0 0 0 0 0 0 

Algermissen V 0-1 560 29 39 37 434 215 288 177 22 20 2 6 101 
drable soil 0-5 568 32 39 41 193 96 127 75 9 6 0 0 0 
high slope 20-25 570 32 40 39 10 2 3 0 0 0 0 0 0 

N A Igermissen VI 0-1 563 30 40 39 453 219 305 182 23 19 0 5 0 -.T 
N arabte soil 0-5 579 33 41 40 116 54 85 48 8 0 0 1 0 

middle slope 20-25 569 33 41 40 7 1 0 0 0 0 0 0 0 

A 1germissen VI I 0-1 571 25 35 34 379 181 288 168 23 19 0 5 0 
ardble soil 0-5 547 26 35 35 217 101 152 88 11 11 0 3 0 

low slope 20-25 567 27 39 38 13 3 5 3 0 0 0 0 0 

Algermissen !II 0-1 543 37 42 42 3019 1498 1781 1048 91 80 16 20 1250 
drainage 0-5 542 38 44 44 1180 439 901 541 46 62 24 11 439 

ditch 20-25 576 33 42 42 12 0 5 0 0 0 8 0 0 
45-50 576 31 41 41 7 0 6 3 0 0 0 0 0 

Meitze 0-1 189 6 6 6 247 118 162 98 12 10 3 2 66 
arable soil 0-5 190 6 6 6 99 46 63 38 4 4 0 1 26 

20-25 193 6 6 6 8 1 1 0 0 0 0 0 0 
45-50 190 4 6 5 0 0 0 0 0 0 0 0 0 

Meitze I I org . Auf I. 59 8 5 5 735 290 396 227 33 22 0 7 0 
forest soi I 0-5 189 6 6 6 15 1 0 0 0 0 0 0 0 

20-25 212 5 6 6 0 0 0 0 0 0 0 0 0 
45-50 212 4 5 5 0 0 0 0 0 0 0 0 0 

Meitze 111 0-1 195 9 11 11 59 25 50 33 6 0 0 1 0 
grass land 0-5 195 9 12 11 12 2 7 4 1 0 0 0 0 

soil 20-25 199 8 12 12 0 0 0 0 0 0 0 0 0 
45-50 215 7 9 10 0 0 0 0 0 0 0 0 0 



To.ble 2: Specific activity cf radi o nuclides in soils 
after the Chernobyl accident (01.07.87) 

Ioeation profile depth K 40 Ro. 226 Ro. 228 Th 228 Cs 137 Cs 134 Ru 103 Ru 106 Sb 125 Ce 144 No . in cm Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq / kg Bq/kg Bq/kg 

Aigermissen 11 0-25 582 33 41 44 36 12 7 1 high slope 45-50 602 32 43 47 1 0 0 0 

Aigermissen IV 0-25 590 32 42 46 45 15 8 0 middle slope 45-50 553 29 38 42 2 1 0 0 

Aigermissen 0-25 558 28 39 43 40 14 10 0 low slope 45-50 519 26 39 42 3 1 0 0 

Aigermissen V 0-25 570 30 39 42 25 7 0 0 high slope 

Aigermissen VI 0-25 592 31 43 45 49 18 9 2 
t<'I middle slope 
-.:t 
N A Igermissen VI I 0- 25 533 26 37 40 18 5 0 0 low slope 

Algennissen 111 0-1 550 3 1 42 45 951 322 125 13 16 drainage 0-5 507 32 42 45 1227 477 214 22 17 ditch 20-25 579 28 40 44 10 1 0 0 0 
45-50 596 29 42 46 1 0 0 0 0 

Mei tze 0-25 207 5 7 7 18 4 3 0 
arab le soi I 45-50 220 5 6 6 0 0 0 0 

Meltze 11 org.Aufl . 145 6 6 6 404 140 64 11 7 
forest soi I 0-5 194 5 6 6 11 2 0 0 0 

20-25 228 4 5 6 1 0 0 0 0 
45-50 230 4 5 5 0 0 0 0 0 

Me ltze 111 0- 1 220 7 11 12 24 0 90 48 10 9 grasslo.nd 0-5 211 7 12 12 55 19 15 3 0 soil 20-25 219 8 13 14 7 0 0 0 0 
45-50 208 14 33 34 0 0 0 0 0 
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A SCRVEY ON THE COKTAMINATION OF GAME IN AUSTRIA 1986 - 1989 

Franz Schönhofer, Federal 
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Summary 

Immediately after the extensive contamination o f Austrian 
territory following the Chernobyl accident a surveillance 
program on game was started. On one hand the results were used 
for decisians on shooting prohibition and recommendatians for 
consumption. On the other hand many parameters could be in
vestigated regarding dependency of animal contamination on 
species, time, age, habitat as weI l as on feeding habits . While 
overall the contamination of wild animals has declined to 
comparably low values, extremely high values have been found in 
animals from large forest areas, rising in 1988 in roe deer and 
wild hoar. The highest values - up to 17.6 kBq Cs-137 / kg - were 
faund in wild boar musc le . 

The different parameters are discussed and some critical 
remarks will be made on the "transfer problem". 

Introduction 

Game has been regarded as a sensi tive biaindicator for radio
cesium in the environment. When Austrian territory was con
taminated following the accident at Chernobyl, immediately a 
program on contamination of game was started. Game had to be 
checked as a potential source of radiocesium for humans . De
cisions had to be made concerning the delay of the shooting 
season. An overview had to be established. These practical and 
political aims were combined with s cientific interest as to in
vestigate several parameters and find relations between game 
contamination and the contamination of the environment. 

SampIes 

In 1986 the total number of animals investigated was 278, 
thereof 165 roe deer. The organs meas·ured were muscle tissue 
from leg, liver, kidney , spleen and, until July 15th, the 
thyroid. In 1987 the measurements were reduced to some highly 
contaminated areas and a control area with low contamination. 
In 1988, due to the results of the previous measurements, the 
program was intensified in highly contaminated areas and in two 
additional areas potential feeding plants were investigated. In 
1989, most emphasis was placed on the highly contaminated 
areas. From 1987 onward, only muscle and kidney were measured 
with occasional anal ysi s of rumen or stornach content. 
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Parameters investigated 

Gecgraphical distribution 

Game contamination data from May until the middle of July 1986 
showed roughly a geographical distribution similar to the en
vironmental contamination distribution as found by dose rate 
measurements, which itself is related to the precipitation 
pattern (Schönhofer et al, 1986). It is easily understood that 
direct contamination of plants grazed by animals will result in 
contaminatio n of muscle approximately proportional to the 
original contamination. After this initial period, other 
mechanisms come to govern the transfer of radiocesium. There
fore, different patterns can be obtained . 

Contamination of species 

In 1986, ruminants clearly demonstrated higher contamination 
than monogastric animals. This can be explained by the much 
larger resorption surface in ruminants allowing a longer period 
for which radiocesium is available for uptake. Within the group 
of ruminats, roe deer showed the highest contamination followed 
by chamois and red deer. Concerning monogastric animals, in 
1986 wild boar showed by far the lowest c ontamination, 
obviously due to the different feeding habits. The highest 
values observed of Cs-137 were in 1986 f or roe deer: 11.5, 
chamois: 
kBq/kg. 

.., Q 

..). u, red deer: 1.0, European hare: 

Distribution among different organs 

2.2, wild boar: 0.6 

Concerning radiocesium, in most cases the highest activity was 
found in muscle, followed by kidney, liver and spl een. The 
lowest activity was found in thyroid. 
Concerning 1-131, the highest concentrations were found, in all 
cases, in the thyroid as expected, this was followed by kidneys 
and liver. The lowest concentrations were recorded in muscle. 

Fetus 

In two case s , mother animal and fetus could be analyzed. The 
ccncentration of 1-131 was h igher in the fetus for all tissues. 
The concentration of Cs - 137 wa s lower in all cases. 

Dependency on age 

Young animals showed higher concentrations of radiocesium than 
adult animals in the same biotope. 

Dependency on topographical factors 

Since fall o ut varied with respect to elevation (higher 
elevations corresponding to higher contaminationl, con
tamination o f wild animals was also expected to vary with 
elevation. This could be proved at different locations both for 
roe deer as we Il as for chamois. 
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Dependency of contamination on time 

Regarding 1-131. levels were so low in the beginning of July 
1986 that not even thyroid could be analysed with respect to 
this isotope. 
The levels of Cs-137 and Cs-13~ showed. in low and medium con
taminated areas. a similar behaviour. In Fig. 1 it can be . seen 
that contamination decreased in a medium contaminated area 
within approximately four months to comparatively low levels 
and remained approximately ccnstant. This is due te the 
dilution of direct fallout on the feeding plants within thc I 

first months and subsequently lew availability of radiocesium 
for plants from the soil. 

Highly contaminated forest ecesysterns 

In the course of investigations several areas were identified 
wh ich showed extremely high values fer roe deer - namely Ker
alpe. Kobernausser Wald, and Weinsberger Wald. (The locations 
can be found in the map of Fig. 2.' In these areas, thc 
activitv concentration did not decrease substantiallv in 1987. 
though -variations were large. Subsequently. const;ntly high 
values have been observed as can be seen in Fig. 3 for Kober
nausser Wald. Values fcr 1988 are even higher. 
Concerning wild boar. typical values in 1986 were below 37 Bq 
C~-137 / kg with ODe extreme value ef 600 Bq. Hewever in February 
1988. all sampies frem Kebernausser Wald showed values abeve 
2000 Bq / kg with one extreme value o f 17.6 kBq / kg - the highest 
centamination in any meat ebserved in ~ustria. In the nearby 
areas of Weitra and Allentsteig. the highest values cbserved 
were in the range of 70 Bq / kg. 
The extreme contamination differences in forest ecosystems can 
be understood qualitatively. First of all. the contamination in 
forests is usually much higher than in the surrounding agri
cultural areas due primarily to needles cf various trees acting 
as effective filters fer aerosols. The renewal of needles adds 
activity to the surface layers. Soils are acidic. extremely 
high in organic matter. and lew in potassium. These conditions 
favor the effective recycling of radiocesium with high transfer 
factors (Schell et al, (1988'. In agricultural systems radio
cesium ~s diluted by ploughing and is adsorbed on clay 
particles. Soil usually contains enough potassium such that 
overall. much lower transfer factors from soil to plants are 
observed than in forestecosystems. Moreover, some of the 
feeding plants of roedeer such as certain types of grass. 
blueberry leaves, and especially ferns accumulate radiocesium. 
Another important source of radiocesium can be mushrooms. 
Certain mushrooms such as Xerocomus badius show extremely high 
contamination and rumen content analysis showed that mushrooms 
can ac count for a high percentage of roe deer diet. 
The high contamination of wild boar is not yet understood. 
Stomach content analysis showed, even in the case of the 
highest contaminated animal only fodder with very low con
tamination. The amount of soil ingested cannot explain the high 
contamination. 
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The "Transfer Problem" - Conclusions 

From all data gathered we draw the conclusion that con
tamination of game is an extremely complicated process. Trans
fer from fallout via direct contarnination and root uptake to 
plants and animals is governed by so many variables that no 
"transfer factor" can be given. (A detailed discussion of 
parameters influencing the transfer and the impossibility of 
making any precise contamination prediction is given in Schön
hofer and Tataruch, 1988.) Only very rough estimations could be 
given in the case of a future large area contamination and 
areas can be classified only in a relative way. We think that 
it is not possible to calculate any contamination of garne from 
input data such as aerosol or precipitation activity con
cent ration (which mereover normall y are not known in f o rest 
areas). On the other hand we think that game can be used as a 
"bioindicat or" only in the sense that it shows qualitatively 
the presence of 1-131 ane / er radio cesiurn. However ne con
clusiens can be drawn as to the quantitati ve extent of environ
mental cont arnination. 
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CESIUM SORPTION CAPACITY OF ZEOLITE AND SOlL 

Mohamed Ahmed Shenber and Me Erikson 
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Box 7031, 75007 Uppsala, Sweden 

Summary 

In the last two years zeolite has become known as a cesium binding mineral, 
and besides other measures like potassium fertilization, plowing etc., the 
use of zeolite has been proposed to re du ce the concentration of plant 
available radiocaesium in soil. For such purpose it is necessary to know the 
binding capacity of the agent used. An mvestigation has therefore been 
carried out comparing the absorption capacity with regard to Cs-134 of one 
commercially available natural zeolite with that of one cultivated organic 
soil. The study employed an equilibration batch technique for determination 
of distribution coefficients (Kd values) and sorption capacity for 134CS as 
influenced by increasing concentrations of cesium carrier, potassium, and 
ammonium in the solution. 

The results showed that the sorbing capacity of the zeolite tested was high, 
> 5m~ Cs/g zeolite, the Kd value still at a level of 3500 rnl/g. The sorbing 
capacIty of the organic soil was low, with a Kd value of about 80 mUg and 
lower. The distribution coefficient (Kd values) were reduced by increasing 
concentrations of cesium, potassium and ammonium, much less, however, for the 
zeolite than for the soil. The results show that zeolite materials have a 
considerable potential as selective cesium binding agents. 

Introduction 

Soils with high contents of organic matter, especially peat soils, have shown 

comparatively high and persistent transfer rates of cesium to plants in 

Sweden after the Chernobyl fallout (Cf Eriksson & Rosen, 1989 and Rosen, 

1989). Many of these soils have required remedial measures such as ploughing 

of grass land and high potassium dressings to give crops with acceptable 

cesium contents. For ecological and practical reasons we need information on 

the basic conditions which influence the migration and plant availability of 

cesium in these critical soils as weIl as on the effects of other feasible 

remedial agents. Where and when a reduction in the cesium transfer is 

necessary there are, beside waiting or placement of the contaminated soil to 

deeper layers, two ways to reach such a goal. One is increased potassium 

dressings to each crop to dilute cesium at the plant uptake. Another is to 

add some agent, which renders the cesium less available and increases the 

rate of fixation in the organic soil environment. Such agents are minerals 
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like zeolites or clays etc. To reach an understanding of the effect of such a 

treatment it is necessary to know the gap in cesium binding capacity between 

the two materials, the soil and the agent added. For this reason the study 

below was carried out. Thus, an organie peat soil was compared to a widely 

different material, a natural zeolite, with regard to the capacity to bind 

cesium in various chemical environments. It is the starting point for studies 

and comparisons of other soils and zeolite materials. 

Materials and Methods 

The peat soil used in this study was obtained from a site in the fallout 

region near Uppsala, while the natural zeolite material, a fine grained pow

der, was imported from Hungary. Characteristies of the soil and the zeolite 

are given in Table 1. It shows that the soil and the zeolite differs 

considerably, especially in the content of different potassium fractions. 

The study has been a batch Iable 1. Charateristics of the soil and the zeoHte . 

investigation to obtain values t· t ' 
Charac er1S 1C Soil 2eolite 

on the distribution coeffi- ------------------

cient or 
134CS in 

lite-water 

pH 
the Kd-values for aq. 

soil-water and zeo- pH(kcl.O.1Kl 

Org. matter. % 
mixtures, 2.5 g to Ca • mg/100g soil 

50 m1 in a final solution with K 
exch 

25 kBq 134CS. Different con

centrations of 133 Cs +, K + and 

H4N+ constituted the various 

exch 

Ca a) 
HCl 

K a) 
HCl 

K 
tot 

K b) 
chemical environments. The aq 

5.05 

4.70 

88 

200 

16 

2600 

30 

range for the concentrations a) Extractable with hot 2M HCl. 4: 100 
of the cesium carrier was 0 _ b) Extractable with aq. dest.. 10: 100 

900 

940 

1200 

1190 

5000 

30 

3.75 meq 1- 1 for the soil-water, and 0 - 18_75 meq r1 for the zeolite-water 

mixtures, while the range for the concentrations of K+ and H4N+ was 0 - 250 

meq 1- 1. The cesium carrier range was combined into either of the two latter 

ranges. These resuIting solutions were equilibrated and shaken for 24 hours 

in closed 150 m1 polypropylene containers at room temperature,(21°C + 2°C). 

After the shaking 2 m1 of the solution was taken for centrifuging for 10 min 

at 4000 rpm. 1 m1 of the sampIe was then measured in an automatie gamma 

counter (Intertechnique CG-40oo) equipped with a NaI(Tl) 3in X 3in weIl-type 

scintillation detector shielded by 12 cm thick low-activity lead. The 

counting error was kept below 5 %_ The distribution coefficient Kd was 
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caIculated according to (1) below with the dimension ml i 1 

Kd = (Bq 134CS per g dry material)(Bq 134CS per ml solution)"1 (1) 

Results and discussion 

The distribution coefficients obtained in the experiments are given in 

Figures 1 - 6 and in Table 2. Figures 1 and 2 shows the capacity of the 

zeolite to maintain a high Kd-value at increasing concentrations of cesium 

carrier. Kd is not reduced until at 3-4 meq per litre, which me ans that below 

this concentration 5-10 mg cesium was sorbed per g zeolite. Adding 10 meq 

potassium to the solution per litre tended to reduce the Kd-values and an 

increase to 50 meq and more definitively did as shown by Figure 1. The 

zeolite had thus a high capacity for sorption of cesium when the competing 

ion was potassium at moderate concentrations. 

Distribution cof ficients(Kd- values)"1000 
4~-------------------------------=~----------------' 

- No potasslum 

o potassium, 50 meq./I 

3 ~ 

2 

o 
o 0.03 0.15 0.75 3.75 18.75 

Caesium concentration, meq./I 

Figure 1. Kd-values obtained in the batch experiment with zeolite material 

and increasing concentrations of carrier cesium and potassium. Sorption of 

134CS is influenced in the first place by the carrier less by the potassium. 

When the competing ion was ammonium this selective sorption of cesium tended 

to be lower (Cf Figure 2) than in the potassium environment at concentrations 

of 10 meq per litre. At higher concentrations both ions depressed the cesium 

sorption to the same extent. 

The sorption capacity of the peat soil turned out to be about 50 times lower 

than that of the zeolite when no carrier cesium or other ions were present in 

the experimental solution. However, the sorption capacity of the peat was 

much more sensitive to the concentration of potassium and especially to 
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ammonium ions than that of the zeolite (Figures 3 and 4). 
Dist ri bution cof ficients( Kd-values)"1000 

4~-----------------------------------------------' 
_ No ammonium 

3 

2 

o 

CJ ammonium, 50 meq.ll 

~ ammonium, 10 meq.ll 

~ ammonium, 250 meq.ll 

o 0.03 0,15 0.75 3.75 18.75 

Caesium concentration, meq/I 
Figure 2. Kd-values obtained in the batch experiment with zeolite material 

and increasing concentrations of carrier cesium and ammonium. Sorption of 

134CS is influenced in the first place by the carrier less by the ammonium. 
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20 

Cofficients (Kd-values) 

o 0.4 2.0 10 50 250 

potassium concentration, meq.ll 

Figure 3. Cesium sorption capacity of the pe at soil given by Kd-values. No 

cesium carrier added but increasing K-concentrations in the batch solutions. 

80 

60 

40 

20 

Distribution Coff!cients (Kd-values) 

o 0.40 2.0 10 50 250 

ammonium concentration, meq.ll 

Figure 4. Cesium sorption capacity of the pe at soil given by Kd-values. No 

cesium carrier added but increasing concentrations of ammonium in solutions. 
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Adding potassium and ammonium ions even at very low concentrations had thus 

large depressing effects on the comparatively low cesium sorption capacity of 

the peat soil. When the cesium carrier was present the cesium sorption 

capacity dropped drastically at concentrations lower than 0.01 meq per litre. 

Figures 5 and 6 below showing the effects of the full range of cesium, 
potassium and ammonium concentrations indicate that the main effect is that 

of cesium. The reason may be the very low content of clay minerals in the 
peat and consequently a very low sorption capacity for cesium on and in 

specific sites. Experimentally m equilibration experiment this sorption 

capacity is thus easily exceeded even by minute amounts of cesium carrier. 

80 

60 

40 

20 

o 

Dis t ri bu tion cof ficients( Kd-va lues) 

o 

_ No potass iu m 

o potasslum. 50meq./1 

~ potass lu m. 10 meq.ll 

~ potasslum. 250meq.ll 

0.006 0.03 0.15 0.75 3.75 

Caesium concentration, meq./I 

Figure 5. Kd-values obtained in the batch experiment with peat soil material 

and increasing concentrations of carrier ce si um and potassium. Sorption of 

134CS is influenced in the first place by the carrier less by potassium. 

80 

60 

40 

20 

o 

Dist ribu tion cof ficients(Kd-values) 

o 

_ No ammon ium 

o ammonium. 50 meq.ll 

~ ammonium. 10 meq.ll 

~ ammonium. 250meq./1 

0.006 0.03 0.15 0.75 3.75 
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The results showed that the cesium sorption capacity of the zeolite tested 

was high, 40 - 50 times that of the organie soil. Also the latter was more 

sensitive to increasing concentrations of potassium and ammonium in the 

environment. The difference between the critical soil on one hand and the 

zeolite material on the other indicate that zeolite materials should have a 

considerable potential as selective cesium binding agents when used in the 

initial stages and in lirnited soil layers after a cesium fallout. The 

characteristics of the zeolite and the peat soil are separately summed up by 

the relative values given in Table 2. 

Table 2 . Rel a tive Kd-values obtained in batch experiments as 
a function of the concentrations of potassium, ammonium and 
caesium in solution with one zeolite and one peat soil. 
(Weight ratio solid phase/liquid phase = 1/20. ) 

Cs-carrier meq K+/litre meq NH4 + /li tre 

meq/li tre Control 10 SO 250 10 SO 250 

Zeoli te 

0 100 77 15 2 52 16 4 
0.03 100 88 17 3 60 18 5 
0.15 96 83 15 2 53 18 5 
0.75 99 67 14 2 37 14 4 
3.75 64 46 9 2 7 10 4 

18 . 75 4 4 2 1 5 2 

Peat soil 

0 100 14 8 9 12 10 9 
0 . 006 20 10 7 7 9 8 8 
0.03 13 9 6 6 8 8 5 
0.15 12 8 6 5 7 7 5 
0.75 8 7 5 3 7 6 4 
3.75 12 6 5 4 6 7 4 

Note: Kd for the zeolite control is 3500, that for the peat 
control 80 ml / g and put equal to 100. 
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Transfer of radionuclides from air to man- use of Chernobyl da ta 

M. Tschurlovits, E. Unfried, M. Bichler 

Atominstitute of Austrian Universities, Vienna, Austria 

Abstract 

Measurements of the activity concentration of some radionuclides in air, precipitate and 
vegetation are used for considerations on transfer parameters. Since ObvlOusly no 
equilibrium was existing, mainly parameters relative to Cs-I37 are considered. So me 
other parameters as half life of radionuclides on grass as weil as the variability of 
data are also discussed. 

I. Introduction 

Radionuclides in air may lead to exposure of man by different exposure pathways. Where 

the exposure from inhalation or immersion can be predicted by simple models, the 

foodstuff pathway from deposition of radionuclides on ground to man requires among 

other parameters (e.g. consumption rate) a transfer factor linking activity concentration 

in air and activity deposited on ground. This paper is considering the question how 

da ta from measurements after the Chernobyl accident can be used for assessment of 

transfer factors. 

2. Properties of transfer factors 

The transfer of radionuclides from air to vegetation is usually described by a quantity 

ca lied "deposition rate" with the dimension of Bq.m-2.s- I . The quantity is defined 

for both wet and dry deposition and the definition clearly implies that steady state 

conditions exist. The deposition rate is proportional to the activity concentration in air 

[ Bq.m-3 1 and a constant [m. s-I 1 and can be used for assessment of exposures from 

routine normal operation of a source. 

In the present case, however, the situation was clearly far from equilibrium and hence 

steady state conditions. This applies not only for time dependence of the activity 

concentration of the radionuclides in different air masses, but also for local and 

regional weather conditions as precipitate, wind speed, wind direction etc. Further it has 

to be taken into account that the time interval under consideration are a few days only. 

Therefore this paper is addressing the question whether the existing information is 

sufficient to assess transfer factors from the data available. For air, these data include 

both the activity concentration [ Bq.m-3 1 as assessed by measurements and the 
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integrated activity concentration [ Bq.d.m-3 1 as derived from these measurements. Other 

materials as foodstuffs etc. are given in terms of activity concentration. When data of 

different compartments are set in relation, the cJearly recognized local and regional 

dependence of the parameters requires a careful selection of sam pie pairs. Since the 

situation in the different locations is quite different in the present case, it seems not 

appropriate to derive transfer factors for general use. Therefore, Cs-137 is considered 

as a reference nuclide, and the transfer parameters are presented relative to this 

radionuclide. 

3. Meteorological situation in Vienna 

Some contaminated air masses, wh ich were transported in different routes from the 

release site, passed the eastern part of Austria in succession and lead to changing 

activity concentration in air. Heavy rains with very inhomogenous precipitation rate 

took place in the morning of May Ist. 

4. Measuring and sampling technigues 

Measurements of all sampies were done by gammaspectroscopy. The sampies were counted 

without specific sampie preparation: air was collected on paper filters and the filters 

were measured directly, water sampies were counted in MarineIli beaker geometry, and 

vegetation and food sampies in cylindrical counting boxes or Marinelli beakers. 

Calibration of each geometry was done by standard multi- radionuclide solutions. Except 

for iodine in air, where corrections were made to account for elementary and organic 

iodine, no corrections for losses at sampie preparation were necessary. 

5. Activity concentration in air 

The sampies were prepared during an extended air monitoring program at the site of 

the Atominstitute, where air was collected continously, the filter changed in three hour 

intervals. The results are shown in detail by /Tschurlovits & Unfried 1987/. When the 

activity concentration of thE,l individual radionucJides is related to Cs-137, it can be seen 

that different groups of elements show different behaviour. ( Fig.la and lb ). A similiar 

variation was also found by / Mietelski et al 1988 /. Regarding statistical uncertainty of 

the assessment, it has to be taken into account that the activity concentration was low 

between the passage of the contaminated air masses. 

The data of activity concentration in air are the basis for the following assessment, 

where the following quantities are used: 



258 

• activity concentration as assessed at the time of rain for the transfer of 

radionuclides to precipitate 

• integrated activity concentration in air for the transfer of radionuclides to 

vegetation, soil, and water. 

6. Transfer of radionuclides from air to precipitate 

For a reasonable assessment of parameters, particular attention has to be paid to the 

coincidence of sampling of air and precipitate. Fig 2a shows the ratio of the 

radionuclides relative to Cs-137, where both air and rain from May 1 st are taken. 

However, if the ratio of radionuclides is consieJered in detail , as shown in figs . l , it can 

be seen that there is some time dependence of these ratios. This indicates that the 

meterological conditions have to be known very weil to provide a reasonably reliable 

interpretation. Roughly it can be seen that there is no significant radionuclide 

dependence of the transfer from air to precipitate. 

6. Transfer to vegetation, soil and water 

Fig. 2 a also shows the transfer of the radionuclides relative to Cs-13 7 from 

precipitate to vegetation, grass sampies taken at the site of the Atominstitute. These 

data are used because it was found / UmweItbundesamt 1986/ that about 80 % of the total 

wet deposition was deposited during the rain in the early morning of May,l st. When the 

data are evaluated in absolute terms, the use of the deposition rate as defined above is 

not reasonable, because the transfer mechanism from the activity in air to rain is not 

known. Therefore, the deposition is considered as activity ratio relative to the activity 

concentration in rain under the given rainfall conditions. In some cases, higher figures 

for Ce-141 and Ba-140 were found .This can be explained by dry deposition of large 

sized particles, because these radionuclides are also found in hot particles. 

Fig. 3b shows the relation for water and soil. 

7. Retention half lire of the radionuclides on grass 

Sampies taken during so me weeks after the precipitation are used for the assessment of 

the half life of radionuclides on grass. Fig.3a shows the resuIts for the isotopes of Cs 

and and Fig.3b for other radionuclides. Decay of radionuclides was taken into account. 

The retention half life was assessed between 9 and 14 days as for Ru: 9 days; J: 14 days; 

Te: II days; Cs: 11 days. Therefore, a weil proved mean of II days can be derived, 

roughly corresponding to the growing rate. 
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8. Scattering of orecipitation data 

The factors shown above are derived from sampies taken at the same site and are 

therefore valid only for the meteorological conditions as they were present. However, as 

already mentioned above, the deposition is assumed to be proportional to the activity 

concentration in the precipitate and the rainfall rate. It was already mentioned that the 

latter was very different in the present case even at sites located very elose to each 

other. In addition, it has to be taken into account that the activity concentration in 

precipitate is also not constant in case of short term releases and changing weather 

conditions. Therefore, a scattering of data has to be expected. Considering data on 

activity concentration in vegetables already suitable for harvest (agricultural area 

"Marchfeld" elose to Vienna, fig. 4 ) it was found that a lognormal distribution fits the 

data quite weil, although the sampies stern from a region considered as rather 

constant and low precipitate./Umweltbundesamt 1986/ . 

This fact indicates the requirement of careful selection of sampie pairs in transfer 

parameter assessment. 

The activity ratio J -131 / Cs-137 is lower than in fig. 2 and is influenced by the 

sampling period of two weeks and the half life of J -131 , but the lower values of J -131 

are not from decay only, but rather from the inhomogenous deposition conditions. 

9. Conclusions 

Although a large number of measuring data are available, they are of limited use for 

deriving gene rally applicable transfer parameters. This is mainly because the very 

different situations in both time and location, i.e. the meteorological conditions at the 

si te of interest are not known sufficiently. In addition, the ratio of the radionuelides was 

changing with time. Regarding dependence of the parameters from the radionuclide, it can 

be seen that the. transfer is quantitative and no very substantial differences among the 

radionuclides were found. 
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L.Ribordy'), R. Daccord2 ), H. Schneeberger2 ), F.Jans 2 ), T. Vanzetti 3 ) 
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2) Eidg. Forschungsanstalt für viehwirtsch. Prod . Grangeneuve-Posieux/Schweiz 

3) veterinario Cantonale del Ticino, Bellinzona/Svizzera 

1) Introduction 

The Chernobyl reactor accident caused a radioactive contamination which 

fortunately has no health consequences for central Europe, but was quite 

easily detectable in the environment and in the food. Aseries of experiments 

were made to determine different transfer coefficients. In the present work 

such measurements concerning the grass/hay-milk/meat transfer for cattle and 

sheep are presented and discussed. 

2) Effective half life of cesium in living sheep 

In Southern Switzerland (Tessin and Grison) the highest contamination levels 

(Iodine-131, Cesium-134 und -137) were observed in spring and summer 1986 

after the Chernobyl reactor accident, especially in milk and meat of goats 

and sheep. A flock of 26 one-year-old sheep from the Tessin where they had 

incorporated cesium by contaminated grass and hay were taken to the Federal 

Research Station at Grangeneuve ne ar Fribourg and for about two months fed 

with non contaminated hay to determine the biological half life in living 

animals. The cesium content of every animal was measured weekly using a whole

body-counter constructed for this purpose [1]. The counter consists of a 91 x 

47 x 83 cm iron box (walls 10 mm thick) equiped with a 3 x 3 Inch NaI crystal 

detector; the gamma spectrum was usually measured during 500 seconds. The 

animals were sheard and washed before the first measurement. At the end of 

the experiment, the animals were slaughtered and the meat (shoulder muscle) 

analysed by laboratory gamma spectrometry to determine the calibration factor 

for the whole-body-counter as a function of the weight of the animals. The 

cesium content of the animals decreased by some 26% every week; this 

corresponds to an effective half life for cesium of 16+3 days . No significant 

differences were observed from one animal to the other. In two ca ses after 

slaughtering, the contents of the intestine were analysed by gamma spectro

scopy. The measurement showed that between 5 and 7% of the cesium content of 
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the animal (i . e. of the muscles) is excreted daily, which leds to an effective 

half life of about 15 days . Relatively to the muscle (shoulter) the cesium 

content was 33%, respectively 72% and 23% in stomach, kidney and liver . 

Silver-110m wh ich in the Chernobyl fallout was only about 1% of the cesium-137 

activity, seems to be enriched in the liver, where its ratio to cesium-137 was 

found to be 0 . 43. Lamb wool showed activity levels up to 3700 Bq/kg for 

Cesium-137. Af ter washing it twice at 30 ° C with soda the activity was reduced 

to between 5 a nd 10 % of the i n itial value . 

3) Cesium-Cont ent in sheep from Southern Switzer1and in summer 1986 

The farmers o f Southern Switzerland - especially in the mountain areas - keep 

approximately 20'000 sheep, about one thenth of them usually are brought to a 

traditional s heep fare taking place every august . In summer 1986 the 

authorities therefore had to decide whether or not the cesium content of these 

animals was below the national limits for food and if the meat of these 

animals could be consumed without any restrictions from the point of view of 

radiation prot ection . In close co-operation with the veterinary surgeons from 

Tessin and Gr i son, 177 sheep from the whole region were chosen to be measured 

with the above described whole-body-counter . For this purpose the counter was 

installed in a minibus to enable measurements to be taken in different 

villages of the Tessin . As in the first e xperiment, the animals were sheared 

before being measured . 

The measuremen t of the 177 sheep gave an almost log-normal distribution of the 

c esium activi ty with a mean value of 270 Bq/kg and a maximum value of 890 

Bq/kg for Ces i um-137. Less than 20% of all values were greater than 370 Bq/kg 

Cesium-137 (Fi g. 1). The Cesium-134 to -137 ratio was at the time about 0.48. 

These measurements confirmed a gross estimation made on basis of sheep meat 

measurements i n summer 1986 . Thus the authorities could allow the traditional 

sheep fare t o take place and to have the meat of these animals sold and 

consumed without restriction with regard to radiation protection of the 

public. (The a uthors thank the participating farmers for good co-operation.) 

4) Feeding experiment with catt1e 

Feeding exper iment were projected to obtain more precise information about 

retention and excretion of cesium in living animals. From November 1986 until 

February 1987 five cows were fed wi th contaminated hay from Southern 

Switzerland (Cesium-134 : 1960 Bq/kg dry ; Cesium-137 : 4500 Bq/kg dry) . This 
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experiment took place at the Federal Research Station in Grangeneuve/FR. Milk 

from these animals and (from one animal only) excretion (urine and faeces) 

were examined regularely. The milk was partly used to breed calfs. After tree 

month when the equilibrium condition was supposed to be approched the 

animals were fed during some weeks with non-contaminated hay; the excretion 

measurements continued to determine the effective half life. The calfs and 

some of the cows were slaughterd at the end of the experiment for the purpose 

of laboratory measurements of their meat (see fig. 2 to 5). 

Oue to these experiments the transfer coefficents grass-milk (or hay-milk), 

grass-meat (or hay-meat) and (for breeding animals) milk(cow)-meat(calf) for 

cesium could be calculated. We also got values for the biological half life 

for adult and growing animals. Since the biological half life in living 

animals (calf and cow) is 21 and 83 days respectively, the equilibrium 

conditions were not reached completely at the end of the experiment with 

feeding of contaminated hay thus the transfer coefficents had to be corrected 

to complete equilibrium conditions (see table). An activity balance for one 

cow i.e. intake/excretion could be calculated. Since the hay used for this 

experiment not only contained Cs-137 and Cs-134, but, in addition also other 

Chernobyl-Isotopes, such as Ru-103, Rh-106, Ag-110m, Sb-125 and Ce-144, the 

balance could be established for these elements weIl. In the table, the 

conclusions of the experiments are summarized; it shows for all these elements 

that less than 10% is transfered to the milk, whereas, in terms of 

concentration values most of the activity is leaving the animal by the faeces. 

5) Feeding experiment with sheep 

At the same time six breeding sheep were fed with the hay also used for the 

cattle experiment. The cesium content of these animals was measured regularely 

with the whole-body-counter described above. To control the calibration factor 

(the breeding sheep were heavier than the one-year-old animals for which the 

counter had been calibrated) one animal was slaughtered at the end of the 

experiment to analyze the meat by gamma spectroscopy in the laboratory. The 

other animals were, after tree months, fed for some weeks with non

contaminated hay to observe the decrease of the cesium activity in them. Since 

the sheep did not give much milk, it was not possible to make laboratory 

analysis of the milk for the cesium content. From other measurements [2] we 

know that the transfer coefficient for cesium from grass to milk is about 2 

times higher for sheep than for cows grassing in the same area (1.8~0.3) . We 
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thus could complete the measured values in the table below. The derived 

values are set in parantheses. Three lambs, bread by the sheep were also 

measured during the experiment with the whole-body-counter to determine their 

biological half life (see fig. 6 and 7). 

Transfer coefficients for cesium for complete equilibrium conditions defined 

as the ratio between target (Bq/kg or Bq/I) and source activity (Bq/kg or 

~; in parantheses = derived values. 

source: Hay 

tarqet: 

milk (cow) 0 . 062+0.012 -
meat (cow) 0 . 25+0 . 06 -
meat (calf) (0.14+0.04) 

milk (sheep) (0 . 1 ~0.04) 

meat (sheep) 0 . 24+0.04 ' ) -
" " 0 . 29+0.03 2 ) 

-
meat (lambs) 0.3 +0.1 3 ) 

-

Grass ( 15% 

dry weight) 

0 . 43+0.08 -
1 . 74+0.34 

(1.0 +0.3 ) 

(0.8 ~0.3) 

1.6+0.3 ' ) -
1.9+0 . 2 2) 

2.1+0 . 7 3) 
-

milk (breed-

ing animal) 

----

----

2.3+0.3 

----

----

----

( 3 +2 ) -

, ) measurement 

on sheep; 

2) laboratory 

measurement on 

meat sampies; 

3) possibly the 

lamb di take 

up some cesium 

by eating hay. 

Activity alance for quasi equilibrium 

conditions (daily excretions in %): 

Effective half life (in days): 

Element milk faeces urine animal milk meat 

(+20%) (+20%) (+20%) 

Caesium 6 80 14 cow (2-4 years) 7.5+0.5 83+8 - -
Ruthenium 1 90 9 calf ------- 21+2 

Silver 2 87 11 sheep(2-4 years) ------- 45+5 -
Antimony 3 83 14 lamb ( 1 year) ------- 16+3 

Cerium 3 77 20 lamb ( < 1 year) ------- 19+3 

References : 

[1) H. Völkle et al .: "Messung von radioaktivem Caesium in lebenden Schafen". 

"Radioaktivitätsmessungen in der Schweiz nach Tschernobyl und ihre wissen

schaftliche Interpretation". Bern, 20.-22 . Okt. 1986, Vol. I, p . 424-436. 

[2) 29. Bericht der Eidg. Kommission zur Ueberwachung der Radioaktivität für 

die Jahre 1985 und 1986. Federal Office of Public Health, Berne; May 1989. 
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RADIOCESIUM IN ROEDEER FROM TEE SOUTE OF W-GERMANY 
G.Zibold, A.Geissler, S.Kissling, J.Niebuhr and C.Wilhelm, 
Fachhochschule Ravensburg-Weingarten 7987 Weingarten, 
W-Germany 

Summary 
Since September 1987, we measure the Cs-134 and Cs-137 
contamination in 1546 roedeer samples byo-ray spectroscopy and 
find specific activities smaller than 600 Bq/kg in 57% and more 
than 2500 Bq/kg in 4% of the samples. The samples are from the 
districts of Ravensburg and Biberach with an above-average 
contamination due to Chernobyl fallout. Variations in different 
parts of muscle meat are smaller than 10%. In entrails and bones 
variations are larger but specific activity values are only 
between 30% and 85% of the muscle values. The seasonal variation 
of the specific activity shows a pronounced peak at the end of 
September attributed to the grazing of highly contaminated 
mushrooms chestnut boletus (xerocomus badius). Comparing the 
years 1987 and 1988 we do not observe a decay of the 
contamination. Regional variations of the average values of the 
roedeer contamination by a factor 10 are found to be due to 
variations of the contamination of plants selectively grazed by 
roedeer. In plants regional variations are caused by differences 
in ground activities (factor 5) and by differences of the soil 
properties (factor 15). Dividing specific activity values of 
roedeer by values of ground activity we find transfer factors 
which depend on chemical and physical properties of the soil. 

Introduction 

On April 30th, 1986, after the reactor accident at Chernobyl, 
heavy rains washed out radioactivity from the air passing through 
the area north of Lake Constance and caused an increase in 
groundactivity by a factor 30. After the decay of short-lived 
isotopes, the main components of the still existing radioactivity 
are cesium-137 and cesium-134. The behaviour of these 
radionuclides in the environment is partly known from findings 
after the tests of atomic bombs in the atmosphere between 1950 
and 1960. For example the transfer into plants and animals of 
radiocesium from agricultural soil is small. This is the reason 
why, since 1987, there is only little contamination left in most 
of the food. Exceptions to this general trend are observed in 
roedeer, showing in fall large values of specific activity of 
radiocesium of some thousand Bq/kg. Reviews are given by Lindner 
und Recknagel (Li88) and Kreuzer und Hecht (Kr88), and da ta by Fiel 
(Fi89). Similar and still existing contaminations with radiocesium 
have been observed in fish from some small lakes of the same 
area, see also (Li88). By order of the ministry of environment of 
Baden-Württemberg, both problems are investigated at our 
Fachhochschule. 
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Experimental methods 

Ta analyse the composition of isotopes of our sampies we used 
high resolution gamma spectroscopy. An ultrapure germanium 
detector with a relative efficiency of 35%, a half-width of 1.75 
kev at a 6 -ray energy of 1.33 Mev and a peak to compton-relation 
of 70 : 1. In addition a scintillation counter with a NaJ (Tl) 
crystal of 3" x 3" and a photomultiplier having an energy-
resolution of 6.5% for the cesium-137 line. The approximate limits of 
detectability of cesium-137 using different measuring times are 
for roedeer 1 Bq/kg in 1000 s, for fern 0,4 Bq/kg in 220.000 s 
and for soil 13 Bq/rn in 42.500 s. The relative error concerning 
the determination of the isotopes cesium-137 and cesium-134 in 
roedeer in a one-litre-Kautex-bottle and a measuring time of 1.000 s 
are 13% and 7% for NaJ and germanium detectors respectively and a 
specific activity of 100 Bq/kg. Concerning a specific activity of 
1000 Bq/kg the relative errors are smaller and are 8% and 5% 
respectively for NaJ and germanium detectors. Sampies of soil 
have been taken using a cylindrical pricker of fixed cross-
section to a depth of 12 cm. Sampies of soil have been analyzed 
using a one-litre-Marinelli-baker. The relative error of this 
measurement is smaller than 6% for an interval of confidence of 
l~and measuring times of 300 s. Sampies of plants have also been 
analyzed using the 1 litre-Marinelli-baker. In general, small 
amounts of sampie were analyzed using a 70 ml-Polypropylen-can. 
The relative error of the specific activity from radiocesium of 
plants lies between 7% and 50% for measuring times between 300 s 
to 50.000 s. 

Results 

Fig. 1 
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Fig. 1 shows a map of the area concerned, the specific activity 
of the soil is marked by different hatching. Values of soil 
activity from radiocesium lie between 11 and 85 kBq/m~ In 
addition average values for roedeer contamination are given in 
Bq/kg for three periods of six months as vertical bars. It can be 
seen that the roedeer contamination is highest on soil of high 
contamination. The bar in the middle characterizes a summer 
period, the two other bars characterize winter periods. Each 
period is represented by approximately 500 roedeer. 

In fig. 2 the roedeer contamination in terms of specific activity 
from radiocesium is shown as a function of time. The close 
season March 1st to May 15th is excluded. We have calculated an 
average value for every day by taking the arithmetic mean of 
seven days ahead and seven days after the day concerned, 
including about 50 samples. Two pronounced peaks near September 
1988 and September 1987 can be seen. They are possibly due to 
grazing of mushrooms chestnut boletus. It is known, e.g. Kreuzer 
and Hecht (Kr88l, that chestnut boletus accumulates radiocesium and 
we suggest this mushroom to be a favorite grazing plant of 
roedeer. More details concerning this assumption are given in 
f ig. 3. 
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roedeer meat versus time. 
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To emphasize the correlation between chestnut boletus and 
increase in activity in fig. 3 the roedeer contamination values 
are averaged over three days (+l and plotted for the time between 
August andDecember for the years 87 and 88, the full line is the 
curve from fig. 2. In addition the season of chestnut boletus 
growing in the area concerned is indicated on the time scale. By 
comparing the years 87 and 88 it can be seen that the peak in the 
roedeer contamination arises about 20 days after the season of 
chestnut boletus. Inspite of the scattering of the data it can be 
seen in fig. 3 that after the appearance of the bioconcentrator 
chestnut boletus a rapid increase in activity of roedeer foliows. 
From the decline of the contamination peak we calculate an 
effective halftime of 35 days for radiocesium in roedeer. 

Fig. 3 
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In fig. 4 is given one example from two measurements of the 
distribution of radiocesium in different parts of the roedeer 
body. In the muscle meat of the roedeer body the radiocesium 
distribution is nearly constant. Variations of the specific 
activity are smaller than 10%. Stronger variations and smal1er 
specific activity values, that means 30% to 85% of the va lues in 
muscle meat, are observed in bones and entrails. 

young buck from forest, 
shot 9.01.88 Bad Waldsee 

758 (71\) tongue 
280 (26\) brain 

891 (86%) head 

1070 (100'1 fore-legs 
~-,----~------.-~ 

1010 (94%) 

108) (101\) 

1092 (l02\) 

838 178\1 

967 (90\) saddle 

924 (86%) flank 

leg 

968 (90\) false filet 

1086 (1 0 1%) round 
978 (9l\ ) rump 

903 (84%) calf 

(9) (46%) skin 

468 (44%) bones 

Fig. 4 

Distribution of the 
specific activity in 
Bq/kg of Cs-134 
and Cs-137 in 
different parts of the 
body of roedeer. The 
right fore-leg is 100%. 

Specific activity values of grazing plants are collected in 
table 1. It can be seen that the arithmetic mean is smaller in 
1988 as compared to 1987 by about 20% to 30%. The range of 
values, which is defind as the difference of maximum and minimum 
value is up to ten times larger than the arithmetic mean. 
Maximum values are 1arger than minimum values by factors 
between 200 and 2000. Differences in ground activities and in 
soil properties give rise to factors 5 and 15 respectively. 

Table 1: Specific activity of grazing plants from 137-Cs 
and 134-Cs in the years 1987 (top) and 1988 (bottom) . 
Number of samples are in brackets. 

plant 1987 fern blackberry raspberry chestnut 
1988 boletus 

arithmetic 5771 (83 ) 458 (72) 391 (76) 8000 ( 1 ) 
mean Bq/kg 4543 (63 ) 248 (71) 239 (72 ) 6045 (32 ) 

range Bq/kg 57870 (83 ) 2925 (72) 1713 (76 ) 
20644 (63 ) 1369 (71) 1390 (72) 25540 (32 

standard 7722 (83 ) 582 (72 ) 428 (76) 
deviation 4327 (63 ) 287 (71) 289 (72) 5359 (32 ) 
Bq/kg 
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In table 2 geometrie mean values of transfer factors soil into 
plant are collected for same plants growing on special types of 
humus or soil and under special moisture conditions. Large 
transfer factors are observed for fern. Smaller transfer factors 
(factor 10 to 50) are observed for blackberry, raspberry and 
eIder. 

Table 2: Geometrie mean values of transfer faetors (plant Bqkg~ )/ 
(soil BqID~ ), fresh weight, of Cs-134 and Cs-137 for special 
types of humus, soil or moisture, sampled most frequently. 
Number of samples in braekets. Data from 1988. 

121ant fern blaekberry rasl2berry elder 

humus mould humus-mould humus humus-meuld 
(humus, 0,07 (14) 0,006 (51 ) 0,005 (80) 0,002 (33) 
mould, peat) : ether(21) ether (79) ether (55) ether (11) 

seil leam leam loam loam er sand 
(elay, leam 0,12 (18 ) 0,008 (43 ) 0,005 (72) 0,002 (25) 
sand) ether(10) other (66 ) ether (42) ether ( 5) 

meisture slightly slightly slightly slightly 
(wet. .• dry) wet wet wet wet 

0,12 (20) : 0,008 (60) 0,007 (82) 0,002 (22) 
ether (17): other (69) other (49) ether (22) 

The transfer factors for chestnut boletus are even higher 
than for fern, amounting to about 0,36. Besides the isotopes 
Cs-134 and Cs-137 chestnut boletus accumulates also Ag-110 m, 
whereas Parasol mushroom accumulates Ag-110 m and rejects Cs-134 
and Cs-137. Data will be given elsewhere (Ki89). 

Conclusion 

Average va lues of the specific activity of roedeer grazing 
in forests are near 600 Bq/kg in summer 1989. In the soil the 
radiocesium is concentrated in a layer of about 10 cm depth 
to an amount of 90%. In addition some age groups of 
spruce needles contain radiocesium. The radiocesium penetrates 
only slowly into the soil, however, it will reach the rootsystem 
of the plantswithin some years. Therefore the monitoring of the 
contamination from radiocesium in soil, plants and roedeer meat 
must be conti nued for some more years to understand more 
about the mechanisms of distribution of radiocesium in the 
environment. 

~inancial support by the Ministry of Environment of Baden
vürttemberg is gratefully acknowledged. 
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AQUATIC FOOD CHAIN 

ByillfGrimäs 

Introduction 

If we accept the definition of radioecology as the study of the relations of 
organisms or group of organisms to their radioactive environment, 
the aquatic food chain constitutes just apart of the theme. It forms a 
more or less complicated system of transport of radionuclides in the 
waters, framed by the physico-chemical source terms and radiobiology 
at the target, including man. The term food web is also often used to 
emphazise the complexity of the system. 

The paper deals with some overall principles for the aquatic food chain , 
relevant for radionuclides and exemplified by some results of Swedish 
investigations after the fallout from the Chernobyl accident. 

General reflections 

The auailability of energy and different elements at the various trophic 
levels can be regarded as a key to the understanding of the transfer and 
pathways in the foodchains of the ecosystems. 

The entry of radionuclides into the aquatic bio system by adsorption or 
absorption largely depends on their physico-chemical form. The accep
tance in metabolism is ruled by physiological properties of the orga
nisms. The recirculation is regulated by biological and chemical 
processes, e.g. in sediments. The behaviour of species or the species 
composition of the communities is known by biological studies. Thus, 
our understanding of radioecological processes relies on the knowledge 
within several basic sciences, including the synthesis of general 
ecology. 

On the other hand, it should be underlined that radioecological studies 
in many ways have improved our knowledge of the ecological 
mechanisms and transports or the behaviour and actual path of stable 
elements through aquat ic food chains. One advantage of radioeco
logical methods in environmental studies is that the fate of various 
elements and the rate of various processes can be assessed without an 
increase in the concentrations of elements to potentially taxie levels. In 
a macro-scale much has been learned about atmospheric processes, 
water movements, soH properties and biologie al systems since the 
testing of nuclear weapons in the fifties. Of special importance for 
general science is the development of time-independent as wen as 
dynamic models in radioecology. 
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Source terms 

Radionuclides are present in different physico-chemical forms in 
water; simple ions, molecules, hydrolysis products, polymer colloids, 
pseudocolloids or incorporated or sorped to inorganic or organic 
particles. The interaction with "foreign" components influences the 
size distribution patterns by sorption, complexing/chelating or aggre
gating/dispersion processes. The demands for better understanding of 
the transformations, kinetics and reversibilities open up a large field of 
research in the future. 

Theaquaticfoodchmn 

The main entrance of radionuclides into the ecosystem at the lowest 
trophic level, e.g. the planktonic and benthic algae, is directly from the 
surrounding water. Some of the radioisotopes are absorbed, especially 
the essential trace elements, e.g. Mn, Fe, Cu, Zn. The main accumu
lation for many radionuclides is, however, conditioned by adsorption to 
the surface cell layers. The ability to concentrate the radionuclides is 
dependent on the physico-chemical form of the actual radionuclide and 
the properties of the cell surface, which varies between species. The 
surface-to-volume ratio of the species is also important. 

An example of the variation between species is given in Table 1, which 
shows the situation in the southeastern Bothnian Sea immediately 
after the fallout from the Chernobyl accident. The concentrations of 
various radionuclides are high for the diatom MeZosira moniliformis 
compared to the brown algae Ectocarpus siZicuZosus or the green 
algae, e.g. Enteromorpha intestinaZis . This is largely a result of the 
large surface area of the fine-branched diatom compared to the 
volume. The relatively low values for the green algae can also be an 
effect of their specific surface characteristics. 

Table 1. Some radionuclides in various species of algae in the Biotest 
basin at Forsmark, 1986-05-06. In KBq/kg dry weight. 

Green algae Brown algae Diatoms 
Ent.ahZ. Ent.int .. CZad.gZ. CZad.gZ. Ecto.siZ. MeZ.mon. 

(860429) 

Zr-95 5.2 8.8 14.4 15.8 55.3 863.8 
Nb-95 14.5 12.5 19.7 23.9 76.9 1021.9 
Ru-103 3.4 5.7 20.4 16.7 58.0 540.3 
Ag-110m 0.2 0.5 0.3 1.1 
1-131 2.4 9.0 45.2 52.6 141.9 180.7 
Te-132 33.2 
Cs-134 0.3 0.6 4.3 1.8 4.6 13.8 
Cs-137 1.0 1.7 7.8 3.8 8.6 24.8 
Ba-140 1.1 4.6 14.0 10.8 38.5 438.5 
Ce-141 3.5 8.2 16.6 15.6 61.2 824.6 
Ce-l44 2.8 5.7 10.5 10.6 52.5 168.5 
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The fast adsorption rate of various radionuclides can also be seen in a 
sampie of Cladophora glomerata from 1986-04-29, i.e. already two days 
after the fallout in the region. 

The next steps taken from primary producers to consumers at various 
trophic levels of the food chain is regulated by several factors, e.g. the 
feeding habits of the animals. Adsorption might still be of importance 
for further transport, e.g. by the exoskeletons of planktonic crusta
ceans, but the degree of assimilation efficiencies across the walls of 
the epithelium, such as in the guts and gills of the animals, is mainly 
responsible for the further transport in the food chain. 

The moving up to higher trophic levels along the food chain often leads 
to a discrimination of a number of radionuclides, especially when 
taking the step from invertebrates to fish. An example is given in Table 
2. The pattern of a reduction of a number of radionuclides through the 
chains is broken by species with an obvious ability to accumulate a 
number of radionuclides, often specific for the species. This ability is 
shown for aseries of benthic invertebrates, e.g. among the molluscs 
and crustaceans, which makes them useful as indicators together 
with seaweed, e.g. for fission and activation products. One example is 
the filtrating bivalve mollusc Mytilus edulis; of interest partly because 
of its world-wide distribution. 

Table 2. Some radionuclides observed in various parts of the food chain in 
the Biotest basin August 1986. In Bq/kg dry weight. 

Co60 Zn65 Zr95 Nb95 Ru103 Rul06 Ag110mCs137Cel44 

Plankton 15400 1300 1300 1950 1200 1600 500 6840 2280 
Diatoms 12670 1540 800 2230 1530 2550 780 6500 1230 
Cladophora 18300 1530 1020 1740 2610 4560 1740 8000 2030 

Gammarus 4140 720 860 3800 3000 510 
Lymnea 2980 590 130 690 280 340 1280 500 130 
Mytilus* 80 30 20 260 430 1160 760 400 

Perch 
muscle 13 29 900 
gonad 245 480 1850 
liver 800 170 180 1350 
gut wall 140 120 66 1020 
gut content 320 200 350 95 320 780 
skinn 17 135 325 
rest 33 83 440 

* outside the Biotest basin 

The results show that elements like Co and Zn plus Cs are accepted at 
all levels of the food chain and that fission products are found in most 
invertebrates. In fish Ag-110m (origin: the power plant discharge and 
fallout) and a few fission products, Nb-95 and Ru-1 06, are found in the 
gut wall or in the gut conte nt and, for Nb-95, also in the liver of perch. 

30 
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The rate of accumulation of radionuclides differs from organ to organ, 
for instance a high rate is often observed in the hepatopancreas of 
Mytilus, in kidney or other excretory organs. It is also clear that there 
is a variability in the accumulation due to the dynamic relationship 
between organisms and the environmental varables like temperature, 
salinity, pH, etc., or internal factors like growth rate. A detailed 
evaluation of the availability of radionuclides in the food chains should 
consider these facts, e.g. the relative size of the organs, which vary bet
ween individuals, seasonal variations, etc. 

Another general phenomenon is the time lag in the transport of 
radionuclides from lower to higher trophic levels in the ecosystem due 
to the accumulation along the food chain. This can be observed 
especially after a contamination, occurring as a single event, e.g. after 
the fallout from the Chernobyl accident. What could be expected is a 
rapid respons with high concentrations in the algae, followed, in time, 
by the invertebrates, the bottom feeding fishes, and finally the large 
carnivorous fish species; the maximum values for each trophic level 
going successively downwards. 

The behaviour of radiocaesium is of interest for many reasons, among 
them being the dose to man. This fission product is readily accumu
lated by the organisms in soft tissues, including fish muscle. An 
example is given in Table 3 of the observed maximum concentrations of 
Cs-137 in the southern Bothnian Sea after the fallout from Chernobyl. 

Table 3. The observed maximum values ofCs-137 on days after expo-
sure in various organisms in the southern Bothnian Sea after 
the fallout from Chernobyl. In KBq/kg dry weight. 

Biotest basin Qll!;ln §!;la 
Organisms Max. Days after Max. Days after 

values exposure values exposure 

Diatoms 20 10 10 25 
Green algae 10 20 10 25 
Brown algae* 9 25 2 70 

Crustaceans 0.7 40 
Gastropods 0.5 80 0.9 80 
Mytilus 0.9 130 

Roach 0.9 140 0.9 300 
Young pike 3.4 150 
Perch 2 180 3 200 
Pike 2.5 480 3 500** 
Herring 1.6 150 
Cod 2.8 300** 

* Ectocarpus in the Biotest basin and Fucus in the open sea. 
** Maximum values probably not yet reached. 
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The delay along the food chain is obvious. There is abrief short-term 
reaction in the algae, which has already been shown in Table 1. After 
the algae follow the invertebrates and a further delay for maximum 
values can be seen for fish. The differences between fish species depend 
mainly on the lengths of the food chains. There is a relatively fast 
accumulation in roach, fee ding mainlyon algae and gastropods, in the 
young pike and adult perch, feeding on benthic prey, and in the 
herring in the sea, feeding on zooplankton. For the large, carnivorous 
pike, the maximum concentration is reached about one and a half year 
after the peak of Cs-137 in sea water (3.7 Bq/l) and when this 
concentration has leveled out to about 0.4 Bq/l. 

There is also a tendency for a delay in the open sea compared to the 
situation in the Biotest basin, which might be referred to the tempera
ture. This is about +10 C 0 higher inside the basin, affected by the 
cooling-water, compared to the open sea. The difference in tempera
ture also affects the rate of elimination which, for example, is faster in 
the Biotest basin for the fish species. 

Looking at the levels of concentration there are surprisingly low values 
for the invertebrates, not exceeding 1 KBq/kg dry weight and not follow
ing the theoretical model presumed above. It is also quite clear that the 
concentration factor for Cs-137 in fish is higher than in its food. 

The same behaviour of Cs-137 can be seen in the oligotrophic high 
mountain lakes in Sweden after the fallout, but with much higher 
concentrations both in prey and fish. There is an evident effect of 
fee ding habits and food chains. The accumulation in arctic char, 
which feeds on planktonic crustaceans (with an observed maximum of 
180 kBq/kg dw) was faster compared to the trout and reached higher 
concentrations; up to about 30 KBq/kg dw already in 1986. On the other 
hand, the levels decreased faster in the arctic char, down to about 6 
KBq/kg dw in 1988, as a result of the decline of caesium in water and 
the short-lived planktonic generations (about 2 KBq/kg dw in 1988). The 
me an levels in trout have decreased from about 20 to 11 and in the 
benthic prey from 16 to 3 KBq/kg dw. A specific effect is noted in the 
impounded lakes, where an introduction of the diurnal migrating 
crustacean Mysis relicta was intended (and managed) to replace 
those fish food resources, which were eliminated by the draw-down of 
the water levels. The positive effect of Mysis as an elevator of 
sedimented organic resources from the deep areas up to fish is coun
teracted by an elevation of Cs-137 from these deposits, resulting in 
higher levels of Cs~137 in fish from the impounded lakes. 

The high concentration of radiocaesium in organisms from the high 
mountain lakes compared to the brackish waters illustrates the weIl 
known effects of salinity on the accumulation of caesium. The examp
les given also illustrate the consequences of the length of the food 
chains; the rapid transfer of radionuclides via the pelagic system and 
the more long-term route via the sediments. 
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The ecological half-life of radionuclides in organisms is dependent on 
the degree of conservation of the sources in their habitat. It seems quite 
clear that the depots in sediments constitute an imporlant secondary 
source of released radionuclides. Thus the availability is dependent on 
the morphometric characteristics of basins. In exposed coastal areas 
there is a rather fast, physical transport of radionuclides from the 
shores to deeper areas by the sedimentation, while the retention of 
radionuclides is more pronounced in semi-enclosed basins of an 
archipelago. This effect of morphometry can also be demonstrated for 
lakes. An extremely long biological half-time for fallout Cs-137 in fish, 
feeding on benthic animals, can be demonstrated in shallow lakes with 
a large area and a slow rate of water exchange. In such a lake in 
central Sweden, the concentrations are still increasing in perch, being 
about 23 KBq/kg wet weight (about 115 KBq/kg dry weight) in 1988. 

In this connection it might be worth mentioning an ongoing Swedish 
project on "Measures to reduce the content of caesium-137 in fish", 
including 41 lakes in central Sweden and testing various means, like 
liming of lakes, of wet lands and of entire drainage areas, fertilization 
ofthe waters, intensive fishing and the addition ofpotash. 

At the target 

The environmental monitoring programmes are mainly directed to the 
assessment of public radiation exposure. In the aquatic environment 
this has led to a special interest in economically important organisms 
like fish and shell-fish and, in some cases, algae, used as food. 

In this connection there is a difference between the aquatic and terrest
rial environment in the conditions precedent for an analysis of path
ways of radionuclides along the food chain to man. In water we often 
lack the firm management of the ecosystem, e.g. in monocultures, 
which is typical of the terrestrial environment. On land, the harvest 
also often ends up at lower trophic levels of the ecosystem; the 
vegetables and herbivores. In water, we often look for the carnivores 
which lengthen the food chain, and this complicates the following up of 
the critical pathways. During the last decade there has been growing 
interest in the adequate protection of the environment itself, which 
contributes to the widening of the radioecological perspectives. 
Increasing knowledge of critical pathways and groups within the 
ecosystem is essential for a more accurate prediction of consequences. 

The various fields of interest in radioecology today are, among others, 
reflected in the catalogue of research programmes funded by the EEC. 
The behaviour and control of radionuclides in the environment is 
covered by aseries of projects from field studies and laboratory experi
ments to modelling, often focusing biogeochemical processes and the 
bioavailability of, e.g. long-lived radionuclides. It is supposed that the 
results which will be presented in Visby, 1989, will offer much of 
today's knowledge from these and other national monitoring and 
research projects. 
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' ~'--'HPARlSON OF FREDICTED AND MEASURED CS-137 CONCENTRATIONS IN A LAKE 
ECOSYSTEM 

Ulla Bergstr öm and sture Nordlinder 
STUDSVIK NUCLEAR, Sweden 

Summary 

To make rel i able predictions of the transfer of radionuclides in the 
biosphere, model results need to be tested against independent data sets. 
To a certain extent such data are now available due to the Chernobyl 
fallout. In this paper comparison is made between calculated and measured 
data of concentrations of Cs-137 in water, sediment and fish for the 
Swedish lake Hillesjön situated in the most contaminated area in Sweden . 
This investigation is apart of a scenario in the international BIOMOVS 
study. Two approaches were used to model the uptake t o f i sh . The differ
ent ial equations of the models were solved using the BIOPATH code. The 
uncertainties of the results due to the uncertainties of the model par
ameters were calculated using the PRISM code. 

Reasons for discrepancies between calculated and measured values are 
identified and discussed. The quest ion of the validity of applying dat a 
f or steady state conditions to dynamic systems is addressed. Some general 
problems concerning the testing of model results against independent dat a 
sets are also considered. 

Introduction 

The transfer of Cs-137 in a lake ecosystem contaminated by the fallout 
from the Cher nobyl accident was modelled with emphasis on evaluation of 
the aceuraey of the model predictions compared to the measurements. The 
studied lake is one of three lakes selected for the BIOMOVS scenario 
"Dynamics wit hin lake eeosystems", aceording to which the concentration 
in water, sediment and the three species of fish (roach, per eh and pike) 
was to be cal culated at certain months after the deposition occurred 
(BIOMOVS 1987 ). 

The primary objective of this study was to examine the accuracy of the 
model predict ions, and to identify reasons for discrepancies between 
measured data and calculated results. The discrepancies may be due to 
e.g. incomplete consideration of important processes, the necessary sim
plifications inherent in the models, as well as inappropriate selection 
of input parameter values. 

Description of the site 

Lake Hillesj ön is a eutrophic lake situated in the most contaminated area 
in Sweden. Data concerning basic chemical conditions, drainage area, 
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volume, depth, fish population (roach, perch and pike), amount of water 
and organic content in thi sediments, monthly discharges and deposited 
activity (about 100 kBqjm ), were given in the scenario description. A 
detailed description of the area will be given in (Sundblad et al. 1989). 

Methodology 

Based on the available information, a system of 7 compartments (Modell) 
was set up for the lake ecosystem, see Fig. 1. The model was run on a 
monthly basis using the va lues for the monthly discharges. The differ
ential equations were solved by means of the BIOPATH code (Bergström et 
al. 1982). The uncertainty of the predictions due to the uncertainty of 
the input parameters was evaluated statistically using the PRISM code 
(Gardner et al. 1983). One basic question of importance is the validity 
of the bio-accumulation factor approach when modelling the uptake to 
fish. Several studies have shown that the main pathway for uptake of 
cs-137 is via the food-chain. In assessment studies, however, the most 
common method to obtain the concentration in fish is multiplying the con
centration in water with an appropriate concentration factor, thus ac
counting for the food-chain pathway implicitly. We calculated the trans
fer coefficients for roach and perch using this factor (Kohlemainen et 
al. 1966), the turnover time in fish (Häsänen et al. 1966) and the masses 
of water and fish, respectively. These data were summarised in Table 1. 

For pereh, which has a differentiated feeding habit, we modelled a 
transfer from roach to per eh refleeting the consumed amount of roach. 
Similarly, transfer to the piscivorous specie pike by their consumption 
of roach and perch was considered. 

In addition, another model (Model 2) for uptake to fish was applied, see 
Fig. 1. The approach used was based on average consumption values of food 
for each fish species and the fractional uptake of Cs-137. This second 
model was constructed after the observed values were known. The results 
can therefore not be used as an independent model test. 

Results 

The results are presented in Figs 2-4, for water and fish species, res
pectively. The observed values are given as points. Predicted to observed 
ratios were calculated. Geometrie mean values and standard deviations 
were obtained. These are given in Table 2. 

Water and sediment 
The concentration in water are in average slightly lower than the mea
sured values, see Table 2. For the sediments, comparison of values is 
only made at 740 days after deposition. This was the only oecasion at 
which a total survey of activity was made. The pjo ratio is 0.8. This 
confirms that the model seems to forecast concentration quite accurately, 
even though the transfer rates were obtained empirically from the fallout 
in the sixties. 



285 

Roach 
The predicted concentrations in roach for Model 1 reach their maximum 
values earlier than those of the measurements and are consistently 
underestimat ed , cf. Table 2. The calculated values are not within the 
range of the observed values. Unfortunately, no indication of the vari
ations of the observations were available for the first phase. The 
decrease in the values are also faster than indicated by the obser
vations. The uncertainty analysis carried out for 220 days after depo
sition gave maximum va lues above 2000 Bqjkg. The highest values obtained 
will be within the ranges of observations. Results from the other model 
constructed simulating the delay by adding comparbnents for "fish food", 
showed good agreement with the observed values, see Table 2. 

Perch 
The results for perch are similar to those for roach, i.e. a general 
underestimation of concentrations and too fast an increase and decrease 
of the values, see Fig 3. Only the highest value obtained from the uncer
tainty analysis were within the range of observed values. As for roach 
Model 2 gave quite accurate results. 

Pike 
In contrast to the other species the results for pike are in better 
agreement with the measurements using Modell, see Table 2. The GSD is 
low showing a good simulation of the dynamies. Values from the uncer
tainty analysis fall within the range of the observed values. On the 
other hand, the accuracy in the predictions decreased when applying Model 
2, cf. Table 2. 

Discussion 

Before drawing conclusions about model accuracy there is a need to 
quantify this term. The demand on model accuracy varies due to the in
tended use, and also between model users. The accuracy of the predictions 
for water and sediment is satisfactory for criteria applicable for most 
radioecological assessments. For Modell, made without any knowledge 
about the observations, the agreement was in general within a factor of 
two for all r esponses. The discrepancies were higher for roach and perch 
and the dynamies did not fit the observations with desirable precision. 
On the other hand the results for pike happened to show very good agree
ment with the observations. This lead to efforts for improvements of 
modelling concentration in fish. We identified the used biological 
half-time as being too short for this ecosystem. However, it was not 
possible to reproduce the dynamies when changing values of concentration 
factors and excretion rates. Obviously, it is difficult to make dynamic 
predictions based upon steady state values, even after translating them 
to rate constants. There is a delay in the system which can not be pro
perly conside red when modelling the initial phase using the steady state 
approach. Because of that Model 2 was constructed for taking account of 
the delay by adding comparbnents for "fish food". Additionally the 
biological half-times were increased due to experiences from Chernobyl 
fallout. The main difference for pike between the two models is the value 
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of the assimilation of Cs from food. The results showed better agreement 
with the observations for roach and perch in contrast to pike, cf. Table 
2 and Fig. 2. In both models the only pathway to pike is via other fish. 
The value for assimilation used in Model 1 gives overpredictions if used 
in Model 2. A preliminary study of the stomach content carried out for 
some specific times indicated that this uptake seems to be considerable 
lower than reported earlier for this case. The good agreement in Modell 
for the pike was caused by this high uptake factor in combination with 
the underestimated concentrations in the other species. 

Conclusions 

The precision in modelling concentrations in water and sediment for this 
lake was satisfactory. The bioaccumulation factor approach indicated some 
difficulties to reproduce the dynamics of the concentration in fish. 
Howevec, most responses were within a factor of two. In this ecosystem 
the results indicate a longer biological half-time and lower assimilation 
rate than reported earlier. Model 2 gave a better estimation of the 
dynamics as weil as responses for roach and perch. It needs to be tested 
against independent data sets, however. 
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Table 1. I nput parameter values for uptake to fish. 

Model 1 Model 2 

Roach conc. factor 500 
half- t ime (days) 100 200 

Perch conc. factor 1000 
half t ime (days) 200 400 

Pike half-time (days) 300 400 

Table 2 . Geometrie mean and standard deviation of pjo ratios. 

Water 
GM GSD 

Model 1 0 .87 1.5 

Model 2 0. 87 1.5 

~considered in both models 
-"only considered in modell 
- -+- only considered in model 2 

Roach 
GM GSD 

0.65 2 . 4 

1.09 1.2 

Per eh 
GM GSD 

0.45 2.3 

1.19 1.4 

Pike 
GM GSD 

1.14 

0.46 

1.3 

1.9 

OUT
FLOW 

Figure 1. Presentation of the compartment system of the models. 
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BEHAVIOUR OF CESIUM 134 AND J.37 IN LAKE ECOSYSTEMS 

Klaus Hübel, Wolfgang Sänger and Wulf Lünsmann 

Bayerische Landesanstalt für Wasserforschung, 
München, Germany F.R. 

Swnmary 

* 

The time d e pendent cesium activity concentration observed 
in surface water samples from South Bavarian lakes after 
the Chernobyl re ac tor accident is analysed by use of a two
compartment model simulating the accidental transport of 
radiocesium from surface water to suspended particles. 

Introduction 

After the Chernobyl reactor accident on april 26, 1986 the 
long-lived radionuclides Cs 134 and Cs 137 were washed out 
by rainfal l s into the lakes of Southern Bavaria /Ba"{87/. 
The surface water activity concentration of the radionucli
des was observed /La87/ to drop rapidly from initially high 
values and to change to a ten times slower decrease after 
about two weeks. Figure 1 for illustration shows the time 
dependence of the accidental activity concentration (in 
Bq/l) in the surface water of the Starnberger See. 

- 1: Cs-i37 

Star nb erg er See - 2: Cs-i34 
BQ/1 2 

\00 150 200 

days after the washaut 

Fig. 1: Star nberger See: Activity concentration of Cs-134 
and Cs-137 measured in surface water after the 
wash-out due to the reactor accident in Chernobyl 
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In the following, we report on a radioecological model 
analysis of the surface water activity concentration data 
obtained from ten lakes of Southern Bavaria. Figure 2 
diagrammatically shows the two-compartment model we use: 

Cs-134: >-R 

Cs-137: lR 

0.0009 d -1 . t H = 2 Y 

0.00006 d -1 . t H 30 Y 

Fig. 2: Two-compartment model described in the text 

There, W(t) and S(t) are the time dependent activity con
centrations in the "surface water" compartment and the 
"suspended particles" compartment, respectively. For con
venience, both the activity W(t) in the water matrix and 
the activity S(t) sorbed to the suspended particles are 
related to one liter of water and given in units of Bq/l. 

I(t) (in Bq/d 1) represents the sudden input with W(Q) 
the initial surface water activity concentration and 6(t) 
the delta function. 

~R (in lid) denotes the radioactive decay constant. The 
corresponding half-life is 2 y for Cs-134 and 30 y for 
Cs-137. ~W (in lid) is an effective time constant for 
the radionuclides leaving the surface water compartment 
via sorption to suspended particles. 

The constant '(' WS (in lid) is an effective measure for the 
transfer of the radionuclides from the surface water to the 
suspended particles. ~S (in lid) is an effective time con
stant for the contaminated suspended particles wandering 
off through dilution or sedimentation. 
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Mathematically, the diagram shown in figure 2 corresponds 
to a coupled system of two linear differential equations: 

. 
w (tl = - '\ w (tl + I (tl 

s (tl - ~2 S (tl + "0 ws w (tl 

= >- +1. +y. 
R W 0 ws 

~R + ).S 

The model s y stem (1) has the solution 

w (t) = W (0) exp (- \ t) 
1 

F = -t- W (0) (). _ >.. l-1 
u WS 1 2 

(1 ) 

(2 ) 

The model a c tivity concentration S(t) rises from zero at 
t = 0 to a maximum (with the sorption process being fi
nished) and ends in an exponential decrease with the rate 
constant ).. 2 which is smaller than A. 1 (see also figure 3). 

The activity measurement probes both compartments simul
taneously. Therefore, the sum 

w (0) + W (0) = W (0) 
1 2 

( 3 ) 

is fitted to experimental data. As the first exponential 
term of eq. (3) falls off much more rapidly than the se
cond, the two terms can be fitted separately to quantify 
the fitting constants W1 (0), W2 (0), ~1' A2 and hence the 
model parameters defined above. 
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Table 1 displays the numerical values of the model para-
meters as far as they were available from fitting the 
model function (3) to activity measurements on water 
samples from ten South Bavarian lakes. 

Cs-134 W (0) l.W 1.. S l ws 
Ammersee 1.62 0.046 0.007 0.008 

Chiemsee 0.19 · 0.025 0.005 0.004 

Feldm. See 3.22 0.122 0.002 0.0004 

Fohnsee 5.47 0.046 0.001 0.0006 

Kachelsee 0.012 

Starnb. See 1.90 0.069 0.004 0.012 

Cs-137 W (0) l.w ls lws 
Ammersee 2.43 0.049 0.007 0.017 

Chiemsee 0.13 0.008 0.004 0.005 

Feldm. See 3.70 0.042 0.001 0.0002 

Fohnsee 10.41 0.048 0.001 0.0007 

Kachelsee 0.002 0.0004 

Königssee 0.078 

Schliersee 2.38 0.021 0.0004 

Starnb. See 3.92 0.087 0.003 0.014 

Tegernsee 4.11 0.058 0.004 0.0006 

Walchensee 2.25 0.05 0.001 0.0002 

Tab. 1: Model parameters (see text) deduced from fitting 
function (3) to experimental cesium activity con- . 
centration data due to the Chernobyl reactor ac-
cident 
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Conclusion 

For the most relevant nuclide Cs-137 a reliable extra
polation of the measured activity to the initial value 
W(O) was possible for eight different lakes. The ratio 
between the W(O)-values of Cs-137 and Cs-134 in the 
Starnberger See and the Fohnsee amounts to 2:1. 

The time constants A W due to sorption and \. S due to 
dilution or sedimentation turn out to show a relatively 
small range of variation. Therefore, they give reliable 
average values of Aw = 0.05 lid and ~S = 0.003 lid cor
responding to the average effective half-lives of 15 d 
and 300 d, respectively. 

The Cs-134 and Cs-137 transfer constants lrws exhibit a 
greater variability which might be due to natural fluc
tuations: They range from 10-2 lid (for the Starnberger 
See and the Ammersee) to 10-3 lid or 10- 4 lid (for the 
remaining lakes under consideration) with respect to or
der of magnitude. 

Figure 3 fo r illustration shows the decomposition of the 
measured ac t ivity concentration into two model contribu
tions. 

15 
1: surface water 

2: susp. part. 

3: total 

• measured points 

O~~~~~~~~~-r~~~~-r~~~~-r~~~~~ 
o 211 60 80 100 1211 

days after the washout 

Fig. 3: Two-compartment model: Decomposition of the 
Cs-137 activity concentration (see Fig. 1) 
into two contributions due to surface water 
and to suspended particles, respectively 

160 
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In a later investigation, we want to include the plankton
fish pathway to make assessments of accidental radiation 
doses to hurnans due to fish consurnption. 

* Research supported by the Bundesminister für Umwelt, 
Naturschutz und Reaktorsicherheit (research project 
St.Sch. 1.071) 
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LONG-LIVED CHERNOBYL RADIONUCLIDES IN LAKE CONSTANCE: 

SPECIATION, SEDIMENTATION AND BIOLOGICAL TRANSFER 
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Summary 

Long-lived gamma-emitting radionuclides introduced into Lake Constance from the 

Chernobyl fallout across the water surface participated in different ways in transport 

processes in the lake. Cationic 137Cs was scavenged from solution by calcite prepita

tion occuring two weeks after the input event. Its distribution in the water column ex

hibits considerable vertical and seasonal variations. The transfer to the aquatic food 

chain was mainly restricted to May and June 1986, resulting in an exponential decay of 

the contamination of herbivorous whitefish with an effective time constant of 3.8 + /-

0.2 months. Higher, persistent levels of 137Cs in pereh, wh ich increased with body 

weight, suggest transfer of the isotope through the food chain. The removal ef

ficiencies of the dissolved anionic species 106Ru and 125Sb, probably involved in 

microbial metabolism, exceed that of 137 Cs. Almost complete rem oval to bottom se

diments occurred for insoluble species like 1l0mAg and 144Ce. 

Introduction 

As a consequence of the Chernobyl reactor accident, fallout radionuclides were intro

duced into Lake Constance by heavy rainfalls on April 30th, 1986 (Li88). For the long

lived gamma-emitting radionuclides 137 Cs (T 1/2 = 30.2 y), 134Cs (2.06 y), 106Ru 

(1.01 y), 125Sb (2.73 y), 1l0mAg (0.68 y) and 144Ce (0.78 y), the transfer from the wa

ter column to sediments and, for the Cs radionuclides, also the transfer into the aqua

tic food chain has been followed since then. 

The rem oval efficiencies and time constants of the respective transfer processes are 

characteristic of the lake and depend on the physical state and chemical speciation of 
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the respective isotopes (Li89a). Because of contrasting modes of release, transport 

and deposition pro ces ses, Cs radionucJides were introduced as soluble cations, Ru and 

Sb radionucJides as soluble oxidic anions (Ru042-, Sb(OH)6-)' Most likely 1l0mAg 

and 144Ce were introduced as insoluble forms, the latter incorporated into fine 

nucJear fuel particles (Sa88a, Li89a). 

Since Lake Constance is an important drinking water reservoir, an extension of these 

results to infer removal times and transfer pro ces ses for other contaminants with si

milar speciation is of great interest. 

Dissolved 137Cs in the water 

Depth profiles of dissolved 137 Cs in the water of Lake Constance have been recorded 

repeatedly since 1986 both by Mangini et al. (Ma89) and by Santschi et al. (Sa88b). 

Since stratification was not yet complete during the input event, dissolved Cs radio

nucJides were initially mixed down to about 50 m water depth (Ma89). Downward 

transport from the epilimnion, probably due to scavenging, resulted in a metalimnie 

maximum in specific 137Cs activity just below the thermocJine in autumn 1986 (Ma89). 

Complete homogenization was achieved in March 1987 after winter circulation 

(Sa88b). An epilirnnetic minimum was then observed both in summer 1987 (Sa88b) as 

weil as in summer 1988 from own measurements (Fig. 1; Cs was scavenged from solu

tion by production of a cobalt ferrocyanide precipitate in a 30 I sam pie ). An average 

time constant of about 4 months was obtained by Santschi (Sa88b) for the removal of 

137 Cs from solution. 

12 

8 

"0 

~ 4 
'0 
rn 
rn 
i5 

Depth (m) 

f~ 1: Specijic activity 0/ dissolved 
Cs in different water depths 0/ 

Lake Constance in September 1988 
(closed triangles ) and in April 1989 
(open circles). 
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In the spring of 1989 (April 6) we observed a pranounced 137Cs peak at 200 m depth 

(Fig. 1). As a consequence of the unusually warm winter 1988/89 vertical mixing of the 

water column was incomplete. This, together with an unsually early spring algae bloom 

(in March), may have contributed to the appearance of a deep 137Cs maximum 

through some combination of enhanced water column scavenging and release of ra

diocesium from sediments or settling particles under conditions of lowered dissolved 

oxygen. 

Transfer of radionuc1ides to sediments 

Since by chance sedimentation traps were instalIed at 20 m depth during the time of 

the input event, information on scavenging of dissolved species from the epilimnion as 

weIl as the sinking of insoluble species could be obtained from the radionuc1ide analy

sis of particulate matter collected from the traps at weekly intervals. 

With respect to the 137 Cs radionuc1ide flux, astrang correlation with the total down

ward flux of particulate matter was obtained for May and June 1986 (fig. 2). At that 

time the latter was dominated by autochthonous calcite precipitation triggered by the 

spring algae bloom. Similar curves were also obtained for the anionic dissolved spe

eies, but with slightly weaker correlations to the total partic1e flux. In contrast the time 

dependence of the 144Ce flux was consistent with Stokesian settling of nuc1ear fuel 

particles and exhibited an erratic character expected for the occurence of this isotope 

as iso la ted discrete partic1es. 

G---tl Part. Mat. 300 Fig. 2: 137 Cs radioactivity .-. Calcite flux, sedimentation flux oi 
20 .... 137cs total parnculate matter and 

oi calcite as obtained [rom - sedimentation trap material 
t.) 

200 --l collected at 20 m water () 
CI! depth in Lake Constance in 
to 

.0 May and June 1986 . 
10 '--

3 
1\J 

100 c.. 

May June 
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The radionuclide inventories of bottom sediments provides an idea of the efficiency of 

this removal process: The respective inventories of the uppermost 0-4 cm sediment 

layers of sediment cores taken from 12 different sampling positions in the Überlinger 

See, a northwestern bight of Lake Constance, in September 1988 were normalized to 

the respective input across the water surface as obtained from soil sampIes taken 

around the shore of this part of Lake Constance (e.g. 17500 + /- 4500 Bq/m2 for 137 Cs; 

the uncertainty of the input reflects possible variations in the distribution of rainfall 

across the lake and lateral inhomogenities in the distribution in soils e.g. due to wash

off, and thus limiting the accuracy of estimated removal efficiencies). The correspon

ding mean values of isotopic removal efficiencies are presented in table 1; they are 10-

west for cationic 137Cs, followed by anionic 106Ru and 125Sb and highest for inso

luble 110mAg. This order of succession agrees with results obtained for similar sedi

ment sampIes taken in 1987, although the removal efficiencies generally turned out to 

be somewhat higher in 1988. They also agree with results from Lake Zurich (Sa88a) 

and with the cumulative nuclide fluxes calculated from the trap results (Li89b). 

'{able 1: Radionuclide inventories of bottom sediments (top 0 - 4 cm lay~r) (rom 
Uberlinger See (a bight of Lake Constance) in 1988, nor:nalzz~d to th~ respec~lve mput 
across the water surface. The variances indicate the scattenng of mventones obtamed from 
12 different positions. 

0.57 + /- 0.16 0.89 + /- 0.33 1.05 + /- 0.28 1.35 + /- 0.52 

The variance of the me an values indicate the variation in the removal efficiencies 

across the lake bottom; the order of succession, however, remains unchanged for each 

sampling position. Direct uptake of radiotracers at the sediment-water interface has 

been proposed as an alternative me ans to scavenging and settling for radionuclide 

transfer to sediments. This former process would initially enhance concentrations in 

shallow water sediments. However anticipated differences with depth appear to be 

masked by large horizontal variability from site to site in shallow water (20m) even on 

a scale of a few meters. 

It is weIl known that, for 137 Cs, the partition coefficient for particle scavenging can 

vary considerably among different lakes and in some cases can be quite high (Ea87). 

For Lake Constance, it is in fact rather sm all resulting in a comparably low removal 

efficiency. The higher removal efficiencies of the dissolved anionic species (106Ru, 
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125Sb) are attributed to their participation in microbial metabolism (Li89a), whereas 

the almost complete removal of llOmAg (and also of 144Ce from the 1987 sampies) is 

likely a consequence of Stokesian sinking either of the particles originally introduced 

(144Ce) or of settling agglomerates formed in the water including these species 
(110mAg). 

Transfer of 137 Cs to the aguatic food chain 

The input as weil as the rather rapid removal of dissolved 137 Cs from the euphotic 

zone was reflected by the 137 Cs contamination of herbivarous whitefish, which rat her 

directly res pond to the aqueous concentration of 137Cs. Following a rapid increase un

til summer 1986, whitefish contamination decreased exponentially with an effective 

half-time of 3.8 +/- 0.2 months (fig. 3). 
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Fig. 3: Specific activity o[ 137 Cs ill 
whitefish [rom Lake C01lStallCe as a 
c01lSequellCe o[ the Chemobyl 

Fig. 4: Specific activity o[ 137 Cs in 
whiteflSh and perch caught in 1988 
at Lake C01lStallCe as a [ullctioll 
o[ flSh weight. contamination (mean values and 

variances) 

For fish species feeding on higher trophic levels like perch, this decrease appeared to 

be less uniform and, in contrast to whitefish, the specific 137Cs contamination in

creased with the weight of the fish (fig. 4), which might be an indication for a change of 

feeding habits with increasing age of these fish. Similar relationships were also obser

ved far perch from Swedish lakes (Ha88) and for pikes from small lakes in the 

narthern prealpine region (Ge89). 
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Conc1usions 

The transfer and rem oval processes of Chernobyl radionuc1ides introduced into Lake 

Constance as a contamination pulse from the atmosphere appeared to be determined 

both by their physical state, chemical speciation and the characteristic transport cyc1es 

of matter e.g. calcium carbonate. It is likely that the information obtained so far and 

from a continuation of these radionuc1ide studies will contribute to a comprehensive 

understanding of the response of Lake Constance to the introduction of other conta

minants across the water surface. 
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DISTRmUTION OF CESIUM - 137 IN LAKE SEDIMENTS 

Anders Broberg 

Institute of Linmology, University of Uppsala, Sweden 

SUMMARY 

This study on Cs-137 from the Chernobyl accident was conducted in three lakes, L. Ekholmssjön, L. Flatsjön 

and L. Siggeforsasjön, in centrai Sweden 1986-1988. The purpose was to measure the depth distribution of 

cesium-137 in lake sediments during different time periods and to compare the fate of deposited Cs-137 in the 

investigated lakes. 

Sediment cores were sliced at 5-10 mm increments to a sediment depth of, at the most, 150 mm. Normal 

physical-chemical parameters were analysed on the increments together with a measure of Cs-137 concentrations 

using a sodium iodine detector. 

Cs-137 in sediment in L. Flatsjön was 75-80 kBq/m2 and in L. Ekholmssjön about 25 kBq/m2, wh ich coincide 

with the amount deposited on the different lakes. Sediment from L. Siggeforasjön contained higher amounts 

(about 50 kBq/m2) than the deposition (30-40 kBq/m2) because of a transport of Cs from the catchment area. 

There has, since 1986, been a vertical redistribution of Cs-137 and the maximal values are now found at greater 

depths (2-3 cm) in the sediment. The more homogenous vertical distribution ofCs-137 in the sediment is due to 

water movements causing r('suspension and redeposition of contaminated particles along with bioturbation and 

with sedimentation of new organic matter. This lowering and equalization of Cs-137 in the sediment was more 

pronounced at greater depth in the lakes. 

INTRODUCTIQN 

On april 26, 1986, radioactive material was released into the atmosphere after an explosion and resulting fire at 

the Chernobyl Nuclear Power Plant, USSR. The radioactive cloud was transported throughout the entire Northern 

hemisphere. At the time of the accident wind patterns were directed north-westerly towards Scandinavia. The 

major portion of Cs-137 was removed from the atmosphere by wet precipitation. On april 28, 1986, the 

radioactive air mass from Chernobyl reached Sweden. Due to precipitation patterns at this time one of the highest 

recorded surface concentration of Cs-137 was in eastern Gästrikland and northern Uppland in central Sweden. 

Cs-137 reach the lake through either direct deposition on lake surface or transport from the catchment area. The 
isotope has a strong affmity to bind to particulate matter (Lerman, 1971 and Santschi, 1987) and these particles 
that reach the lake will sediment out of the water column to the sediment and almost all (more than 95 %) of 
radioactive Cs in a contarninated lake is found in the sediment. But the uppermost sediment is not a permanent 
storage for Cs. The transport of Cs-137 from the sediment into water and biota is crucial for the time span with 
enhanced levels of Cs-137 in, for example, f1sh. This release is affected by factors such as lake morphometry 
(wave action, currents, sedimentation pattern), physicai and chemicai characteristics of the sediment (clay and 
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organics(Heit & Miller,1987» and bioturbation (Davis, 1974). These factors give a certain vertieal distribution of 
Cs-137 in the sediment and a ehanged distribution since 1986, wh ich both can be used in predicting the future 
release of Cs-137 from different type of lake sediments. 

Alllakes are small, between .59 and .73 km2, with catchment areas of about 10 km 2 for L. Flatsjön and L. 

Ekholmssjön and 20 km2 for L. Siggeforasjön. The catchment areas are, in all cases, clearly dominated by 

eoniferous forests (>80 %) but a certain contribution of peat areas around L. Siggeforasjön and L. Flatsjön give 
these two lakes a humic eharacter and dysediment. L. Ekholmssjön and L. Flatsjön have a higher nutrient level 
and are more shallow (max depth 6 and 4 m respectively) than L. Siggeforasjön (max depth 11 m), which give 
the two lakes a mesotrophic character. 

MATERIAL AND METHODS 

Since june 1986 sediment sampies were collected at 13 occasions in L. Flatsjön and L.Siggeforasjön a'ld 9 times 
in L. Ekholmssjön. The sampies were laken on accumulation bottoms with a core sampIer. 

The sampIes were sectioned by a eore sampIe slicer at increments of various thickness to a depth of at the most 

15 em. Usually the surface sediment was sectioned in .5 cm increments, whereas the slices were thicker further 
down in the sediment. Sampies were placed in pre-weighed scintillation vials, weighed and freeze dried. After 
weighing the dried sampIes the contents of the vials were crushed and measured for height and the sampIes were 
run through an Intertechnique Model 4000 Gamma Counting System, equiped with a sodium iodine detector to 

measure Cs-13"' concentrations. 

The measurements in cpm were converted to Bq per g dry weight by the following eguation: 

where: 

cpm 

Cs-137 Bq/g dw = --------------------------------------------------------------------------------

cpm 

eff 

level 
c'.ays 

weight 

6O*(eff*(I_.06*level»*e(-O·693/(36S"'30*days» 

= counts per minute (backgroundcorrected) 

= the efficiency of the gamma counter at deteeting total Cs-137 radiation emissions 
at the geometrie level 0 

= level (ern) of sediment in scintillation vial~ 
= number of days between analysis and the Ch>emobyl aecident 

= grams of dry sediment sampIe (g dw) 

RESULTS AND DISCUSSION 

The character of the sediment in the three lakes differs a bit from eaeh other, which gave quite different vertical 

distribution of Cs-137 with time. According to Heit and Miller (1987) redistribution of Cs happens through 

mixing, diffusion and resuspension and these factors have various importance in the different lakes. Depth charts 
and more data on the lakes are given in Andersson and Broberg (1988). 

Lake Ekholmssjön is a relatively produetive, shallow lake with one main throughflow 01 water and a short 

tumover time. The sediment contains rather high amounts of inorganie material (density 1.04-1.09 g/em3). The 

vertical distribution of Cs-137 in L. Ekholmssjön during the period 1986 to 1988 are shown in figure 1. The 
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Figure 1. Vertieal distribution of Cs-137 in sediment 

[rom Lake Ekholmssjön 1986 - 1988. 
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Figure 2. Vertieal distribution of Cs-137 in sediment 

from Lake Siggeforasjön 1986 - 1988. 

isotope was very quiekly transported down to a depth of 2-3 em and, more important, there was no gradient of 
Cs-137 above 3 em. This is a c!ear effect of resuspension (wave action and eurrents during spring eireuIation) and 
redeposition. During the rest of the period the levels of Cs-137 deereased in the uppermost sediment (but still 
there was HU gradient) due to more physieal mixing and also bioturbation (Davis, 1974). 

Lake Siggeforasjön is a mesohumie, oligo- LO mesotrophie lake whieh is deeper (max 11 m) and has a longer 
tumover time than L. Ekholmssjön. This give higher stablility at the sediment surfaee, whieh was obvious from 
the steep gr:.dient of Cs-137 in the sediment 1986 (Fig. 2). In these sediment eores (taken at 5 m <kpth) the 
isotope alm ost disappeared below about 2 em and the eoneentration at 6 em was about the same as·the 
baekgrounrllevel reported by Cahill and Steele (1986). During the two following years there was all ctjualization 
of the eoncentration in the uppermost 2 em due to physieal and biological mixing but the gradient level remained 
stable. This gradient in Cs was inversely eorrelated to the density gradient. Below a sediment depth of 2 em the 

density was above 1.06 glem3 and the sediment was quite eonsolidated, wh ich diminish diffusion and depress 
mixing. The importanee of sediment density became more obvious by eomparing the Cs-profiles 111 sediment 
eores from 11 and 5 m depth respectively (Fig. 3). In the deeper part of the lake the sediment density reaehed 1.06 

glem3 , giving a more stable sediment, below a depth of 3-4 cm. The de..:rease of Cs-137 in surf~c::e sediments 
(Fig. 3) originate from the down ward transport of Cs but another reason is that the partieulate material wh ich 
now sedim;;tllS in aceumulation areas eontain less Cs-137 than during 1986. 

Lake Flatsjön ean be eharaeterized as mesohumie and mesotrophic. It is very flat and shallow. The sediment is 

organie and has a density of less than or equal to 1.04 glem3 down LO at least 10 em sedimentdepth. These are all 
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Figure 3. Vertieal distribution ofCs-137 in sampIes Figure4. Vertieal distribution ofCs-137;n sediment 

from L. Siggeforasjön 1988. from L. Flatsjön 1986 - 1988. 

eonditions whieh make it easy for mixing, resuspension and diffusion to distribute Cs-137 downwards into the 
sediment and equalize eoneentration gradients. However, the resu:ts (Fig. 4) showed that the process was quite 
slow probably due to windsheltered eonditions and just small flo'Ns through the lake. Figure 5 shows the results 
from analyses of 2 sediment cores in L. Flatsjön. The total amount of Cs-137 in the 2 eores are the same and the 
smaller values in the surfaee of eore 2 is due to a vertieal transport of Cs-137 .(also eompare Fig. 3). This is 
eontradietory to a theory proposed for smalllakes in the Adirondaek area in USA (Heit & Miiier, 1987). They 
supposed that the decreasing amounts of Cs in the sediments wefe the result of arelease from the sediment and 
flushing out of the system. 

The situation in june-july 1986 (Fig. 6) was different for the 3 lakes. L. Ekholmssjön had the same, relatively 
low level of Cs-137 down to about 7 cm sediment depth. In the 2 other lakes the concentration of Cs-137 in 
surface sediment was a bit lower but still very high. Cs-137 from surface sediment have, especially in L. 
Flatsjön , been transported down and in the long ron Cs-137 from Chemobyl will be burried in the sediment 
with no (or smalI) effects on the life in the lake. But from the results it is quite c1ear that the burrying process is 
very slow and the effeets of Chemobyl will remain for a long time period. 
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INTRODUCTION 

In spring 1986, large areas of central and northern Sweden were severely contaminated with radioactivc 
fallout from the reactor accident in Chernobyl, resulting in one of the highest surface radioactivities recorded 
(persson et al. 1987, Swedish Geological Company 1986). The ecosystems in this area, especially the large 
number of soft-water lakes, are very sensitive to contamination. Reports on high radioactivity level in fish from 
this area have been numerous (e.g. Häkanson et al. 1988). The nuclide of major concern is cesium-137, which 
is readily accumulated in food chains (e.g. Carlsson 1976, Andersson 1989) and which has a long physical half
lire (30 years). 

Cs-137 has a strong affinity for particles (e.g. Santschi et al. 1988, Eadie and Robbins 1987). Most of Cs-
137 entering the lake, either through direct deposition on the lake surface or through transport from the drainage 
area, is thus rapidly removed from the water column and deposited on the sediment surface. However, particles 
deposited in the sediment can still enter the food web, being the food source of benthic animals. In addition, 
they can easily be resuspended back into the water column, and become available for bioaccumulation in the 
pelagic food web as weIl. This has been observed not only in shaIlow forest lakes, but also in the Laurentian 
Great Lakes (Eadie and Robbins 1987, CahiII and Steele 1986). The sediment may thus act as a storage buffer 
for contaminants, resulting in a delayed response to any reduction of contaminant input. The Chernobyl fallout 
provides an exceIIent opportunity to study these processes. 

In order to study the role of lake sediments as a potential secondary source of radionuclides in aquatic food 
chains, the horizontal and vertical distribution of Cs-137 activities in the sediments was investigated in four 
Swedish forest lakes two and three years after the accident. The activities are compared to the deposition of Cs-
137 in the area, and the relative influence of the run-off transport from the drainage area as compared to the direct 
deposition on the lake surface is discussed. In addition, future prospects and the potential value of some remedial 
measures are discussed. 

The study is apart of a larger research project focusing on the cycling and bioavailability of Cs-137 and its 
bioaccumulation in aquatic food webs. 

THE LAKES 

The four lakes which were subject to this study are located near Hudiksvall (central Sweden, 61.7°N 
16.8°E). In this area the deposition of Cs-137 was about 20 kBq/m2 (Swedish Geological Company 1986, also 
confirmed from own soil sampies). All lakes are sm all (0.1-0.6 km2), low-productive (phosphorus 8-20 ~g/I) 
soft-water lakes (conductivity 2---6 mS/m). They are situated in the upper part of their drainage areas (headwater 
lakes), which is covered mainly with coniferous forest (>75%) and mire «25%). A major part of the study has 
been conducted in Lake Blacksästjäm which is a shallow mesohumic lake with a short mean residence time of a 
few months and a neutral pH. Lake Bottentjäm is very similar to Lake BIacksästjäm regarding hydrology and 
water chemistry except pH which is about one unit lower. Lake Stensjön is a larger and deeper oligotrophic lake 
with a residence time of 2-3 years. Lake Loppesjön is oIigo-mesotrophic and has a somwhat shorter residence 
time. This lake has a different morphometry, and despite higher production of organic material in the lake the 
sediment is richer in inorganic material than in the other lakes due to the occurrence of fine-grained material in 
the catchment. Bathymetric maps of all lakes are shown in Fig. 2 and 3. 
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METHODS 

Sediment sampies were collected in spring 1988 (May 19-20) at 8 sites in each lake (Fig 2b and Fig 3). In 
spring 1989 (April 27-28) another 16 sites were sampled in L. BlacksAstjärn (Fig. 2a). In 1989 the lakes were 
still ice-covered at the sampling occasion. The sampies were taken with a gravity core sampier (Willner type) 
with a diameter of 65 mm. The cores (0-60, 100, 150 or 300 mm) were divided with a slicing device into 
sections of 5-40 mm, the thickness usually increasing with sediment depth. The sampies were analysed for 
density, freeze-dried in scintillation vials, homogenized and analysed for Cs-137 with a NaI-detector 
(Intertechnique Model 4000 Gamma Counting System). The system was calibrated with pure solutions of Cs-
137 and Cs-134 aS weil as fallout-contaminated dry sampies, all checked with intercalibration procedures 
including both Nal- and Ge-detectors. 

RESUL TS AND DlSCUSSION 

As sedimented panieies are moved and mixed both horizontally and vertically due to secondary sediment 
movements, it is important to consider both weight-specific and areal activities to minimize the influence of 
sampling strategies on the interpretation (compare Fig. 1 and Fig. 2a discussed below). Both approaches have 
been included in this study and are discussed separately. 

The area-specific total activities of Cs-137 were in L. Blacksästjärn 6-17 kBq/m2 in 1988 and 4-
13 kBq/m2 in 1989. In 1988, in L. Bottentjärn, the values were 6-14 kBqjm2 , in L. Stensjön 7-16 kBqjm2 and 
in L. Loppesjön 8-36 kBqjm2 . The deposition of Cs-137 from Chemobyl fallout in the area was about ten 
times higher than the accumulated fallout previous to the accident which has part1y decayed, inplying that about 
95% of the measured activities originate from the fallout in 1986. The mean total areal activity of Cs-137 in the 
sediment was calculated by weighting the mean values in different depth zones according to the proportion of 
sediment area in the zone. In L. Blacksästjärn, this value was 8.4 kBqjm2 in 1988 and 7.6 kBqjm2 in 1989, in 
L. Bottentjärn 9.5 kBqjm2 , in L. Stensjön 12.8 kBq/m2 and in L. Loppesjön 17.6 kBq/m2 • 

In a11 lakes except Lake Loppesjön, the mean area-specific total activity in the sediments was thus 
considerably lower than the deposition on the lake surface alone, wh ich is contrary to the findings of 
McHenry et al. (1973). This is l'robably a result of the heavy spring flood after the snow melt in 1986 which in 
L. BlacksAstjärn and L. Bottentjärn transported more than one lake volume of water and thus a !arge proportion 
of the Cs-137 previously deposited on the ice-covered lake surface downstream. The contribution from the 
drainage area has not been !arge enough to compensate for this early wash-out. As a result of the cold climate 
and the time of deposition, the hydrology of Swedish forest lakes became a crucial factor for the radioactivity 
levels found in both sediments and fish after Chemobyl (see Häkanson et al. 1988). 

The highest levels were found in L. Loppesjön, although its water residence time is shorter than in L. 
Stensjön. In biota, however, the activities are lowest in L. Loppesjön (Meili 1988 and unpubl. data) . This lake 
has a higher production of organic particles, but also a higher proportion of inorganic particulate material in the 
sediment than all the other lakes. In this lake, Cs-137 in the water is scavenged by partieies and rapidly 
deposited onto the sediment. This indicates that ap31 t from hydrological characteristics, physico-chemical water 
properties such as the proportions of dissolved and particulate organic and inorganic matter in the water mass are 
strongly influencing the fate of radioactive fallout. 

The results show a considerable variation of areal activities within the lakes. Fig. 2, 3 and 4 
reveal some possible causes. Elevate4 activities were often found in deeper and sheltered parts of the lakes. In 
these areas, net accumulation of partieies prevails, while other areas are more exposed to turbulences induced by 
wave action causing periodic resuspension of sedimented particles. This leads to a "focusing" of particle-bound 
contaminants towards the deeper parts of a lake (Eadie and Robbins 1987, Cahill and Steele 1986). In addition, 
resuspension is selective for light particJes with a higher binding capacity for contaminants, whieh affects both 
the grain size (sorting) and contaminant concentrations in deep-water sediments. Fig 4 illustrates that focusing 
is most pronounced in L. Loppesjön, but also occurs in the other more shallow lakes. 

Elevated activities were also found in the plume sediment of major inlets where heavier panieies from the 
catchment settle out (Fig 2 and 3). This indicates that the drainage area was or still is a major source of Cs-137 
in the lake in addition to the direct deposition on the lake surface in spring 1986 (cf. Plato 1974). Given a 
yearly export ofO.6-2% of the Cs-137 deposited in the catchment area (e.g. Carlsson 1976) which usually has a 
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Fig. 1 (Ieft). Bathymetric map of Lake Blacksästjärn 
(Hudiksvall, central Sweden) showing the variation of 
weight-specifie activities of Cs-137 (kBq/g dw) in the top 
5 mm of sediment three years after the nuc1ear accident in 
Chemobyl. At most sampling sites deeper layers contained 
lower activities of Cs-137 than the top layer. At a few sites 
however, the sediment was covered with a recently added 
layer of li me from unknown (presumably anthropogenie) 
origin, and the activity in the top layer was low. For these 
sites, the highest activity (below the lime layer) is depieted 
together with the top layer activity. The values are corrected 
for radioactive decay to I May 1986. Contour depths in m. 

Fig. 2 (right). Bathymetric maps of Lake Blacksästjärn 
(Hudiksvall, central Sweden) showing the variation of area
specific total activities of Cs-137 (kBq/m2) in the sediment, 
three (Fig 2a, top) and two (Fig 2b, hottom) years after 
the nuc1ear accident in Chemobyl. The values are corrected 
for radioactive decay to I May 1986. Contour depths in m. 
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Fig. 3. Bathymetric maps of Lake Bottentjäm (left). Lake Stensjön (middle) and Lake Loppesjön (right) 
(Hudiksvall. central Sweden) showing the variation of area-specific total activities of Cs-137 (kBq/m2) in the 
sediment two years after the nuclear accident in Chemobyl. The values are corrected for radioactive decay to 
1 May 1986. Contour depths in m. 
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size of 5-20 limes the lake surfaee, and an areal aetivity in the sediment of 40-100% of the deposition, the 
yeady input to the lake amounts to 3-100% of the Cs-137 already in the lake. 

However, this input is balaneed by the export of both run-off input as well as resuspended material with 
the outflow. This is evident when comparing the results from 1988 and 1989 in L. Blaeksästjärn 
(Fig. 2 and 4). No ehange or rather a decrease in the amount of Cs-137 in the sediments was observed indieating 
a net export as a result of resuspension. Comparing the tbree sites at whieh sampies were eollected both years 
do not show a c1ear trend either. As the amount of Cs-137 is not decreasing, decontamination of the ecosystem 
ean only oceur if the eontaminated sediments are buried by less eontaminated partic1es. 

From the analysis of weight-specific activities of Cs-137 in the sediment it beeame obvious that 
this was not the ease. The specifie aetivities are still highest in the top 5 mm of the sediment (Fig. 1), exeept at 
a few sites where the sediment was eovered with a recently added layer of Urne from unknown (presumably 
anthropogenie) origin eontaining mueh lower aetivities. This is a result of vertieal mixing proeesses in the 
sediment preventing stable stratifieations and rapid burial (Meili in prep.). The efficieney of this mixing is 
deereasing with depth, whieh is illustrated in Fig. 5. If the lime layer is exc1uded, the specifie aetivities 
activities in the top layer are highest in the deep parts of the lake, while in shallow regions the contaminated 
partic1es are rapidly diluted with uneontaminated lower layers (Fig 5a). Periodie resuspension of the top layer of 
the sediment down to 1-5 cm appears to occur in the major part of shallow lakes. In L. Loppesjön, on the other 
hand, whieh has a sheltered treneh (Fig. 2) where undisturbed sedimentation ean occur, and where the sediment is 
more dense and eonsolidated, c1ear signs of burial eould be observed already in 1988 (Meili in prep.). 

Low aetivities were found in the top layer at sites where the sediment was eovered with lime. Liming of 
lakes eould thus be regarded as a suitable remedial measure, with Urne acting as a lid covering the sediment 
and thus suppressing resuspension. However, large amounts are required: a 2-3 mm layer throughout a lake 
requires ca. 100 tonsfha., which can be compared to the lime dosage of 1-10 tonsfha required to restore acid 
lakes. Efficiency and durability, mainly the resistance against resuspension, are not known (our sampies were 
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Fig. 4. Area-specific total aetivities 
of Cs-137 (kBq/m2) in the sediment of 
four forest lakes near Hudiksvall 
(central Sweden) 2 and 3 years after the 
nuc1ear accident in Chemobyl. Range 
and mean are given for sampling sites 
at three different water depths of the 
lake basins. Values are corrected for 
radioactive decay to 1 May 1986. 
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Fig. 5. Weight-specific activities of 
Cs-137 (kBq/g dw) in the sediment of 
Lake Blacksästjäm (Hudiksvall, central 
Sweden) 3 years after the nuclear 
accident in Chemobyl. Fig. 5a (top): 
highest activity in the cores (top below 
lime layer). Fig. Sb (bottom): top 5 
mm of sediment. The bars show the 
range and mean of activities at 
sampling sites located within a few 
meters from the mouth of a major 
in let, and for sites at three different 
water depths of the lake basin (see Fig. 
1). The values are corrected for 
radioactive decay 10 1 May 1986. 

Laken when the lake was still ice-covered). However, other possible beneficial effects of liming have been 
discussed (l-fäkanson et al. 1988). 

In shallow lakes, Cs-137 is thus still as available for upLake and bioaccumulation in the food web as it was 
in late 1986 when most of the Cs-137 had been removed from the water column by sedimentation or wash-out 
(Meili 1988). Radiation measurements in different compartrnents of Swedish forest lakes show that 10day about 
99% of the Cs-137 in these lakes is found in the sediment (Meili, unpubl. data). Periodic resuspension of only 
minor amounts of sediment can thus maintain the radioactivity in freshwater fish for a long time. The 
recovery of the fish fauna will therefore be very slow and take many years, which has recently been confirmed 
by Andersson (1989) and Häkanson (in prep.). 
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Incorporation of Cs-137 into fishes and other organisms 

Evert Andersson 

Institute of Limnology, University of Uppsala, Sweden 

Summary 

In order to follow the incorporation of caesium 137 into fishes and other aquatic organisms 
after the Chernobyl accident in April 1986, two forest lakes in central Sweden with similar 
deposition were investigated. Bottom animals and small fishes responded immediately to the 
fallout with uptake maxima 2-4 months later. Consumers of bottom animals e.g. perches, 10-
20 cm, had a slower uptake of caesium and for fish consumers, big perch and pike, the 
accumulation time was 1-3 years. The type and size of the drainage area and the humic and 
nutrient content of the lake has a greater significance than the actual deposition of caesium. The 
caesium 137 concentration was 5-10 times higher in fish from the oligotrophie and meso
polyhurnic lake Siggeforasjön than in fish from the mesotrophic and oligohumic Ekholmssjön. 

Introduction 

The deposition of Cs-137 from Chernobyl in April-May 1986 gave an unique opportunity to 
investigate the flow through aquatic systems. Among others, two forest lakes in central 
Sweden with sirnilar size, pR, concentration of potassium and fallout of caesium but different 
in type and size of drainage area, residence time, water colour and nutrient content were chosen 
for comparative studies. The changes of Cs-137 content in sampIes of water, sediment, 

plankton, water plants, bottom fauna and fish were observed since June 1986, and this paper 
focuses on fish and bottom fauna. 

Lake description 

Ekholmssjön is situated in central Sweden (80 km northwest of Stockholm) and has an area of 
0.59 km2• The drainage area is 9.2 km2 and dominated by forests - coniferous and deciduous 
trees - (82%) and lakes (12%) and only 2% is marsh lands. The residence time is 1.2 years, pR 
6.4, water colour 35 mg Pt/l, K 0.7 mg/!, Total-P 261lg/! and the lake can be characterized as 
mesotrophic and oligohurnic. The fallout ofCs 137 in April-May 1986 was 20-30 kBq/m2• 

Siggeforasjön is located only 6 km from Ekholmssjön. It is sUITounded by coniferous forests 
but as much as 11 % of the drainage area is marsh lands. This in conjunction with a low content 
of nu trient in the moraine gives the lake greater amounts of water (residence time only 0.6 
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years) with a high concentration of humic material (water colour 85 mg Pt/l and pH 6.6) and 
low concentrations of nutrients (K 0.7 mg/l and Total-P 111lg/l). The lake is oligotrophie and 
meso-polyhumic. The fallout of Cs 137 was 30-40 KBq/m2• 

Methods 

A metal strainer was used for sampling bottom fauna in the littoral zone and representative 
sampling all over the lake made it possibk to calculate the total biomass. Fish were collected 
with gill nets with 12 different mesh sizes (10-75 mm) randomly distributed. Analyses were 
performed at the Department of Radioecology at the Swedish University of Agricultural 
Sciences in Ultuna, Uppsala. Large samples (>5-10 g f.w.) were measured with hyperpure 
Oe-detectors (ORTEC, POT) directly measuring 137CS. Smaller samples were analysed with a 
NaI detector (TI-activated) which gives the sum of 137CS and 134CS (Johansson pers. com.). 

Results 

Our results show that the planktonic algae responded immediately by uptake of Cs-l37. Plant 
and litter consumers e.g. the bottom animal Asellus aquaticus showed the highest Cs
concentration at the ftrst sampling occasion about two months after the Chemobyl accident. The 
same was also true for the carnivorus Odonata. However, these high levels were reduced with 
time to very low levels (Fig 1) . 

kBq/kg f.w. • Asellus aqualicus 

L I I • I I 

May Jun Jul Aug Sep Ocl 
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L-==._ ,-I I----~'-----~~,-----~~,---------~·--.. --
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!! ,L,~, ,M, 11 ,1iII, EI, -, ,- , 11 ,L, ,-~'II_ 
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Fig 1. Concentration of caesium 137 in Asellus and Odonata in lake a. Ekholmssjön 
(1986-1987) and b. Siggeforasjön (1986-1989). 
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Fig 2. Concentration of caesium 137 in perch (muscle) of different sizes in lake 
a. Ekholmssjön (1986-1988) and b. Siggeforasjön (1986-1989). 

Small perch «10 cm) feed mainly on zooplankton and thus reached their maximum 
concentration of 137CS early (Fig 2). However, these maxima were soon followed by a rapid 
decrease to low levels. Bigger perch (10.0-19.9 cm) eat mainly bottom fauna and have their 
highest values somewhat later. Perch bigger than 20 cm ("'100 g in weight) eat other fishes and 
are thus living on a higher trophic level and reached its peek of 137CS concentration much later. 

Small pikes « 45 cm and ",500 g) often have a diet similar to big perch and the Cs 
concentration peek are also reached at the same time (Fig 3). Bigger pikes are eating bigger 
fishes of different species, and therefore reach their maximum values later. 

The correlation between perch length and concentration of caesium shows that it is transported 
up the food chain (Fig 4). Further, perch from Siggeforasjön have much higher concentration 
of caesium than perch from Ekholmssjön (Figs 2 and 4) . 
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Fig 3. Coneentration of eaesium 137 in pike (musc1e) of different sizes in lake 
a. Ekholmssjön (IY156-1988) and b. Siggeforasjön (1986-1989). 

Discussion 

The fallout of Cs partly remained in the water, partly associated to the suspended material and 
partly was ineorporated into plants. Besices plankton organisms epiphytic algae had a rapid 
response (Grimäs et al. 1988). Phytoplankton andlor suspended material are important food for 
zooplankton and some bottom animals eonsume periphyton or suspended material just settled 
on the lakes bottom, and eause a rapid rise of the coneentration of eaesium in zooplankton 
(Andersson and Broberg 1988) and some benthie fauna. Also Meili (1988) and Hammar et al. 
(1988) have shown sueh a rapid uptake of eaesium in zooplankton in four small oligotrophie 
headwater lakes and in high altitude lakes in upper River Ängermanälven respeetively. 
Zooplankton is the fIrst link in the important food ehain zooplankton - small fishes « 8-10 em) 
- bigger fIshes (big pereh and small pike) - big pikes. The rapid deerease of the eoneentration of 
eaesium in the seeond link of the food ehain (small pereh) with time has also been noted by 
Häkansson et al. (1988). Within one to three years the eaesium was fully aeeumulated into big 
perehes and pikes (Andersson and Broberg 1988). 
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The fallout on Siggeforasjön was 1-2 times higher than on Ekholmssjön but the concentration 
of caesium 137 is often 5-10 times higher in macrophytes and fish from Siggeforasjön. Large 
amount OI caesium were transported from the drainage area to Siggeforasjön. Most of this have 
been incorporated into the sediment but in 1987 high concentrations remained in suspended 
material (op. cit.). Furthermore, the sediment caesium in Siggeforasjön is more available for 
the organisms than it is in Ekholmssjön. The higher productivity increases the difference in 
caesium concentration in macrophytes and fish in the two lakes. Also Meili (1988) found that 
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the eaesium eoneentration in zooplankton were highest in lakes with high humus eoneentration 
and short water residenee time and lowest in the lake with higher primary produetion and long 
water residenee time. The greater part of the eaesium deposited on the surfaee of the lakes i~ 
bound to the sediment. Total eontent of Cs-137 in the macrophytes has been ealeulated to 0.1 -
0.2 % of the deposition on the surfaee of Ekholmssjön (Andersson and Broberg 1988). Figures 
for benthie fauna and fish were <0.01 % and 0.03-0.04%. Corresponding values for 
Siggeforasjön was 1.1-2.5%, <0.01 % and 0.06-0.08%. The eaesium in the sediment and the 
biota will effeet the eoneentration in fish for a long time and it will probably take 5-10 more 
years before the levels in big pereh and pike in Siggeforasjön are redueed to the Swedish 
reeommended level for food of 1500 Bq/kg f.w. 

Conclusion 

Large amounts of deposited eaesium 137 were transported to the hurnie lake Siggeforasjön 
from its drainage area . This led to high levels in all links in the food ehain and it took a long 
time until the maximum levels reaehed the last link in the food ehain. It will probably take 5-10 
years until the eoneentrations of eaesium 137 in big pereh and pike in Siggeforasjön are 
lowered to 1500 Bq/kg f.w. The type of drainage area and lake seems to be more important for 
the eaesium eoneentration than the fallout of eaesium on the surfaee of the lake. 
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CHERNOBYL DERIVED RADIOCESIUM IN THE NORWEGIAN SEA: FLUX BETWEEN WATER 

COLUMN AND SEDIMENT 
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Fachbereich Geowissenschaften, Universität Bremen, 2800 Bremen 33, F.R.G. 

B. von Bodungen 

:nstitut für Meereskunde, 2300 Kiel 1, F.R.G. 

Three short-term and one long-term time series traps were installed off the central Norwegian coast from 

summer 1986 to spring 1987. 

The comparison of Radiocesium contents of trap and surface sediment sampies showed that Radiocesium was 

already incorporated in the sediment shortly after the accident at Chernobyl. The sinking velocity was calculated 

to be at least 60 metres per day. It is possible to quantitatively relate the seasonal Radiocesium flux in the water 

column to the increase in Radiocesium activity in the surface sediment at the trap site. 

Introduction 

Isotopes from the Chernobyl accident reached the Norwegian coast on the 28th and 29th of April, 1986. The 

atmospheric concentrations of 137 Cs varied from several hundred Becquerels per m3 (Bq m -3) for two days at 

Bergen, to ca. 2100 Bq m-3 at Vaernes (USEPA, 1986). We assume that at the trap site the atmospheric con

centrations were on the same order of magnitude. Cesium was mainly attached to fme aerosols of about Itvm in 

diameter. The dry air deposition of these particles is about 0.1 cm/s (ApSimon et al., 1987). As a result, the 

total deposition amounted to several thousand Becquerels 137 Cs per m2 during the week following the acci

dent. Another approach to calculate the total deposition is to assume a total washout of the atmosphere by rain 

to a scale height of 10 km. This method indicates a total deposition to the ocean surface of 300 - 5600 Bq m-2. 

For the northern North Sea Mitchell & Steele (1988) calculated inventories of Chernobyl derived Radiocesium 

of 1900 Bq m -2 134Cs and 3400 Bq m -2 137 Cs in surface waters deposited between May and September 1986. 

In the Mediterranean Sea a sediment trap was instaIled at 200 m depth two weeks before the accident at 

Chernobyl. Collection time was six weeks (Fowler et al. 1987). In the Black Sea another sediment trap was in

stalled at 1071 m depth by Buesseler et al. (1987) starting collection seven weeks after the accident for another 

three months. In the Norwegian Sea off Bergen Kempe & Nies (1987) installed a sediment trap at 200 m in late 

April 1986 for five month. They all observed that biogenic particles remove radionuclides from the water 

column, especiaIly during periods of high bioproductivity, although Radiocesium concentration factors in zoo

and phytoplankton are 100 to 10,000 times smaIler than those of other radionuclides (Clark & Webb, 1981; 

Bonotto et al., 1981; Rice & Wolfe, 1971). Cesium is concentrated in fecal pellets because zooplankton takes up 

contaminated phytoplankton, as weil as sm all fallout particles. However, Cesium does not appear to be attached 

to sinking particles. Thus only 0.2 % of the Cesium concentration detected at the sea surface was transported to 

200 m water depth (Fowler et al. 1987). In deep sea areas Cesium from weapon testing fallout also exists in 

smaIl refractory particles. 

Our sediment trap deployments on the Voering Plateau at water depths from 140 m to 750 m provided the 

unique opportunity to trace the Radiocesium flux at different water depths. Sampling started only two weeks 

after the reactor burn at Chernobyl in late April, 1986 and continued for almost one year. The experiment 
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included the determination of both watermass and trap material activities. Furthermore, the radioactivity pulse 

detected in the sediment trap material could be related to activities measured in four sediment cores taken 

from stations near the trap sites within ten months (Balzer & Erlenkeuser, 1987; Balzer 1987), (Tab. 1). 

Sampling and Measurement 

Technical data of the sediment trap deployments are shov.n in Table 1. The sampIes were analysed by non-de

structive gamma ray measurements with a 64 cm3 Ge(Li)-detector at the Landesmeßstelle für Radioaktivität in 

Bremen, F.R.G .. Activities of VP2 were analysed in the original trap cups. Efficiency calibrations for the trap 

cups of VP2 were performed with a standard solution of the Bundesgesundheitsamt, Berlin. A 1/8 split of p.ach 

sampIe of the VP1 traps was filtered onto a 0.45 m micro filter prior to analysis. All given activities represent 

decay corrected values to May 1st, 1986 for comparision. 

The observed 134Cs/137Cs ratios of of about 0.4 to 0.6 are typical for Chernobyl fallout (Bondietti & Brantley, 

1986; Devell et al.,1986; Pourchet et al.,1986). Cesium ratios from the discharges of the reprocessing plants at 

Sellafield and La Hague are lower because the primary ratio at the time of discharge is sm aller and 134Cs (t/2 

= 2.04 yrs) decays much faster compared to 137 Cs (t/2 = 30.2 yrs.). Due to the late and only small amount of 

sediment recoverage, no other gamma-emmitting radioisotopes could be detected in the traps. 

The composition and the size distribution of the sediment trap material was analysed according to Honjo et al. 

(1988). 

The 10 sampIes of VPl were analyzed for gamma activity as a bulk sampIe because the activities of the indivi

dual 2 day sampIes were below detection limit. At 250 m depth, there was a flux ofO.9 Bq m-2d-I137Cs and a 

total inventory of 20 Bq m -2 over 22 days. The lower trap at 1000 m only showed a flux of 0.4 Bq m -2d-I137 Cs 

in the same time interval. The seston flux of all VPl sites shows Figure lA. 

The Voering Plateau trap VP1A at 140 m depth was also analyzed as a bulk sampIe. VPlA also showed a rela

tively low flux rate ofO.6 Bq m-2d-1 137Cs and a total inventory of 10 Bq m-2. 

Low actvities were also detected at VPIR at 140m depth and a flux ofO.9 Bq m-2d- l of 137Cs was calculated. 

Surprisingly high Cesium fluxes of 16.4 and 6.8 Bq m -2d-l were detected in VPIB trap at 350 m and 1000 m, 

respectively, during the last week of June . Total inventories were 35 Bq m -2 at 140 m, 83 Bq m -2 at 350 m, and 

38.8 Bq m -2 at 1000 m within 6 days. 

In Voering Plateau trap VP2, the Cesium flux approximately correlates with the total flux of the trap (Figures 

lB-D). Highest values of 5.1 Bq m-2d-I137Cs were detected in cup nO.2 collected at the end of July 1986. In 

the winter months, the values declined to less than a tenth of the highest summer fluxes of 137 Cs. The total 

inventory amounts to about 240 Bq m-2 ,ofwhich almost 90% sedimented within the first 2.5 months. 

Discussion 

Sinking velocities. The sediments in a COTe retrieved from the Central Voering Plateau on May 26th 1986 re

vealed high radionuclide sinking velocities oi at least 55 m d-1 . Trap experiments in the Mediterranean Sea by 

Fowler et al. (1987) showed that Chernobyl radionuclides sedimented with a mean sinking velocity of about 29 

md-I, with a range of 19 m d- l to 57 md-I. This is in agreement with sinking velocities computed for marine 

snow and phytoplankton (e.g. Fowler & Knauer, 1986). Regarding the size distribution and composition ofthe 

material in the traps, (Figure IB,C) most particles are smaller than 63f"D in diameter. Fecal pellets, which have 

higher sinking velocities, were found in only a few trap sam pies. The Voering Plateau trap VPl was installed 
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one week prior to the collection of the cores. Tbe lower trap at 1000 m sampled a total inventory of only 9 Bq 

m-2. Tbe upper trap showed higher inventories indicating that a bloom with higher activities (20 Bq m-2) pas

sed the trap deployment during its descent. This 'cloud' may have passed the lower trap as weil, as indicated by 

higher seston fluxes in cups 3, 8, and 10, Figure 1, if sinking velocities of more than 60 metres per day are 

assumed. Tbe subsequent trap VPlA at 140 m accumulated a small inventory of 10 Bq m-2. Assuming high 

sinking velocities, the Voering Plateau trap VP2 probably collected radionuclides from the same plankton 

bloom that had passed trap VP1B some days before. Activities are much lower, possibly indicating dilution. 

VP1B showed a flux of 14.5 Bq m-2d-1, while VP2 sampled a maximum flux of 5.1 Bq m-2d-1. 

Comparison with Sediments (Figure 2). Sediment cores were collected from locations near by the Voering 

Plateau traps and were analyzed by Balzer & Erlenkeuser (1987) and Balzer (1987). In surface sediment 

sam pIes from July 1986, they detected activities of up to 95 Bq m -2 of 137 Cs. 137 Cs had been mixed to a depth 

of 3 cm below the sediment-water interface. The sediment yielded a total inventory of 116 Bq m -2 (Erlenkeuser 

& Balzer, 1987). Balzer (1987) investigated 2 stations on the Voering Plateau at 1429 m and 946 m depth on 

May 26, June 24, June 30, July 4, 1986 and February 14, 1987 . Up until February 1987, Balzer computed a total 

inventory of 313 Bq m -2 in the sediment of the Central Voering Plateau station 103. 

At the same station, the trap flux at 750 m was 220 Bq m -2. Figure 2 compares the the total inventories of the 

uppermost Voeringplateau traps with those of the sediments from stations near by. Assuming the radionuclide 

flux is eqivalent to the seston flux of the traps, as shown for VP2 in Figure IB-D we calculated the radionuclide 

input from the seston input for each cup of the Voering Plateau VPl traps. 

Both the total trap inventories and the sediment inventories reveal a very rapid rem oval of Radiocesium from 

the water column shortlyafter the accident. During May and June 1986, there was only a low input of 

Radiocesium to the traps and sediment. Highest inventories were calculated in July 1986 in both data sets. A 

low, however, continuous input of Chernobyl radionuclides to the sediments was detected during the winter 

months. In the lower traps of VPIB, we detected higher Cesium activities, which could still enlarge the total 

inventory. Our results show that over aperiod of almost one year, the sediment traps reflect the total flux of 

Radiocesium through the water column as detected in the sediment. 

Conclusion 

The total deposition of Cesium to the sea surface as calculated from data from USEPA (1986) was probably 

about one order of magnitude higher than detected in the sediment trap material and sediment cores. The 

Radiocesium flux was c10sely related to the seston flux. Since more than 90 % of the total radionuclide 

inventory settled within the frrst months after the rainout, dilution by turbulent mixing during sinking of 

particles through the water column is not an important factor. 

Within the productive zone, though, turbulent mixing probably plays an important role to the dilution of 

radionuclides. Furthermore, Radiocesium may also behave Iike nutrients which are recycled in the upper water 

column, with only a portion seems to be carried out of the photic layer to the deep water. 

Our results show that once the radionuclides have been carried out of the photic layer they are completely de

posited at the sea floor (Figure 2). At 1100 m water depth in the water column no dissolution or aggregation of 

Radiocesium was observed. As reported by Livingston & Anderson (1983), at greater water depths refractory 

137 es from weapons testing seems to be enriched by aggregation to sinking fecal pellets. This difference in be

haviour of Radiocesium may be accounted for by different modes of the fallout Radiocesium in weapons testing 

compared with the Chernobyl accident. Fallout from weapons tests have been distributed regularly onto the 

oceans over a time span of several years. In contrast, the fallout from Chernobyl was deposited in high pro-
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ductivity wnes near the coast at the time of the spring bloom. Therefore, P adiocesium was removed much 

faster from the watercolumn than in the case of weapons testing fallout. It therefore appears that the sediment

ation time was too short for aggregation or solution processes of Radiocesium at the Voering Plateau site. 

Thus, a1though Radiocesium is a conservative element in the open ocean, it undergoes scavenging processes 

when there is enough adsorbant material available. 
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Table 1 Technical data of Voering Plateau sediment trap deployments and 
position of sediment cores investigated by Balzer (1987). 

Voering Plateau 

position 67"44.15 N 
0554.08 E 

water depth 1244 m 

depth of trap 250m 
trap model Kiel-trap 

cone merture 0.41 m2 
0ten lCst cup 13.5.1986 
c ose last cup 04.06.1986 
sam pie intervals 10 x 48 hrs 

1 x 30 hrs 

position 

water depth 
depth of trap 

trap model large multitrap 

cone merture 0.126 m2 
0fcen lCst cup 24.06.1986 
c ose last cup 30.06.1986 
sam pie intervals 5x 24 hrs 

Voering Plateau 

position 67"37.0'N 
05°49.6'e 

water depth 1429m 
05"47.4' E 

depth of trap 700 m 
trap model Kiel-trap 

12 cup~ 
cone aperture 0.41 m 

0ten lirst cup 02.07.1986 
c ose last cup 08.02.1987 
sam pie intervals 5x 14.5 days 

5x 29.0 days 

1000 m 
Kiel-trap 

0.41 m2 
13.05.1986 
04.06.1986 
1 x 22 days 

VPIB 

350m 

sm all sed.trap 

0.063 m2 
24.06.1986 
30.06.1986 
1 x 5.7 days 

Sediment Cores: 

Met 2/1: 66 

Met 2/1: 91 

Met 2/2:103 

Pos 128:244 

Pos 137 :186 

lA 
6744.2N 
0554.08 E 
1244 m 

140 m 350 m 
large Multitraps 

0.126 m2 
4.6.86 

21.6.86 
60 hrs. 

VPIB 

1000 m 

sm all sed.trap 

0.063 m2 
24.06.1986 
30.06.1986 
1 x 5.7 days 

67"39.1' N 
05°48.0' E 
67"39.4'N 
05"47.4' E 
67"39.4' N 
05°47.5' E 
67"39.0' N 
05°47.2' E 
67"37.1' N 
05°49.4' E 

4.6.86 
23.6.86 
20 days 
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IMPACT OF CHERNOBYL-RELATED RADIONUCLIDES ON SEDIMENT AND BENTHOS 

FROM THE BOTHNIAN BAY 

Abstract 

S. Evans 

STUDSVIK NUCLEAR 

S-611 82 Nyköping 

Sweden 

Sediment cores collected in the southern Bothnian Sea revealed a rapid pe ne

tration of Chernobyl-related radionuclides. In October 1988 the concentra

tion of Mn-54, Co-60, Ru-l06, Ag-110m, Sb-125, Cs-134, Cs-137 and Ce-144 was 

constant down to 8 cm sediment depth. The concentration of Cs-137 decreased 

from 14000 Bq/kg dw at the surface down to 100 Bq/kg at 16 cm depth. The 

mechnisms for this rapid penetration are discussed. The accumulation rate 

of radionuclides in soft bot tom benthos was determined by exposing indivi

duals of the deposit-feeding bivalve Macoma baltica and the omnivorous 

crustacean Saduria entomon to contaminated sediment. In Macoma steady state 

concentration of radioactive Cs was attained within a week while in Saduria 

the Cs-activity increased during a 9 week period. The implications of radio

nuclide uptake in benthos for the further accumulation in demersal fish are 

discussed. 
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DISTRIBUTION OF Cs-137 IN THE AQUATIC FOODCHAIN OF THE 
IJSSELMEER AFTER THE CHERNOBYL ACCIDENT. 

R.H.Hadderingh 

N.V.KEMA, (Joint Laboratories and Other Serviees of the Duteh 
Eleetrieity Supply Undertakings), P.O.Box 9035, 6800 ET Arnhem, 
The Netherl a nds. 

Summary 
About t wo weeks after the Chernobyl aeeident a sampling 

programme was started to follow the aeeumulation of Cs-137 in 
the aquatie foodehain of the IJsselmeer, a lake of 1800 km2. 
Samples of water, sediment, plankton and fish were eolleeted 
during 1986- 1988. 

The highest levels of Cs-137 were found in sediment and 
in pereh (Pe rea fluviatilis) with eoneentrations of 
respeetively 343 and 239 Bq/kg dry weight. 

Coneen t rations of Cs-137 in the different samples were 
deelining s t eadily through 1987-1988 probably as a result of 
their diseharge towards the Wadden Sea and/or fixation in the 
sediment. From this deeline it is expeeted that pre-Chernobyl 
levels of Cs -137 in fish will be reaehed in 1992. 

Introduetion 
In May 1986, after the Chernobyl aeeident of 26th of April 

1986 we started to investigate the distribution and behaviour of 
Chernobyl f a llout in the aquatie environment of the IJsselmeer 
as a funeti o n of time. This investigation might also give us 
insight in t he effeets of the release of radionuelides by 
future nue l ear installations. As early as Oetober 1984 we have 
earried out some me asurements of radionuelides in fish at one 
l oeation in the IJsselmeer. 

The fr e sh wat e r lake IJsselmeer has been developed after 
e losing the f o rme r Zuider Sea by adam sinee 1931. Due to 
f urther land ree lamat ion works it is divided now in three main 
parts (Figure 1), i.e. the IJsselmeer (1140 km 2 ) in open 
eonnee tion wi th the Ketelmeer (60 km 2 ) and, separated from the 
IJsselmeer by a dyke , the Markermeer (650 km 2 ). The average 
depth of the lakes is about 4 m. 

All three lakes are of the eutrophie type and have dense 
fish popula t ions whieh are fi s h ed eommereially. The dominating 
speeies are smelt (Osmerus epe rlanus), roaeh (Rutilus rutilus), 
bream (Abramis brama), pereh , pikepereh (Stizostedion 
lueioperea), ruffe (Gymnoeephal~s eernua) and eel (Anguilla 
anguilla). The Ketelmeer and the IJsselmeer are fed by the river 
IJssel, being a bLaneh of the river Rhine. Therefore, 
radioaetivity deposited in the river basin of the river Rhine, 
ean be drai n ed off, at least partially, to the IJsselmeer and 
aeeumulates there. Most of the water surplus of the IJsselmeer 
is sluieed to the Wadden Sea. Only 10% is sluieed to the 
Markermeer, and from there to the North Sea. This means that the 
radioaetivity in the Markermeer predominantly originates from 
the direet deposition (wet and dry) during the passage of the 
atmospherie plume, while the aetivity in the IJsselmeer is, at 
least partially, due to transport of radionuelides from the 
Rhine basin to the lake. 
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Materials and Methods 

Figure 1. Map of the 
Netherlands with sampling 
locations in the 
IJsselmeer (1,3,5,6 and 7), 
the Ketelmeer (2) and the 
Markermeer (4). 

Samples of water, sediment, plankton and fish were 
collected at maximal 7 locations in the IJsselmeer (5 
locations), the Ketelmeer (1 location) and the Markermeer (1 
location) , see Figure 1. The first series of samples was taken 
in May 1986 about 2 weeks after the acc ident. In 1987 and 1988 
samples were taken two to four times a year. 

Water samples were taken at the water surface with volumes 
varying between 3 and 25 1, depending on the expected activity
level. For preservation of the water, hydrochloric acid was 
added down to a pR of 4. The samples (unfiltered) were 
concentrated to volumes of 0.2 - 1.0 1 by evaporation. 

Sediment samples were taken with a bottom grab. The depth 
of the sampled layer was maximal 10 cm. At each location about 
5 1 sediment was collected. The activity measurements were done 
with wet samples in 1 1 Marinelli beakers; the dry weight (dw) 
at 85° C was determined afterwards. 

Plankton samples were collected with conical planktonnets 
with a mesh varying from 0 . 250 mm (first 4.5 m) to 0.080 mm 
(last 0.5 m). 

Fish (perch, roach and smelt) was collected with fyke, 
gill and trawl nets. The Cs-137 concentration of the total body 
is presented. Yearclasses of fish were determined by their 
length frequency distribution (perch, smelt) or by examination 
of the annual marks on the opercular bones (perch) a method 
described by Le Cren (1947). About one kilogram material of 
each fish species was analysed per location. 

Plankton and fish samples collected in 1986 and 1987 were 
preserved with formalin and measured in plastic containers of 
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600 ml, the dry weight at 105 °C was determined afterwards; 
samples col lected in 1988 were dried first and measured 
afterwards in 0,2 1 Marinelli beakers. 

Cs-137 was determined by gammaspectrometry with a Ge Li 
semiconduc t or detector. The samples were measured during 5 to 
400 ks depending on the activity level of the sample. 

Results and Discussion 
The Cs -137 concentrations of the samples at the different 

locations (maximum 7) are averaged for each sampling date. The 
greatest variation of the concentration among the sampling 
locations i s found for water and sediment. This can be seen from 
their standard deviations being 2 to 3 times higher than for 
fish (see Table 1 and Figure 2). 

The uptake of the Chernobyl fallout in the abiotic and 
biotic envi ronment can be seen in Figure 2, illustrating the Cs-
137 concent ration between May 1986 and November 1988. 

In wa t er and sediment Cs-137 increases sharply between the 
first and s econd sampling occasion in May 1986. Peak 
concentrations were measured in May 1986 for water (0.156 Bq/I) 
and in Apr i l 1987 for sediment (343 Bq/kg dw). These peaks are 
followed by a steady decrease untill November 1988. The earlier 
decrease of Cs-137 in water is probably caused by adsorption of 
free Cs on suspended matter and subsequent sedimentation 
resulting i n an increase of the Cs-137 concentration in the 
sediment b e tween May 1986 and April 1987 (see Figure 2). 
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Figure 2. Mean concentration of Cs-137 with standard deviations 
in (unfiltered) water, sediment and adult fish (pereh and roach 
of yearclass 1984 and older, length 21-24 cm) in the period May 
1986 - November 1988. 
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Table 1: Mean Cs-137 eoneentration (Bq/kR dry weight), rnean total 
len~th (ern) and me an fresh weig t (g) ± s .d. of gereh 
sme t and roaeh of different rearelasses, (n=num er oi 
sampies) . (l): 8-May-1986, (2 : 13/22-May-1986. 

yearelass sampling n Cs-l37 lenyth weight 
date (Bq/kg) (ern (g) 

PERCH 

~ 1984 86-May ~1) 2 5 ± 1 23.3 ± 1.8 172.4 ± 2.2 
86-May 2} 2 10 ± 3 26.3 ± 1.8 246.2 ± 51.1 
87-April 4 239 ± 81 23.8 ± 0.6 202.8 ± 40.5 
87-Nov. 5 119 ± 36 26.3 ± 5.0 310.1 ± 194.5 
88-April 7 104 ± 26 21.1 ± 1. 3 144.7 ± 27.6 
88-Nov. 1 42 22.0 166.7 

1985 87-June 2 179 ± 43 13.1 ± 0.4 27.7 ± 3.3 
87-Aug. 4 144 ± 21 14.8 ± 0.5 40.7 ± 5.3 
87-Nov. 3 97 ± 30 16 .2 ± 0.7 53.6 ± 11.0 
88-April 7 79 ± 26 16.4 ± 0 .2 63 .2 ± 7.9 
88-June 6 75 ± 29 17.4 ± 0.4 67.7 ± 4.1 
88-Aug. 5 59 ± 13 19.3 ± 0.2 96.8 ± 5. 6 
88-Nov. 5 44 ± 11 20.8 ± 0.7 135.7 ± 18.9 

1986 87-June 3 112 ± 15 8.8 ± 0.4 8.5 ± 1.0 
87-Aug. 3 75 ± 14 11.1 ± 0 . 3 16.6 ± 1.5 
87-Nov. 3 65 ± 21 12.2 ± 0.2 19.0 ± 1.4 
88-April 7 70 ± 27 12.7 ± 0.5 22.0 ± 3.9 
88-June 7 49 ± 22 14.0 ± 0 . 8 34.8 ± 6. 6 
88-Aug. 6 46 ± 8 15.3 ± 0. 7 45 . 8 ± 7.8 
88 - Nov. 4 40 ± 15 16.1 ± 0.6 58.3 ± 7.7 

1987 87-Aug. 3 40 ± 8 5.5 ± 0.3 1.8 ± 0 .4 
87-Nov. 3 49 ± 17 7. 0 ± 0.3 3.4 ± 0 .3 
88-April 4 45 ± 11 7.6 ± 0.3 4.1 ± 0.7 
88-June 1 24 10.3 12.6 
88-Nov. 1 59 13.3 29.0 

1988 88-Aug. 4 17± 3 5.6 ± 0.4 2.1 ± 0.4 
88-Nov. 3 24 ± 3 7.2 ± 0.7 4.1 ± 1.3 

SMELT 

1985 88-Nov. 1 30 15.9 30.9 

1986 87-April 2 104 74 7 .5 0.4 2.0 ± 0.3 
87-Aug. 5 36 10 9.6 0.8 5. 6 ± 1.4 
87-Nov. 3 39 4 10.0 0.1 5.8 ± 0.2 
88-April 5 61 7 10 .2 0.2 3.7 ± 0 .2 
88-June 3 29 1 11. 9 0.2 11.5 ± 0.4 
88-Nov. 1 30 13 .1 14.8 

1987 87-Aug. 5 31 8 6.1 0. 1 1.3 ± 0.1 
87-Nov. 4 37 8 7.4 0 . 1 2.4 ± 0.2 
88-April 7 52 12 7. 4 0.6 1.6± 0.4 
88-June 6 19 5 8.8 0.4 4.6 ± 0.8 
88-Aug. 5 23 4 9.6 0.8 4.4 ± 1.0 
88-Nov. 6 20 8 8.8 0.7 3.6 ± 0.7 

1988 88-June 2 20 3 3.9 0.1 0.3 ± 0.1 
88-Aug. 7 16 4 5.5 0.2 0.9 ± 0.1 
88-Nov. 6 19 3 6.2 0.3 1.3 ± 0.2 

ROACH 

~ 1984 86-MaYfl~ 2 8 2 24.3 0.4 167 . 0 6.1 
86-May 2 5 27 10 23.1 3.0 172.0 51.1 
87-April 4 56 19 23.3 1.7 177.7 35.8 
87-Nov. 4 22 7 21. 3 3.1 138.5 58.1 
88-April 7 22 4 22.1 1.1 171. 7 24.1 
88-Nov. 6 13 3 23.3 1.0 190.9 26.2 
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The mean Cs-137 concentration in plankton varied between 9 
and 60 Bq/kg dw among 9 sampling dates between July 1987 and 
November 1988. No relation between time and Cs-137 concentration 
was found during this period. Most samples mainly consisted of 
phytoplankton as a result of the high density of (blue green) 
algae in t h e lakes. Zooplankton only domina ted in the May sample 
of 1988 hav ing a me an concentration of 16 Bq Cs-137/kg dw. 

In adu lt perch and roach (TabLe 1 and Figure 2) the effect 
of the Chernobyl fallout is already visible in May 1986. The Cs-
137 concentrations clearly exceed the pre-Chernobyl levels of 
1.9 and 0. 5 Bq/kg dw for respectively perch and roach in the 
IJsselmeer measured by KEMA in October 1984. In perch the 
increase is less rapid than in roach, probably because perch of 
this size is a fish consumer and therefore has a longer path in 
the foodchain. Roach on the contrary, is an invertebrate 
consumer and will therefore accumulate Cs-137 earlier. This 
phenomenon was also been found in a Swedish lake with perch and 
bream in May 1986 (Petersen et al.,1986). The peak concentration 
in April 1987, was 4 times higher in perch (239 Bq/kg dw) than 
in roach (56 Bq/kg dw). An important factor for this difference 
is probabl y the biological half-time of Cs-137, which is about 3 
times higher in perch than in roach (Häsänen et al, 1968), 
resulting i n a relative low excretion rate for pereh. Much 
higher Cs-137 concentrations were measured for perch in (South) 
Finnish lakes (Saxen and Rantavaara,1987: ca 8000 Bq/kg dw) and 
in Lake Corno (Capra et al., 1987: 3500 Bq/kg dw), as a result of 
the high deposition of Cs-137 in these areas. 
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Figure 3. Cs-137 concentration in four yearclasses of perch and 
smelt in the period April/June 1987 and November 1988. 

Perch of the yearclasses 1985 and 1986 (Figure 3) shows a 
decrease in Cs-137 concentration between June 1987 and November 
1988. In yearclasses 1987 and 1988 the Cs-137 content does not 
variate much with time. The highest concentrations are found in 
the oldest yearclasses but the difference with younger 
yearclasses are almost dissapeared in November 1988. 

For smelt (Figure 3) the Cs-137 concentration 
decreases in ehe yearclasses 1986 and 1987 between April 1987 
and November 1988. Between November 1987 and april 1988 an 
incidental i ncrease occurs which coincides with a loss of weight 
over this per iod (see table 2), probably as a consequence of 
spawning in March. 
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There are no clear differences in concentration between the 
yearclasses of smelt. The Cs-137 concentration in the 1988 
yearclass of smelt does not change between June and November 
1988. 

For older yearclasses of perch, roach and smelt the Cs-137 
concentration has decreased with a factor 3 to 4 during the 
period April/June 1987 and November 1988. This can be explained 
by the significant decreasing burden of Cs in the environment 
which is shown in Figure 2 by the concentrations in water and 
sediment. For these fish the uptake rate of Cs must also be 
lower than the excretion rate. The decrease of the uptake of Cs-
137 in fish is clearly demonstrated by 0+ perch and 0+ smelt of 
the yearclasses 1987 and 1988 (see Table 2). In 1988 
concentrations seem to be a factor 2 lower than in 1987. 

Table 2: Mean Cs-137 concentration in 
0+ perch and 0+ smelt. 

Bq/kg dry weight ± s.d. in 

species August November 
1987 1988 1987 1988 

0+ perch 40 ± 8 17 ± 3 49 ± 17 24 ± 3 
0+ smelt 31 ± 8 16 ± 4 37 ± 8 19 ± 3 

The half-time of Cs-137 is apparently about 1 year for all 
three fish species. If this trend will continue, pre-Chernobyl 
levels of Cs-137 in fish might be expected round 1992. 
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THE PREDICTION OF FISH CONCENTRATIONS IN FALLOUT SITUATIONS 

R. Korhonen 

Technical Research Centre of Finland 

Nuclear Engineering Laboratory 

Helsinki, Finland 

The natural ecosystems may in fallout situations become important sour ces 

for dose impacts. In contrast to many other concentrations the fish concen

trat ions may increase for a long time span. The lake type , fish specie and 

fallout char acteristics affect the concentrations. To enable the prediction 

of fish concentrations all significant factors affecting the dynamic accu

mulation to fish should be understood. 

Calculations performed by DETRA compartment model in different lakes are 

discussed. Especially the situations where high concentrations could be cau

sed are studied. The integrated fish concentrations are compared with the 

calculated concentration integrals of agricultural products. 
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RADIOACTIVITY IN THE RIVER DANUBE - SPECIAL INVESTIGATIONS 

Franz Joset Maringer, Dieter Rank, Joset Terlunen 
Bundesversuchs- und Forschungsanstalt Arsenal, Wien, Austria 

Summary 

A sediment trap was installed in the River Danube at Vienna (river km 1933.9) 
in March, 1987. Since April, 1987 sediment samples have been collected 
monthly. On these samples systematical investigations such as gammaspectro
metric measurements, Sr90-analysis, grain-size-analysis have been carried 
out. The maximum of Cs137-activity was about 300 Bq/kg at the beginning of 
the operation in April, 1987. Since this date the activity has generally 
decreased with some slight increases. The ratio of the activities of the 
(20~m-fraction to the original sampIe lies between 2 and 4. 

The results of the monthly collected sediment samples are shown in regard to 
radioactivity determinations of water sampIes and sediment cores in power 
plant-reservoirs of the River Danube. The Chernobyl accident increases the 
Cs137-activity of reservoir sediments in the Austrian part of the Danube from 
about 20 Bq/kg to 3000 Bq/kg in the (20~m-fraction. 

The results of gammaspectrometric measurements ot bottom sediments, which 
were taken in March, 1988 at several points of the River Danube (trom river 
km 16/USSR to 1819/CSSR) are shown. 

River sediment, 1987-1989 
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Fig .1. Activity of sediment sampIes collected in a sediment trap 
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Introduction 

The River Danube flows 2875 km through eigh t European countries. It is the 
most important waterway in Austria. The catchment area covers almost t he 
whole Austrian territory. The yearly mean of the discharge reaches to 
2100 m3 /s near the Czech border. The energy of this river is used i n Austria 
to run eight electric power stations . 

River sediment, 1987 
Oanube, km 7933.9, right bank, Vienna 
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Fig . 2. Mass and activity ratios: < 20~m- fraction/total sample 

For the purpose of systematical investigations of the radioactivity and for 
monitoring t he radioactive pollution load in the river water, a sediment trap 
was installed at river km 1933.9 in Vienna near Nussdorf. The trap lies on 
the right bank immediately after the inlet of the Danube Canal. The trap has 
been collect i ng continuousely samples since April, 1987 . Once a month the 
sample has been removed from the collecting box. The technical and methodical 
details of the trap are described in a special paper (Rank et al. r 1987al. 

On the ocassion of a Danube field excursion in the spring of 1988 bot tom 
sediments were collected from aboard a ship from river km 16 near the Black 
Sea (Chilia branchl to km 1819, Gabcikovo, CSSR. The obtained samples have 
various consistences from sandy to fine-grained. So the measurements can give 
only a coarse survey of the radioactivity. 

Some measurements of unfiltered water samples which were taken from the 
Danube at the boundary of Austria to Czechoslovakia in the year 1988 were 
carried out to give a survey of the radioactivity load transported in the 
river water. 
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Results of gammaspectrometric and radiochemical measurements 

Fig . l to Fig . 4 show some results of activity determinations of samples 
collected in the sediment trap in Vienna. The relative uncertainties of all 
activity determinations lie between 5% to about 25%. The trend of 
radioactivity in recently collected sediments has generally decreased since 
the fallout maximum caused by the Chernobyl accident. In some cases of 
increasing water discharge both the <20pm-fraction and the radiocaesium 
content have decreased. The Sr90 content shows generally a different 
behaviour than the Cs137 content (Fig.3 and Fig .4 ) . 

River sediment, 1987 
Oanube, km 1933.9, right bank, Vienna 
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Fig.3. Radiocaesium content of countinuousely collected sampies 

The concentration of some radionuclides in the Danube water of some sampies 
which were taken during 1988 at several water levels are compiled in Table I. 
The sampling location was near the Czech border on the right bank. So no 
influence of the River Morava (March) was possible. 

The radioactivity content of some bot tom sediment sampies which were taken 
from the Danube in March 1988 can be found in the map of Fig.5. The 
consistence of the sampies such as the grain-size composition differs widely. 
Therefore the results are only comparable on a limited basis. From river km 
16 to km 598 the <20pm-fraction is al ready determined. 

The highest levels of contamination can be found in the Austrian part of the 
Danube. Some more results of activity contents in reservoir sediments before 
and after the Chernobyl accident in the Austrian part of the Danube are shown 
elsewhere (Rank et al. 1989). 

I 

j 
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River sediment, 1987 
Oanube, km 1933.9, ri9h t bank, Vienna 
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Fig.4 . Sr90 content of continuousely collected sampIes 

Date Diseh. Be7 
1988 m3 /s 

K40 Sr90 Sb125 Cs134 Cs137 Ra226 Ra228 
mBq/kg 

Feb.9 
May 5 
Äug.10 
Nov.16 

1469 
2705 
1524 
1714 

13 
<2 
<8 
<6 

72 
62 
82 

102 

5.7 
6.3 

2.6 
<1. 3 
6.3 

<0.7 

3 . 2 
4.1 
3.8 
2.4 

9.9 
13.6 
16.5 
10.0 

Table I. Activity concentration of Danube water at km 1873.5 

1.8 
4.9 
6.0 
6.5 

<1. 2 
3.0 

<2.0 
4.1 

The radiocaes i um content of a sediment core in relation to the core-depth is 
shown in Fig. 6. The core was taken from the reservoir of an Austrian power 
plant. The increase of the activity after the Chernobyl accident can weIl be 
seen at a dep t h of 25 cm . A systematical investigation of a 18 m drill core 
of the Aschach reservoir - can be found in another research work (Rank et al. 
1987b) . 



.... 
~ . 

-- C!:_ 

336 

t,;]s 

\.--_~~."-_ .. "',";~ 

(3.S01 PaI'p) 

Fig.5. Radiocaesium content of grab sampIes, March, 1988 

Conclusion 

~ 
'" 

:I 

This work gives basic data to estimate the radioecological system : water/ 
suspended load/ sediment in the River Danube . The activity content of 
recently formed Danube sediments has generally decreased with time after the 
Chernobyl accident . The contamination due to the Chernobyl accident is a 



337 

significant marker in Danube sediments. The activity content of the total 
sampIes is i nfluenced by the grain-size composition of the sediment. The 
grain-size composition of the sediments depends on the discharge of the 
river. 
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Fig.6. Radiocaesium content of a reservoir-sediment co re 

The authors wish to thank the Wasserstra~endirektion, Wien, for passing on 
the information on the discharge data of the River Danube. 
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RADIONUCLIDE UPTAKE BY WINKLES IN THE SHORELINE WATERS OF CUMBRIA, UK 

william Alastair McKay 
Harwell Laboratory, Uni ted Kingdom Atomic Energy Authority, Oxfordshire, 
Uni ted Fingdom 

SUllIl1\ary 

The consumption of winkles collected from the Irish Sea shoreline close to 

the Sellafield reprocessing plant in CUmbria is an important contributor to 
the radiation dose received in this area. Predicting the magnitude of this 

dose far into the future requires an understanding of the different routes 

by which artificial radionuclides are taken into these molluscs. The 

results of recent study on this topic are discussed in this paper. 

Introduetion 

sinee the early 1950 I s, radioaetive effluent has been routinely released, 

under authorisation, into the Irish Sea from the nuelear reprocessing plant 

of British Nuclear Fuels pIe at Sellafield in Cumbria. One of the most 

important pathways contributing to the radiation dose reeeived by the loeal 

fishing community from the effeets of these diseharges is the eonsumption of 

a mesogastropod molluse, the edible winkle Littorina littorea collected from 

the shore near Sellafield (Hunt, 1988). The loeal consumers, in general, do 

not soak the live winkles prior to eooking (by boiling) and the winkle flesh 

eaten still eontains the gut and any sediment debris ingested during 
feeding. The nuelide quotients of 137CS, 239+ 24 °Pu and 2HAm in winkle 

flesh from this area are similar to those in the mainly inorganie 

partieulate matter suspended in the surrounding seawater (MeKay and 

Pattenden, 1989) suggesting that sediment is the souree of mueh of 

artificial radioaeti vi ty held in the winkle. However, a higher proportion 

of the activity assilililated into its flesh may come from its seaweed food 

and this has been demonstrated for Pu in laboratory experiments (Swift and 

Pentreath, 1988). 

The fraetion of aetivity transferred aeross the human gut following 

ingestion of winkles may depend on the proportion still associated with 

inorganie partieulate in the winkles, this fraction being less readily 

j 
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adsorbed :iuring digestion. No published measurements are available on the 

inorganic particulate content of L. Littorea and the present study was 

designed to i nvestigate the importance of this parameter on the artificial 

radionuclide content of winkles near Sellafield. 

Sampling and analvtical methods 

Over a 3-year period beginning in February 1985 and mostly at monthly or 

two-monthly intervals , sampies of L.li ttorea were collected off the rocks 

near the low-water mark at Nethertown, 4 km north-west of the Sellafield 

discharge point. They were boiled and shelled soon after collection and, in 

following the cooking method generally used by local consumers, not soaked 

prior to boiling thus sediment in their guts and mantle cavities was not 

removed. Each sampie, consisting of the flesh of -500 winkles (including 

gut contents) , was freeze dried and ground to a fine powder. 

Aliquots were analysed for 23 9+2 4 0Pu and 241 Am, using radiochemical and 

a-particle spectrometric techniques. Other aliquots were analysed for 137es 

by -y-ray spectrometry using high resolution germanium detection techniques 

and for the stable elements silicon and aluminium by inductively coupled 

plasma optical emission spectroscopy. The concentration of inorganic 

particulate was estimated gravimetrically after destroying the f) csh by a 

combination of ashing at 450 0 e and oxidation using hydrogen peroxide. This 

method also destroys any carbonate present though this is a minor component 

of the inorganic particulate in these shoreline waters (McKay and Walker, 

1989). 

Results and di scussion 

The tempo:cal variations in the radionuclide and Al concentrations were very 

similar with highly significant correlation coefficients (Table 1). The 

observed radionuclide concentrations in each sampie of winkle flesh are 

given in Fig. 1 as Bqjkg wet weight against month of sampling and in Fig. 2 

the inorganic particulate and aluminium levels are similarly plotted. The 

con<::entration of inorganic particulate in the winkles averaged 43 ± 15 

(la)gjkg wet weight over the study period with the si and Al averaging 11 ± 
4 and 1. 5 ± 0.7 gjkg. Over 95%, on average, of this Si and Al is likely 

associated with ingested inorganic particulate. This is based on the si and 
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Table 1 

Correlation coefficients between radionuclides, particulate load and 
aluminium measured in the flesh of winkles 

Degrees of 
Correlation r Freedom Significance 

239+ 24OpU: 241Am 0.942 18 >99.9% 
239+ 24 °Pu: 13lCS 0.887 18 >99.9% 
Particulate loading:239+24°Pu 0 . 688 9 >98.0% 
Particulate loading: 241Am 0.740 9 >99.0% 
Particulate l olading: 13lCS 0.553 10 >90.0% 
Al: 239+ 24 °Pu 0.857 16 >99.9% 
AI: 241 Am 0.916 16 >99.9% 
Al: 13lCS 0.696 16 >99.0% 

Al content of 0.4 and 0.06 gjkg respecti vely found in winkles of low 
particulate content collected in northern Scottish waters and analysed 

during the present study. The Al concentrations can thus be considered an 
indicator of t he fine grained aluminosilicate content of winkles. 

since radionuclide uptake onto inorganic particulate is by sorption onto 

surfaces, the finer the sediment the relatively higher is the concentration. 

Quartz sand and aluminosilicate minerals are the two major components of 

the inorganic paticulate in this area. An indication of their variable 
proportions i n winkles comes from the Si/Al ratio (Fig. 2) which averaged 9 

± 3 (la) over the study. The ratio in aluminosilicates is -2.2 :Sackett, 
1976) and a hi gher ratio reflects the presence of coarser grained quartz. 

Variations in the sand/aluminosilicate ratio probably explain why the 

correlations of radionuclides against particulate loading are less 

significant than those against Al. 
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Whilst sand is clearly a major component of the particulate ingested by 

winkles it is the fine particulate that is the source of most of the 

winkles I 137 Cs, 239+ 24 0Pu and 241 Am acti vi ty and much of the short-term 

variabili ty in the levels of these radionuclides. This is demonstrated 

for 241 Am in Fig. 3 where this its winkle concentrations are plotted 

against aluminium content. 

Conclusions 

The results of this study of 137CS, 239+ 240pU and 241Am concentrations in 

winkles close to Sellafield suggest that most of their activity and that 

consumed by the critical group of winkle consumers in this area is 

associated with fine inorganic sediment. The short-term fluctuations 

observed in winkle flesh appear to be mainly a reflection of the variatons 

in the quantity of this particulate present. 

This work was partly sponsored by the Department of Energy. The winkles 

were collected as part of aseparate project funded by the cumbria Sea 

Fisheries Commi ttee. The radionuclide and stable element analysis was 

carried out by colleagues wi thin the Environmental and Medical Sciences 

Division. General assistance was given by C. Halliwell. 
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CONTAMINATION OF FISH IN AUSTRIA AFTER THE CHERNOBYL ACCIDENT 

Franz Schönhofer, Federal Institute for Food Control and 
Research, Vien na, Austria 

Summary 

Since it is weIl known that certain fish species can accumulate 
radionuclides, in particular radiocesium, a surveillance 
program was started after the contamination of Austrian 
territory by fallout from the Chernobyl accident. The number of 
sampIes available was rather small, but it was found that con
tamination of fish depended upon the extent of local con
tamination, species of fish and type of lake. The results of 
the surveillance are discussed. Some remarks will be made o n 
attempts to derive a single transfer factor for "fi sh" . 

Introduction 

It is weIl known that certain fish species can accumulate 
radionuclides, in particular radiocesium. Following the ex
tensive contamination of Austrian territory, it was necessary 
to monitor fish as a potential source of radiocesium to man. It 
was attempted to obtain an overview on contamination levels 
predominantly on a geographical basis. However, other para
meters were also investigated. Freshwater fish is consumed by 
the Austrian population only to a very small extent and there 
exist no riskgroups. Therefore the authorities had not set 
maximum contamination levels for fish. 
Severe drawbacks of the program were the difficulties in ob
taining the selected f ish species from the right lake, limited 
capacity of measuring (other f ood had to be measured pre
ferentially), ancl in some cases, the willingness to measure 
fish. 

Measuring program 

It was known or at least assumed that contamination of fish 
would depend on the extent of the local contamination, on the 
species of fish ,and on feeding habits (the type of lake in
fluences feeding habits.) Therefore, a program was set up in 
1986 to cover the regional variations and the different 
species. Analysis of parameters such as the time dependency or 
weight distribution was not possible due to limited 
availability of sampIes. 
In 1986, 239 sampIes were measured. The results were grouped 
according to the feeding habits of the fish in plankton 
feeders, benthic feeders, plant feeders and predators. We are 
aware of the fact that feeding habits of some fish depend on 
age and availability of fodder. 
Naturally, most sampIes were taken from the highest con
taminated areas in Upper Austria and Salzburg. Larger numbers 
were also taken from areas where, for instance, carp growing is 
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an important eeonomie faetor. In Fig. 1 the geographieal 
distribution of the mean dose rates on May 1st, 1986 are given 
(from (1)) and in Fig. 2 the loeation of the lakes afore 
mentioned is shown. Thus from Figure 2, environmental eon
tamination ean be estimated. Fish from running waters showed in 
all cases very low eontamination and therefore are not eon
sidered here. 
All measurements were done at different laboratories with high 
resolution gamrnaspeetrometry. 

Results 

The results of the measurements in 1986 are given in Table 1 
and the values for 1987 in Table 2. In all eases only the range 
of the values is given sinee only a rat her small number of fish 
were available. In eases where only one value is given, only 
one sampie eould be measured. 
In 1988 very few sampies were measured. Coregonus from Wörther
see and lueioperea and anguilla from the Neusiedler See showed 
values similar to the 1987 values. The Cs-137 aetivity eon
eentration in eyprinus in Lower Austria was below the lower 
limit of deteetion. Until now, in 1989, only two fish from the 
area of Obertrumer See were measured - a pike-pereh (lueio
perea) with 200 Bq /kg , and a pike (esox) with 100 Bq ! kg. 

Diseussion 

From Tables 1 and 2 it ean be seen that fish in the Attersee 
and Obertrumersee show generally higher values than in other 
lakes. These areas were among the highest eontaminated in 
Austria. But similar eontamination oecurred in the area of 
Mondsee, Hallstätter See, and Lunzer See. Fish from these lakes 
show eonsiderably lower values. The eutrophie level of Hall
stätter See is mueh lower than, for instanee, the Attersee but 
the eutrophie levels for Mondsee and Attersee are almost the 
same. Moreover, the Mondsee and Attersee are situated very 
elose to each other. The Wörther See and Millstätter See are 
also rat her elose together however, eoregonus show differenees 
by a faetor of about 30 in 1986. 
Regarding salmo alpinus, the eoneentration of plankton is mueh 
lower in Lunzer See than in Attersee, thus the fish feed to an 
appreeiable degree on benthos. This may explain the lower eon
tamination in Lunzer See. 
Due to the diffieulties mentioned, further investigations as to 
the influene e of the food ehain, eontamination levels of water 
in different depths, ete., were not possible. Therefore only 
qualitative eonelusions ean be drwan. 

Conelusions 

It was found that eontamination of fish in running water is 
negiglible. Generally it ean be said that eoregonus and pre
dators seem to be more eontaminated than others in areas of 
eomparable surfaee eontamination. The level of fish eon
tamination eorresponds very roughly to the environmental eon
tamination with obvious exeeptions in the highly eontaminated 
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areas where lower values can also be found. In Attersee, the 
lake with the highest contaminated fish, even leuciscus showed 
extreme values. These findings cannot be explained but we 
assume that the reasons would be found in the food chain. 
Regarding the time dependency of contamination we draw the 
conclusion from the limited amount of data that levels in 1986 
and 1987 were in approximately the same range. A slight de
crease in 1988 was also noted and perhaps a more dramatic de
crease in 1989 in one highly contaminated area. 

It can be stated, even from the limited amount of da ta 
available, that transfer of radionuclides from precipitation to 
fish is a complicated process. This process is not governed by 
only one transfer factor, but rather by aseries of transfers 
within the food chain and therefore very sensitive to para
meters such as initial input, type of water, water turnover, 
species of fish, availability of different kinds of feed, and 
time. Moreover distribution of oxygen and adaption of fish to 
food available (plankton - benthos) plays an important role. 
All parameters influencing the fOGdchain will influence the 
transfer. To investigate all these parameters seems to be im
possible in Austria mostly because of the limited availability 
of sampIes and the great number of parameters to be checked. 
Above scientific interest it should not be forgotten that, in 
the ca se of Austria, freshwater fish plays a negiglible role in 
nutrition and therefore even highly contaminated fish would not 
account for any significant additional dose even to individual 
persons. 
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Table 1: Co ntamination of fish in 1986; all values are given in 
Bq Cs-137 per kg fresh weight 

Plankton f e eders 

coregonus 
Attersee 
Mondsee 
Hallstätter See 
Wör t her See 
Mil l stätter See 
Bode nsee 

salmo alpinus 
Att e rsee 
Lunze r See 
other lakes 

Benthos fe e ders 

cyprinus carpius 

185 - 2486 
1':>'> - 334 

62 - 132 
508 - 834 

25 - 26 
137 - 500 

596 - 1336 
241 

<LLD - 70 

dif fe rent lakes in Lower 
Aus t ria and Styria 10 - 245 

tinca tinca 
dif fe rent lakes 8 - 21 

abramis brama 
Upper Austrian lakes 80 - 945 

Plant fe eders 

cte nopha ryngodon idella and 
hypopht h almichthys molitrix 23 - 80 

Predators 

esox luc ius 
Obe r trumer See 
Neusiedler See 
Bode nsee 
(river Drau 

anguilla anguilla 
Neus iedlersee 

lucioperca 
Obe r trumer See 
Neus iedler See 
Bode nsee 

perca 
Lunzer See 
Bode nsee 

trutta 
Lunz er See 
othe r lakes 

702 - 1109 
96 
34 
21) 

31 - 376 

945 
96 
62 

199 
73 

300 
very low 
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Table ~. Contamination of fish in 1987; all values are given in 
Bq Cs-137 per kg fresh weight 

Plankton feeders 

coregonus 
Attersee 
Mondsee 
Hallstätter See 
Bodensee (april) 
Bodensee (october) 

Benthos feeders 

cyprinus carpio 
Lower Austria 

Predators 

esox lucius 
Wallersee 
Traunsee 
Bodensee 

lucioperca 
Bodensee 

"different leuciscus" 

l\.ttersee 

900 - 1::?10 
215 

70 -
78 -

<10 -

11 -

144 
169 

40 

93 

651 - 1213 
81 - 107 

106 

135 - 209 

1458 



f.1,R/h 

0, .. < 50 
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Figure 1: Geographical distribution of the mean dose rates on 

May 1st, 1986 (from (1» 

Figure 2 : Location of lakes mentioned in this paper 
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BEHAVIOUR OF TRANSURANIC ELEMENTS IN LAKE PÄIJÄNNE AFTER THE 

CHERNOBYL ACCIDENT 

Riitta Suutarinen, Timo Jaakkola, and Jussi Paatero 

Department of Radiochemistry of University of Helsinki. Finland 

Summary 

Transuranic elements have been studied in a fresh water system 

of Lake Päijänne, which lies in a region of the highest ~37CS 

fallout from the Chernobyl accident in Finland (46 - 100 kBq/m2 ) 

In filtered water the 239.240pU concentrations were 10 - 14 uBq /l 

and 76 - 82% of it was in a form of Pu (I II+IV ) . In particulate 

sampies the activity levels for 239.240pU, 24~Am, and 242Cm in 

August 1986 were 0.80 - 3.6 uBq/l, 0.49 - 2.1 uBq/l, and 

4.2 - 35 uBq/l, respectively. Only slight decrease could be seen 

from August 1986 to August 1987. The values of the 

23SPU/239.240pU isotopic ratios indicate that Pu in particulate 

samples originates mostly from the fallout of Chernobyl accident 

while about 90% of Pu found in surfaee layer of the bottom 

sediment is due to the atmospherie nuelear weapon tests. 

Introduetion 

The aim of this study was to determine the residence time and 

distribution of the transuranie elements in a large fresh water 

system after a major nuelear power aceident at Chernobyl. Tne 

deposition of these radionuclides oeeurred as tropospheric 

fallout during a few days after the aeeident. The investigations 

were carried out in an oligotrophie lake of Päijänne (area 

52.8 km2 ). The southern part of this lake (Asikkalanselkä) is 

located in a region of the highest ~37CS fallout from the 

Chernobyl aeeident in Finland (46 - 100 kBq/m 2 ) (Arvela et al. 

1987 ). The deposition of 239.240pU, 24~Am, and 242Cm in the 

Chernobyl fallout in this area where (0.20 ± 0.02) Bq/m 2 , 

(0.18 ± 0.01) Bq/m 2 , and (1.81 ± 0.07 ) Bq / m2 , respeetively, 
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calculated by using a lichen 'carpet' sampIe as a cumulative 

deposition indicator. 

This study was started in August 1986 three months after the 

Chernobyl accident . 

Materials and Methods 

The water sampIes (volume 150 - 400 1) for P~, Am, and Cm 

analyses wer e collected three times a year since August 1986. 

The water was fi l tered through a 0.45 ~m Millipore filter, and 

the filtered water and particulate sampIes were analyzed 

separately. SampIes for analyzing the oxidation states of Pu in 

fi lt ered wa t er were also taken once a year in 1986-1989. The 

concentrations of transuranic elements in the surface l ayer of 

the bottom s ediment (0-1 cm) have also been determined. 

The analyses of Pu, Am, and Cm were made with a method based on 

Fe (OH)3 cop r ecipitation of transuranic e lements from the water 

phase and anion exchange . For alpha spectrometric measurements 

the transuranic elements were ele ctrodeposited on a stainless 

steel planch et or coprecipitated with NdF 3 and the precipitate 

was mounted on a membrane filter (0. 1 ~m pore ) (Hindman 1983, 

Yamato 1982). The separation of the oxidation states of Pu is 

based on the ability of rare earth fluorides to coprecipitate 

Pu(III+IV) in acidic solutions and leave Pu (V+VI ) in solution 

(Lovett and Nelson 1981). 

Results 

239.240PU. 241Am . and 242Cm concentrations in filtered water, 

particulate sampIes, and the surface layer of the bottom sediment 

(0-1 cm) ar e presented in tables 1-3 and figures 1 and 2. The 

results have been decay corrected to sampling date . 

Discussion and Gonclusions 

The 239.240 pU concentrations in filtered water and particulate 

samples have slightly decreased from August 1986 to August 1987. 



352 

In March the concentrations in particulate sampies are lower 

than in summer. because the amount of particulate is smaller in 

winter. when the lake is covered by ice. The percentage of 

239.240pU in particulate fraction was 3-15% . 

In the future the amount of 241Affi will increase because of the 

radioactive decay of 241PU. The ratio of 241PU to 239.240pU in 

Chernobyl fallout was 96. 

The 23SPU/239.240pU isotopic ratio in the Chernobyl fallout was 

0.40 ± 0.06. In filtered water the ratios varied between 0.08 

and 0.20. while in particulate sampies higher values of 

23SPU/239.240pU ratios were found (Tables 1 and 2) . In the 

surface layer of the bottom sediment in Lake Päijänne the 

isotopic ratios were 0 .04-0.13. In the Baltic Sea the ratio in 

sediment in 1970's was abou t 0 . 04 (Simola et al . 1979) . This 

indicates that the Pu which have adsorbed on particles comes 

mostly from the Chernobyl fallout while about 90% of the Pu in 

surface sediment originates from nuc l ear weapon test carried 

out in 1950 ' s and 1960's. 

The analyses of the oxidation states of Pu in filtered water 

showed that 76 - 82% of Pu was in the lower oxidation states 

III+IV and 18 - 24% were in the form of PU(V+VI). Similar 

distributions between Pu(III+IV) and Pu(V+VI) have also been 

reported in literature (Sholkovitz 1983 ). In the Baltic Sea in 

oxidizing conditions only 6 - 14% of the total Pu in filtered 

water was in the lower oxidation states III+IV. The greater 

amount of Pu(III+IV) in lake water may be due to complex 

formation of Pu(IV) with organic subst ances (Sholkovitz 1983) 
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TABLE 1. 239 _ 240!JU concentrations and the isotope ratio of 

:23SPU / :239 . :240PU in fi ltered water in Lake ?äijänne . 

Standard deviation of the radioassay ( ± 1 a ) is 

included. 

depth 239.240pU 

date ( m) ( /lBg / l ) 23e~u/ 239 . 240pu 

20.8 . 1986 1 13 ± 2 0 . 09 ± 0.04 

20.8.1986 20 12 ± 1 0 .20 ± 0 .06 

20.8. 1986 50 14 :: 0 .16 :: 0 . 04 

18.9.1986 1 11 ± 1 0 . 10 ± 0.03 

18.9 . 1986 48 15 - 1 0. 12 ± 0 .02 

17.3. 1987 1 11 ± 2 0 .14 ± 0. 07 

17. 3.1987 20 14 ± 1 0.10 ± 0.03 

17 .3.1987 48 10 ± 2 0 .14 ± 0 .09 

23.6 .1 987 1 10 :: 1 0.08 ± 0 .02 

23.6 .1 987 20 8 - 0.10 ± 0 . 05 

23 . 6. 1987 48 10 ± 1 0 .19 ± 0 .03 

12.8. 1987 1 11 = 0 .12 ± 0 .0 3 

12 .8 . 1987 20 10 ± 1 O. 20 ± 0 . 04 

12 . 8. 1987 49 4 . 4± I) 4 :) .21 ± 0 . 04 
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TABLE 2. 239.240PU. 241Am. and 242Cm concentrations and the isotope 

ratio of 23SPU/239.240pU in particulate sampies (0 > 0.45 um) 

in Lake Päijänne (± 1 cr) . 

sampling depth 

date (m) 

1986 

20 .8 . 

20.8. 

20.8. 

20.8. 

20.8. 

20.8. 

18.9. 

18.9. 

18.9. 

18.9. 

18.9. 

18.9 . 

1987 

17 . 3. 

17.3. 

17.3. 

23.6. 

23.6. 

23.6. 

12.8 . 

12.8. 

12.8 . 

1 

5 

20 

30 

40 

50 

1 

10 

20 

30 

40 

50 

1 

20 

48 

1 

20 

48 

1 

20 

49 

1) Not detected. 

(/1Bq/l) 

1.2 ± 0.4 

0.80± 0.14 

1.7 ± 0.4 

2.0 ± 0.3 

3.6 ± 0.9 

1.7 ± 0.4 

2.0 ± 0.5 

1.1 ± 0.4 

1.5 ± 0.6 

2.3 ± 0.6 

3.0 ± 0.6 

1.3 ± 0.5 

0 . 34 ± 0.08 

0.43 ± 0.10 

0.97 ± 0.16 

0.90 ± 0.20 

1.2 ± 0.4 

1.2 ± 0.2 

0.75 ± 0.12 

0.81 ± 0.11 

0.76 ± 0.14 

241Am 

(/1Bq/ l) 

0.49 ± 0.44 

0.67 ± 0.15 

0.75 ± 0.39 

2 .1 ± 0.5 

1.9 ± 0.6 

1.6 ± 0.3 

2.0 ± 0.5 

1.4 ± 0 .5 

3.6 :: 0.8 

1.4 _ 0.8 
_1 ) 

1.8 ± 0.7 

0.46 ± 0.19 

< 0.25 

0.40 ± 0.13 

0.42 ± 0.20 

0.34 ± 0.17 

0.65 ± 0.17 

1.8 :: 1.1 

1.5 ± 0.3 

1.0 ± 0.3 

/ 
/ 

/ 

242Cm 

(/1Bq / l) 

4.7 ± 2.2 

4.2 ± 1.3 

6.1 ± 3.9 

27 ± 7 

35 ± 9 

12 ± 3 

3.7 ± 2.2 

10 ± 4 

7 ± 4 

9 ± 7 
_1) 

10 ± 6 

0.53 ± 0.53 

3 . 0 ± 1.2 

< 5.3 

< 16 

< 10 

2.6 ± 1.5 

< 60 

< 5 

15 ± 5 

0.42 ± 0.24 

0 .29 ± 0.12 

0.61 ± 0 .24 

0.33 ± 0.12 

0. 47 ± 0 .22 

0.14 ± 0.08 

0.31 ± 0.16 

0.62 ± 0.36 

0.67 ± 0.43 

0 . 27 ± 0.15 

0.36 ± 0.14 

0.80 ± 0.39 

0.21 ± 0.21 

0.37 = 0.30 

0.08 ± 0.11 

0.74 ± 0.35 

0.49 ± 0.16 

0.24 ± 0.10 

0.12 ± 0.06 

0.07 ± 0.05 
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TABLE 3. 239 . 240pU, 24~Am, ~nd 242Cm concentrations and the isotope ratio 

of 23epu/239.240pu in the surface layer of the bottom sediment 

(0-1 cm) at five locations in Lake Päijänne 21.8.1986 (± 1 a) . 

depth 239.240pU 24~Am 

(m) (Bq/m2 ) (Bq/m2 ) 

50 2.1 ± 0.2 1.6 ± 0.2 

39 1.5 ± 0.1 0.58 ± 0.05 

51 2.0 ± 0 . 3 1.2 ± 0 . 2 

36 1.9 ± 0.1 0.69 ± 0.09 

19 2 . 5 ± 0.2 0.85 ± 0 . 05 

A(Pu-239.240) )lBq/1 
16,-------------------------, 

14 

12 

10 

8 

2 

o 

-* 1 m 
-+- 20 m 
-- 50 m 

100 200 300 400 
DAYS AfTER CHERNOBYL ACCIDOO 

500 

FIG . 1. 239 . 240pU concentrations 
in fi l tered water at different 
depths as a function of time 
after the ac c ident in Chernobyl. 

242Cm 

(Bq/m2 ) 23epu/239.240pu 

2.0 ± 0 . 4 0 . 08 ± 0 . 02 

0.53 ± 0.07 0.13 ± 0.02 

1.2 ± 0.2 0 . 12 ± 0.05 

2.3 ± 0.2 0 . 13 ± 0. 0 2 

0.51 ± 0.07 0 . 04 ± 0 . 02 

A(Pu-239.240) )lBq/1 
2.50 ,--------------------------., 

2.25 

2.00 

1.75 

1.50 

1.25 

1.00 

0.75 

0.50 -*1 m 
-+- 20 m 
-- 50 m 

0.25 

0.00 
0 100 200 300 400 500 

DAYS AfTER CHERNOBYL ACCIDENT 

FIG. 2 . 239.240pU c oncentra ti ons 
in particu l ate sampies at differ
ent depths as a function o f time 
after t he ac c ident in Chernobyl. 
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EXTERNAL EXPOSURE FROM RADIONUCLIDES 

DEPOSITED IN RURAL AN URBAN ENVIRONMENTS 

Peter Jacob 

GSF, Institut für Strahlenschutz, 

Neuherberg, Germany F.R. 

An evaluation of the data in the literature leads to the following propo-
sitions: 
- to use the model of an exponential decrease of radionuclide concentra

tions in so i l, with the mass area density of soil as variable; 
to treat a fresh_~ry (wet) d=~osition with an relaxation mass area den
sity of 0.2 g'cm (0.7 g'cm ); 
to calculate dose eq~ivalent-rates with factors for plane sources with 
a depth of 0.5 g·cm- , corresponding to the exponential model for the 
wet case, and to multiply the result by a factor of 1.2 for the dry 
case; 

- to assess the exposure of the population by use of location factors. 
The data base for the description of the reduction of the gamma dose-rate 
due to the migration of radionuclides into the soil and of the time de
pendence of the location factors is still rare. 

Introduction 

The external exposure from deposited radionuclides will contribute a con

siderable amount to the life-time radiation doses of the public due to 

the two very l arge releases of artificial radionculides into the atmos

phere, that happened until now, i.e. the nuclear weapons tests and the 

reactor accident of Chernobyl. Nevertheless the modeling of the external 

exposures remained on a very simple stage, especially since the knowledge 

on the behaviour of the radionuclides in the urban environment and in 

undisturbed soil have been poor . However, in the past three years several 

new results have been obtained by experiments on deposition and weather

ing, measurements of the behaviour of the Chernobyl-fallout and Monte 

Carlo calculat ions of the radiation field in urban environment. In this 

paper these new results are reviewed and used in a refined model for the 

external exposure of the public. 
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Measurement of radionculides deposited 

The assessment or measurement of radionuclides on a lawn is a suitable 

starting point for a calculation of external exposure of the public from 

deposited ~ctivity. The amount of y-emitting radionculides on lawns can 

be determined by measuring soil sampIes (including vegetation) or by in

situ y-ray spectrometry. The first method has the disadvantage to be time 

consuming: Several soil sampIes have to be taken at the same site to get 

representative results. 

In the. case of in-situ y-ray spectrometry the unscattered fluence ~u 

(conventionally at a height of 1 m above ground) of photons with energy E 

is measured. The amount of radionuclides deposited are assessed by assum

ing, that the activity distribution falls off exponentially with the mass 

area density dep in soil: 

A e X e 
dep 

-Xe (dp) 
e , A(d) (1) 

where A(d) is the activity per mass (in Bqeg- l ), A the activity depo-
-2 -1 dep_2 

sited (in Bqecm ), X the relaxation mass area density (in gecm ), in 

the following called relaxation density, d the depth in soil (in cm) and 

p the density of the soil (in gecm-3 ), which depends in the upper centi

meters strongly on the depth in soil. Some authors express the results of 

their measurements of the activity concentration as an exponential pro

file depending on the depth in the soil. This information can be only 

used for the relation between ~u and Adep ' if the mass density in the 

upper centimeters of soil is known. In any case, the density of the soil 

jncluding the moisture content has to be used for the evaluation of the 

measurement. 

After the deposition of Chernobyl-radionuclides in Bavaria soil sampIes 

from several lawns as weIl as the y-ray spectra have been measured (Ja87) 

to determine the relaxation density. Results are summarized in Table 1. 

The fluence rate ~u given in the table incorporates the two lines 796 and 
-1 -1 802 keV of 134CS, together with a yield of 0.94 Bq es . The geometry 

factor g gives the ratio of the unscattered fluence rate at a height of 

1 m above ground for the finite size of the measuring site relative to an 

infinite plane source. The reduction facor u for the unscattered photon 

fluence is then deduced from 
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<l> 
--1 -1 (2) u = • <l> • g 

u u 

where (ji 2.10 • A • Y u dep 

is the respective unscattered photon fluence from 134CS for an infinite 

plane source on a smooth ground. 

fluence geometry reduction 
site date 134cs-ac~~vity rat! factor factor 

- -2 
(Bq·cm ) (s • cm ) 

INeuherb.B 4 June 0.95 ± 0.09 1. 07 ± 0.02 0.97 0.59 

I Neuhaus 4 June 1. 98 ± 0.39 2.32 ± 0.04 0.96 0.62 

INeuhe,b.c 9 June 0.80 ± 0.08 1. 06 ± 0.02 0.98 0.68 

Aurach 10 June 1.64 ± 0.23 2.06 ± 0.02 1. 00 0.64 

I GiglbHg 10 June 0.38 ± 0.04 0.51 ± 0.03 0.98 0.70 

Neuherb.B 3 July 0.93 ± 0.98 1.10 ± 0.02 0.97 0.62 

INeuherb.c 3 July 0.79 ± 0.08 0.99 ± 0.02 0.98 0.65 

IGrafing 4 July 2.42 ± 0.11 2.34 ± 0.02 1.00 0.49 

I Neuhaus 17 July 1.95 ± 0.39 2.41 ± 0.02 0.96 0.66 

I Aurach 17 July 1. 58 ± 0.22 1.82 ± 0.04 1.00 0.59 

Table 1 : 134Cs-activities Ad in soil, unscattered photon fluences <l> in 
air at 796 and 802 ~~V, geometry factors g 

u 
for the finiteness of 

the source and reduction factors u for the unscattered photon 
fluences as compared to a plane source on a smooth surface. 

From Table 1 the average reduction factor is 0.62. This corresponds to a 
-2 -2 relaxation density of 0.7 g·cm A similar result (0.8 g·cm ) may be 

obtained from the measurements of another group (Wi87). A comparison with 

measured gamma dose-rates during and shortly after the deposition of 

Chernobyl activity in Bavaria showed, that the results obtained in the 

second and the third month after the deposition could also be applied to 

the early time period. It is therefore recommended to use a relaxation 
-2 density of 0.7 g·cm for the first months after a wet deposition. 

In the case of dry deposition the data base on the reduction of the pho

ton fluence due to surface roughness is very spare. Taking in account the 

results published (Bu77, He88), it seems to be approriate to use a re

laxation density of 0.2 g.cm-2 



362 

Gamma dose-rate over lawns 

In the case of wet depositions it has been proposed in the last section 

to use an exponential activity distribution in the soil with an relaxa

tion density of 0.7 g.cm-2• Unfortunately conversion factors to organ 

dose-rates of anthropomophic phantoms are not available for exponential 

distributions. On the other hand, a model with a relaxation density of 
-2 0.7 g'cm corresponds to a reduction of the gamma dose rate by a factor 

of 0.7, compared to an infinite plane source on a smooth surface. The 

same reduction is obtained for a plane source with an effective depth of 

0.5 g'cm-2 , for which extensive lists of dose-rate factors ~, for the 
n 

nuclide N and the organ n in an anthropomorphic phantom have been 

calculated (Ja88). So the dose-rate H in the first months after a wet 
n 

deposition on a sufficiently large lawn is given by 

H (t) 
n 

(3) 

AN is the decay constant of the nuclide N. 

-2 For dry deposition a relaxation density of 0.2 g'cm has been proposed, 

to take surface roughness into account. In this case the results accord

ing to equation (3) have to be multiplied by a factor of 1.2. It is not 

known, if this difference to the wet fallout persists during the first 

years or decades after deposition. 

The migration of radionuclides into the soil reduces the gamma dose rate, 

which is especially important for long lived radionuclides. Fig. 1 pre

sents results of measurements of the gamma dose rate from cesium relative 

to the hypothetical case of an infinite plane source on a smooth surface. 

Different analytical approximations have been proposed recently: Miller 

et al. (Mi89) have fit'ted data for two measuring sites. The data measured 

for the first years after deposition are approximated well, but most of 

their own measured gamma dose-rates for 24 years after the deposition 

were higher than the approximation. The step function proposed by UNSCEAR 

(UNSC88) underestimates the dose-rate in the period 'second to fifth 

month after deposition' and overes~imates it significantly for times 

longer than ten years after deposition. Another function (Ja87), 

characterized by 'kd=500 cm3'g- l " describes the data for the first three 
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years well and seems to overestimate the gamma dose-rate in the per iod 5 

to 20 years a fter deposition. The fit can be approximated by the func

tion: 

h(t) 0.7· r(t) 

r( t ) 0.36 • exp(-ln 2.t/Tl ) + 0 . 64 exp(-ln 2.t/T2) (4) 

with Tl =1.3a and T2=49a. The factor 0.7 corresponds to the reduction due 

to the initia l migration during the wet fallout . Data on the effect of 

migration for several years or even decades after the deposition are very 

spare, which is also expressed by the divergence of the three analyrical 

models in Fig . 1 for longer time periods. 

1.0 

0.7 Cl> .-
e .... 
e 0.5 
E .... 
Cl> 

.::s: - 0.3 0 

c 
0 
.- 0.2 u 
::1 

" Cl> 
Cl::: 

0.1 
161 10° laI 102 

Time after deposition (years) 

Fig. 1: Reduction of the gamma dose rate from cesium over a lawn due to 
the migration into the soil. The number symbols indicate diffe
rent measuring sites in Bavaria after Chernobyl, the other sym
bols measurements on the bomb fallout (Mi89) and the lines diffe
rent analytical approximations (Ja87, UNSC88, Mi89). 

Exposure rates of the public 

Gamma dose-rates at urban, suburban or rural locations differ from dose-
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rates over lawns due to different deposition velocities, run-off and wea

thering properties and shielding. All these effects may be summarized in 

location factors f. (t), defined by the dose-rate at a given location, 
J 

relative to gamma dose-rate over a lawn. Extensive Monte Carlo simula-

tions of the photon transport in urban and suburb an environments have 

been performed to LJlculate location factors (Me88/1, Me88/2), taking 

into a~count recently published data on deposition velocities, run-off, 

weathering and migration. Considering also other results on shielding 

(Bu77, Je85) location factors f . given in Table 2 have been derived for a 
J 

fresh deposition. In addition it may be taken into account, that cars 

shield the y-exposure by a factor of 0.7 and trucks and busses by 0.5 

(Bu77 , La83). 

location 

lawns 

outside on streets 

rural and suburban 

urban 

single family houses 

living rooms 

basement,windows above ground 

basement,without windows ab.gr. 

large buldings 

living rooms 

basement 

dry deposition 

1.0 

1.0 

0.3 

0.1 

0.03 

0.003 

0.01 

0.001 

wet deposition 

1.0 

0.7 

0.3 

0.07 

0.02 

0.003 

0.007 

0.001 

Table 2: Gamma dose-rates at several locations j relative to the gamma 
dose-rate over a lawn (location factors f j ) 

In general, location factors decrease with time after deposition, since 

the radionuclides are washed off more rapidly from most of the urban sur

faces, than the gamma dose-rate is reduced by the migration of radionu

clides into the soil. This effect has not been quantified in the litera

ture until now, only location factors for a time of one year after depo

sition have been assessed (Me88/2). It is therefore proposed to use the 

location factors for a fresh deposition in the calculation of the expo-

sure rates. Assuming propabilities p .. of stay at different locations j 
1J 
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of members of a population group i, the corresponding rates are reduced 

relative to the exposure rate over a 1awn by a factor: 

Conc1usions 

F. 
l. 

(5) 

. 
It is propsed to assess the dose-rate H . of members of a population 

n,l. 

group i due to radionuc1ides deposited by 

H . 
nl. 

F • dt) • q • L AN 
i N dep 

~ • exp(-AN • t) 
n 

(6) 

t is the time after deposition , AN the decay constant of radionuc1ide N. 

~ is the dose equiva1ent rate in an organ n of an anthropomorphic phan
n 

tom due to a unit area concentration of the radionuc1ide N, with an expo-
-2 nentia1 depth profile and a relaxation density of 0.7 g·cm or with an 

effective depth in soi1 of 0.5 g.cm-2 , taking into account the contribu

tions of daughter nuc1ides. ANd is the amount of the radionuc1ide N de-ep 
posited per unit area of a 1awn. q is a correction factor for the charac-

ter of deposition, 1.2 for dry depositions and 1. 0 for wet. It is not 

known, if q decreases after the deposition or remains constant. r(t) ex

presses the reduction of the gamma dose-rate due to the migration of ra

dionuc1ides in soi1. Since the migration is on1y an important factor for 

long-1ived cesium isotopes, no nue1ide dependenee is assumed here. Very 

1itt1e is known on r(t) for times longer than three years after deposi

tion. Fi is t he faetor for the gamma dose-rate of a population group i 

relative to t he dose-rate over a 1awn. F. is ca1eu1ated from loeation 
l. 

faetors aeeor ding to equation (5), whieh depend on the time after deposi-

tion. Corresponding time dependenees have not been pub1ished unti1 now. 

This review has shown, that in spite of the considerab1e improvement of 

the know1edge on externa1 exposure in the past three years, there are 

still eonsiderab1e uneertainties, expeeia11y on the long-time migration 

of eesium in the soi1 and on the time dependenee of the loeation fae

tors. 
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THE CONCENI'RATION IEVELS OF CHERIDBYL FALWUl' ON DIFFERENT SURFACES IN 

GÄVLE IN S1'IEDEN 

J0rn Ibed 

RiS0 National Laboratory, Denmark 

John San:1alls 

Harwell Laboratory, UK 

SUMMARY 

In order t o identify same of the parameters necessary for calculations of 

dose-rate to the p:>pulation of a radioactively contaminated urban area, 

same in sit u measurements of radioactivity on external urban surfaces were 

carried out in August 1988 in the town of Gävle in Sweden. The town was 

contaminated mainly by wet dep:>sition fram the first cloud fram the Chernobyl 

accident on April 28 1986. The measurements showed the distribution of the 

contaminant radiocaesium to be dependent on both the nature and orientation 

of the urban surfaces. The levels fourrl on walls were 0.5 - 2% of those 

found on gr assed areas whereas on roads, pavements and car parks the figure 

varied fram 1 to 10%. 

INTRODUCTION 

On April 29 , the first cloud fram the Chernobyl accident arrived over the 

Gävle area of Sweden an:1 heavy rain led to radiocaesium contamination of a 

large area including the whole of Gävle city an:1 the surrounding countryside. 

In August 1988, our survey in Gävle (p:>pulation 85,000) revealed radio

caesium levels to be still sufficiently elevated to permit in situ measure

ments by gamma ray spectrometry with a germanium detector. 

In order t o provide data for realistic dose-rate assessments in the area, 

both the distribution an:1 the levels of radiocaesium on walls, roads, 

paved and grassed areas were determined. 'Ihe surfaces studied were chosen 

as being r epresentative of urban areas in most European countries. 
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APPARATUS 

The apparatus for measuring the radiocaesium consisted of a gamma ray spec

trameter (Canberra Instruments 8100) with a 43% efficient germanium detec

tor (PGT's DI 639). The detector was collimated in order to view clearly 

defined areas of large plane surfaces in both horizontal and vertical 

planes and was shielded from extraneous radiation by lead. The canplete 

system was designed for transportation in a mobile laboratory which also 

carried supporting electronics, power and data handling facilities. 

The mobile laboratory (van-type motor vehicle) was specially equippeci for 

transportation of the spectrometer system and to provide electrical power 

for the instrumentation. Whereever possible, electrical power was obtained 

from the local mains but at the more remote sites power was taken either 

from batteries in the mobile laboratory or fran a portable petrol-driven 

generator. 

The germanium detector was connected to the analyser by long cables (50 m) 

which permitted the detector assembly to be sufficiently far fran the 

vehichle to avoid unwanted shielding effects. The quality of the gamma-ray 

spectra was unaffected by the use of the long cablesi the resolution being 

2.3 keV at FWHM. 

The detector shielding was constructed from lead bricks measuring 200 mm x 

100 mm x 50 mm. The bricks were individually labelled to ensure that they 

were always placed in the same position. 'Ihe minimum thickness of the lead 

shielding at any one point was 100 mm. 

CALIBMTION OF THE GAMMA-MY SPEC'I'R<l1ETER 

The gamma-ray spectrameter was calibrated for measuring 134Cs and 137Cs on 

both horizontal and vertical surfaces. The calibration method was as fol

lows. 'Ihe front surface of each of four sheets of plywood (1.5 m x 1.5 m) 

were first coated with a impervious coat of white paint and later by a 

coloured paint containing 134+l37es. 'Ihe surface contamination of 134es was 

52.1 Bq m-2 and that of 137Cs was 61.8 kBq m-2 • 
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Fbr calibration for vertical surfaces the plywood sheets were attached to a 

mobile tower. The contaminated area was 1.5 metres wide arrl 6 metres high. 

'Ihe detector and shielding were placed on a leve11ed steel table with the 

front errl cap of the detector 115 an fran arrl parallel to the contaminated 

vertical sur face. 'Ihe distance fram the ground to the centre of the end cap 

was 93 an. 

MEASUREMENl' PROCEDURE 

For measurements on vertical surfaces, the detector and shielding were 

placed on a leve11ed steel table with the front errl cap of the detector 

115 an ± 0. 5 fram and parallel to the surface being measured. 'Ihe distance 

fram the ground to the centre of the end cap was 93 an ± 0.5 an. In this 

fX)sition the calibration procedure had revealed that about 80% of the 

counts came fran an area no larger than 4 m2 , and more than 95% fran the 

12 m2 closes t to the detector. Fbr measurements on horizontal surfaces the 

detector was turned through 900 so that the front end cap was at a distance 

of 86 an fram an parallel to the surface. In this fX)sition, about 95% of the 

counts orig i nated fram disintegrations within the nearest 25 m2. 

The time taken to assemble the apparatus for a single measurenent was about 

50 minutes. On vertical surfaces, counting times of 2-3 hours were normally 

required to obtain accuracies better than about ± 20%, but on horizontal 

surfaces counting times of less than one hour were generally sufficient to 

give an uncertainty of less than 10%. 

Since contamination on the ground surface contributed to the count-rate 

when measur i ng the canparatively low levels on vertical surfaces, it was 

necessary t o allow for this interference. 'Ihe contribution fram the ground 

surface was determined by counting with lead shielding imnediately in front 

of the detector end-cape 

'Ihe surveys were corrlucted in an area of light industry near the town 

centre, in the town centre arrl in the outskirts of the town. 
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RESULTS 

Radiocaesium on Urban Surafaces in August 1988 

Surface type 

Plain red brirk 
wall in 5-storey 
building • 
South-facing. 

Plain red brick 
wall in 5-storey 
building • 
North-facing. 

Yellow brick wall 
wi th roughened 
finish in single
storey building. 
South-facing. 

Yellow brick wall. 
North-facing 

Plastered wall. 
East-facing. 

Grassed area. 

AsphaI t surface 
in car park. 

Asphalt surface. 
Crossroads. 

Plastered wall. 
South-facing. 

Plastered wall. 
West-facing. 

Concrete paved 
area 1. 

Concrete paved 
area 2. 

Concrete paved 
area 3. 

Ibad width 5-8 m) 

Grassed area. 

Grassed area. 

Location 

Imustrial 
area 

" 

" 

" 

" 

" 

" 

" 

'Ibwn 
centre 

" 

" 

" 

" 

" 

" 

Harkskaer, 
10 km N-E 
of Gävle 

Cs-137 Cs-134 

1.65 x 103(±9%) 5.07 x 102(±16%) 

3.93 x 103(±7%) 1.35 x 103(±10%) 

1.03 x 103(±11%) 3.36 x 102(±24%) 

4.18 x 103(±15%) 1.50 x 102(±28%) 

1.20 x 103(±10%) 3.57 x 102(±18%) 

1.27 x 105(±5%) 3.69 x 104(±6%) 

3.28 x 103(±7%) 8.87 x 102(±9%) 

1.19 x 103(±9%) 4.81 x 102(±10%) 

7.84 x 102(±11%) 2.75 x 102(±20%) 

5.51 x 102(±16%) 1.96 x 102(±33%) 

6.75 x 103(±6%) 2.11 x 103(±7%) 

9.71 x 103(±6%) 2.98 x 103(±7%) 

6.40 x 103(±6%) 1.91 x 103(±7%) 

1.48 x 103(±9%) 5.32 x 102(±10%) 

8.52 x 104(±5%) 2.41 x 104(±6%) 

1.13 x 105(±5%) 3.22 x 104(±6%) 
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CONCLUSION 

CN.r survey showed that although more than two years had elapsed since Gävle 

was first contaminated, measurable arrounts of radiocaesium were still 

present on urban surfaces. 

'Ihe measured levels of 137 es on grassed areas in the town and in the sur

rounding countryside ranged from about 85 to about 130 kBq m-2 and the 

levels of 134es were 24-37 kBq m-2 . The levels on hori~ntal surfaces such 

as roads, pavements and car parks varied widely (from around 1 to 10% of 

those found on grassed areas). The level on walls were only 0.5 to 2% of 

those measured on grassed areas. 
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Organ Doses of Adults and Children 

from Environmental Gamma Rays 
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Gesellschaft ~ür Strahlen- und Umweltforschung 

D - 8042 Neuherberg, W - Germany 

*Japan Atomic Energy Research Institute, Tokai -mura, Japan 

Organ doses from environmental gamma rays were calculated using Monte Carlo 
methods for infinite plane sources in the ground, semi-infinite volume 
sources in the air and volume source in the ground . The results of the 
simulations of the gamma ray transport in the air "over ground geometry were 
used as sources irradiating four different anthropomorphic phantoms 
representing different ages and sexes; in this way, the effect of body and 
organ size on organ doses could be examined. Dose conversion factors 
normalised to air kerma and to source intensity were obtained . 

Introduction 

In order to evaluate the risk from environmental exposures, natural or man 

made, the organ doses have to be estimated for adults as well as for 

children and infants which are of special importance due to their greater 

life expectancy. This study aims at providing conversion factors from a 

measurable quantity (i.e. activity of the source or air kerma) to the 

unmmeasurable quantities of organ doses. For this purpose, Monte Carlo 

techniques in conjunction with anthropomorphic mathematical phantoms were 

used to simulate firstly the transport of photons in the environment and 

secondly the transport of phantons in the human body. So far, many similar 

studies have been carried out (P074, OB80, Ko85, Ja88), however, in most 

cases the conditions have been oversimplified. In the present study, the 

characteristics of the radiation field were simulated taking into account 

the ground roughness, the air ground interface and the photon distribution 

in height, energy and angle of incidence . Four phantoms representing 

different ages and sexes were simulated to stand on the ground. In this 

way, the effect of the body and organ size to the organ dose could be 

investigated. For this work, three typical cases of environmental sources 
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were conside red: 1) Infinite plane source with a depth of 0.5 g/cm2 in 
the soil, 2) Semi-infinite volume source in the air, 3) Semi-infinite 

volume source in the ground. 

Method 

For the envi ronmental photon transport, the Monte Carlo code YURI was 

employed whi ch was developed to be used specially for environmental 

problems (SaB5). Compton scattering, photoelectric absorption and 

pair-product i on are considered as photon interaction processes. Electron 

slowing down is not accounted, and a positron is assumed to stop at the 

originated position to emit two annihilation gamma rays. Air and ground 

were assumed to contact each other with an infinite plane. Air was assumed 
-3 3 to have a constant density of 1.205 x 10 g/cm and to consist of N2, 

02' and Ar having weight fractions of 75 . 5%, 23 . 2% and 1.3% respectively . 

Soil was taken to consist of Si02, A1 203, Fe203 and H20 with 

weight fractions of 5B.3%, 10.7%, B. 3% and 10.7% respectively . A soil 
3 density of 1 g/cm has been chosen, since this is a representative value 

for the uppe r first centimeter of ground . From the calculations, double 

differential fluences with respect to energy and angle were obtained for 

every 20 cm height above ground, from ° m to 2 m. Using these data, a 

secondary so urce was constructed around the phantom in a form of a 

cy l inder . 

For the organ dose calculations, four anthropomorphic phantoms were used, 

representing different sexes and ages, ADAM, EVA, CHILD and BABY. Table 

shows some body characte ris tics of these phantoms and Figure 1 shows 

schematic representations of EVA and CHILD. ADAM and EVA (KrB2) are 

MIRD-type sex specific math ematic al phantoms of reference adults (ICRP75) 

and consist of organs defined by mathematical relations. CHILD and BABY 

belong to a new and more realistic generation of phantoms : they are 

constructed from computer tomographic data of real patients, in this case 

of a 7 year old child and an B week old baby (ZaBS). 

Results and Discussion 

Dose conversi on factors for approximately 100 organs and tissues were 

calculated fo r ADAM, EVA, CHILD and BABY for the three typical environmental 
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sources mentioned above; extensive tables with results can be found else
where (Sa89). As an example, figure 2 shows the effective dose equivalent, 
HE, normalised to the air kerma at 1 m above ground as a function of energy. 

Table 2 shows the doses per source intensity of some organs of the adult 

phantoms for plane source in the ground and for volume source in air. The 

results for the plane source are in 5% agreement with the results of Jacob 

et al. (JaBB) whereas larger differences (up to 40%) were observed with the 

results of Kocher (K083) for volume source in air, probably due to the 

differences in air density and transport in the environment and phantom. 

Table 3 shows the doses per source intensity for volume source in the 
. . 40 23B 232 ground for the natural radlonuclldes K, U and Th series for 

EVA and BABY. These results are in good agreement with those of Kocher 

(KoB5). Table 4 demonstrates the effect of the body size by showing the 

ratios of the conversion factors for BABY (and CHILD) to those for ADAM, 

for the same source . The conversion factors for EVA were found to be 

similar to those for ADAM within 5% for all sources studied, as expected 

from previous studies (JaBB) . However, the body size was found to affect 

the dos es significantly, particularly for sources in the ground, low 

energies and for those organs which lie deeply in the body like the 

ovaries, where the difference between adult and baby can amount up to a 

factor of 3. 

However, it will be interesting to note that the organ dos es per air kerma 

are not very sensitive to the distribution of the environmental source and 

a difference of up to 20% was found for most organ doses corresponding to 

the volume source in air and plane source in the ground. 

From the data for monoenergetic sources and different phantoms, absorbed 

doses can be evaluated for people of all age groups and for various 

radionuclides. 
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Table 1. Body eharaeterist:cs 
of the phantoms 

Phantom Height Weight 
m kg 

ADAM * 1.70 70.5 
EVA* 1.60 59.2 
CHlLD** 1.15 21.7 
BABY** 0.57 4.2 

*Geometrieal phantoms 
based on the referenee 
man and woman. 
**Computer t omographie 
phantons based on the CT 
data of a 7 year old ehild 
and an 8 week old baby. 

FIG.l Vertieal seetion through 
EVA (al and 3-D representation of 
the CHILD ' s skin and skeleton (bl 
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Table 2. Dose conversion factors normalised to source intensity for organs 
of the male adult phantom ADAM and the female characteristic organs of EVA 

PLANE SOURCE IN THE GROUND; the depth of sour ce is 0.5 g/cm**2 
Dose conversion factors in pSv per ~ /m**2 

Energy (MeV) 0.020 0.050 0.100 1.000 3.000 10.000 

Fern. Breast* 1.3E-06 2.9E-05 6.6E-05 6.7E-04 1.7E-03 4.3E-03 
Lungs 5.0E-08 2.1E-05 G.OE-05 6.4E-04 1.7E-03 4.3E-03 
Ovaries* 1.4E-09 1.4E-05 5.1E-05 6.1E-04 1.5E-03 3.9E-03 
Red Marrow 6.3E-08 1.3E-05 5.0E-05 5.9E-04 1.6E-03 4.3E-03 
Skeleton 4.2E-07 5.2E-05 1.1E-04 6.5E-04 1.6E-03 4.4E- 03 
Skin 2.8E-06 3.OE-05 6.7E-05 7.2E-04 1.8E-03 4.5E-03 
Testes 1.2E-06 2.7E-05 6.1E-05 6.6E-04 1.6E-03 4.5E-03 
Thyroid 1.3E-07 2.0E-05 5.8E-05 6.4E-04 1.6E-03 4.1E-03 
HE-ICRP 4.1E-07 2.2E-05 5.9E-05 6.3E-04 1.6E-03 4.3E-03 

SEMI INFINITE VOLUME SOURCE IN AIR; Dose conversion factors in pSv per '6/m**3 

Energy (MeV) 0.020 0.050 0.100 1. 000 3.000 10.000 

Fern. Breast* 3.0E-04 1.9E-03 4.5E-03 5.3E-02 1.7E-Ol 5.6E-Ol 
Lungs 2.2E-05 1. 3E-03 3.9E-03 5.0E-02 1.6E-Ol 5 . 4E-Ol 
Ovaries* 9.0E-07 6.7E-04 2.8E-03 3.9E-02 1. 4E-Ol 4.5E-Ol 
Red Marrow 2.6E-05 7.7E-04 3.1E-03 4.5E-02 1.5E-OI 5.4E-Ol 
Skeleton 1.5E-04 3.IE-03 7.7E-03 5.1E-02 1.6E- OI 5.5E-OI 
Skin 6.5E-04 1.9E-03 4.5E-03 5.5E-02 1 . 7E-OI 5.7E-OI 
Testes 1.7E-04 1. 4E-03 3.6E-03 4 . 9E-02 1.5E-OI 5.3E-OI 
Thymus 4.0E-05 1.2E-03 3.8E-03 4 . 4E-02 1.7E-01 4.9E-OI 
Thyroid 9.2E-05 1. 4E-03 4.2E-05 5.6E-02 1.6E-OI 5.8E-OI 
HE-ICRP 9.IE-05 1. 3E-03 3.8E-03 4.7E-02 1.6E- OI 5.3E-OI 

*These doses are calculated using the female phantom EVA 

Table 3. Dose conversion factors normalised to source intensity (pSv per 
dis/kg) for the phantoms EVA and BABY due to the natural rad i onucl i des 
in the ground. 

EVA BABY 

U-238 Th-232 K-40 U-238 Th-232 K-40 
series series series series 

Fern. breast 1. OE-OI 1. 4E-OI 9.5E-03 
Lungs 9.IE-02 1. 3E-OI 8.7E- 03 1.IE-OI 1. 5E-OI 1. OE-02 
Ovaries 8.0E-02 1. OE-OI 7.9E-03 1. 4E-OI 1. 9E-OI 1. 2E-02 
Red Marrow 8.5E-02 1.2E-Ol 8.0E-OI 1.IE- OI 1. 8E-OI 1. OE-02 
Skeleton 9.7E-02 1.4E-Ol 8.7E-03 1. 3E-0l 1. 4E-OI 1.1E-02 
Skin 1.IE-Ol 1. 5E-OI 9.9E-03 1. 2E-OI 1. 7E-Ol 1.IE-02 
Testes* 9.3E-02 1.3E-Ol 9.0E-03 1. 2E-OI 1. 5E-Ol 1. 2E-02 
Thyroid 9.3E-02 1. 3E-OI 8.6E-03 1.IE-OI 1. 4E-OI 9.6E-03 
HE** 8.9E-02 1. 2E-OI 8.5E-03 1. 2E-OI 1. 6E-OI 1.IE-02 

*The doses are calculated using the male phantom ADAM. 
**HE calculated using the ICRP definition for adults (ICRP77). 
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Table 4. Rat i os of dose conversion factors for different phantoms 

PLANE SOURCE IN THE GROUND: the depth of source is 0.5 g/cm**2 

Energy(MeV) 

Lungs 
Ovaries* 
Red Marrow** 
Skeleton** 
Skin 
Testes*** 
Thyroid 
HE**** 

Energy(MeV) 

Lungs 
Ovaries* 
Red Marrow** 
Skeleton** 
Skin 
Testes*-* 
Thyroid 
HE**** 

.050 

1. 57 
2.64 
1. 77 
3.20 
1.17 
1. 51 
1. 74 
1. 76 

.050 

1. 46 
2.52 
1.71 
3.40 
1.14 
1. 48 
1. 22 
1. 65 

BABY/ ADAM 

.100 

1.25 
1.67 
1.29 
1.97 
1.14 
1.27 
1.42 
1.38 

1.0 

1. 21 
1. 59 
1. 34 
1. 24 
1.15 
1. 36 
1.21 
1. 33 

3.0 

1.15 
1.52 
1.23 
1.16 
1.12 
1.18 
1.13 
1.22 

. 050 

1. 05 
1. 56 
1.24 
2.41 
1. 06 
1. 28 
1. 25 
1. 24 

SEMI INFINITE VOLUME SOURCE IN AIR 

BABY/ ADAM 

.100 

1.22 
1.60 
1.30 
2 . 32 
1.12 
1.31 
1.13 
1.34 

1.0 

1.18 
1. 50 
1. 31 
1. 37 
1.17 
1.12 
1. 02 
1. 21 

1.0 

~. 15 

1.38 
1.26 
1.24 
1.15 
1.22 
1.09 
1.20 

.050 

1.11 
1. 54 
1. 21 
2.49 
1. 02 
1. 05 
1. 02 
1.18 

*Doses calculated using the female phantom EVA. 

CHILD/ ADAM 

.100 

1.05 
1.25 
1.09 
1. 78 
1.06 
1.22 
1.21 
1.16 

1.0 

1. 07 
1.10 
1. 21 
1.13 
1. 08 
1. 03 
1.17 
1. 09 

CHILD/ ADAM 

.100 

1.06 
1.17 
1.06 
1.97 
1.03 
1.06 
1.09 
1.12 

1.0 

1. 09 
1. 09 
1.18 
1. 24 
1. 06 
1.19 
1. 02 
1.11 

**Skeleton indicates hard bone for BABY and CHILD and a mixture of 
bone marrow-bone for ADAM and EVA. 

3.0 

1.03 
1.18 
1.14 
1.07 
1.06 
1.07 
1.17 
1.09 

3.0 

1.00 
1.19 
1.14 
1.13 
1.06 
1.53 
1.24 
1.13 

***The testes were added to the phantoms BABY and CHILD (both female). 
****HE was calculated using the ICRP definition (ICRP77). 
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FIG.2 Effective dose equivalent per air kerma at 1 m above ground, 
resulting f rom plane source at a depth of 0.5 g/cm**2 in soil. 
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Gamma measurements after the Chernobyl fallout in Lower Saxony (West GermailY) 

by Chr. Beck mann 

Bundesanstalt für Geowissenschaften und Rohstoffe (8GR) , Hannover, West Germany 

On the 3 and 4 May 1986 after the accident at Chernobyl, radioactive 

fallout was observed in Lower Saxony, West Germany. A program was star ted 

immediately by the BGR to measure the distribution of gamma-radiation at 

the surf ace of the soi I throughout the s tate . Th i s progr am was completed in 

1988. Measurements were made at about 5000 sites . 

The results are especially important for assessing contamination of food, 

e.g. milk products, mushrooms or game . 

Total counts/second (cps) of radiation with energies of more than 30 keV 

were measured with aNal (TI) scintillometer (type : Saphymo Stel SPP 2 N.F.l. 

In this range, all natural and artifical gamma-radiation is detected. 

The survey was made as foliows: 

The measurements were made at ground level only in grassland areas 

(unplowed since April 1986). 

- Six to eight sights per 10 km 2 were surveyed, more where higher counts 

were measured. 

- At each site, 5 - 8 measurements were made to obtain a representative 

mean value. 

- An interpolation procedure was used to obtain areas of similar mean values 

and these areas were then plotted on a map sheet. 

- To convert the cps measurements into energy units (nGy/h or rd/h) the 

instrument was calibrated with a Scintomat scintillometer in nGy/h. 

The results of th i s survey can be seen on the map in Fi gure 1. 

Various areas in Lower Saxony were observed with values of 60 - 110 nGy/h 

with a natural background of about 35 nGy/h. These areas of high values 

trend NNW-SSE or N-S and do not correlate with geological structures or 

soi I types. 
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High values were observed In the followlng areas: 

NNW-SSE trend : 

- the SW Harz region 

(90 -100 nGy/h, maxima : 100 - 120 nGy/hl 

- the Wietze to Hannover area 

(60 - 70 nGy/h, maxima: 80 - 90 nGy/hl 

- the Syke to Nienburg area 

(60 - 70 nGy/h, maxima: 70 - 80 nGy/hl 

- the Lüchow-Dannenberg area 

(60 - 70 nGy/h, maxima: 80 - 90 nGy/hl 

N-S trend : 

- the Lübbecke to Diepholz area 

(60 - 70 nGy/hl. 

Less significant anomalies were found in the areas from Ibbenbüren to 

Herford, from Emden to Leer, and in the Butjadingen and Hemmoor areas 

(60 - 70 nGy/hl. 

Fig. 1 : Gamma-dose distribution In Lower Saxony 1987/88 
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A correlatlon of the anomafles wlth rainfall data of the 3 and 4 May 1986 

shows that the fallout from Chernobyl was the source of these elevated 

values . It ralned on 3 May 1986 In the area between Osnabrück and Emden 

(followlng a path from SE to NW) and in the area of the SW Harz as far as 

Wietze and in the Lüchow-Dannenberg area on the 4 May 1986 . 

To distingulsh between natural and artifical rad ionucl ide distribution in 

the soil, a foilow-up program was star ted at the beg i nni ng of 1989. The 

areas of eievated vaiues, especiaily that of the SW Harz, are being examined 

to determine which radionuclides are responsibie for the measured radiation. 

Soil sampies are being taken 1 - 5 km apart from dephts of 0 - 2 cm, 

2 - 5 cm, 5 - 10 cm and 10 - 20 cm. After drying and homogenisation their 

gamma-spectra is measured with a pure Ge-spectrometer in the laboratory . 

The initial results show complex gamma-spectra from di fferent groups of 

radionuclides, e .g . products of the U-238 and Th -232 decay chain, decay 

products of Rn-222, and the fallout products like Cs-137, Cs-134 and 

Pb-21O ( Fig. 2). Especially the distribution of Cs-137, Cs-134 and Pb-210 

in the soil is being examined. 

Flg.2: Gamma spectra of a soll sampie (0 - 2 cm dephtsl of the Harz region 
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GAHMASPECTROSCOPIC SOlL MEASUREMENTS: SPATIAL VARIATION OF 
CONCENTRATIONS OF NATURAL AND ARTIFICIAL RADIONUCLIDES AND 
THEIR CORRELATION WITH EXTERNAL EXPOSURE 

Michael Felsmann, Hans-Jörg Denk 

Fachhochschule Münster, FRG 

SUMMARY 

Within a coherent region of about 1800 km2 (Kreis Steinfurt, North-West Ger
many) the spatial distribution of natural and artificial radionuclides were 
determined. 
The sampling locations were regularly distributed with distances of about 4km 
from each other. Each sampie was prepared from 36 soil cores (length 20 cm, 
diameter 46mm) taken from an area of 100 x 100 m2 of pasture-land. 
The soil was air dried, sieved to 2x2mm and carefully mixed . The measurements 
were carried out with a high purity coaxial Ge-Detektor.The measured activi
ties are used to calculate the contribution of artificial and natural radio
nuclides to the external exposure . Kerma rate factors for infinite homogeneous 
plane sources in the ground were used, which were calculated by Jacob and 
Paretzke by the monte carlo method. Measurements with a calibrated dose rate 
meter indicated a good agreement with the calculated values. It is shown, 
that the spatial variability of the dose rates caused by artificial and natu
ral nuclides respectively is in the same order (about factor 4). For this 
reason the Cesium-distribution pattern is not correlated to the external 
gamma-ray exposure in the investigated region. 

INTRODUCTION 

Since the nuclear accident in Chernobyl a lot of measurements were taken to 
determine the deposition of artificial radionuclides , specially the fallout 
nuclides 134CS and 137Cs in the ground. These measurements are important to 
study radiological consequences of such contaminations. 
In the FRG Cs-contaminations show the known gradient from the north to the 
south. While in many northern regions of Germany the 137Cs_ concentrations 
are under 3 kBqjm 2 (May 1986), some places in the south with 100 kBqjm2 and 
more were found. For calculations of the external gamma-ray exposure also 
the natural nuclides in the ground and their spatial variations have to be 
cOI.sidered. In regions with high Cs-contaminations the contribution of natu
ral nuclides to the external dose is relatively small and spatial variations 
in the measured external dose are strongly correlated with variations in the 
Cs-activities. In these cases dose rate measurements over ground can be used 
to determine Cs-contamination patterns (Le89). 
Another situation arises, when the Cs-concentrations are lower : Variations in 
the external dose are not correlated with Cs-variations because the spatial 
variations of natural nuclides also influence the external dose. In these 
cases dose rate measurmenets over ground cannot describe the varying Cs
contamination. 
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In order to describe spatial variaton of both ,artificial and natural nu
clides, gammaspectroscopic soil measurements were undertaken in a coherent 
region in Nor th-West Germany . The "Kreis Steinfurt", subject of the inves
tigations, i s a district in North Rhine-Westphalia in the triangle Münster , 
Osnabrück (FRG) and Hengelo (Netherlands) . 
With the measured activity-concentrations gamma-ray exposure 1 meter over 
ground was c a lculated and compared with measured values. 

MATERIALS AND METHODS 

Gammaspectros copic soil-measurements 

The sampling locations fulfilled the folowing conditions : 
1 . pasture-land (unploughed since at least april 1986) with a minimum area 

of 100 x 100 m2 

2 . horizontal , plane areas, not l y ing in hollows or in neighborhood of hills 
in order not to measure untypically nuclid-concentrations caused by 
enriching or washing out effects of rainfalls 

All sampies were taken with augers , consisting of a tube with a diameter of 
46 mm . The t ubes were stroken into t h e ground up to a depth of 20 cm. 
Measured profiles of the vertical Cesium-concentration (De89 ) showed, that in 
the soil-laye r 0-20 cm not only all of the Chernobyl - Cesium but also nearly 
all of the 137Cs correlated with the above-ground nuclear weapon tests in 
earlier times could be found . 

The minimum number of sampies necessary to get representative results from an 
area of 1 ha depends on the spatial variability of activity concentrations 
expressed in Bq/m2 and on the error that can be accepted. To find an appro
priate number , 60 soil cores were taken from an area of 60 x 80 m2 . It was 
shown , that due to the spatial variability one has to tolerate an error 
of 15% for 134Cs when taking 36 soi1 cores and about 10% for 137Cs at the 95% 
confidence level (Ba87) . 

The soil was air dried, sieved to 2x2 mm and carefully mixed . The measure
ments were ca rried out with a high purity coaxial Ge-detektor in a 1 . 5 1 
Marinelli-Beaker geometry . The different absorption of the gamma-rays in soil 
and standard was taken into account, using only natural nuc1ides for an 
efficiency calibration (to be published) . 
The mean stat istical error for measuring 134Cs and 137Cs was 3.5% and 1.5% 
respectively . 

Gamma-ray exposure from soil 

To calculate gamma - ray exposure over ground using the measured acticity 
concentrations of the natural and artificial nuclides, kerma rate factors for 
infinite , homogeneous isotropic plane sources in the ground from Jacob and 
Paretzke (Ja86) were taken, given in (Gy/yr per r/s cm-2 ) . These values were 
obtained by Monte Carlo calculations and were calculated for a distance of 
1 m above ground . It was summed over all energies in the range from 0 . 04 up 
to 2 MeV and over 30 soil-layers with a thickness of each 1 cm. It was 
assumed that the natural nuclides are homogeneous distributed in vertical 
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direetion in the soi! up to the maximum depht of 30 em. For the Cesium
nuelides profiles were measured to get the aetivity eoneentrations in vertieal 
direetion. One ean assume that two measured profiles are representative for 
the whole region. Even a strong variation in the profile, as it eould be 
measured in a soil, whieh was eultivated up to a depth of 2 meters about 10 
years ago (De89), eould vary the dose rate only by a few pereentage. To 
aeeount for the reduetion of exposure by surfaee roughness, an effeetive depth 
of lem was eonsidered. Using this value a good agreement with measurements 
eould be obtained, whieh were earried out with a ealibrated dose rate meter 
(Automess, Szintomat 6134A) . 

RESULTS AND DISCUSSION 

The measured 137Cs aetivity eoncentrations eonsist of two parts, one con
cerning the Chernobyl-fallout while the other one is conneeted to the fallout 
from nuelear weapon tests (,,137CSbomb") . 
137CS~omb was calculated by plotting the measured 137Cs -values as a function 
of 1 4CS (both Bq/m2 ) . Linear regression with a correlation-eoeffieient of 
0.98 gives : 137Cs~ao + a~ 134 CS with ao=2.2kBq/m2 -mean 137CSbomb and a1=2.01 
indicating the relation 1 7Cs/134Cs in the Chernobyl- fallout. For this plot 
only measurements were used with 

1.8 kBq/m 2 < 137CSbomb=137CS_2134CS < 2.6 kBq/m2 • 

This interval is eorresponding to the mean error of 137 CSbomb ' whieh is 
2.2kBq/m2 ± 20%. For 137CSbomb<1 . 8 kBq/m2 deviation from the mean is bigger than 
the mean error of 20%. Assuming that the distribution of 137CSbomb is quite 
homogeneous in the considered area, it is eoneluded for these eases, that one 
part from the 137CSbomb migrated into depths below 20 cm depending on the date 
of eultivating the land between beginning of the sixties and april 1986. 
The 134CS distribution, looking quite similar to that of 137CS , is illustrated 
in Fig.2. All values are related to May 1986. While 137Cs varies between about 
3 and 10 kBq/m2 , 134CS is in the range of about 1 up to 4 . 5 kBq/m2 . 

Figure 1 shows ca1cu1ated gamma-ray exposure as 
a funetion from the measured one. The error 
given for the measured va1ues is the standard 
deviation of the mean, were the mean was deter
mined from 40 single measurements at every loca
tion. The ea1eu1ated va1ues were obtained with 
dose faetors, 1isted in table I, which were 
evaluated with an effeetive depth of 1 cm . 

Linear regression gives the relation between 
measured (Dm) and ea1cu1ated dose Dc with a cor
relation eoeffieient of 0.73: 

Dm - 33.9 + 1.06 Dc ' 

33.9 nGyjh is corresponding to the cosmic-por
tion of the externa1 dose whieh is in agreement 
with literature (Bu85) . The good corre1ation 
between ca1cu1ated and measuredvalues indicates 
the va1idity of the ea1eu1ations using an 
effective depht of lern . 

Table 1 
Kerma rate faetors 
(1m above ground , 
nGy m2 jh Bq) 

Ra228 3 . 76 10-2 

Ra226 2 . 20 10-2 

K-40 2 . 41 10-3 

Cs-134 2 . 51 10-3 
Cs-137 7.27 10-4 

Figure 4 shows the distribution pattern of the ca1cu1ated gamma-ray exposure 
ine1uding the eosmic-portion in May 1988. The pattern looks quite different 
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from the Cesium distribution, because the natural nuclides vary in a similar 
manner as the Cesium concentrations but for shure are not correlated with the 
Cesium . The terrestic component of the external gamma-ray exposure Dterr can 
be written as : Dterr - Des + Dnat ' where De• specifies the portion caused by 
134CS and 137Cs and Dnat gives the contribution of the natural nuclides. 
The variations of Dterr , which are in the range of about 15 up to 46 nGy /h, are 
caused by t he spatial variability of Des' varying from about 3.5 up to 12 
nGy/h, and Dnat ' whi ch is limited by about 9 and 36 nGy/h respectively. Even 
neighbouring locations only distant 4 km from each other sometimes show a 
strong gradient for Dnat . For those cases variations by the factor of 3 could 
be found. Such strong gradients could not be found for DCa 

The i nves tigations show, 
that the spat ial varia
bility of Des and Dnat in 
the considered region is 
of the same order ( 
about factor 4). For 
this reason it is not 
possible to get the Ce
sium-distribution with 
simple dose rate measu
rements over ground. 
Only in regions with 
high Cesium contamina
tions , were the relative 
contribution to the ex
ternal dose by natural 
nuclides is small, dose 
rate measurements may 
estimate Cesium distri
bution pattern. 

Fig. 1. Measured and calculated external gamma
ray exposure 1m above ground. 
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We thank Mrs Christine Beckmann and Mr Dr. Scholz from the " Bundesanstalt 
für Geowissenschaften und Rohstoffe" for printing the maps (Fig. 2/3) . 
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Fig . 2 Contamination with 134CS in the district "Kreis Steinfurt" 
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Fig.3 External gamma-ray exposure (calculated) 1m above ground in the 
district " Kreis Steinfurt" 
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CALCULATIONS OF GAMMA-RAY FLUXES FROM CONTAMINATED GROUND 
SURFACES FOR CALIBRATION PURPOSES OF GE-DETECTORS USED FOR 
IN-SITU SPECTROMETRY 

Summary 

R. Dorner 
Zentraleinrichtung für Strahlenschutz 

Universität Hannover 
D-3000 Hannover 1 - Federal Republic of Germany 

Monte-Carlo calculations have been performed with the transport 
code SAM-CE in order to determine the gamma-ray-fluxes in a 
detector located above a surface, contaminated with gamma-emit
ting radionuclides. The study provides an aid for the absolute 
calibration of in-situ gamma-spectrometers, in particular for 
the calculation of activity-distributions in contaminated sur
face layers and of gamma-exposure above these surfaces. The 
calculations assumed a detector 1 m above the ground plane. The 
flux of photons was calculated for a small radionuclide source, 
located at depths between 0 and 35 cm below the surface of the 
soil and horizontal distances up to 20 m to the detector. 
The detector counts only those particles without inelastic 
scattering. The calculations were done for a dense mesh of 
photon-energies between 80 keV and 1.5 MeV. Thereby, a data 
base was established, which can be applied to problems of in
situ gamma-spectrometry. 

Exemplarily, the dependence of in-situ measurements to the size 
of the investigated surface was calculated. This allows to 
optimize collimators for in-situ detectors. Secondly, the data 
were used to calculate the flux of photons originating from 
different types of distributions of radionuclides in the 
ground. Three distributions were investigated: homogeneous 
distribution, surface contamination and exponential decrease 
of the radionuclide-concentration with depth. 

The calculations will be extended in the future to calculate 
the actual detector response in terms of activity concentration 
in the soil as well as of dose rates above ground. Already now 
they can be used to optimize the design of in-situ gamma-spec
trometers and thereby to rise the efficiency of this method of 
environmental surveillance. 
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IN SITU GAMMA SPECTROSCOPY IN SWITZERLAND 

USING A PORTABLE GAMMA RAY SPECTROMETER. 

C. Murith, H. Völkle, G. Piller, H. Surbeck, L. Ribordy 

Sektion Ueberwachung der Radioaktivität, BAG,Fribourg/Switzerland 

1) In situ gamma ray spectroscopY 

This measurement method developed by H. L. Beck [1] is used in Switzerland 

since 1984 for environmental radioactivity monitoring. Instrument, cali

brat ion and results for this country as well as more general considerations 

about this method are given in [2], [3], [4] and [5]. 

2) Natural Radioactivity 

For natural radioisotopes in soil (U-, Th-series, K-40) the in situ spectrum 

is evaluated presuming a homogeneous activity distribution in the soil. This 

has been verified by laboratory analysis of soil samples taken at different 

places and different soil depths (fig. 1). To determine the 23BU series 

activity the 186 keV gamma ray from 226Ra has been used. A correction has 

been made for the contribution of the 235U from the actinium series which 

contributes a l so to the same gamma ray. Presuming the 226Ra/23BU ratio to be 

equal to 1, 60% of the net peack aera at 186 keV can be attributed to 

226Ra. To det ermine the 235U contribution to the 186 keV gamma ray one can 

also use the gamma ray at 92.6 keV from 234Th using the 235U/23BU activity 

ratio. The daughter isotopes (2'4Pb and 2'4Bi) cannot be used to determine 

the real 23BU activity in the soil as they are also deposited from the air 

after rain fa l l or as 222Rn emanates partly from the soil . From our in situ 

measurements i n Switzerland (fig. 2a and 2b) we got, for the upper 20 cm of 

soil, values of 20 to 100 Bq/kg (mean: 40~15) for 226Ra, 13 to 46 Bq/kg 

(mean: 23~6) for 228Ac (Th-serie) and 150 to 700 Bq/kg (mean: 370~120) for 

4°K . It has to be pointed out further, that also the 4°K activity of the 

soil could differ significantly by the use of some potassium containing 

fertiliser on cultivated soil. 

3) Artificial Radioactivity 

After the Chernobyl reactor accident we presumed in Switzerland an expo

distribution with soil depth for the radioactive particles depo

from t he air onto the ground (fig. 1). According to the different 

nential 

sited 
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meteorological conditions in the various regions of the country the wet 

depositions were the highest in the southern and eastern part of Switzer

land. The migration velocity in the soil for the deposited artificial 

radioactivity depends on the soil properties. The relaxation length (a-') 

defined as the depth where the activity concentration has decreased to l/e, 

has been calculated for ' 34CS. This nuclide was not present in the 

environment before the reactor accident. Laboratory measurements on soils 

sampIes at depths until 10 cm show considerable variations for the 

relaxation length. A mean value has been calculated for each site by 

weighting the values from the different depths by their activity. In 1986 we 

obtained va lues for a-' between 0.65 and 1.85 cm (mean: 1.2~0.3), in 1987 

between 1 and 10 cm (mean: 3.1~2.0) and in 1988 between 2 and 10 cm (mean: 

4 .7~2.2). In 1986 most of the chernobyl activity was still in the first five 

centimeters of the soil. At some places, where the soil is more porous or 

has been ploughed up the radioactive particles reached a depth of 10 cm or 

more; in a few cases the soil even shows a homogeneous activity distribution 

until a depth of 10 cm or more. Using the known ' 34CS/' 37CS ratio the 

different contributions of the artificial activity i.e. atomic bomb test 

fallout, Chernobyl and an accidental release from a nuclear power station in 

Switzerland could be shown (fig. 3). The contamination of the soil surface 

due to the Chernobyl accident has a great variety in Switzerland: 150 to 

45000 Bq/m2 for ' 37CS (fig. 4). The laboratory measurements of soil sampIes 

gave relaxation lengths for the "old" ' 37CS i.e. from atomic bomb test 

fallout between 15 and 30 cm. For the places where such in situ measurements 

have been performed values of 1000 to 9000 Bq/m2 were obtained for this 

contribution (fig. 4). Nevertheless it seems to be necessary to take 

additional soil sampIes down to 30 to 40 cm to get sound va lues for the 

fallout contribution, especially for those places where no results be fore 

Chernobyl were available. 

4) Contribution to external radiation exposure 

From the in situ spectrometry results the contribution to external radiation 

exposure 

bution 

balloon 

can be calculated for each radioisotope. The cosmic ray contri

to the gamma exposure has been determined earlier on a hot air 

flight [6]. The total external gamma radiation exposure is calcu-

lated for each site and verified by exposure rate measurements using a high 

pressure ionisation chamber (Reuter & Stokes). The measured va lues are in 

accordance with the calculated values (fig. 5). The 222Rn daughter products 
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deposited on ground surface are taken into account by presuming them to be 

homogeneously distributed on the surface of the soil . In situ 

performed during rain fall showed values until 2000 Bq/m2 

external exposures at one meter above ground of about 20 

measurements 

and led to 

nSv/h. The 

different contributions to the external radiation exposure (cosmic radi

ation, terrestrial radioactivity, atomic bomb fallout, Chernobyl and a local 

accidental nuclear power plant release) are shown in fig. 6 . 

5) Conclusions 

The worldwide use of nuclear energy and the growing public concern about its 

environmental impact make a rapid monitoring technique for artificial radio

active contamination desirable. Through the in situ measurement method the 

high state of the art of the gamma ray spectrometry is now available to 

fullfill this need. 
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Fig, 2,a, BQ/kg 2 26 Ra and 228Rt froM in situ MeasureMents in Slolitzerland 
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RADIOACTIVE IODINE AND CESIUM IN PERSONS FROM SOUTHERN AND 
WESTERN SWEDEN AFTER THE CHERNOBYL ACCIDENT 
S Mattsson, B Hemdal, E Hakansson, L Ahlgren, M Alpsten, 
Ä Cederblad and N Drugge 

Department of Radiation Physics Malmö, University of Lund, Malmö 
General Hospital, S-214 01 Malmö and Department of Radiation 
Physics, university of Göteborg, Sahlgren Hospital, S-413 45 
Göteborg, Sweden 

Summary 
Compared to several other areas, the southern and western parts 
of SWiden received a relatively low deP2sition of 1-131 (~10 2 
kBqJm at 1986-05-08), Cs-134 (~l kBqJm ) and Cs-137 (~2 kBqJm ) 
due to the Chernobyl accident. Two to four weeks after the 
accident the mean thyroid content of 1-131 was 5-15 Bq with 
somewhat higher values in the measured control group from 
southern than from western Sweden. The 1-131 was mainly from 
inhalation. The mean concentration of Cs-137 in the body reached 
a maximum of about 6 BqJkg (total body content ~400 Bq) around 
May, 1987 . The corresponding value for Cs-134 was 2.2 BqJkg (150 
Bq). Per kg body weight, children had the same or somewhat lower 
cesium content than adults. The contribution to the effective 
dose equivalent from internally deposited Cs-137 and Cs-134 from 
Chernobyl , up to the end of 1989, was estimated to be 0.04 mSv 
as a mean for adults. This is 20-40% of the contribution from 
external i rradiation due to deposited Chernobyl radionuclides. 
In the period 1956-1989, bomb produced Cs-137 has given about 5 
times larger contribution to the interna I irradiation than 
Cs-137 and Cs-134 from Chernobyl. 

Introducti on 
The hazard to man from fall-out originates from external as weIl 
as internal irradiation. The internal component is due to 
ingestion as weIl as inhalation of radionuclides. Individual 
uptake, retention and/or excretion measurements on a 
representative group of people are needed to estimate this 
interna I contribution. Following the Chernobyl accident 
measurements of 1-131 in the thyroid and CS-137/134 in the whole 
body were made on limited groups of people in many countries. 
The aim of this paper is to summarise the results for western 
and southern Sweden and compare them with results from 
measurements after the atmospheric nuclear weapons tests in the 
1950's and 1960's. 

Materials and methods 
In Malmö two reference groups were established after Chernobyl. 
One (Malmö-I) consisted of 30 persons (6 men, 18 women and 6 
children aged 7-17 years) living in the Malmö area. The 1-131 
activity i n their thyroid gland was measured once a week during 
4 weeks after Chernobyl, starting 11 days after the accident. 
The second group (Malmö-Cs) consists of 12 adults (6 men, 6 
women, mean age 42 (25-59) years in 1987). For this group the 
whole body content of Cs-137 and Cs-134 was measured at 19 
occations between September 1986 and April 1989. 
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In Göteborg two similar reference groups were established. One 
(Göteborg-I) consisted of 65 persons (43 adults and 22 children, 
aged between 16 days and 16 years). The second reference group 
(Göteborg-Cs) consists of 81 persons (64 adults and 17 
children), who were measured 1986-88. It contains an undergroup 
of 18 persons (8 men and 10 women, me an age 38 (25-62) years 
in 1987), which is still followed. There are also 11 fami1ies, 
where children and at the least one of their parents have been 
measured. Moreover, in 1987, measurements of Cs-137/134 were 
made on 185 women in radiologica1 work, who were routinely 
measured in the whole body counter for analysis of possible 
radionuclide contamination and in 1988 on 60 persons of that 
group. 
The Lund reference group was established already in 1960 and 
measured up to 1980 (Liden and Gustafsson 1966, Hemdal and 
Mattsson 1990). Of the present 18 persons (8 men and 10 women, 
mean age 56 (28-77) years in 1987), 13 (8 men and 5 women) have 
participated since 1964 and 5 (all women) since 1974. The 1964 
group consisted of 18 men and 11 women (mean age 39 (20-54» 
from a local factory. The Lund group was measured in Lund 
between 1960 (the first 4 years with other members) and 1980. 
After the Chernobyl accident five new measurements have been 
carried out between spring 1987 and 1989. Most of these post 
Chernobyl measurements have been carried out in the Malmö whole 
body counter. comparative measurements in the Lund whole body 
counter have been undertaken on 14 persons, showing the same 
resu1ts within the limits of uncertainty. 
The wh01e body counters in Ma1mö and Göteborg consists of two 
12.7 cm (diam.) x 10.2 cm NaI(Tl) detectors mounted in a 
scanning bed geometry with one detector above and one below the 
patient and placed in iron shielded rooms. For the 1-131 
measurements one of the detectors was used. Measurement details 
are given elsewhere (Ahlgren and Hemdal 1988, Cederblad et al. 
1988, Häkansson et al. 1988). The whole body counter in Lund 
consists of one 20.4 cm (diam.) x 10.2 cm NaI(Tl) detector in a 
42 cm chair geometry. 
All measurements were related to measurements on phantoms with 
known activity. The same whole body phantoms, each containing a 
well known activity of CS-137, Cs-134 and K-40 respectively, 
were used in Göteborg and Malmö. These phantoms were supplied 
from the Swedish National Institute of Radiation Protection 
(G.Eklund, R.Falk), which also specified the activity content. 
Intercomparisons with other laboratories were also carried out. 

Resu1ts and discussion 
1-131. Table 1 shows the mean activity in the thyroid for 
various age groups at different occations after the accident. 
From measurements on 18 autopsy thyroid samples from southern 
Sweden (Strand et al. 1988) 1-131 contents in individual 
thyroids up to 10 Bq were reported for persons who died May 8 
and June 10. Due to the sparse sampling it is difficult to 
estimate more exactly the time for 1-131 maximum in the 
popul~tion. 
~~.~ first 1-131 from Chernobyl came to south-west Sweden 
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Table 1. 1-131 content (Bq) (±1 SE) in the thyroid gland of 
persons of various ages in the Göteborg and Malmö area. (n = 
number of persons, ND = non detectable) 

Time period 7/5 
Age, year 
Area 

0-1 
Göteborg 

1-7 
Göteborg 

7-16 
Göteborg 

7-16 
Malmö 

8.3 
n=l 

34 
n=l 

8-11/5 12-18/5 19-25/5 26/5-1/6 2-10/6 

ND 
n=4 

2.5 
n=l 

13.7±3.4 6.9±1.2 3.5±0.4 
n=4 n=5 n=2 

9.5±1.3 5.7±1.4 
n=4 n=6 

15.5±4.0 4.9±3.0 
n=7 n=5 

7.0±2.8 
n=4 

ND 
n=3 

4.9 
n=l 

3.0±3.5 
n=7 

--------------------------------------------------------------
16- 5. 5±1. 4 6.8±1.1 6.9±0.7 4.7±0.9 3.9±1.1 2.2±1.0 
Göteborg n=6 n=7 n=27 n=5 n=6 n=8 

16- 3.4 11. 5±1. 2 7.8±2.2 3.7±1.6 ND 
Malmö n=l n=17 n=14 n=9 n=17 

16- 18.5±4.0 9.3±3.1 8.8±1.9 ND 
Malmö, n=5 n=2 n=3 n=5 
outdoor wor kers 

already in the night between April 26 and 27 and then in the 
period 4-8 May (Persson et al.1987, Erlandsson and Isaksson 
1988, Mattsson and Vesanen 1988). The activity concentration in 
air was highest during April 27-28. The main deposition on the 
ground was however received first in the evening of May 7 in the 
Malmö area (Erlandsson and Isaksson 1988) and on May 8 in 
Göteborg (Mattsson and Vesanen 1988). The thyroid measurements 
started on May 7, which means be fore the heavy and quite 
dominating deposition. Already at that time the levels were as 
high as one week later, indicating a considerable uptake from 
inhalation . The rapid decrease of activity indicates that the 
intake had taken place during a relatively short time period. If 
the main part of the 1-131 in the thyroid had been a result of 
intake via milk, maximum would not have appeared until around 
the per iod 19-25/6 (Ahlgren and Hemdal 1988). The conclusion is 
that contamination through food has been of minor importance. 
The persons who worked outdoors had also somewhat higher 1-131 
content than those who stayed much indoors. For persons in 
southern and western Sweden, 1-131 from Chernobyl has given a 
mean absorbed dose to the thyroid of 30-60 ~Gy (Snyder et al. 
1975), which means an effective dose equivalent of 2-5 ~Sv. 

Cs-137 and Cs-134. The time variation of Cs-137 and Cs-134 in 
members of the control groups from Malmö and Göteborg is given 
in Figure 1 . 
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Figure 1. The me an activity concentration (and the total 
activity in a 70 kg person) of Cs-137 and Cs-134 in the 
reference groups from the Göteborg (8 men and 10 women) and 
Malmö areas (6 men and 6 women). 

The result for the Göteborg reference group as given in Figure 1 
is supported by results for the 145 women in radiological work 
measured in Febr-April 1987 (5.2±0.2 BqJkg) and 60 of these 
women measured in May-June 1988 (2.9±0.2 BqJkg) . At the 
comparison it has to be taken into consideration that women 
showed 10-15 % lower Cs-137 concentration than the average for 
the whole group. The result for the reference group is also 
supported by measurements on a group of 64 persons 
carried out 1986 - 1988 (Häkansson et al. 1988). For the time 
per iod September 1986 to June 1987 there is a continous increase 
in body content with time. Maximum levels of Cs-134j137 in Malmö 
are reached around May, 1987. In Göteborg there are no 
measurements between April 1987 and April 1988, due to 
reconstruction of the laboratory, so the time of maximum can not 
be determined exactly. However, the very high similarity between 
the Malmö and Göteborg curves makes it likely to assurne that 
maximum levels in Göteborg also were present in the middle of 
1987. At that time the largest contribution to the body 
burdens of Cs-137 and Cs-134 is assumed to originate from the 
1986 harvest, of which mainly hay, silage and autumn-sown grain 
were directly contaminated with Chernobyl material. 
The decrease in activity concentration after the Chernobyl 
deposition is described by a half-life of about 1.5 a. The t ime 
integrated Cs-137 activity concentration was estimated to 13 
Bq ajkg for the Göteborg group and to 11 Bq ajkg for the Malmö 
group. For Cs-134 the value is 3.8 Bq ajkg for both groups. In 
the calculations for Cs-137 we have subtracted a contribution 
from bomb fall-out of 0.6 BqJkg. 
The results of the measurements of 14 adults and 17 children 
from 11 families show that children and adults have about the 
same Cs-137 concentration in the body. The individual 
differences are however great. The ratio childjparent varies 
between 0.2 and 2 (Häkansson et al. 1988). 
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Data for t h e Lund group and comparisons with the pre-Chernobyl 
period: The results are given in Figure 2. 
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Figure 2. The mean activity concentration (and the total 
content in a 70 kg person) of Cs-137 in the reference group from 
Lund d u r i ng the time period 1960 to 1989. No measurements were 
carried out in the period 1981 to 1986. The mean age of the 
group was 39 (20-54) years in 1964 and 56 (28-77) years in 1987. 

There is n o significant difference in mean Cs-137 concentration 
for men and women after Chernobyl as there was after the 
atmospheric bomb tests. This may be explained by the fact, that 
most of the men are now retired and have food habits more 
similar to the women than before. Both groups show a maximal 
mean concentration of 3.8 BqJkg body weight, which for men means 
26 % of the maximal post bomb values in late 1964, and for women 
38 %. The decrease in activity after Chernobyl seems to be 
somewhat slower (T112 = 2 a) than after the bomb period (T112 
= 1.5 a) a nd also S~Ower than for the new reference groups in 
Göteborg a nd Malmö. This may be an effect of the aging of the 
group members, giving a slower turnover of cesium. The time 
integrated activity concentration up to the end of 1989 due to 
Chernobyl is estimated to 6 Bq a/kg for both men and women. This 
means a contribution of 14 ~Sv to the effecive dose equivalent 
(Snyder et ale 1975). This is lower than for Cs-137 in the 
reference groups in Malmö (11 Bq a/kg, 25 ~Sv) and Göteborg (13 
Bq a/kg, 30 ~Sv), which may also be an effect of the differences 
in age; the relative muscle content is lower in older persons. 
For Cs-134 the contribution in both the Malmö and Göteborg 
reference groups was estimated to 3.8 Bq a/kg (14 ~Sv). The 
Chernobyl contribution is for all three groups small, compared 
to the Cs-137 contribution from the atmospheric bomb tests for 
the Lund control group in the period 1956-89 (men: 100 Bq a/kg, 
220 ~Sv; women: 70 Bq a/kg, 160 ~Sv). 
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The contribution from the external irradiation due to Chernobyl 
fall-out was considerably higher than that of the internal 
contribution, which is estimated to 100-200 ~Sv up to the end of 
1989 (Holmberg et al. 1988). 
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ESTIMATES OF RADIATION DOSES FOLLOWING THE CHERNOBYL ACCIDENT 

FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY 
Anneli Salo 

Summary 

The first estimates of radiation doses, caused by the accident 
at the nuclear power plant at Chernobyl in April 1986, became 
available f rom a number of countries early in May. These predic
tions indic ated that in those countries directly affected by 
the deposition but outside the USSR, the doses to be received 
during the twelve months after the accident will correspond to 
an exposure to natural radiation during a few months and in total 
to that of about one year or so. Later on the monitoring results 
confirmed t hat the average first year doses remained, even in 
the most exposed country outside the USSR, below 35 % of the 
average annual dose from natural radiation. The predicted effec
tive dose equivalent commitments in the most exposed areas outsi
de the USSR were estimated to be slightly more than 50 % of one 
year's average exposure to natural radiation. 

Introduction 

Already in summer 1986 it became clear that in order to get a 
complete p i cture of the consequences of the Chernobyl accident 
in April, an independent international assesment of radiation 
doses in all affected countries was necessary. UNSCEAR was consi
dered the most suitable organization to do the assesment with 
support by WHO and IAEA for collecting the information. The aim 
was to publish this assesment in the 1988 UNSCEAR report . 

However, i n many countries as weIl as internationally there was 
pressure to publish rapidly some overview of the impact of the 
accident. Therefore the OECD j NEA undertook to compi1e (NEA 87) 
the national dose estimates from it's member states. The compara
bility of the measurements and of dose ca1culations based on 
them in various countries were relatively poor for making precise 
conclusions of the justification of protective measures implemen
ted and of the genuine variations in the impact of the Chernobyl 
accident. 

The UNSCEAR (UNSCEAR 88) assesment was on one hand considered to 
improve the comparability of the dose estimates by using the same 
methodology for each country. On the other hand the very patchy 
nature of the deposition required detailed national information 
on a number of factors influencing the dose estimates, best known 
within the countries themselves. 

This overview is mainly based on the two above mentioned publica
tions. 
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Releases and atmospheric transport 

The release and atmospheric transport of radionuclides did not 
occur in a single massive event but during a tenday period. 25 
% of the materials released escaped during the first day of the 
accident. In particular, volatile components, such as isotopes 
of iodine and caesium were observed throughout Europe. Changing 
radionuclide ratios were observed during the release per iod due 
to changing physical conditions. The chemical form of the mate
rials released as aerosols was qui te variable; the particle 
size of the aerosols ranged from less than 1 micrometre to tens 
of micrometres. The refractory elements were for the most part 
of significance only in local deposition within the USSR. Chan
ging meteorological conditions, with winds of different direc
tions at various al ti tudes during the tenday release period, 
supplemented by various rainfall patterns resul ted in a very 
complex deposition pattern. 

Dose eguivalents 

According to the UNSCEAR (UNSCEAR 88) estimates the country 
averages of thyroid dose equivalents for infants varied from 25 
mSv in Bulgaria to a few ~Sv in Portugal, see Fig.l. The country 
averages of the first year committed effective dose equivalents 
varied from 0,76 mSv in Bulgaria to a few ~Sv in Portugal, see 
Fig.2. When comparing the country averages of the effective dose 
equivalents with the national estimates for doses to the critical 
groups in the respective countries compiled by OECD/NEA (NEA 87) 
or taken from national reports one notices that the countries 
with the highest average doses differ from those with highest 
critical group doses. The five countries outside the USSR with 
highest average doses are Bulgaria, Austria, Greece, Romania 
and Finland while the five with highest critical group doses 
are Italy, Sweden, Norway, Czechoslovakia (CSSR 86), Swizerland. 
One of the main reasons for this difference is the very uneven 
distribution of the deposition combined with the distribution of 
the agricultural production areas in the countries. However,when 
doing this kind of comparisons one should bear in mind that the 
critical groups have been defined with a wide range of assump
tions, which influence the dose estimates quite strongly. 

In Finland the external dose equivalents were estimated to be 
0,17mSv for the first year (BI 87) and 0,09mSv for the second 
year (Ar 89).Internal committed dose equivalents were 0,31mSv, 
0,25mSv and 0,15mSv for the first,second and third year respecti
vely based on intake of food and water (Ra 89). Comparison bet
ween the internal committed dose equivalents estimated from 
the food intake and from the measured body burdens show that 
the latter are 48 % from the former for the first and the second 
years (Su 89). There are several explanations for this differen
ce, the most important being that the intake values are based 
on average consumption of food items and no speculative radionuc
lide los ses during food preparation or voluntary changes in con
sumption have been taken into account.With the uneven distributi
on of the contamination also the whole body results are very sen
sitive to the origin of the food consumed by the measured groups. 
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The observations in Austria show that the daily intake derived 
from food measurements was 50 % higher than derived from the body 
burden measurements during the first year. In 1987 the differen
ces were negligible for adults but for children the food measure
ments underestimated the body burden by a factor of two. The 
explanation given by the authors (Ha 88) was the large variabili
ty of food contamination in Austria. 

The UNSCEAR report gives a comparison of body burdens calculated 
from food intakes and from direct whole body measurements. In 
general, the body burdens are less than would be expected based 
on deposition and on local concentrations of 137 Cs in food. The 
explanations given are: possible bias in sampling towards high 
deposition areas, los ses during food preparation not being taken 
into ac count and commercial distribution of food and a smoothing 
of the concentrations over entire countries. 

Dose commitments 

Doses for the successive years have not yet been published by 
many countries . The UNSCEAR made rough estimates of the dose 
equivalent commitments for large regions from all radionuclides 
released in the accident. The dose from exposure or intake after 
the first year was determined by mul tiplying the population 
weighted 137 Cs deposition densi ty in the region by the total 
transfer factor, comprising external gamma exposure and doses 
from 137 Cs and 134 Cs in foods. The resul t range from 1,2 mSv in 
South Eastern Europe, 0,97 mSv in the Nordic Countries, 0,94 
mSv in Central Europe, 0,82 mSv in the USSR and 0,51 mSv in 
Eastern Mediterranean to 0,02 mSv or less in other regions. A 
rough estimate for the total dose equivalent commi tment for 
Finland was 2 mSv (BI 87). 

Collective doses 

The UNSCEAR (UNSCEAR 88) has also made a rough estimate of the 
collective effective dose commitments for larger geographical 
regions based on projection models developed from fallout measu
rement experience, the estimate being of the order of 600 000 
manSv for the entire northern hemisphere. From this 53 % is 
experienced in European countries, 32 % in the USSR, 8 % in 
Asia, 2 % in Africa and 0,3 % in North, Central and South Ameri
ca. 

For the first year after the accident a collective effective 
dose equivalent of 280 000 manSv is estimated to be experienced 
in Europe and additional 5000 in other parts of the world (Be 88) 
which would be slightly less than 50 % of the total collective 
dose commitment. 

Dose pathways and radionuclides 

The main pathways and radionuclides contributing to doses are: 

- external irradiation from deposited radionuclides such as 
131 1, 132 1 and 140La in the first month, 95Zr , 103Ru and 106Ru 
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several months and 134CS and 137CS thereafter; 137CS some tens 
of years . The contributions to committed first-year effective 
dose equivalents average 11 %, 19 % and 27 % from external 
irradiation in the southern, temperate and northern countries, 
respectively. 

- the dietary intake of 131 1 in the first month and after that 
134 Cs and 137CS. The occurrence of 131 1 in foods was of signi
ficance only for milk and milk products and leafy vegetables. 
For 134CS and 137CS milk and milk products, meat and fish, 
vegetablesjfruit and grain are the main intake pathways. There 
are many factors influencing the relative importance of these 
intake pathways besides the differences in the consumptionra
tes. E.g. the first year intakes and consequently doses were 
influenced by the latitude: in northern countries the cows 
were sti l l inside and fed on stored feed and the leafy vegeta
bles were only grown under cover at the time of the accident 
meanwhile in Central and Southern Europe it already was summer 
season. The ingestion pathway accounted for over 70 % of the 
thyroid dose except in Northern Europe only for 40 %. Of the 
committed effective dose the ingestion pathway accounted for 
about 70 % in the first year and in southern countries over 
80 % (UNSCEAR 88). 

Two other pathways, external irradiation from radionuclides in 
the cloud and inhalation of radionuclides during passage of the 
cloud were effective only for the short period before the airborn 
material was deposi ted. The contributions to the first-year 
committed effective dose equivalent from cloud gamma were less 
than 1 % and from inhalation on an average 5 %. 

The contribution of different food categories to the intake of 
1 3 4 Cs + 1 3 7 Cs vary wi th time after accident. In Finland the 
agricultura l products (milk, meat, vegetables and cereals) cont
ributed to the total intake of those radionuclides in the first 
year three quarters, second year and third years both one half 
while the relative contributions of wild products (freshwater 
fish, berri es, mushrooms and game) increased respectively (Ra 
89) . 

The relative contributions of external and internal irradiation 
to the effective dose equivalent commitment vary from one region 
to another. The external irradiation dose pathway becomes relati
vely more i mportant as time goes by varying from 60 % in northern 
countries to 45 % in southern countries. 

Reduction of doses by protective measures 

A number of protective measures were introduced after the Cherno
byl accident (Sa-88). Of the OECD countries Austria, Federal 
Republic of Germany and Norway estimated the highest collective 
effective dose savings, with a reduction in total dose between 
30 and 50 per cent. Austria also estimated the highest critical 
group dose savings 64 - 80 per cent and the highest collective 
thyroid dose savings 68 - 85 per cent (NEA 87). In the USSR 
thyroid dose equivalents were reduced by 80 - 90 % in the most 
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contaminated region and for 137 Cs the effectiveness of the pro
tective measures varied between 20 % and 90 % (UNSCEAR 88). 

The actual dose reductions are very difficult to assess accurate
ly for the whole population because of the difficulties in veri
fying wether the recommended protective measures have in fact 
been implemented. Both ways seem to be possible, ignoring them 
or overreacting.At least in Finland experience has shown that 
food items such as fresh water fish, of which some species in 
certain areas had very high concentrations of 134CS and 137CS 
may not have been consumed at all. The recommendation in this 
case was only to limit their consumption to 2 - 3 times per 
week. 
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TRANSFER OF 137CS AND 90SR INTO MOTHER'S MILK* 

Gall M., S. Mahler and E. Wirth 

Institute for Radiation Hygiene of the Federal Health Office 
Neuherberg, Federal Republic of Germany 

Between May 1987 and December 1988 duplicates of daily food intakes as well 

as the corresponding mother's milk samples, were collected from 12 nursing 
mothers for two to four weeks in order to measure the 137Cs and 90Sr acti

vity. Once during the collection period, the total-body activity of each of 
the ,involved mothers was measured. 

Cesium-137 measurement results show that in addition to the direct transfer 
of 137Cs from food into mother's milk, a likewise transfer occurs from the 
maternal body burden into mother's milk. Accordingly to our results, appro
ximately 12% of the specific 137Cs body activity and about 19% of the 137Cs 

activity from the daily food intake of the mother are transferred into 1 L 

mother's mil k. 

Considering the transfer of 90Sr widely deviating values for the transfer 

factor food/mother's milk from 0.09 to 1.2 dL- 1 are obtained. The transfer 
of 90Sr fram the maternal body into mother's milk cannot be assumed, be
cause the 90Sr total-body activity of the mother is not measurable. 

Introduction 
The reactor accident in Chernobyl in April 1986 caused a radioactive conta
mination of food-stuffs. Particular concern was expressed by nursing 
mothers because of the probable transfer of radionuclides by breast 

* The studies on which this report was based were comissioned by the 
Federal Mini ster of the Interior. The report reflects the view and opinion 
of the contractor and is not necessarily in agreement with the views of the 
Federal Minister of the Interior. 
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feeding. Therefore investigations on the transfer of the radionuc1ides 
137Cs and 90Sr were carried out. 

Between May 1987 and December 1988 a duplicate of the daily food intake as 
we 11 as a sampl e of the mother' s mil k was co 11 ected from each of twe 1 ve 
nursing mothers over aperiod of two to four weeks. The mother's age ranged 
between 28 and 32. The infants were two to six months old, at the time of 

co11ection. 

The liquid intake of mineral water, tea, coffee, etc. was exc1uded from the 
co11ection, because control measurements proved that these types of liquids 
contain on1y neg1igib1e amounts of 137 Cs activity. On account of the small 

amounts i nvo 1 ved, the mother' s mil k samp 1 es of severa 1 consecuti ve days 
were accumu1ated until a vo1ume of about 100 ml was reached. Cesium
measurements were performed by two different high purity germanium detec

tors with a relative photo-peak efficiency at 1.33 MeV of 33% and 50%. Once 
during the co11ection period the 137Cs activity of each of the involved 

mothers was measured by a who1e-body monitor. 

After these 137 Cs measurements the da ily food dup 1 i ca tes as we 11 as the 

mother's milk samp1es of each mother were united over the respective co1-

1 ecti on peri od. These united mother' s mil k samp 1 es and three a1 i quots of 

each of the united food samp1es were ashed and ana1ysed for 90Sr activity. 

Results 
Summarized in Tab1e 1 are the results from total-body measurements, dai1y 
137Cs incorporation via food, and 137Cs concentration in mother's milk. 

Ces i um-137 i ncorporati ons and 137 Cs concentrat ions in mother' s mil k were 

averaged over the respective co1lection period. The 137Cs total-body acti
vity of the mothers varied between 22 - 1300 Bq, the mean va1ues for 137Cs 
intake rates between 0.5 - 7 Bq d- l , and the mean va1ues for mother's milk 

between 0.3 - 4.1 Bq L- l . 

The dai1y 90Sr intake via food and the 90Sr activity of the united mother's 

milk samp1es are 1isted in Tab1e 2. The mean 90Sr intake via food varies 
between 34 - 180 mBq d- l , the 90Sr act i vity of the united mother' s mil k 

samp1es varied between 9 - 50 mBq L- l . 
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Discussion 
In literature the transfer factor is defined as the quotient of the radio
nuclide act i vity in mother's milk in relation to the radionuclide intake 
via food: 

T MM,r 

T MM,r 
C MM,r 
C N,r 
I 

Rr 

C MM,r 
CN x ,r (1) 

tra nsfer factor food mother's milk for radionuclide r in d L- 1 

radionuclide concentration r in mother's milk in Bq L-1 

radionuclide concentration r in food in Bq kg- 1 

daily amount consumed in kg fresh weight d- 1 

daily intake rate of radionuclide r via food in Bq d- 1 

Eqn (1) yields a mean transfer factor for 137Cs of 0.8 ± 0.3 dL- 1 with a 
minimum value of 0.34 dL- 1 and a maximum value of 1.33 dL- 1. These values 
are mostly significantly hiqher than those described in the 1 iterature. 
Thus calcul ating the correlation coefficients a value of 0.9744 is obtained 
for the correlation between 137Cs activity in mother's milk and 137Cs to

tal-body ac t ivity of the mother, and a value of 0.8994 is obtained for the 
correlation between 137Cs activity in mother's milk and 137Cs intake via 

food. Accordingly, the 137Cs concentration of mother's milk depends on the 
137Cs intake rate as well as on the 137Cs total-body activity of the 

mother. 

For calculating the 137Cs activity in mother's milk the following rela

tionship can therefore be assumed: 

C MM,r 

C MM,r 
A M,r 
n 

(2 ) 

radionuclide concentration r in mother's milk in Bq L-1 

total-body activity of the mother in Bq 

fractional amount of total-body activity AM transferred 
into 1.0 L mother's milk in L-1 ,r 

intake rate of radionuclide r via food in Bq d- 1 

fractional amount of daily incorporated radionuclide r 
directly transferred into 1.0 L mother's milk in d L-1 
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For determining the factors n and m, the measured data were induced to a 
linear multiple regression that resulted in eqn (3) as follows (Sachs 
1984) : 

C MM,r 0.13 + AM x 0.0023 + R x 0.15 ,r r (3) 

Accordingly to this regression analysis, 0.23 ± 0.03% of the 137Cs total

body activity and 15 ± 3% of the daily 137Cs intake rate via food are 

transferred into 1.0 L mother's milk. The constant term 0.13 ± 0.06 is the 
outcome of the intrinsic variations in measured data. The multiple cor
relation coefficient is 0.993. 

When considering the body weight of the mother and thus using the specific 

activity concentration instead of the total-body activity in eqn (3), then 

the multiple correlation coefficient increases to 0.998. Eqn (3) is re
placed by eqn (4), whereby factor n is then without any dimension. 

CMM = 0.15 + A x 0.121 + R x 0.19 (4) ,r sp,r r 

A = specific radionuclide activity of the mother in Bq kg- 1 
sp,r 

Considering eqn (4), 12.1 ± 0.5% of the 137Cs activity per kg body weight 

and 19 ± 1% of the daily 137Cs intake are transferred to 1.0 L mother's 

milk. The constant term of 0.15 varies by ± 0.03. 

When ca 1 cul ati ng the transfer factor food/mother' s mil k accordi ng to eqn 

(1) for 90Sr a mean value of 0.4 ± 0.3 dL- 1 is obtained. The value is 

rather high regarding the fact that only 20 - 50% of the ingested 90Sr are 

absorbed by the gastrointestinal tract and that the absorbed 90Sr is most

ly excreted with the faeces (Müller-Brunecker 1982). Probably only part of 
the 90Sr activity in mother's milk is derived from the ingested 90Sr , and 

the rest is transferred from the body into the mother's milk. As all of the 

mothers were born in the 50ies (time of nuclear weapons tests) and as the 

biological half-time of 90Sr is relativ high it is to be assumed that the 

mothers still have 90Sr in their bones (ICRP Publ ication 1972). But this 

90Sr activity of the mothers is not measurable and therefore the transfer 

factor body/mother's milk cannot be calculated for 90Sr . 
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Table 1: Summary of measured 137Cs data: 137Cs total-body activity of the 

mother (AM)' mean 137Cs intake via food (R), mean 137Cs concen

tration in mother's milk (CMM ) 

Test Person 

1 1300 7 ± 

2 510 7 ± 

3 460 1.8 ± 

4 530 1.6 ± 

5 190 0.7 ± 

6 470 1.8 ± 

7 250 0.8 ± 

8 110 0.9 ± 

9 190 1.0 ± 

10 210 0.6 ± 

11 22 0.5 ± 

12 160 0.5 ± 

a average ± standard deviation 

3 
3 

0.6 

0.6 

0.3 

0.8 

0.3 

0.4 

1.0 

0.3 
0.3 

0.2 

( -l)a CMM BqL 

4.1 ± 0.6 

2.4 ± 0.5 

1.4 ± 0.3 

1.9 ± 0.2 

0.55 ± 0.08 

1.3 ± 0.2 

0.9 ± 0.1 

0.5 ± 0.2 

0.64 ± 0.05 

0.8 ± 0.2 

0.3 ± 0.1 

0.5 ± 0.1 
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Table2.: Summary of measured 90Sr data: Mean 90Sr intake via food (R) and 
mean 90Sr concentration of mother's milk (CMM ) 

Test Person R(mBqd-1) a CMM (mBQL- 1) b 

1 160 ± 60 14 ± 6 

2 110 ± 10 < 20 

3 100 ± 10 26 ± 5 

4 34 ± 9 40 ± 20 

5 c 16 ± 6 

6 120 ± 10 15 ± 4 

7 59 ± 5 33 ± 8 

8 93 ± 8 9 ± 5 

9 91 ± 7 50 ± 10 
10 158 ± 9 c 

11 180 ± 60 21 ± 4 

12 140 ± 30 19 ± 3 

a average of three aliquots measured ~ standard deviation 
b measurement result ~ counting error, since a single pool of mother's 

milk was analysed 

c no result 
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DISTRIBUTION OF RADIOACTIVE CAESIUM IN THE POPULATION OF NORTHERN SWEDEN 

Göran Wickman and Lennart Johansson 
Radiation Physics Department, University of Umea, S-901 85 Umea, Sweden 

Anders Eriksson 
Institute of Forensic Medicine, University of Umea, P 0 Box 6042, S-900 06 
Umea, Sweden 

INTRODUGTION 

A common met hod for the assessment of the dose from internal radiation is 
an estimate of the activity ingested. However, this estimate requires a set 
of assumptions. The range of foods to be considered, their acti vi ty con
centrations, and the amount of each foodstuff consumed by the individual 
have to be determined. These assumptions can probably be properly made as 
long as they are restricted to individuals who exclusively consume food 
that is distributed by the ordinary food-chain. 

The critical foodstuffs in the contaminated areas of Northern Sweden are 
reindeer, moose, game animals, lake fish and wild berries. These food
stuffs, whi ch appear more or less frequently at the ordinary family dinner
table, often show contamination levels two to three orders of magnitude 
higher than the foodstuffs bought in ordinary department stores (Olofsson 
and Svensson, 1988). Many families living in Northern Sweden have a high 
degree of s elf -sufficiency, and the only counter-measures taken by the 
authorities concerning these critical foodstuffs have been advisory and to 
what extent the food habits have been changed by their advice is not well 
known. 

Due to great differences in contamination between different groups of food
stuffs, slight changes in the dietary habits can have dramatic effects on 
the body bur den. Practical and economic considerations prevent the use of 
whole-body measurements for screening the population. There is also an 
inherent bias in this method since it involves measurements of individuals 
who volunteer. There is an obvious risk that the individuals taking no care 
about the authorities' advice with respect to critical foodstuffs have a 
concomi tant low interest in measuring their body burden , and therefore do 
not volunteer. 

An inexpens i ve surveillance method for the determination of the internal 
radiation to which the general population is exposed, is the analysis of 
tissues available from autopsy or surgical procedures. Studies of this type 
have been r e ported by Gallieli et al. (1989) and by Hedlund et al. (1988). 
This paper describes our program to assess the internal exposure by Gs
isotopes to the population in Northern Sweden by measurements of Gs-137 and 
Gs-134 in muscle samples from medicolegal autopsies. 

MATERIAL AND METHODS 

Muscle sampl es were consecuti vely collected, starting in May 1988, from 
medicolegal autopsies performed at The State Institute of Forensic Medicine 
in Umea. Gas es where malnutrition could be suspected for some reason, were 
excluded. The Institute conducts all medicolegal autopsies for the four 
northern counties of Sweden, covering 55 % of the area of Sweden and having 
a population of about 900 000. To date 483 samples from the region have 
been measured and evaluated. 
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After exposure of the psoas muscle, a sampIe of 50-70 g was obtained from 
the mid portion of the muscle. This muscle was chosen in order to achieve 
as pure a muscle tissue as possible. The muscle sampIe was placed directly 
in a sealable plastic sampIe container. Without any furt her processing the 
sampIe was weighed, and the activity was detected with a well-shielded 5" x 
3" NaI(Tl) detector. 

Only a limited counting time was available, the counting time was therefore 
usually 10 minutes. This technique does not allow for separate determina
tion of Cs-134 and Cs-137 acti vi ties wi th satisfactory accuracy, nei ther 
does it allow for K-40 determination in the sampIes • Therefore, for the 
calculation of CS-137 activity from the integral spectrum, a constant 
quotient varying only wi th time, was assumed. In order to measure Cs-134 
and CS-137 activites separately, about 10 % of the sampIes were measured on 
a Ge-detector (relative sensitivity 23 %). The accuracy of the efficiency 
calibrations was controlled by intercalibration sampIes issued by the 
National Institute of Radiation Protection and the National Food Admini
stration in Sweden. The accuracy was estimated to be within Z 10 %. 

For further statistical evaluation the individuals were classified with 
respect to place of residence, age and sex. Only adults were considered. 
This grouping of sampIes was done in an attempt to reveal the influence of 
dietary habits in different areas and environments. 

RESULTS AND DISCUSSION 

Correlation Between Muscle Concentration and Total Body Activity 

The measured activity concentration of muscle tissue may be converted to 
the more familiar total body activity or activity per gram of potassium. In 
ICRP re port 53 (ICRP 1988) an uptake in muscle of 70 % is used in a model 
for internal dosimetry. Therefore, with a mass of 28 kg of muscle tissue in 
the body (ICRP 1975) the quotient "total body activity"l"muscle activity 
concentration" equals 40 kg. In order to check this figure, whole-body 
measurements were performed in parallel with the measurement of the muscle 
sampIes for three of the cases under study. The whole-body measurements 
were performed with a Ge-detector (relative sensitivity 36 %) in a lead
shielded low-background room in chair geometry.lntercomparisons performed 
by persons travelling between whole-body counters in Sweden and Denmark 
showed that our efficiency calibration was within roughly 10 per cent 
(Olofsson and Svensson, 1988). From the results in Table 1 can be seen that 
the quotient derived from the biokinetic model is in relatively good agree
ment with the measured quotient for the two males. The measured quotient of 
the female is significantly lower, but she has a lower potassium content. 
This suggests that a conversion to total body caesium expressed in terms of 
activity Cs-137 per g K may be more suitable for dosimetry purposes. The 
biokinetic model gi ves a value of 0.286 for this ratio, based on the fact 
that "reference man" contains 140 g K (ICRP 1975) which corresponds to 
4 300 Bq K-40. 

As seen from the table the ratio between the muscle concentration and the 
total body content of Cs-137 per gram potassium is not in exact agreement 
with the model, but i t shows variations only wi th the limits of measure
ment. We have therefore multiplied the Cs-137 activity concentration 
measured in the museIe tissue of all 483 sampIes by a conversion factor of 
0.25 to obtain the quotient "total body Cs-137"/g K. The internal absorbed 
dose can also be calculated by using a dose factor of 4.4 (~Gy)/(year) per 
(Bq)/(gram potassium). 
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Table 1 

Results of i ndividual whole-body measurements compared to concentration in 
muscle tissue. 

Total body contents (:!: S.D .) 
Sex Weight Musle 3· (3)/(5) 

(kg) Cs-137 K-40 K conc 6 (6) 
(Bq) (Bq) (g) Cs-137 (kg) (kg/gK) 

(Bq/kg) 

2 3 4 5 6 7 8 

Fem 56. 2 590:!:27 2624:!:231 85.4:!:7.5 29:!:1 25:!:2 0.24+0.04 

Male 77 . 6 514:!: 12 4753:!:128 154.7:!:4.2 13:!: 1 36:!:4 0.25+0.02 

Male 60.1 861+16 4606:!: 139 150.0:!:4.5 23:!:1 44:!:3 0.25:!:0.02 

• Corrected to a body weight of 70 kg. 

Fre9uenc~ Distribution of Measured SamEIes 

Figure 1 shows the frequency distribution of the Cs-137 activity concentra
tion in the total material. The average concentration in this material is 
37 Bq/kg. This average is almost three times higher than previously 
reported aver ages obtained from whole body measurements of subjects from 
the same areas (Falk et al. 1988). 

Figure 2a-e show box plots of the Cs-137 activity per gram potassium for 
different groupings of the sampIes • Figure 2a shows that the sampIes from 
medium deposition areas exhibit significantly higher activity concentra
tions than sampIes from low deposition areas. However, the sampIes from the 
high deposit i on areas show a lower median value than those from the medium 
deposition. One reason might be that the inhabitants in the highly conta
minated areas are more concerned about their dietary habits. 

When the material is grouped with respect to sexes (Figure 2b) there is no 
significant difference in activity concentration. However, a statistically 
significant difference between the two age groups can be seen in Figure 2c. 
Subjects ~ 50 years old show significantly higher activity concentrations 
than subjects in the 15-50 year age group. The reason for this is not 
clear. 

When the material is grouped in urban and rural (Fig. 2d), inland and 
coastland (Fig. 2e) respectively our findings are that the food habits 
obviously do not differ between inhabitants living in the urban and rural 
areas. Even if it is not expressed, there is a significant difference 
between inland and coastland. This was expected since the main contributors 
to high Cs-1 37 intake are more frequently found in the inland area. 
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CONCLUSIONS 

Long term surveys of a population living in a Cs-contaminated area, by 
muscle-tissue measurements from medicolegal autopsies, are cheap, simple 
and probably as accurate as whole-body measurements. Our parallel measure
ments of muscle concentration versus total body Cs per gram potassium, 
indicate that it is possible to find consistent conversion factors to give 
total body content and internal absorbed dose. The great discrepancy in 
average total body content found by a whole body measurement survey when 
compared to our autopsy material measurements, indicates that severe under
estimates can result from the voluntarism associated with the whole-body 
measurement technique. 

The average annual absorbed dose 1988-1989 from internally deposited Cs-137 
in studied medium and high contaminated areas (10-80 kBq/m2 ) obtained from 
our material is 50 flSV. The contribution from Cs-l34 should be added. The 
resulting absorbed dose is still small compared to the external dose from 
the same isotopes which is roughly ten times higher (Holmberg et al, 1988). 
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~. Box plots. The midline in the box indicates the median value within 
the group. The median value divides the box into upper and lower quartiles 
i.e. 50 % of the samples are contained within the box. Values exceeding 1.5 
times the quartile distance are marked as asterisks, within this distance 
the maximum and minimum values are marked wi th vertical lines. The height 
of the indentation in the box indicates the 95 % confidence interval. 

References 

Olofsson Lj Svensson H. The Chernobyl Accident. Transport of radionuclides 
to man living in Northern Sweden. Acta Oncologica 27:841-849j 1988. 

Falk Rj Eklund Gj Östergren I. Cesium-137 aktivitet i Sveriges befolkning 
tva ar efter Tjernobylolyckan. Presented at 5th Nordic Radioecology 
Seminar, August 1988, Rättvik Sweden. (in Swedish). 

Gallieli Gj Orlando Pj Perdelli Fj De Flora Sj Malcontenti R, Bianchini L. 
Assessment from autopsy sources of the internal dose due to Cs-137 and Cs-
134 from the Chernobyl accident. J. Environ. Radioactivity 9:131-143j 1989. 

Hedlund Nj Ask Bj Nylind Tj Walling Rj Saldeen T. Amount of cesium-137 in 
muscle tissue in autopsy cases from various districts in Sweden after the 
Russian nuclear accident. In proceedings from X:th Nordic Congress in 
Forensie Medicine, June 1988, Linköping, Sweden. 

Holmberg Mj Edvarson Kj Finck R. Radiation doses in Sweden resulting from 
the Chernobyl fallout: a review. Int. J. Radiat. Biol. 54:151-166j 1988. 

ICRP (1975). Reference Man: Anatomieal, Physiological and Metabolie 
Characteristics. ICRP Publication 23, Pergamon Press, Oxford. 

ICRP (1987). Radiation Dose to Patients from Radiopharmaceuticals. Annals 
of the ICRP 18, No 1-4j 1987. 



421 

RADIOCESIUM IN FINNISH LAPPS AFTER CHERNOBYL 

M. Tilland e r'l> , T . Rahola(2) , T. Jaakkola<l) and M. Suomela(2) 

(1) Department of Radiochemistry , University of Helsinki; 

(2) Finnis h Centre for Radiation and Nuclear Safety; 

Helsinki, Finland 

INTRODUCTION 

Lapland, the most northern province of Finland is a cold , 

nutrient-deficient region lacking humus in the soil . Radio

nuclides are enriched by several foodchains ; for radiocesium 

the most efficient foodchain goes from lichen to reindeer and 

man. High body burdens of 137CS were detected in the indigenous 

Sami (Lappish) population in 1961 (Miettinen , 1963) and the 

Department of Radiochemistry, University of Helsinki. made 

annual whole-bod y measurements up to 1977 (Miettinen. 1979). In 

1986 the Fi nnish Centre for Radiation and Nuclear Safet y and 

the Departme nt o f Radiochemistry made a joint follow-up measure

ment of the same group, fortitiously three weeks be fore the 

Chernobyl a c cident . 

The mea n deposition of fallout in Finland from the accident 

at Chernob y l was approximately 11 kBq m- 2 in certain locations 

4 0 to 100 kBq m- 2 ( Arvela et al ., 1987). In Finnish Lapland con

siderably l e ss 137CS was deposited; the average for the whole 

province wa s about 1 . 5 kBq m- 2 . The Chernobyl fallout was very 

unevenly deposited . 

After the accident both institutes have cooperated in 

conducting s emiannual whole-b od y measurements in Lapland . 

EXPERIMENTAL 

Subjects 

The subjects measured live in the Inari and Utsjoki municipa

lities ; most of them are of Sami (Lappish) descent . The original 

group, formed in 1961 by random sampling, consisted of some 100 

persons. New subjects were taken into the group from time to 
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time, and the total number of participating subjects now is 

about 200 . Results are reported for persons over 15 years 

only. 

Eguipment 

Two whole-body counters are used ; both are of the open or shadow

shield type using modified chair geometry . Calibration is made 

with phantoms built up of flat 0 . 5 kg bottles ; microcomputers are 

used to record and analyse spectra . 

The equipment of the Department of Radiochemistry was 

originally installed in a covered truck (Häsänen , 1972), but 

later rebuilt (without changing the geometry) into a mobile , 

insulated container . The detector is a 0 20 2 * 100 mm NaI(TI) 

scintillation crystal (in the 1970's a 0 125 * 75 mm cr ystal 

was used). 

The whole-body counter of the Finnish Cent re for Radiation 

and Nuclear Safet y , IRMA 2 , is mounted in a covered truck and was 

originall y built for monitoring internal contamination of nu c lear 

powerplant employees ( Suomela, 198 3) . A high purit y germanium 

detector (efficienc y 27 %, energ y resolution 1 . 95 keV at 1 . 33 MeV) 

is used . 

Interviews and sampies 

In the early 1960 ' s a thorough dietary study was carried out 

(Jokelainen, 1965). Intake of reindeer meat and other tissues was 

found to be very high, especiall y in the group of reindeer 

herders, and constitutes the major source of radiocesium . Follow

up interviews in 1971 and 1976 showed little change in this 

respect (Miettinen, 1979). In the 1980's subjects arriving for 

measurement are individually interviewed, and sampies of reindeer 

tissues representative of their diet are purchased from them . 

RESULTS 

Body burdens 

The 13?CS body burdens of the most exposed subgroup, male 

reindeer herders living in Inari and Utsjoki from 1962 to 1988 

(spring measurements) are shown in Table 1 and Figure 1 
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<Miettinen , 1979). The average body burdens of the whole group 

were about 60% of these values. 

Table 1 . Body burdens of male reindeer herders <kBq) 

Measurements made in March or April 

Year kBq Year kBq 

1962 1 7 . 1 1972 13.5 

1963 22.8 1973 1 1 .8 

1964 45.3 1974 9.9 

1965 47 . 0 1975 8. 1 

1966 39 . 7 1976 7.6 

1967 30.7 1977 7.4 

1968 27.0 

1969 17.7 1986 4.3 

1970 16.6 1987 12.0 

1971 14. 5 1988 12.2 

Seasonal variation 

In the 1960's there was a considerable seasonal variation in the 

radiocesium intake; consumption of reindeer meat could vary from 

over 20 kg/month in the winter to less than one kg/month in the 

summer <Miettinen et al. 1963). The body burdens of 137CS 

accordingly were about 50% higher in spring than in autumn. In 

1987-88 this seasonal variation is not apparent <Table 2), 

probably because reindeer meat now is available throughout the 

year. 

Table 2. Seasonal variations in the 137CS body burden. 

Year Number Spring/ Standard 

measured autumn deviation 

1962 22 1. 51 0.42 

1969 45 1 .43 0.53 

1987 78 0.94 0.24 

1988 78 1 .08 0.27 

\ 

\ 
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The "number measured" refers to the number of persons measured 

both in the spring and in the autumn . In 1987-88 the quotient 

(spring body burden) / (autumn body burd e n) for each person varied 

between 2 and 0 . 5 . Two-variable statistical analysis showed no 

correlation (r=0.17) between the 1987 and 1988 quotients . 

134CS as a Chernobyl tracer 

The minor amount of 134CS present in weapons-test fallout has 

decayed . 134CS thus serves as a tracer for the Chernobyl radio

cesium . At the end of the growing season in 1986 (1st Oct. ,1986) 

the activity quotient '34CS / '37CS was 0 .52 in radiocesium from 

Chernobyl (Arvela et al ., 1987>. For each measurement in 198 7-

88 the activity quotient '34CS / '37CS was calculated after 

correcting the activities to 01.10 . 1986 ; averages are presented 

in Table 3. 

Table 3. The activity quotient '34CS / '37CS (01.10.1986) 

Year-month 1987-04 1987-09 1988-03 1988-09 

Number measured 150 147 153 133 

'3 4 CS/ '37 CS: 

Average 0 . 32 0 . 35 0 . 37 0.36 

Standard deviation 0.07 0 . 06 0.06 0.06 

Maximum 0 . 49 0.51 0.49 0.50 

Minimum O. 15 0 .2 4 0.24 o . 21 

If the '34CS/'37CS quotient is 0 . 35 and the body burden of 137CS 

is 12 kBq (male reindeer herders) then 8 kBq of the 137CS is 

attributable to Chernobyl and 4 kBq to weapons-test fallout, in 

good agreement with Table 1. 

Doses 

The annual internal radiation doses from radiocesium were 

calculated using the results of the whole-body counting measu

rements as described by Rahola et al . (1989). For the dose 

estimation it was assumed that the average of April and 



425 

September results represented the mean body burden during that 

year. For 1986 the temporal variation was estimated using the 

April result of that year, knowledge of seasonal variations in 

earlier years and the result for April, 1987. The mean effective 

dose equivalents from radiocesium to male reindeer herders 

delivered in 1986 , 1987 and 1988 were estimated at 0.1, 0.4 and 

0 . 4 mSv, respectively . The corresponding dose equivalents to 

all subjects measured (mean of men and women) were calculated to 

be 60 per ce nt of these doses. 

CONCLUSIONS 

Fallout fr om the accident at Chernobyl reached Finnish Lapland 

and has be e n enriched by foodchains. Present body burdens are 

about one qu arter of those seen in the maximum year after 

weapons-test fallout, 1965 . The Chernobyl fallout was unevenly 

deposited in a short period, as opposed to the weapons-test 

fallout, and therefore the buildup and decrease of body burdens 

cannot be expected to follow the pattern of the 1960's and 

70's, and t hese studies should be continued. 
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Figure 1. The body burdens of 13?CS <kBq) in male reindeer 

herders from Inari and Utsjoki , 1962-88. Spring measurements. 
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CAESIUM ACTIVITY IN NURSING MOTHERS AND IN THE MOTHER'S MILK 
ONE YEAR AFTER CHERNOBYL ACCIDENT 

Eva Beleznay 
Central Research Institute for Physics, Budapest, Hungary 

Summary 

The caesium activity in nursing mothers was measured by whole 
body counter and at the same time the activity concentration in 
the mothe r's milk was determined by a sensitive semiconductor 
detector system one year after the Chernobyl accident when the 
measured activity is saturated in inhabitants of Budapest. Linear 
correlation between Cs-137 concentration in mother's milk and the 
mother's Cs-137 whole body activi ty was obtained. A simple meta
bolic model is proposed to interpret measured data. Caesium 
activity in mother's milk was five times lower than in dairy 
products. 

Introduction 

Mothe rs and babies compose a specially protected group of 
the popul ation. After the Chernobyl reactor accident measurable 
quantity of cesium isotope incorporated in the population in 
Hungary including nursing mothers via food chain (milk, 
meat, ... ) . Human data for radioactive isotopes in nursing mothers 
are rare since for this group isotope diagnostics are applied 
only in e xceptional cases. In these few published cases mostly 
radiopharmaceuticals labeled with 1-131 and Tc-99m were investi
gated (Vagenakis et al.1971), (Wyburn 1972). 

caes i um isotopes are not used for medical diagnostics. 
Bengtsson and his coworkers more than 20 years aga measured the 
behaviour of Cs-137 in young pregnant women consumed reindeer 
meat contamined by the fallout of nuclear weapon tests (Bengtsson 
et al.19 64). In another study the activity of the food and that 
of the mot her's milk has been investigated (Raics et al.1987). 

In t his report using the possibilities provided by modern 
measurement techniques, the whole body and mother's milk 
activities have been measured and the biological parameters of 
the excret ion of caesium in mother's milk have been calculated. 

Measurements 

sUbj e cts. Volunteers from those nursing mothers were invited 
(in cooperation with the National Mother's Milk Collection Net
work) whose regularly donated mother's milk. Age of the mothers 
varied from 21 to 32 years, that of the babies between 2 and 8.5 
months. The activity in mother's milk has been determined in 
sampies o f 1 dl. The excretio in urine has been measured in the 
urine col l ected during the last 24 hours. 

Whol e body counting. The whole body activity has been 



428 

measured by the whole body counter system KFKI HY 2.1 in 
scanning-and-stop geometry equipped with two NaI (Tl) detectors. 
Calibration of the measuring geometry has been performed for the 
isotopes Cs-137, Cs-134 and K-40 in BOMAB phantoms of weight 20-
90 kg. Evaluation of the measurements has been done using least 
square method. The actual measurements were taken in spring, 
1987; the ratio of the two caesium isotopes determined by envi
ronmental measurements was 2.5 - this value was built in the 
evaluation program. Measurement error less than 4% was obtained 
for each isotope. 

Mother's milk sampIes. Activity concentration of the milk 
has been determined with a large volume Ge-Li detector in a low 
background chamber ventilated by filtered air. The measurement 
time was 60000 sec. Error of this measurement was <20% for Cs-137 
and about 20-35% for K-40, respectively. Quantity of the daily 
milk production were estimated as a sum of the collected and 
suckled milk. 

Urine sampIes. The daily activity of excretion has been 
measured in Marinelli-vessel of volume 1500 ml by a Ge-Li 
detector for 50000 sec. An error of <20% was obtained for 
caesium-isotopes. 

Results 

The measured data were: activity in whole body, activity 
concentration in mother's milk and the activity of the daily 
urinary excretion. At the time of measurements (one year after 
the Chernobyl accident) the activity in the population of 
Budapest has not changed for many months - in take and excretion 
were saturated (Feher 1988). Average activity in these nursing 
women (14 persons) was higher of about 20% than in women not 
feeding a baby. This is probably caused by the higher milk con
sumption in the former group. 

Correlation between Cs-137 in milk and in the whole body has 
been obtained - this is shown in Fig.l. From the measurements the 
following dependence can be derived: 

C = (0.00345+0.00059)*A 

where C is the activity concetration of the rr.other's milk in Bq/I 
and A is the whole body activity in Bq. 

. In Fig.2. daily urinery excretion versus whole body activity 
is shown. Obvious correlation is seen. The specific volume 
activity is less characteristic, it can also depend on the fluid 
consumption of the investigated person. The caesium excretion in 
the urine is: 

E = (0.00654+0.00091)*A 

where E is the Cs-137 excretion in Bq/day and A is the whole body 
activity in Bq. 
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The ratio Cs-137/K has been also determined both 
whole body and for mother's milk data. The increased 
these ratios prevents a quantitative evaluation of the 
tion between them, but it is conceivable that in the 
milk more .potassium is excreted than caesium. 

for the 
error of 
correla
mother's 

In those cases where both the Cs-137 in the mother's milk 
and Cs-137 in the excretion have been measured, the biological 
half time of caesium has been estimated. In the stationary case 

dA/dt = I-In(2/T)*A = 0 

is obtained, where A is the whole body activity, I the daily 
intake (which should be equal with the excretion in the mother's 
milk and urine). From here the biological half time T can be 
determined. For nursing mothers this half time ranges from 41 to 
82 days; in the control group systematically longer (79-126 days) 
were obtained. These latter va lues are in agreement with da ta 
given in the literature (Naversten and Liden 1964), (Schwarz and 
Dunning 1982), (Leggett 1983). 

Simple biological model for caesium. 

The metabolism of caesium can be described by a biological 
compartmental model seen in Fig.3. In this model larger part of 
caesium is rapidly taken up by the body tissues from where it 
gets back slowly to the blood. The excretion compartments - milk 
and urine - are coupled to the blood. 

,
I 

----------\ 
Whole body 

I 
I Tissues 

I 
L_ 

- Al ,2 

Blood 

I 
I 
I 
I 

J 

Fig.3. simple metabolie model for caesium 
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Table I. Model parameters for caesium metabolism 

Rate constants, day 
-1 

Model parameters mothers adult women 

t- 2 1 ( b lood-tissues) 0.299 (0.203-0.388) 0.187 

/\1,2 ( t issues- blood) 0.080 (0.078-0.089) 0.078 

AM (blood~ mother milk) 0.013 (0.009-0.014) -

/-V ( b lood- urine) 0.031 (0.027-0.031) 0.022 

Tl nap 1.7 2.2 

T2 , nap 82 (68 - 100) 110 

EM , % 0.28 (0.39-0.17) -

EU' % 0.65 (0.74-0.56) 0 . 65 

Parameters of this model is determined by the assumption 
that correlations obtained earlier refer to an equilibrium situa
tion, such as .28% of the cesium in the whole body excreted daily 
in milk and .65% of it excreted daily via urine. This biological 
model has been solved with this experimental va lues by the com
puter program QASCFITT/DCOM/ (Beleznay 1985). In Table I. the 
obtained transfer rates are listed. 

Conclusions 

In this investigation a close correlation is found for 
caesium activity in the whole body and for the activity concen
tration in the mother's milk as weIl as the activity in daily 
excretion. Based on these experimental data a simple metabolie 
model is proposed for caesium. The shorter biological lifetime 
for nursing mothers is the consequence of the increased excretion 
due to the additional excretion in mother's milk. 

The feature of the caesium metabolism is that ab out 90% of 
the caesium intake is excreted from the body slowly with a life
time of 2-3 months. This is the cause that the activity in 
mother's milk is low. At the time of these measurements the 
commercial (cow) milk in Budapest had an activity concentration 
of 15Bqjl (which is in agreement with our assumption that the 
intake of t hese mothers was ab out 8-13Bqjday). At the same time 
activity c oncentration in mother's milk was 2-4Bqjl - hence in 
babies feed by mother's milk significantly less caesium isotopes 
were incorporated. 
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INTERNAL CONTAMINATION OF CZECHOSLOVAK POPULATION BY CESIUM RADIOISOTOPES 

Irena Malatova, Dana Drabova, Irena Cespirova 
Institute of Hygiene and Epidemiology, Centre of Radiation Hygiene, 
Prague, Czechoslovakia 

Summary 

The assessmen t of committed effective dose equivalent HE 50 of Czechoslovak 
population after the Chernobyl accident i5 based mainly on the results of 
whole body measurements. Nationwide surveys of levels of internal contamina
tion by cesium radioisotopes were aimed at discovering possible correlation 
with the leve l of fall-out in given region and at examination of the repre
sentativeness of dose estimated from measurements of the reference group for 
the whole Cz echoslovak population. An indirect method of evaluation of 
interna 1 contamination through measurement of amount of l37 Cs in urine was 
used in these surveys. 

Introduction and methods 

Systematic s t udy of internal contamination of people began immediately 
after the fi r st passage of contaminated air masses over the Czechoslovak 
territory. Us ed whole body counter (WBC) is equipped by a semiconductor HPGe 
detector placed in a steel shielding room. People are measured in sitting 
position. Me a surement lasted 20 min in the period from May, 1986 to Decem
bj4' 1987 th , n it was extended to 30 min. The lower limit of detection for 
1 Cs and 13 Cs and the above mentioned conditions of measurement lies 
between 50 and 100 Bq. 

Within a s hort per iod aft~2 the pa~sage gf contamina ted air masses inter
nal contamina tion by 1311 , lJ Te + 13 I, 10JRu , l3/ Cs and l34Cs was measu-
rable in pers ons staying on the Czechoslovak territory. Since the second 
half of June , 1986 only l37 Cs and l34Cs have been measurable The estimates 
of HE 50 after the accident are summa~ized in Tab. 1 (Ma89). For the short
time contributors to the dose all the data gained on the WB~ up to the se
cond half of June, 1986 were used, however, for l37 Cs and 1 4Cs only data 
from regular l y repeated measurements of reference group of 40 Prague inhabi
tants. 

The time course of mean cesium retention in this reference group is shown 
in Fig. 1. The representativeness of the reference group for whole Czecho
slovak popula tion was examined several times during the study by comparison 
with results of whole body measurements of groups of people from various 10-
calities (Ma89). None of these comparisons proved significant differences in 
internal contamination. 
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In order to enlarge the number of persons included in the study and name
ly in the comparisons with the reference group and to gain data on people 
not easily available for whole body measurements an indirect method of the 
assessment of internal contamination through the measurement of cesium daily 
excretion rate by urine was used. This enabled to include people from 
distant parts of whole country, from different social environment, people 
with different nutrition habits and also self-suppliers. Nationwide surveys 
carried out with the help of this method were also aimed at finding possible 
correlation between the level of internal contamination and the level of 
fall-out in given region and at finding persons ' with significantly higher 
levels of the intake of cesiurn. 
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Results 

Altogether 110 experimental valuei 9btained during three years were used to 
find out tlle correlation between J Cs daily excretion rate by urine and 
Hs retention. Resulting relationship is in Fig. 2. The daily excretion is 
in average 0.61% of the retention, which is in good agreement ~ith the lite-
rature (Ru64; Le86), howeve{j the majority of literature data was gained 
after the single intake of 7Cs in small groups of persons; the data on 
continuous intake were obtained for persons with distinctly different nutri-
tion habits then the Czechoslovak population (M075), so we did not want to 
use them apriori. Verified relationship between retent i on and excretion 
wUl enable us to continue the study eve n when the cesillm retentions will b.! 
lInder the lower limit of detection on the WBC. 

Fig. 2 
Corr.latlon ~h~!n es 137 r.lf'flllon and i h dl l iV f' ll cr,llon rat. bJ urin. 

12 

hhntion {B,l 

20_ 2\ 
(X 100 ) 

The first s urvey in autumn 1987 did not cover the whole terr i tory but 
only selected regions with very high and other ones with very low fall-out, 
as estimated by the survey of sllperficial activity on soil over CSSR (IHE86; 
Mean cesium daily excretion rates by urine are in Tab. 2 together with the 
mean fall-out in given region. The results indicated the usefulness of stu
dying the rela tionship between the level of internal contaminatiQn and the 
level of fall- out over the whole territory. The comparison of lJ/ Cs reten
tions measured in reference group with those calculated from data on excre
tion rate gained by the survey for people living outside Prague are shown 
in Fig. J and 4 in the form of cumulative log-normal distributions. Parame
ters of the distributions demonstrate that the whole body measurements of 
reference gro up give the realistic estimate of HE 50 for Czechoslovak popu
lation as a whole. Mean retention for Prague inhabitants close to the na
tionwide average could be expected due to greater extent of interregional 

mixing of foodstuff in Prague then in other regions. 
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Results of survey of internal contamination in June, 1988 by urine 
measurement are summarized in Tab. 3 and Fig. 5. The survey covered whole 
territory of CSSR. Participating people were asked to provide information 
on their nutrition habits so there were people buying foods from the market 
as weIl as the self-suppliers included in the study. The correlation 
between the mean daily excretion rate of l37 Cs by urine (and also retention) 
and t!,e mean fall-out is significant at 0.05 significance level, using 
Spearman rank correlation test correlation even at 0.01 significance level 
WP& found. We have again compared the cumulative log-normal distribution of 
l3/ Cs retentions measured on the WBC in the reference group (Fig. 6) with 
distribution of l37Cs retentions calculated from its excretion rate by uri
ne for people from the rest of Czechoslovak territory (Fig. 7). Student's 
test for me ans showed that there is not significant difference between them 
even on 0.05 significance level. Nonparametrie Kolmogorov-Smirnov's test 
also did not prove significant differences between both distributions. 

Tab. 3 

Survey 01 Bctlvlty of es 137 
In 24-hours urine (1988) 

number 0' personl!l meClltlin aso me~n fallout 
reQlon F M [8Q) [Bql [kBQ/m2) 

8QS rliinge egs range range 

ES 15 13 0.7 1.6 0.7 2.2 
32-77 10-7" -0.2- 1.6 

W8 .. 16 1.0 1.8 1.2 2.3 
19-68 25-6' <0.3- ' .2 

WS 12 10 1.1 1.6 1.2 5.0 
'0-60 22-63 0.3- 2.6 

NB 24 11 1.1 2.0 1.' 2.' 
23-a. 47-7e (0.5-16.8 

es 8 20 1.3 1.8 1.6 3.3 
35-74 12-60 0.'- 5.2 

CB 15 13 1.6 1.5 1.7 ' .8 
18-76 6 - 86 fO.7- 3.3 

SM 13 16 1.6 2.1 1.9 3.3 
16-80 23-7' .' .7-19.9 

NM 18 11 2.3 1.7 2.7 8.0 
16-70 26-78 0.7- 9.0 

E8 15 16 2.3 2.0 2.9 5.2 
28-71 38-73 0.5-23.6 

S8 10 17 2.7 1.9 3.3 5 .5 
20-77 26-66 (0.7-17.8 

Spearman rank correlallon coefflclent r ·O.7Qa 

eorted eccofdino to velue 01 moen 

Fig. 5 
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Conclusion 

'fhe comparis~l1 of 137Cs retentions in l'rague reference group measured on 
the WßC and 37Cs retention for people living outside Prague calculated 
using daily excretion rate by urine does not prove significant differences 
neither in me a n values nor in the character of the distributions, so the 
values of HE So from cesium radioisotopes given in Tab. 1 wh ich are based 
on whole body measurements of Prague inhabitants can be used as realistic 
estimates for whole Czechoslovak population. 
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Sweden 

Davidsson L 
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I ntroduction 

Mn-54 is one of the radionuclides released to the environment both from 
nuclear weapon explosions and from the nuclear power industry. As there 
is a substantial uptake of manganese from soil to plants Mn-54 is a possible 
contaminating radionuclide in human food chains. Human data on the 
absorption and turnover of ingested manganese has so far been scarce. In 
connection with a nutritional research project where a method for studies 
of manganese absorption in humans was developed and utilized (Davidsson 
et al. 1988, 1989) the long term retention of Mn-54 was also studied. The 
method was based on extrinsic labeling with Mn-54 and retention measure
ments in a whole body counter. 

As the main concern in manganese nutrition is referred to infancy the 
technique to study manganese absorption has so far been applied primarily 
to infant diets such as human milk and infant formulas but also to studies 
of the absorption from a vitamin and mineral supplement as weil as from a 
water solution of 3 mg Mn as MnS04 . In a methodologigal study of extrin
sie vs intrinsie labelling (Davidsson et al. 1988) a meal based on bread 
and chicken liver was also used. 

Methods 

Subjects 

Medieal and dietetics students volunteered for the manganese absorption 
studies. A group of these volunteers (22 persons) were engaged in a 
further study of long term retention of remaining Mn-54. The subjects 
were all healthy, no one was pregnant during the study and they had all 
normal dietary habits . The studies were approved by the Ethieal Committee 
and the Isotope Committee of Sahlgren Hospital, Göteborg. 

Experimental design 

The experimental design for the absorption studies is described in detail in 
Sandström et al. 1987 and Davidsson et al. 1989. The subjects arrived in 
the morning after 12 h of fasting and were served a meal labeled with 
Mn-54. The subjects then had their normal food except for the three first 
hours when no other food or drink was allowed. For the estimation of 
absorption whole body retention was measured during the following 30 
days . In most cases a second labeled meal was served about 2 months after 
the first. The total activity of Mn-54 administered to each subject was in 
the range 0.1-0.8 MBq giving an effective dose equivalent in the range 
0.07-0.6 mSv if the ICRP figures (ICRP 1979) are used. 
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The measu r ements of long term retention were started about one month 
after the last intake of Mn-5~ and continued the following 100-200 days. 

Whole-body retention measurements 

The whole-body-counter laboratory at the Department of Radiation Physics, 
Sahlgren Hospital, Göteborg is equipped with a double iron room containing 
two different detector systems (Sköldborn et al . 1972). 

In two studies (Sandström et al. 1987, Davidsson et al. 1988) a scanning 
system with two 125 x 100 mm NaI(TI) detectors, one above and one below 
the patient, was used . The measurements consist of two longitudinal 1 ~OO 
mm scans each dislocated 100 mm on either side of the middle line. The 
measuring t ime was 1000 seconds. 

In the othe r studies (Davidsson et al. 1989) a plastic scintillator system 
was used. The detector system consists of four large plastic scintillator 
blocks (250 x 760 x 920 mm) In floor-roof configuration with the subject 
Iying on a stretcher between the detectors . The measuring time was 100 
seconds. 

Results 

Manganese absorption 

I n general manganese absorption figures show very large variations when 
different subjects are given the same meal, while the intraindividual varia
tions, when the same meal is served repeatedly to the same subject, is 
smalI. The explanation to this is not known . 

A summary of absorption results is shown below: 

Food item Absorption % (range) No of observations 

Infant diets 

Vitamin/mineral 
supplement 

Water solution 

Bread + chicken liver 

Long term r etention 

0 . 5 - 16 150 

6 - 15 6 

3 - 12 3 

- 12 6 

Long term r etention curves 30-200 days after ingestion was found to be iS 
dose agreement (r > 0.98) with the so called power function R - aot 
where R is the whole body retention, t is time after ingestion and a and b 
are constants. The power function has previously been used for bone
seeking elements e.g. calcium (Pors Nielsen 1975) . The function gives a 
straight li ne in a log-log diagram. Data for the individual subjects were 
fitted to a power function by a least-squares method and the values of the 
parameter b, i. e. the slope in the log-log diagram, is shown in table 1 
together wit h the calculated ratio between the retention values at day 200 
and day 30 . 
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In the time period before day 30 the retention curve is best described by 
a single exponential function with a biological half life in the range 7-32 
days (Davidsson et al. 1989). 

Discussion 

The manganese absorption is found to be ~ 16 % after administration of 
some infant diets as weil as from water solutions of manganese. According 
to the discussion in Davidsson 1989 these absorption figures might in some 
cases be an underestimation of the true initial absorption due to the rapid 
initial excretion of Mn-54. This means that both the often quoted figure 
for manganese absorption in humans, 3.0 :: 0 . 5 % (Mena 1969) and the 
value 10% used by ICRP 1979 are underestimations of the fractional absorp
tion of manganese under some circumstances. 

The long term retention curve obtained in our study, where the ratio bet
ween retention day 200 and day 30 had a mean value of 0 . 19 (range 0.10 -
0 . 35), could be compared to the two-component exponential function used 
by ICRP 1979 based on studies by Mahoney and Small 1968 where the 
corresponding ratio is 0.045. In the study by Mahoney and Small Mn-54 
retention was studied after intravenous administration. We have earlier 
observed a difference between the metabolie handling of Mn-54 introduced 
orally and intravenously in man. 

Another model proposed by Coughtrey and Thorne 1983 consisting of a 
three component exponential function is in better agreement with our mea
surements and gives the ratio 0.22. 

A special concern could be the different metabolie handling of manganese 
in infancy. During this period, manganese absorption has been reported to 
be increased (Mena 1981) and the ability to excrete manganese is impaired 
since the bile flow is not established (Watkins 1981). 

In conclusion the model now used by I CRP for dose calculations tends to 
underestimate fractional absorption as weil as long term retention of man
ganese. 
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Table 1 b 
Sex, weight and height of the volunteers. Constant b of the funetion R = a t 
fitted to the experimental data. R200/R30 is the ratio of retention day 200 
retention day 30. 

Subjeet no. Sex Weight [kg] Height [ern] Constant b R200 / R30 

1 F 64 168 -1.03 0.14 
2 F 69 179 -1.19 0.10 
3 M 81 180 -1.09 0.13 
4 M 64 175 -1.05 0.14 
5 M 70 170 -0.88 0.19 
6 M 87 182 -1.02 0.14 
7 M 69 180 -1.16 O. " 
8 M 76 184 -0.80 0.22 
9 F 59 170 -0.95 0.17 

10 M 72 181 -0.77 0.23 
11 M 74 183 -0.97 0.16 
12 M 77 188 -0.55 0.35 
13 F 68 176 -0.60 0.32 
14 F 66 170 -0.78 0.23 
15 M 76 182 -0.84 0.21 
16 F 66 168 -0.94 0.17 
17 F 87 178 -0.88 0.19 
18 F 57 162 -0.88 0.19 
19 F 47 164 -0.92 0.17 
20 F 53 167 -0.87 0.19 
21 F 49 162 -0.87 0.19 
22 M 60 176 -0.92 0.17 
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Summary 

We have started an investigation to survey the properties of nuclear medi
eine equipment, espeeially gamma cameras, for the measurement of internal 
contamination after radiological accidents. This may serve as a basis to 
formulate (simple) procedures for contamination measurements and their 
evaluation in emergency situations. Itis very important in such a situation 
is that measurements can start without delay and without timeconsuming 
prepar ations. 

I ntroduction 

After aceidents where radioactive material may be released into the en
vironment t here is a great need for different kinds of measurements : in 
air, in wate r and soil, in plants and animals, and in the human population. 
Effieient and reliable measurements of internal contamination in workers 
and in the public are important, both for authorities in their planning 
after an aceident and for information to individuals. Traditional instru
ments for r adiation protection may be insufficient in number or inadequate. 
More sophisticated equipment such as whole-body counters are available 
only in a very limited number of places . Only in exceptional cases whole
body counters are mobile. Radiation detectors used in nuclear medieine may 
be a valuable complement more widely spread . Gamma cameras are of great 
interest for assessing internal contamination of photon emitters in man. 
However, the measuring technique has to be adjusted with respect to lower 
activities than used in nuclear medieine. One also has to measure radionuc
lides emitting photons with higher energies than normally used in gamma 
camera stud ies. This means that spectroscopic and electronic aspects have 
to be analysed. 

Nishiyama et al. (1984) studied gamma cameras for low activity measure
ments and reported a minimum detectable activity of 37 - 148 Bq for a 3 
min counting time of a sampie using an uncollimated gamma camera . This 
shows that small activities can be measured although the study has to be 
repeated in more realistic geometries for the purpose of measuring internal 
contamination in man . Bodforss et al . performed such measurements after 
the Chernobyl aceident and report a minimum detectable activity of 100 -
130 Bq Cs- 137 for a 7 min counting time and with a simple lead shield . 
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Materials and methods 

The gamma camera used was a General Electric Maxicamera with a 12 mm 
crystal, a field of view of ~oo mm and used with collimator off. All mea
surements were carried out on a PC based multichannel analyzer, connect
ed directly to the energy output of the standard equipment of the gamma 
camera. 

A whole body phantom (appr. 165 cm, 60 kg) made of about 200 freezing 
sachets filled with water, were used in the measurements. When measuring 
different radionuclides, 20 - ~o sachets filled with a total of 5800 Bq 
Cs-137, 8300 Bq Cs-13~ and 100 9 potassium respectively, were placed 
homogeneously within the phantom. Measurements of background were 
performed both with a phantom containing only water and with a phantom 
containing potassium. For comparison, measurements of background without 
a phantom have also been made. 

The phantom was placed on a bed with the camera head positioned over the 
centre of the trunk. Measurements were performed with different distances 
of 5 - 35 cm from the phantom surface to the crystal and with a counting 
time of 10 minutes . No extra shielding was added. 

To be able to investigate and compare different possibilities of detection, 
two different energy ranges have been used. The first one is a broad 
window up to 550 keV, simulating a common energy range usable in a 
standard gamma camera. The other simulates a 30% (.:t 15%) window with its 
cent re at 660 keV, which could be useful when extra electronic equipment 
can be added. 

Fig. 1. Spectrum of 10 kBq Cs-137 in the centre 
of a whole body phantom. 
The two used energy ranges are marked. 

The values of MDA refer to three standard deviations of the total back
ground counts. 



445 

Results 

Values of MOA are shown in table 1 for Cs-134 and Cs-137 for the two 
energy ranges and for different distances between the phantom and the 
camera head. Two values are given: for a counting time of 10 minutes and 
for 2 minutes . For the low energy range (up to 550 keV)' the MOA of 
Cs-137 for a 10 minute counting time varies from 110 - 350 Bq, 110 Bq for 
the shortest distance (5 cm). The figures for the higher range (around 
660 keV) is 130 - 510 Bq. The corresponding values for Cs-134 (15 cm 
distance) are 80 and 120 Bq respectively. The MOA values for a measuring 
time of 2 minutes are a little more than twice these values. If the contri
bution of K-40 in the body is taken into account, all values will be slightly 
(2 - 20 %) higher. 

Oata on efficiency, cpsl Bq, are shown in table 2 and background values 
cps, in table 3. 

Table 1. Values of MOA in Bq, ca!culated from background measurements 
of a water phantom for different distances phantom-detector 
and for two counting times. 

NUCLIDE DISTANCE ENERGY RANGE 
- 550 keV 660 keV, 30 % window 

10 min 2 min 10 min 2 min 

Cs-134 15 cm 80 180 120 300 

Cs-137 5 cm 110 240 130 330 
15 cm 160 390 220 530 
25 cm 250 560 350 810 
35 cm 350 770 510 1200 

Table 2. Values of efficiency (cps/Bq) for various nuclides in a 
*body phantom. 

Activity approximately in thyroid position. 

NUCLIDE DISTANCE ENERGY RANGE 
- 550 keV 660 keV, 30 % window 

Cs-134 15 7.69.10- 2 1.08·10 2 
cm 

Cs-137 5 
-2 -3 

cm 5.56.10_ 2 9.62.10_ 3 
15 cm 3.57.10_ 2 5.99.10_ 3 
25 cm 2.56.10_ 2 3.92.10_ 3 
35 cm 1.89·10 2.72·10 

* 3.78.10-2 4.27.10- 4 I-131 5 cm 



446 

Table 3. Values of background in cps for different phantoms. 

PHANTOM DISTANCE ENERGY RANGE 
- 550 keV 660 keV, 30 % window 

water 5 cm 2320 133 
15 cm 2630 136 
25 cm 2760 135 
35 cm 2800 136 

water + 5 cm 2470 156 
120 g K 15 cm 2760 166 

25 cm 2880 172 
35 cm 2950 178 

air 3190 154 

Discussion 

It must be pointed out that the fi~~4given for minimum detectable acti
vity and efficiency are valid if ' es are the only important conta
minants. Additional radioisotopes may complicate the analysis and make a 
more detailed spectroscopic measurement necessary . Also the relation bet
ween these two isotopes has to be known from othi'34measure",EJ}ts, since 
there is no simple method to discriminate between es and es using 
the simple measuring procedure described in this paper. 

The presence of iodine isotopes calls for special attention. Except for the 
thyroid most organs excrete iodine with a half-time in the order of 8 h. A 
delay of a few hours may reduce the iodine content if further intake can 
be avoided. However, the thyroid itself may have to be shielded. Another 
possibility would be to identify activity in the thyroid, with or without a 
collimator. 

The values of MDA are somewhat , but not considerably, higher for the 
high energy range . This is, of course, the effect of the low effiency of a 
gamma camera for these "high" energies. The background is on the other 
hand low (table 3), so the difference is not as large as one could expect. 
The advantage of measuring in this range is that the influence of other 
nuclides, especially 1-131, is much less (table 2). 

It is obvious that, to get as good efficiency as possible, the camera head 
should be positioned close to the body. The total efficiency of detection 
is higher, and the background lower due to the shielding effect of the 
body itself. 

The sensitivity due to different depths in the body may vary considerably, 
especially in the case when photopeaks are measured (e . g. the 660 keV 
window). This effect could be reduced by measuring the person in both 
supine and prone position, if time permits. 
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The whole body counter at the Department of Radiation Physics in Göte
borg (two 12 .5 cm x 10 cm Na I detectors) has a MDA for Cs- 1 37 of 50-60 
Bq for a 16 minute scan of the body. The great advantage of the whole 
body counter is the quite low MDA values, and especially the possibility to 
separate serveral different isotopes. But whole body counters are rare. 
Gamma cameras are, due to their relatively high efficiency and low MDA 
values, a good tool for radiation protection measurements of human beings. 
The counting time can be kept low, and still the ability to measure activi
ties below the limit where measures must be taken remains. A permanent 
body burden of 1000 Bq of Cs-137 leads to an effective dose equivalent 
rate of 30 1J5v/y for adults. The corresponding value for Cs-134 is 50 
1J5v/y. The minimum detectable activities given in table 1 are in most cases 
weil below t h is level. 
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SAMPLING AND MEASURING TECHNIQUES IN ENVIRONMENTAL MONITORING 

Ingbert Gans 
Institute for Water, Soil and Air Hygiene, Berlin 33, Gerrnany F.R. 

1. Historical review 
1.1 The era of fallout from nuc1ear explosions 
In 1953 systematica1 monitoring of radioactivity in air and preClpItation started on the 
territory of the Federal Repub1ic of Gerrnany in order to follow up the contarnination 
brought about by the testing of atornic weapons (So 58, So 65). Whi1e in the beginning 
universities were performing the measurements on a research basis the growing concern 
of the public, especially after the first explosion of a hydrogen bomb in 1954, led to an 
offIcial monitoring program of the Gerrnan Weather Service in 1955. One year later, 1956, 
the Sonderausschuß Radioaktivität (Special Committee on Radioactivity) was founded by 
the Gerrnan Federal Govemment on request of the Bundestag, the parliament, in order "to 
make up a scientifIc report on the radioactivity of air, water and soil in the Federal 
Republic and to recommend appropriate measures to be taken for the safety of population 
to the Federal Government" (So 65). In 1957, the first two colloquia were held, one on 
meteorological problems (So 58.1), and one on a topic sirnilar to the topic of this session 
of the conference, methods of measurements of radioactivity in water, air, precipitation, soil 
and vegetation (So 58.2). 

The year of 1957 was important in two more respects. In this year a comprehensive manual 
on analytical and measurement procedures for radionuc1ides was published by John H. 
Har1ey of the Health and Safety Laboratory, New York, for the first time, a manual which 
became known as HASL-300 and which has been used as reference for analytical 
procedures all over the world (Ha 57). 1957 also was the year in wh ich the EURATOM 
treaty was signed in Rome. According to Artic1e 35 a monitoring net work of radioactivity 
in air, water and soil had to be set up and according to Artic1e 36 the results of 
environmental monitoring had to be reported to the Commission. As a consequence of the 
federa1 structure of the Federal Republic, state and federal laboratories were established and 
in 1960/1961 the final stage of organization was reached (Fi 86). Basis of the analytical 
procedures used by the laboratories were some more colloquia organized by the 
Sonderausschuß Radioaktivität (So 59.1 , So 60, So 61) and a special publication on 
radiochemical methods for the determination of strontium isotopes (So 59.2). 

The time period of about 30 years which has passed since then is of such a length that 
even most of the young people - scientists, technicians and administrative personell - who 
were engaged in environmental monitoring during those days, by now have left the field 
of radioactivity or have retired. Very few are still taking actively part in scientific work, 
one of them is Professor Feldt, the president of this conference. The period of about 30 
years, is the time span, in which a great part of the experience of one generation may fade 
into oblivion. When looking through the literature cited above it is amazing to realize that 
the problems conceming sampling and analytical techniques, discussed today are in many 
respects still the same as in the late fIfties. 

The maximum of fallout activity occured in 1963 and 1964 after the Sovietunion and the 
United States took up their test series again in 1961 and 1962, wich they had stopped in 
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1959. After the test stop agreement of 1963 the desposition of long lived radioactivity 
dedined since 1965 more or less steadily. Accordingly, importance and volume of the 
monitoring programs for environmental radioactivity had decreased till the end of the 
seventies. 

1.2 The growth of nudear power 
In 1957, as already mentioned, the EURATOM treaty was signed. Consequently, the 
peaceful use of nudear energy began in the Federal Republik of Germany. In 1961, the first 
demonstration facility, VAK Kahl, a boiling water reactor of 15 MWe, started operation. 
At the end of the decade 4 light water reactors with a total capacity of 880 MWe were 
instalied, in 1979 11 reactor blocks of this type with a total capacity of about 9 GWe were 
in operation. Today 20 light water reactors produce energy at a capacity of about 22 GWe. 
The growth of nuc1ear power made increasing monitoring efforts necessary. Regulatory 
guidance focussed on effluent control first. In 1972, rules for monitoring liquid effluents 
were issued (Au 73), in 1975 the corresponding regulations for gaseous effluents (BMI 75). 
Later on these rules were incorporated into the framework of safety guides (KT A 78, KT A 
79). Monitoring programs for the environs of nuc1ear power plants had been established 
ever since the first facilities went into operation. A common basis for these programs was 
recommended as guideline in 1974 (BMI 74), which in 1979 was replaced by a regulatory 
guide (BMI 1979). In order to improve cooperation between laboratories on federal and 
state level and administrations the organization of seminars was taken up again in 1975. 
About the same time the need for a manual on sampling and measuring procedures became 
apparent. Two groups started work on the subject, one being the "Arbeitskreis 
Umweltüberwachung (AKU)" (working group on environmental monitoring) of the 
Fachverband für Strahlenschutz, the other one consisting of members of the Federal 
laboratories which had the function of "Leitstellen" (master laboratories) since the 
introduction of environmental monitoring due to the fallout from nudear explosions. The 
AKU published the first part of recommendations in 1979 (Wi 79), the Federal laboratories 
started the publication of their measurement procedures in 1983 (Le 83). Both manuals were 
edited in loose leaf form. The procedures in both of the manuals reflect the levels of 
radioactivity in the environment in the late seventies: They are mostly intended to measure 
low levels of activity in sampies that are large at the time of sampling and that have to be 
treated for volume reduction. This purpose was a result of the very low emission rates of 
the nudear power stations which left the low fallout levels from nuc1ear explosions the 
dominant source of artificial radioactivity. 

1.3 The Chernobyl accident 
The reactor accident at the Chernobyl plant meant a sharp incision for the organization of 
environmental monitoring. In May 1986, the principal measuring technique was high 
resolution gamma spectrometry, which had been performed adequately for years in the 
officiallaboratories.Problems arose because of the limited measuring capacity, and in case 
of some environmental materials, like soil, because of poor sampling. The main problem 
were deficiences in communication between different administrative bodies and difficulties 
in information of the public. Two of the consequences were the reorganization of the 
environmental monitoring system by law (StrVG 86) and the implementation of the 
nationwide Integrated Measurement and Information System IMIS. As the monitoring 
programs now provide routine and emergency programs (the latter in case of accidents) the 
Federal laboratories are working on improvements and extensions of the existing procedures 
of sampling and measurement techniques. 
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2. Measuring environmental radioactivity in the last 35 years 
The most common method to measure radioactivity in the environment has been the 
measurement of gross beta activity. Since 1953 this method has been widely used to 
measure radioactivity in air, precipitation, surface, drinking, and waste water, and soil. In 
the early times of fallout it was supplemented by radiochemical separation methods 
especially for strontium isotopes. Thus we find records of Sr 90 in air, precipitation, water 
and food dating back to the fifties, but only fragmentary data for other nuclides, e.g. Cs 
137 and I 131. The situation changed, when gamma spectrometric methods using sodium 
iodide crystals and multichannel analyzers were increasingly used. But because of the poor 
energy resolution of these detectors the analysis of a gamma spectrum of a mixture of 
fission products was a tedious task. Thus, as an example from our laboratory, Sr 90 was 
analyzed in monthly precipitation since 1958 (see fig. 1), while Cs 137 was measured on 
a regular basis beginning in 1965, when short lived fission products had decayed. Fig. 2 
shows the activity of Sr 90 and Cs 137 accumulated by dry and wet deposition in Berlin 
from 1958 to 1986. The starting value for Sr 90 was taken from earlier measurements in 
Germany (So 65), the one for Cs 137 by taken 1.6 as the ratio of Cs 137 to Sr 90. 

The breakthrough for gamma spectrometry came about by the introduction of high 
resolution solid state detectors, the improvements in multichanne1 analyzers and the 
automatic data processing of gamma spectra by computer. Thus, since the first half of the 
seventies, specific radionuclide analysis for gamma emitters has become state of the art for 
laboratory work. 

By using high purity germanium detectors which may warm up without being destroyed if 
corresponding precautions are taken, the range of applications of high resolution gamma 
spectrometry has broadened enormously. Being equipped with liquid-nitrogen dewars holding 
a few liters the detectors are portable and thus suitable for field measurements. By in-situ
gamma spectrometry the contamination of ground surface may be measured directly in the 
field (Wi 82, Mu 86). When compiling data for the map, showing the soil contamination 
by deposition of Cs 137, Cs 134 and Ru 103 in the Federal Republic of Germany after the 
Chernobyl accident (fig. 3) 105 out of 307 data points, especially in Bavaria, were 
evaluated by in-situ-gamma spectrometry, while for the rest soil had been sampled and 
measured by conventional gamma spectrometry in laboratories (Ga 87). When using 
electrically powered cryogenic refrigerators even no liquid nitrogen supply is needed, any 
more. The small gamma detector systems are suitable for measurements from low-flying 
airplanes or helicopters. These systems may become an addition to or even replace large 
volume sodium iodide crystals which are now used for airborne uranium prospecting or 
for detecting and recovering nuclear debris from satellites descending uncontrollably to the 
ground (Wi 89). 

While gamma spectrometric methods have improved highly in the last 25 years the state 
of the art for analyzing pure beta emitters like strontium isotopes has not changed very 
much. For radiochemical separations skilled technicians are necessery. A really rapid 
method, with no radiochemical pitfalls, is to our knowledge not available. According to our 
experience after the Chernobyl accident it takes at least two days to get re1iable results for 
the Sr 89 and Sr 90 concentrations in rain samples. For other sampie matrices this will take 
even more time. 

Equally, pure alpha emitters need special radiochemical work. The classical technique of 
electroplating on metal discs and measuring by solide state detectors gives satisfactory 
results for plutonium isotopes as weil as for other nuclides. But it is not a rapid method. 
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Up till now natural radionuclides have not been mentioned. Radon 222 and its daughter 
products in indoor air have been of special concern in the last ten to fifteen years. The 
sampling and measuring techniques used are numerous. It should be born in mind that 
many natural radionuclides are involved in the nuclear fuel cycle. Thus we might need 
analytical methods for environmental monitoring, too, even if their natural background is 
not changing very much. 

In order to prepare sampling effectively - particularly in situations with wide spread 
ontarninations of the atmosphere - we might need additional information. The maps of fig. 
4 and 5 show the concentrations of Cs 137 in air and precipitation heights for April, 30, 
and May, 1, 1986. By the pattern of precipitation the soil contamination shown in fig. 3 
is practically deterrnined. 

3. Requirements for sampling and measuring techniques in environmental monitoring 
Specific radionuclide analyses are necessary for evaluating an environmental contarnination 
and radiation exposure of population. Gross measurements - gross beta, gross alpha or gross 
gamma - are in most cases not appropriate to give the necessary information. In normal 
situations suitable analytical methods are available for gamma emitters just as well as for 
beta and alpha emitters. Refined equipment and skilled technicians are prerequisites. 

In situations like after the reactor accident at Chernobyl there is a lack of rapid methods 
for beta and alpha emitters. This has to be overcome by prompt analyses of the primarily 
contarninated media like air and precipitation. The methods developed should be considered 
reference methods and not standardized methods, Le. they may be used as long as there 
are no alternatives that might be better suited. The descriptions of the methods should not 
only tell what fo do, they should also tell why something is done. 

The provision of methods has to be supplemented by an appropriate program of quality 
control. Performance of measurement equipment and of analytical procedures should be 
regularly checked. Every laboratory should participate in intercomparisons as often as 
possible. In the Federal Republic the Federal laboratories organize these intercomparisons 
every year. 

Only the combination of suitable reference methods and of appropriate performance of these 
methods in the laboratories will ensure an optimum of information which is necessary to 
assess environmental contamination. 
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BETA MULTI COUNTER SYSTEMS FOR LOW-LEVEL 

MEASUREMENTS OF ENVIRONMENTAL SAMPLES. 

Introduction 

Lars B0tter-Jensen and Sven P. Nielsen 

Ris0 National Laboratory 

DK-4000 Roskilde, Denmark 

Many years of experience at Ris0 in developing low-level gas 

flow GM a nd proportional counters for making alpha and beta 

measurement s in health physics surveys (Lippert, 1963) have led 

to further development of so-called multicounters. These are 

several counter elements integrated into the same mechanical uni t. 

Mul ti counte rs enab1e a large number of samples to be rapidly 

determined , and also result in a faster evaluation of statistical 

da ta due to the high counting capacity. In recent years, low

level GM multicounter systems equipped with aluminized Mylar 

windows «1mg/cm2 ) as well as windowless types for counting 

ul tra low-energetic beta samples have been developed at Ris0 

for a vari ety of radioecological measurements (B0tter-Jensen 

et al 1977, Aarkrog 1979, Holm et al 1984, B0tter-Jensen 1985, 

Nilsson 1985, Theodorsson 1987) and for archaeological and 

geological dating work (B0tter-Jensen et al 1985, B0tter-Jensen 

et al 1988). The present paper describes a recently developed 

five-sampl e GM multicounter system which has been applied for 

measuring 9 0sr/ y and 99Tc in environmental samples. 

The beta multicounter 

The basic pa rt of the Ris0 low-level five-sample beta multicounter 

system is a gas-flow unit with dimensions of 100x100x250 mm 

which incor porates f i ve individual GM sample counter elements 

and a common guard counter (Fig. 1). The guard counter reduces 

the cosmic- ray background by using anticoincidence technique. 

Each sample counter element is provided with an aluminized 

Mylar window of density < 1mg/cm2 and diameter 25 mm. The counters 

are gas-flow types designed for 99% Ar/1% isobutane or 99% 

Ar/1% propane counter gas. A sample slide allows five samples 



460 

Fig. 1 The five-sample beta GM multicounter, sChematically. 
(1) Guard counter, (2) Mylar window, (3) Sample counter, 
(4) Sample, (5) Sample slide, (6) Lift slide, (7) Pre
amp., (8) Acrylic frame, (9) Cu plate, (10) Anodes. 

to be inserted into the multicounter and be measured simultaneous

ly. A lift mechanism minimizes the sample-to-window distance to 

obtain optimal efficiency. The multicounter is normally placed 

inside a lead shielding of 100 mm thickness to reduce the ambient 

background radiation. 

Another part is an electronic system for treatment of the signals 

produced by the beta particles in the GM multicounter. A block 

diagram of the electronic circuit is shown in Fig. 2. Pre-ampli

fiers placed on the gas flow counter unit produce signals from 

the individual counter elements that are fed to the discrimi

natorjanticoincidence module which also incorporates an automa

tically controlled high-voltage supply. The anticoincidence 

r- - - - - - - - - - - - - - - - - - - - - -- I 
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I 
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Fig. 2 Block diagram of the electronics for the five
sample multicounter. 
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circuits eliminate the background counts produced in the sampIe 

counters by cosmic radiation. The net signals from the sampIe 

counters are fed to a multiscaler/analyser circuit board mounted 

directly into a slot of an IBM-compatible personal computer. A 

pulse-height analysing system is provided to automatically 

control t hat the high voltage is maintained at a proper value, 

i.e. weIl within the GM voltage plateau . The analyser system 

continuously compensates for varying gas flow and atmospheric 

pressure . A photograph of the GM multicounter system is shown 

in Fig. 3. 

Fig. 3 Photograph showing the beta multicounter system. 

Software wa s developed to control start/stop, re-cycle, preset 

time and pul se height analysing functions. The resul ts of repeated 

measurements continuously appear on the computer screen, and 

data files are stored for further calculations and analyses. 

System characteristics 

The background of a low-Ievel beta counter system is a vital 

measurement parameter and should be reduced as much as possible 

to optimize the lower detection level. The main criteria for 
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obtaining a low background are the design of a proper sample-guard 

counter geometry and making use of structural materials and 

shielding of low contamination in addition to an efficient 

anticoincidence system. Repeated measurements of the background 

over 100 min. intervals with the multicounter i nstalled in a 

normal basement facility and shielded with 100 mm lead are 

given in Fig. 4. The mean value of the five sampIe counter 

background count rates is 0.178+0.003 cpm and the difference 

between the five counter elements is not statistically significant 

at the 1% level. The corresponding guard count rate is 135 cpm. 
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Fig. 4 Background measurements of the five counter elements 
repeated over 100 min. intervals . 

The counter-to-counter selectivity was determined by measuring 

the background of elements 1,2,4 and 5 with a 36Cl source placed 

in element 3 (central position). The source increased the back

ground of the adjacent counters with a relative count rate of 

approx. 5xlO-5 relative to the count rate registered in counter 

3 (source position). 
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Measurements of 90sr/y and 99Tc in environmental samples 

The indivi dual counter elements were calibrated to 99Tc and to 

90y where the decay of the latter (64 h half-life) is used for 

determining 90Sr . The counter efficiencies are given in Table 1. 

Table 1. Counter efficiencies for 99Tc and 90y (cps Bq-I). 

Efficiency (%) 

Sample counter 99Tc 90y 

1 36.9 53.5 
2 37.3 53.4 
3 36.5 53.7 
4 37.3 55.4 
5 38.6 55.3 

Mean 37.3 54.3 

SD 2.1% 1.8% 

SE 0.9% 0.8% 

Note that the variation between the counter elements is quite 

low. The r eason for the high 90y efficiency (>50%) is that 

these samples are mounted on thallium discs which cause con

siderable back-scatter. When mounted on a nylon backing, the mean 

90y efficie ncy was measured to be 44.7%. 

The effect of lifting the sources closer to the Mylar window 

was investigated for the 99Tc samples for which a 1 mm lift 

(plastic disc under the sample) increased the mean efficiency 

to 40.5%, and a 1. 5 mm lift increased the mean efficiency to 43.4%. 

However, l i fting the sampIes very close to the Mylar window may 

result in a poorer reproducibility and increase the risk of 

contaminati ng the counters. 

Our 99Tc s amples are normally counted for 24 hours, whereas our 

99y samples are counted for 72 hours. These counting times in 

connection with the above mentioned background level and counter 

efficiencies result in lower limits of detection of 2 mBq for 

99Tc and 1 mBq for 90y. 
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Conclusion 

In recent years, Ris0 has developed low-Ievel beta multi counters 

for several laboratories in many countries. These instruments 

are now routinely used for 90y , 99Tc , 14C and 63Ni analyses in 

connection with environmental monitoring and for measuring 

sediment accumulation rates using the 210pb dating method. Our 

recent five-sample GM multicounter model has been improved by 

incorporating new computer-controlled electronics and data 

treatment and the use of new structural materials that further 

reduced the background count rate and thus resulted in a lower 

limit of detection. 
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RAPID DETERMINATION OF Sr-89 AND Sr-90 IN MILK 

Jorma Suomela and Lena Yallberg 
National Institute of Radiation Protection, Stockholm, Sweden 

Summary 

To reduce the time needed for determining the content of Strontium in milk, 
a cationexchanger was used to concentrate the relevant cations in the 
milksampIe . Strontium was purified by HDEHP-extracti6n and by 
precipitation of barium as chromate. 
The overall r ecovery for strontium is more than 40 percent and the 
detection limit for the sum of Sr-89 and Sr-90 is less than 0.2 Bq/l for a 
sampIe volume of 500 ml and a counting time of 120 minutes. Using this 
method a result on the Sr-89 and Sr-90 content in milk could be obtained 
within 24 hours. 

Introduction 

As a consequense of the bomb-tests during the fifties and sixties large 
amounts of radioactive strontium was deposited all over the world. Since 
milk is one of the main food products in Sweden the National Institute of 
Radiation Pro tection (SSI) in 1963 started a programme to survey the 
Strontium-90 content in dairy milk. The programme is still going on but has 
been modified during the years. 
The methods us ed for strontium analyses on milk have been changed and 
modified duri ng the years (Suomela 1967,1987). For research work SSI today 
uses a method based on the work by Butler (Butler). The method however is 
only suitable for analysis of Sr- 90 since the counting is made on Y-90.For 
the determina t ion of Sr-89 other methods have been used (Suomela 1973). 
In case of an emergency situation it is of great importance to be able to 
analyse a large number of sampIes in a short time. It is also important 
that the me t hod used gives reliable results in the precence of a large 
number of other radionuclides . 
This report presents a rapid method for strontium determination in milk 
where reliable results can be obtained within 24 hours. 
This project is part of a coordinated research programme on "Rapid 
Instrument and Separation Methods for Monitoring Radionuclides in Food and 
Environmental SampIes" (IAEA) . 

Procedure 

The objective was to examine if a cationexchanger could be used to 
concentrate the relevant cations and thereby omit the time consuming 
procedure of ashing the milk sampIe. 
A spike solution containing 6 Bq Ba-133, 2.70 Bq Sr-90, 4.90 Bq Sr-89, 10 
mg yttrium and 20 mg strontium was added to 500 ml sampIes of milk with a 
known calcium content. The sampIes were mixed with cationexhange resin 
Dowex 50V X 8 and stirred for 30 minutes. The resin was eluted with 
nitric acid and strontium, calcium and barium were precipitated as 
oxalates from the eluate. The oxlates were fired to carbonates which 
were dissolved in hydrochloric acid. Barium was precipitated as 
chromate. From the solution all tetravalent and trivalent ions vere 
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extracted with HDEHP. The Cerenkov radiation from the purified solution was 
measured immidiately after extraction in a low level liquid scintillation 
counter (Quantulus 1220). Eight spiked milksampIes were analysed. 

Results 

The analysis for strontium and calcium were made on the purified 
solution that was measured in the liqiud scintillation counter. The 
recovery of strontium was determined by measuring the Cerenkov radiation 
from Sr-89 immidiately after the HDEHP extraction and the calcium content 
was gravimetricly determined (table 1). The content of Ba-133 in the 
counting solution was below the limit of detection « 0.05 Bq). 

Table 1: Recovery of strontium and calcium(percent of added) 

SampIe Recovery Relative recovery 
% Ca % Sr-89 Ca/Sr 

1 40 55 0.73 
2 34 44 0.75 
3 34 44 0.77 
4 29 46 0.63 
5 37 51 0.71 
6 45 54 0.82 
7 30 66 0.60 
8 33 39 0.84 
Average 36±5 5O±9 0.73±0.08 

The figures of recovery indicates that the bahaviour of strontium and 
calcium differs during the analytical procedure. This could be expected 
since, even when ions undergoing exchange are of the same valency, the 
res in has preferences. A serie expressing qualitatively the decreasing 
selectivity of Dowex 50 is: 

Ba > Sr > Ca > Mg > Be (Dowex) 

The Ca/Sr ratio is however constant enough 
factor when the chemical recovery of 
calculations of strontium. 

Conclusions 

to be used as a correction 
calcium is used for the activity 

By using a cationexchanger, instead of the time consuming ashing to perform 
the concentration of relevante cations in a milk sampIe, eight sampIes 
could easily be analysed in one day. This means that 0.2 Bq/l levels of Sr-
89 and Sr-90 can be reported with a fair accuracy 24 hours after sample 
arrival. 
The counting efficiency for Cerenkov radiation from Y-90 is 62 percent and 
the background is 0.8 cpm. 
The method used gives a good separation of strontium from all tetravalent 
and trivalent ions (Peppard et al). If radioactive barium is present in the 
milk to analysed on Sr-89 and Sr-90 difficulties arise if the 
bariumisotopes not are separated before measurement. The results obtained, 
shows that efficiency of the method used in this study to purify the 
counting solution from bariumisotopes exceeds 99 percent. 
It shall be stressed that the study was performed when the strontium 
isotopes were in the form of chlorides. The study will continue and thereby 
focuse on the effects of the chemical form and on the concentration of 
strontium on the outcome of the analytical procedure. 
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HIGH SENSITIVE BETA- AND GAMMA RAY SPECTROSCOPY AND ITS 
IMPLICATIONS ON RADIATION PROTECTION 

SUMMARY 

GERD HEUSSER 
MAX-PLANCK-INSTITUT FÜR KERNPHYSIK 

P.O.B. 103980, D-6900 HEIDELBERG , F.R . GERMANY 

The background components of NaI(TI)- and germanium-detectors and proportional counters 
are described and the measures, which have to be taken to minimize them. Besides careful 
selection of the detector- and shielding materials , of importance are the design of the 
anticoincidence system and the suppression of radon and its daughters . Sensitivities of mBq, 
respectively a few mBqj kg for gamma ray spectroscopy and a few decays per day with 
proportional counter measurement can be achieved . 
Examples of environmental incorporation- and accidental neutron dose-monitoring are given 
to demonstrate the advantages of extreme low level counting in health physics. 

1. INTRODUCTION 

In the course of feasibility studies of different extreme low level experiments, like the Solar 
Neutrino Experiment (Ha88) and the Double Beta decay Experiment (K/87) aiming to detect 
event rates of the order of one per day, a systematic investigation of the background of Ge- , 
Na-I(TI)-detectors and proportional counters has been performed. Most information on the 
different background components was obtained through germanium detectors due to their 
high energy resolution and the possibility to construct them relatively easily with low internal 
contamination. 
A fundamental prerequisite for low background rates is a careful mater ial selection with 
respect to low radioactive contamination. Nondestructive gamma ray spectroscopy serves this 
purpose best. In order to constantly improve the sensitivity, a spectrometer was built of 
materials selected with a former less sensitive spectrometer. The actual germanium 
spectrometer resulting from this iterative process will be thoroughly described later, whereas 
the former step spectrometer has been reported earlier (HeI986a) . 

2. GERMANIUM LOW LEVEL SPECTROMETER 

Figure I depicts a cross section of the shielding arrangement with the detector in the middle 
(32% relative efficiency). The sampie chamber is enciosed by a steel « 5 mBq 60Co kg- I ) 
chamber, which is lined with 3 cm of electrolyte copper. It can be evacuated to remove the 
enclosed radon after sampie exchange (see chapter 3.2). The outer shield is formed of 15 cm 
of low activity Boliden lead . Six large area multiwire proportional chambers made of brass 
almost completely surround it as an anticoincidence shield . The high purity crystal is 
mounted in a magnesium holder of low intrinsic activity. The capsule is made of the same 
material. The only other materials used in the cryostat system, at least, near the crystal, are 
OFHC copper, saphire, acrylglass, and Delrin-a plastic. 

The spectrometer is operated in the low level laboratory of our institute which has a 
coverage of concrete and soil corresponding to about 15 metres of water equivalent. Below 
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Multiwire Proportional Counter 

F [G. 1: Cross section of the germanium spectrometer. 

such a shielding depth, the nucleonic component of the secondary cosmic rays is reduced to 
such an extent that it is negligible as background source (see section 3.3). 

In Figure 2 both spectra with the veto shield on and off are shown. For these measurements 
the sam pie eh amber was filled with old ships iron, 4.5 cm all around the detector. Counting 
rates for both modes of operation are also indicated in the Figure . A detailed discussion of 
the effectivity of the guard system is given in seetion 3.3. 

3. BACKGROU ND COMPONENTS 

The residual background of radiation detectors in generaloperated within a shield equipped 
wi th an anticoincide.lce system can be attributed to the following components: 

A - incompletely shielded external gamma rays 
B - intrinsic contamination of detector and shield materials 
C - radon and its daugthers 
D - cosmic ray-induced backgrou nd 

3.1 Shield against extern al gamma rays and internal contamination 

The thickness of a shield against external/amma rays is determined by the energy (2 .6 MeV) 
of the highest natural gamma line of 20 Tl and the desired reduetion of its intensity. The 
transmission through 10 cm of lead is still 8x10- 3 whereas 20 cm reduce it to 7xIQ-5. Since 
lead is always more or less contaminated with 210pb - its effect will be shown later -, a 
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sufficiently thick layer of a more radiopure material is recommended on the inside. Here, 
copper is the best choice. 

More than 100 different materials have been investigated with respect to their radioactive 
purity in order to selectconstruction materials for the detectors and the shield. Only cop per 
and some plastics like polyacryl glass and teflon passed almost always the test. 

Since the Tchernobyl event it is recommended to check all materials, because surfaces 
exposed to its fallout are subject to be contaminated with 137Cs and l34Cs. Very often, the 
activity even migrated into a few 1/ 10 mm deep layers below the surface . Uranium, thorium, 
and potassium are widely distributed, like in nature. 60Co is mostly found in iron and 210pb 
in lead. 

The effect of 2l0pb for a gamma ray detector is demonstrated in Figure 3. Here, the sampie 
chamber of the Ge-spectrometer described in section 2 was filled with lead bricks of 
different origins. The ß-rays of the 210pb daughter, 210Bi, induce bremsstrahlung and the 
characteristic X-rays in lead. It has to be pointed out that Boliden lead has a much lower 
21OPb-content (-25 Bq/ kg) than normal lead. The modern lead (Caminco Company), 
especially refined for the electronic industry, cannot be distinguished from old lead in which 
the 210pb has completely decayed - unfortunately however, it is very expensive. 

3.2 Radon and its daughters 

Like in health physics, radon is also a problem for low level counting. To minimize its 
background contribution, the shield should be designed such that it allows its removal from 
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FIG. 3: The e//ect 0/ 210Pb in lead tor the Ge-detector . 

the interior after sampie exchange, either by evacuating, as in our case, or by f1ushing with 
radon-free (old) compressed air or nitrogen. Figure 4 depicts the difference between normal 
radon concentration (-20 Bq m-3 in the air of our laboratory) and the evacuated case. 

3.3 Cosmic ray- induced background component 

Also this component is rather complex. At sea level, the relevant cosmic ray secondaries are 
the nucleonic component and muons. The nucleonic component mainly consists of neutrons 
(-97%) and appears in gamma-ray spectra as gamma lines excited by inelastic neutron 
sca ttering. 

Below 15 m.w.e. as in our low level laboratory, the nucleonic component is reduced by -4 
orders of magnitude whereas the muon f1ux is only a factor 2 to 3 lower than at sea level. As 
can be seen in Figure 2 by the difference between the unvetoed and vetoed spectrum, muons 
are responsible for the 511 keV annihilation peak and its Compton continuum. Also neutrons 
are produced by them. This is demonstrated by the line at 846.8 keV which is excited 
through inelastic neutron scattering in the iron around the detector by its disappearance 
through the action of the anticoincidence. Neutrons from the outside, as from spontaneous 
fission and (0:, n)-reactions of U and Th in the laboratory walls, are much too low in 
f1uxand would not be registered as efficiently by the proportional multiwire chambers. Since 
the lead shield itself is the source of neutrons via negative muon capture and photonuclear 
reactions of fast muons - both having a strongly increasing multiplicity with growing Z of 
the target - it is quite obvious that the outside position of the veto counters is the optimal 
one. Here, muon are detected before they can interact with the lead. If all events above the 
2.61 MeV line of 208Tl are attributed to muons respectively to cosmic ray origin, the 
resulting veto ef ficiency would be 98% (16.4 min- l no veto; 0.31 min- I with veto). 
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4. PARTICULARITIES OF NaI(Tl)-DETECTORS AND PROPORTIONAL COUNTERS 

All materials for the construction of a NaI(Tl) can be chosen to be rather radiopure except 
for the phototubes. Crystals can be grown to contain less than 0.5 ppm K and less than a few 
ppb of U and Th. Reflecting paper, teflon foi! or high purity MgO are acceptable as 
reflecting material. The enclosure can be made of high-purity copper. However, the least 
contaminated phototubes commercially available still contain substantial activities in their 
glass (200 ppm K, 0.7 ppm U, 1.3 ppm Th). Recently, we found metal ceramic types being 
purer by a factor of -10, 7, and 7, for K, U, and Th. Unfortunately, they are at least 5 
times more expensive. Light guides from pure NaI help to shield the scintillator against the 
photomultipliers. Background spectra and rates for different measuring mo des are given by 
He86b. 

Miniature proportional counters developed for the GALLEX-project (Ha88) have integral 
(0.5-16 keV) background count rates of 3-5 day-I in a shield with a NaI(Tl) veto detector in 
our Heidelberg Low Level laboratory. In the Gran Sasso Underground Laboratory where the 
experiment is being carried out, event rates below I day-I are reached, with just a passive 
shield. Further background reduction is achieved by energy spectroscopy and rise time 
analyses. Continuing the li ne of development of Davis (Da78), the counter bodies are 
completely made of synthetic quartz and the cathode of high-purity iron. Gaseous activities 
to be measured are admixed to the counting gas. 

5. SOME APPLICA TIONS OF LOW LEVEL COUNTING IN HE AL TH PHYSICS 

In general, activity determinations are faster, easier to interpret, and gain precision with 
lower background counting rates of the spectrometer. Data evaluation of germanium spectra 
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are easier if no line background has to be corrected for. The peak count rates in the lower 
spectrum of Fig. 2 are only of the order of a few counts day-l . 

Environmental monitoring is possible with a low specific activity, as a few mBq kg- I , by the 
combination of large sampies and low background. As an example of incorporation 
monitoring we determined in 5 ml of mothers milk 137 Cs-activities of I Bq r I to a 
precision of 40% within 24 h . 
(Accidental) neutron doses down to 100 J.LSV h- I even for exposure per iods of one second can 
be monitored by measuring the 198 Au-activity of a 4 g gold ring . 

The described proportional counters can also be used for highly sensitive 226Ra 
determinations via its Rn-daughters (Le87). From a solution of the material of interest the 
ingrown Rn is flushed out with a He-stream and removed again by passing the He over a 
charcoal trap at liquid nitrogen temperature. After a cleaning procedure it is pushed together 
with the counting gas into the counter. In this way, I mBq can be measured within one day 
to a I (J precision of 12%. Some more exotic applications of these counters were made by 
R076 . They developed a low dose method for measuring the calcium content of human 
subject in vivo . Neutrons from a neutron source or a cyclotron convert Ca into 37 Ar by the 
reaction 40Ca(n, a). With a half time of 40 min over 80% of the 37 Ar is exhaled, separated 
from the respi ratory gas, and counted. Raymond Davis (priv. comm.) proposed to use the 
principle of this method for monitoring incorporated fissionable isotopes like 235 U or 239pu 
via the radioactive fission products 133Xe or 135Xe. For 238U detection no neutron 
irradiation wou ld be necessary since spontaneous fission delivers the radio-xenon. About 2 g 
of incorporated 238 U could be monitored if we ass urne a 50% exhalation rate. 

There is a wide range of possible applications of low level methods in radiation protection . 
They help not only to gain sensitivity in health physics monitoring but allow many 
investigations otherwise not being feasible. 
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Summary 

A simple computer method for full-energy peak efficiency 
calibration of Germanium detectors is presented. The computer 
programme calculates the "effective solid angle" for any point 
source, disc source or cylindrically symmetric volume source 
taking attenuation in all absorbing layers including source and 
detector into account.This way it is possible from the absolute 
efficiency calibration in one geometry, e.g. point source, to 
calculate the absolute efficiency for any other geometry and 
sampIe material for that detector. 

From point source calibrations of two single open end coaxial 
detectors, one Ge(Li) and one HPGe, the fUll-energy peak 
efficiency for a 35 cm3 cylindrical beaker on top of the detector 
was calculated with results within 2% of the actual calibration 
results in the energy interval 70 - 2000 keV. The corresponding 
results obtained for the 450 cm3 ANSIjIEEE standard Marinelli 
beaker were within 3% of the actual calibration results. 

Introduction 

Efficiency calibrations of Germanium detectors for sampIe 
measurements have traditionally been carried out using radioac
tive solutions in different matrix material. This involves a lot 
of work when a high degree of accuracy is required for a large 
number of detectors, geometries and different sampIe materials. 

A large number of papers have previously presented empirical, 
semi empirical and theoretical methods to simplify calibration 
work. None of these have been widely used in practical laboratory 
work, mainly because of their lack of accuracy or simplicity. 

A new simple and fairly accurate semi empirical approach was 
suggested by Moens et. al. calculating the relative efficiency 
integrating over source volume and detector taking into account 
attenuation in all absorbing layers. These calculations together 
with point source calibrations would give the absolute full
energy peak calibration of volume sources. It was shown that the 
method was valid giving good results for small sources with 
dimensions smaller than the detector. 
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In low level gamma spectrometry beaker dimensions are often 
larger tha n those of the detector. The aim of this work was 
therefore to investigate the validity of the method for large 
volume sources and develop a versatile tool for detector 
efficiency calibration work. 

Method. 

The method has previously been thoroughly described by Moens et. 
al, and jus t abrief outline will be given here. 

It can be shown that the full-energy peak efficiency of a 
detector, e p , can be written: 

1 P 
e p = 47r T ne« 

where P/T is the "virtual" peak-to-total ratio referring to a 
stripped a c tive detector without any surrounding material. not! 

is the effe ctive solid angle, ie. the probability for an emitted 
photon to be detected by the detector. 

In the following it is assumed that this "virtual" peak-to-total 
ratio is an intrinsic characteristic of adetector independent 
of sample a nd counting geometry. 

Assuming this, one can from the absolute full-energy peak 
efficiency calibrations in one geometry calculate the P/T ratio 
for adetect or. The problem of obtaining the absolute full-energy 
peak effici ency in any other geometry is then limited to the 
calculation of the effective solid angle, ne«. 

The probability for an emitted photon not to interact with any 
absorbing material and loosing energy before hitting the detector 
is given by: 

where 

~; l i near, total narrow beam attenuation coefficient of 
absorbing layer i, excluding coherent scattering. 

1; path length through absorbing layer i 

The probabi l ity that a photon hitting a cylindrical detector will 
interact wit h the detector and loose energy, is given by: 

where 

linear, total narrow beam attenuation coefficient of 
d e tector, excluding coherent scattering. 
path length through detector 
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The effective solid angle is thus given by: 

V the source volume 
n geometrical solid angle 

This integral is in general too complicated to be solved 
analytically and has therefore to be solved numerically. 

Numerical integration. 

A computer code has been developed in FORTRAN 77 to calculate the 
effective solid angles for different source and detector shapes. 
So far the calculations have been limited to cylindrical 
detectors together with point sources, disc sources and cylindri
cal volume sources with the same cylinder symmetry axis as the 
detector. The code can easily be extended to also calculate for 
other detector and source shapes. 

The main problem in the numerical integration is to calculate the 
path length of photons through the different absorbing layers 
including source material, beaker material, detector housing and 
detector material. To maintain sufficient accuracy this was done 
analytically. 

For the numerical integration the method of Romberg was chosen. 
It is a rather simple method but converges relatively fast. 

The attenuation coefficients used in the calculations were mass 
attenuation coefficients presented in the work of Hubbel. This 
work presents attenuation coefficients for a wide range of 
materials. 

Calculations have so far only dealt with pure cylinder detectors 
to maintain rather simple algorithms for path length calcula
tions. coaxial detectors are assumed to consist of two pure 
cylinders, the crystal and the core. Results for coaxial 
detectors are hence obtained by subtracting the "core detector" 
results from those of the "crystal detector". 

computing time depends on detector, geometry, source material, 
number of energies and accuracy required as weIl as computer and 
compiler specifications. Calculating the efficiency for a beaker 
on top of the detector for 10 energies with a computing accuracy 
better than 1% on a standard IBM AT with co-processor takes 
typically 10 minutes. The computing time for Marinelli beakers 
are slightly longer, typically 20 minutes. 

Efficiency calibration with sources. 

Absolute full-energy peak efficiency calibrations used for 
reference were done using calibrated point sources at a distance 
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of 184 mm from top of the detector housing. The nuclides used 
were 6OCo , 88y , 133Ba , 137CS , 152Eu and 241Am • The calibration data was 
corrected for coincidence summing effects even though the 
correction factors were all below 1%. The stated uncertainty in 
source act ivities were approx. 4% resulting in uncertainties of 
2% for the efficiency curves obtained. 

Absolute f ull-energy peak efficiency calibration was performed 
using calibrated radioactive solutions in water matrix with 
necessary carriers added.Th~ calibrations were carried out with 
"single" :1amma l ine nuclides like ~n, 57CO , 6OCO , l09Cd , 137CS , 139ce , 
~g and 2 1Am in order to avoid coincidence summing effects. The 
uncertainty in activity determination for each solution was 
estimated to be 4%. These calibration procedures have been 
repeated several times and the uncertainty is hence believed to 
be less than 3%. 

Both detec tors used were standard coaxial single open end 
detectors. Data concerning the detectors used is given in table 
1 . Additional da ta concerning material and exact dimensions of 
absorbing layers in the detector together with the position of 
the crysta l within the detector housing was supplied by the 
manufacturers on special request. To check some of the data, 
x-ray pictures of the detectors were taken. Some of the data 
supplied by the manufacturers had to be slightly adjusted as 
they were not quite correctly given. 

Table. 1 Detector data. 

Type 
Rel. e ff. 
Crysta l radius 
Crystal height 

Ge(Li) 
30% 

26.7 mm 
63.2 mm 

HPGe 
39% 

28.3 mm 
73 . 8 mm 

The beakers used were the standard ANSI/IEEE Marinelli beaker and 
a small 35 cm3 polystyrene cylindrical beaker with radius 21 mm 
anti height 26 mm. 

Results and discussion. 

The absolute full-energy efficiencies for two different detectors 
and beaker geometries were determined in two different ways, 
directly by radioactive solutions in the geometries in question 
and by point source calibration and calculation of effective 
solid angle for the geometries. 

The results for both detectors are in very good agreement. For 
the cylindrical beaker on top of detectors, results within 2% in 
the energy range 70 - 2000 keV were obtained for both detectors. 
For the ANSI/IEEE standard Marinelli beaker, the results were 
with.in 3% in the same energy interval. These differences are 
within expe rimental uncertainties and no obvious additional 
errors can be seen. In fig.1 the results for one of the detectors 
with the ANSI/IEEE Marinelli beaker and our 35 cm3 polystyrene 
beaker with sample height 10 and 20 mm are shown.The matrix 
material used is water. 
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The results are however dependent on very accurate dimensions of 
detector and absorbing material. Errors in these data might very 
easily cause substantial errors in results obtained by this 
method. The correct position of the detector inside the housing 
is very important for obtaining good results. 

Conclusions. 

From the resul ts obtained here i t is reasonable to draw the 
conclusion that the assumption that the "virtual" peak-to-total 
ratio being an intrinsic constant of adetector independent of 
counting geometry was valid for these detectors. 

The method will be tested further with other detectors, beakers 
and sample materials in order to verify its general validity. 

If this is accomplished, the method offers a versatile tool in 
laboratory work for establishing efficiency curves for different 
detectors, counting geometries and source materials. It is very 
easy to use and results are obtained with uncertainties compar
able to the ones obtained in the traditional way with radioactive 
solution standards. 

One major requirement that has to be fulfilled for the method to 
be widely used with reliable results, is that the manufacturers 
of detectors are able to give accurate information on material 
and thickness of absorbing layers in their detectors and the 
exact position of the crystal inside the detector housing. This 
is not done on a routine basis today but it is supposed that 
these data could easily be made available if the needwas demon
strated. 
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Measurment of Radionuclides in Sea Water 

Tatsuya HASHIMOTO, Tadashi OUMI, *Takao MORIMOTO, 
*Nobuhiro NONAKA, and *Hideo HIGUCHI 

Japan Atomic Power Company, Tokyo, Japan 
*Japan Chemical Analysis Center, Chiba-pref., Japan 

Summary 

The authors measured concentration of Co-60 in the sea water with a special 

device capable of measuring radionuclides in quite low concentration. This 

device, consists of a pumping system combined with cartridge packed with the 

adsorbent such as mangane se dioxide impregnated in an acrylic fiber, absorbs 

and concentrates radionuclides such as Mn-54, Co-60, Zn-65, and Ce-144 in the 

sea water. 

The in-situ sampling experiments were carried out in the sea water in front 

of, near, and far from the discharged cannel of Tsuruga Nuclear Power Station 

unit 1, located beside narrow-inlet Urazoko Bay. In each experiment the 

manganese dioxide cartridge treated 2000 liters of sea water for 360 minutes. 

After passing sea water through the cartridge, the manganese dioxide adsorbent 

was dried and reduced to ashes. Then the adsorbent was treated by a 

radiochemical procedure. 

The results obtained are 7 .Ox 10-8 Bq/cm3 of Co-60 (in front of the cannel), 

4.8x10-9 Bq/cm3 (near the cannel), and 6.3x10-9 Bq/cm3 (far from the cannel). 

Detectable limit of concentration in the sea water is nearly 3.7x10-9 Bq/cm3 for 

Co-60. 

Introduction 

Tsuruga Nuclear Power Station unit 1 ( BWR, 357 MWe, 1970-) takes 

condensor cooling water from Urazoko Bay, a closed type 500m wide and 

approximately 1,500m long bay with a narrow entry, and discharges back to the 

bay. Recently Co-60 in the order of -3.7x10-2 Bq/g is detected from the dry 

sediment taken from the immediate front ofthe discharge outlet. 

This is considered to be the remaining effect of radioactive nuclides diluted 

and discharged in the early ten years of operation at a rate of approximately 

1010-109 Bq (without Tritium, Table 1) each year. In general Co-60 content in 
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the sea water around Japan is less than the detectable limit (7.4x10-8 Bq/cm3) of 

the nuclides analysis method using germanium detector. 

The fact that Co-60 is positively detected from the sediment suggests that Co-

60 should also be included in the sea water over that area. 

With the purpose to clarify the potential Co-60 concentration which is 

indeterminate by the conventional method, a recently developed ultra-low 

concentration radioactive nuclides adsorption device was used to determine 

actual concentration of Co-60 in sea water. 

As shown in Figure 1, this device consists of a pumping system combined 

with cartridge packed with the adsorbent such as manganese dioxide 

impregnated in an acrylic fiber, absorbs and concentrates radionuclides such as 

Mn-54, Co-60, Zn-65, and Ce-144 in the sea water. The dimensions of device is 

approximately 880 x 600 x 450 mm, and its weight approximately 41 kg. An 

electric source of about 400 W is necessary to operate the pump. 

Five samples were taken at four different points as indicated in Figure 2. In 

each case, approximately 2 m3 of sea water was passed through the cartridge in 

approximately one hour. 

After adsorption, the adsorbent in the form of acryl fiber was burned in an 

electric oven to ash. 

Thereafter, Co was chemically separeted from ash and Co was quantitively 

determined by means of a low background 13-ray measuring device which took 

400 minutes to complete. 

Conclusion 

As indicated in table 2, Co-60 was detected from three samples. The results 

obtained are 7.0x10-8 Bq/cm3 of Co-60 (in front of the cannel), 4.8x10-9 Bq/cm3 

(near the cannel), and 6.3x 1 0-9 Bq/cm3 (far from the cannel). 

Detectable limit of concentration range which was nearly 3.7x10-9 Bq/cm3 for 

Co-60 was less than that of conventional methods. 

As a result, it was confirmed that Co-60 was actually existed in the sea water 

in the vicinity of discharge outlet that was attributable to the nuclear plant. 

References 
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Table 1 Liquid Effluent of Tsuruga PIS by Year 

Year Liquid effruent without 3H (Bq) 

1969 2.0 x 10 10 

1970 1.2 x 10 10 

1971 2.0 x 10 9 

1972 1.4 x 109 

1973 1.9 x 109 

1974 2.7x10 9 

1975 5.9 x 109 

1976 1.3 x 10 9 

1977 7.4x10 8 

1978 5.9 x 108 

1979 3.1 x 108 

1980 2.0 x 108 

1981 1.2 x 108 

1982 1.6 x 10 7 

1983 4.4 x 105 

1984 2.3 x 10 7 

1985 1.6 x 10 7 

1986 1.0 x 10 7 

1987 7.0 x 106 

1988 9.3 x 10.6 

Table 2 60CO Concentration in Sea Water 

Sampling 
Sampling Day 60CO Concentration in 

Point Sea Water (Bq/cm3) 

A 260ct.1987 N.D. 

A 270ct.1987 7.0 x 10-8 

8 270ct.1987 4.8 x 10-9 

C 280ct.1987 6.3 x 10-9 

D 280ct. 1987 N.D. 
Detectable limit of concentration range; almost 3.7x1 0-9 

Bq/cm3 for Co-60 
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CHEMICAL PROPERTIES OBSERVED-IN THE CHERNOBYL FALLOUT 

P. Carbol, I. Engkvist, A. Nyström and M. Skalberg 

Department of Nuclear Chemistry 

Chalmers University of Technology, S-412 96 Göteborg, Sweden 

Abstract 

The nuclear reactor accident in Chernobyl, April 25, 1986, gave rise to a 

considerable deposition of various radionuclides in Sweden. A program was 

initiated to make use of the fallout to study the migration and redistri

bution in aboreal forest ecosystem. 

To describe mechanisms for the turnover of radionuclides, it is considered 

to be important to describe chemical properties of the radionuclides and 

their affiliated species in connection with processes involved. 

Results are presented for chemical charaterization of migrating species in 

soil profile samples obtained by a procedure for sequential separation based 

on chemical leaching. The procedure gives a fractionation of the species 

into exchangable cations, reduciable phase, organic fraction, metal oxides 

and a residual fraction. Furthermore a method for chemical characterization 

of radionuclides in water is described together with results obtained for 

surface waters. 

A technique for laboratory studies of radionuclide migration in undisturbed 

soil profiles is also presented. Some results obtained for the migration of 

iodine, cobalt and cesium are discussed. 
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DECONTAMINATION OF THORIUM FROM PLUTONIUM ANALYSES 

Q.J. Chen, A. Aarkrog and S.P. Nielsen 

Ris~ National Laboratory, Denmark 

Abstract 

A new method has been developed for the decontamination of thorium from 

analyses of plutonium. Previous analytical techniques for the analysis of 

plutonium isotopes in environmental sampIes have not always shown successful 

decontaminations for thorium-228. This iosotope interferes with the alpha

spectrometri c determination of plutonium-238. The new method is based on a 

reduction of plutonium and thorium to low valence using Na2S03 in sulphuric 

acid. Hydrogen peroxide is added to obtain Pu +4, which is extracted with 

5 % TIOA/xylene leaving thorium in the solution. The performance of the 

method is demonstrated. 
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AN EXPERIMENTAL INVESTIGATION OF THE 239, 240pu AND 238pu DETECTION LIMIT 

IN ENVIRONMENTAL SAMPLES 

A.D. Gedeonov, A.N. Suprunenko, L.P. Bakushkina, V.V. Smirnov, L.A. Pelevin, 

Yu.V. Bulatenkov, V.Yu. Shkroev 

V.G. Khlopin Radium Institute, Roentgenstr. I, Leningrad 197022 (USSR) 

Abstract 

The radiochemical separation of plutonium followed by alphasprectrometry with 

silicon surface-barrier detectors is a common method for 239, 240pu and 238pu 

determination in environmental sampies /1/. 

There are many papers devoted to the determination of 239,240pu and 238pu in 

various environmental sampies, but there is almost no information about the 

experimentally determined detection limit for these radionuclides. 

In this work the detection limit of plutonium by the usual radiochemical sepa

ration method /2/ in environmental sampies was investigated, in which total 

acid dissolution of the sampies, concentration and purification of plutonium 

on anion exchenger AV-17, solvent extraction by TTA and ~-source preparation 

by evaporation was used. TheüL-sprectra were measured with a grid ionization 

chamber with counting efficiency 50 %. The estimation of "methodical back

ground" was made on the basis of blank reagent measurements and statistical 

approach for small number of events. Following this procedure the lower limit 

of detection for 239,240pu and 238pu in environmental sampies was determined 

as 5xl0-5Bq/g. 

Plutonium concentration and isotopic ratio were determined in the soil sampie 

collected 400 km South-West of Leningrad. Plutonium concentration and isotopic 

ratio for this sampie does not differ from the global ones before the Cherno

byl accident. 

1. P.De Regge, R. Boden, Nucl.Instr.Meth., 1984, 

vol. 223, N 2/3, pp. 181-186. 

2. A.D. Gedeonov, L.A. Pelevin, B.N. Shuvalov, 

Radiochimia, 1988, vol. 30, N 6, pp. 806-811. 
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H.-J . Kreiner1 , H.-P.Wichmann2 ' 

FAG KUGELFISCHER GEORG SCHÄFER KGaA 
Erzeugnisbereich Strahlen-Meßtechnik 
D-8520 Erlangen 
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Abstract 

In operations involving plutonium or other transuranics small 
particles may become airborne. Due to the toxicity early 
detection is imperative. For that purpose a new kind of a 
monitoring system has been developed and tested in a 
reprocessin g plant in West Germany since summer 1988 . The 
monitor is based on a combined spectroscopy and range technique 
using a sandwich proportional counter system. This detector 
permits a good discrimination between a-particles of natural and 
artificial isotopes respectively . The monitor system works at a 
very high f low rate of up to 80 m3 /h and thus allows the 
reliable and continuous surveillance even of extended volumina 
with a lowe r limit of detection of some mBq / m3 in 100 minutes. 

Introduction 

Airborne p l utonium and other transuranics must be monitored 
carefully due to the extremely low derived air concentration 
values (DAC) according to ICRP 30 (ICRP79). Each transuranic 
aerosol effluent monitor has to discriminate against a natural 
background (IEC86) that can exceed the level by two orders of 
magnitude o r more (Po88). 

Additionally depending on the relative contribution of the 
individual plutonium isotopes and the mean size of the expected 
aerosols the DAC value might correspond to much less than 1 Pu 
or 1 PU02 particle per m3 • Thus for the representative 
measurement a high flow rate is required for a fast and reliable 
detection of a in air contamination (La84). 

By using a large area proportional counter system such high flow 
rates up to 80 m3 /h are realized, while monitoring systems based 
on semiconducting detectors are limited to flow rates up to 
5 m3 /h. Large area proportional counters are substantial parts 
of monitors based on the principle of a/ß pseudo coincidence and 
are successfully in use for more than 30 years (Mu 79). 

Despite of t he unquestionable benefits of these monitors 
problems ar i se especially for locations showing variable 
ventilation conditions, unfiltered air or high ß in air 
contamination. 
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Thus FAG KUGELFISCHER has developed and tested a new kind of low 
level a in air monitoring system ( Fr87) . This system, the 
Alpha-~nergy-Range-Qiscrimination (AERD), prese rves the 
advantages of the a l ß pseudo coincidence method and 
simultaneously shows a significantly improved discrimination 
capability of natural and artificial a particles . 

1. Basics of AERD 

Natural activity in air has its origin in the Uranium and 
Thorium contents of the earth. The gaseous daughters in the 
decay series the noble gases 220Rn and 222Rn diffuse out of the 
earth, decay and form - attached to aerosols - natural 
radioactive aerosols . These aerosols are collected together with 
the artificial aerosols on a filter. 

The essential criterium for discrimination natural against 
artificial activity is the energy of the a particles . While the 
daughters of 220Rn and 222Rn have a energies of more than 6.0 
MeV the a energies of the relevant artificial nuclides never 
exceed 5.8 MeV (IEC86). The main feature of AERD is a detector 
and a philosophy which is outlined for this fact . 

~lArn nr.Po 

Fig.l: AERD detector 
(see text) 

Fig.l reveals the principle function of the detector system. 
Here the longitudinal section of the sandwich detector array 
given by the 2 large area proportional counter tubes has been 
rescaled in units of Ro. This schematic representation shows 
that a particles emitted by 241Am (5.5 MeV) are registrated in 
tube 1 exclusively (rate Rl, efficiency e) while a particles of 
7.7 MeV (214PO) emitted under angles 9 < 91 can be detected in 
tube 2 (rate R5) as weIl . Additionally a 7.7 MeV a particle 
emitted under an angle between 92 and 93 (rate R4) obviously 
corresponds to a path within tube 1 that exceeds the maximum 
value that can be attributed to an a particle of 5.5 Mev. Pulse 
hight analysis of the events in tube 1 consequently represents a 
complementary method to reduce the number of unidentified 
events. The ratio of unidentified events to events that are 
definitively of natural origin is given by equation 1 : 
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F ( 1 ) 
R4 +Rs 

In case of a filter exclusively covered by natural a-emitters, 
F represents the factor of compensation that has to be used for 
the determination of the actual artificial activity Aa according 
to equation (2). 

1 
[Rl-(R4+RS) ' (F+1J ( 2 ) Aa = 

E 

A factor of compensation F ~ 0.9 is achieved. It is independant 
of the relative contribution of the prominent Radon- and Thoron
daughters ( 214PO (7.7 MeV) and 212Bi (6.1 MeV) I 212pO (8.8 MeV ) 
respectively) . 
The influence of the short-living 222Rn-daughter 218pO (6.0 MeV) 
will be described below. Compared to a typical ABPD compensation 
factor the AERD compensation factor F is found to be reduced by 
a factor 5 . Therefore the statistical significance of the 
compensation method is drastically enhanced. 
A detailed investigation showed that the compensation factor F 
fluctuates in a range of 10%. Thus a further improvement of the 
AERD method can be achieved by the introduction of small time 
dependent t erms of correction AFi : 

F = Fa +..1 Fl + L1 F2 + AF3 ( 4 ) 

F now takes into account the influence of physical properties 
that can be measured and cannot be influenced by the presence of 
any artific ial a emitters: 

AF1: The contribution of 218pO 

An increas e of the natural activity concentration in the air 
always induc es an initial overrepresentation of the first member 
of the 222Rn decay chain (218PO) on the filter and vice versa . 
In a good approximation AFl is found to be proportional to the 
time gradient of the "natural" count rates R4 and Rs . 

AF2: The contribution of dust on the filter 

The unique relationship between the reduced flow rate caused by 
the coating o f dust on the filter and F2 could be established 
by simultaneous monitoring of the dust in ai,r with the dust 
monitor FHT 62 I . ..1F2 reflects the fact that with increasing 
coating of dust on the filter the mean penetration depth of the 
aerosols and thus the energy loss of the a-particles in the 
filter material decreases. 

~F3: The contribution of climatic conditions 

Since the preabsorption of the a particle depends on the density 
of both the air between filter and detector and the gas within 
tube 1 . 6F3 can be calculated according to a measurement of 
temperature and pressure. 
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3. Configuration of the monitor 

Fig . 2: Configuration of 
an AERD monitor 

Fig.2 shows the essential components of an AERD monitor . Here 
the detector consists of a triple sandwich array which permits 
the simultaneous measurement of artificial ß-aerosol as well . 
The third proportional tube is shielded against a and ß rays 
emitted by the filter activity and thus allows a -background 
correction. The dust collection unit is a development of the 
tried and tested ABPD sampling head. 

The flow measuring device operates on the differential pressure 
principle . The FAG FHT 7000 Evaluating Computer is used for data 
acquisition and evaluation of the measured values.By virtue of 
the interfaces, a PC can be connected immediately to display the 
progress of radioactivity concentration for the preceding per iod 
in graphical form. Alternatively the PC can be replaced by a 
portable data storage unit (128 k RAH-Buffer) which allows to 
perform the data evaluation periodically at a different 
location. 

4. Experimental and Results 

During the last two years AERD monitors have been tested at a 
variety of different locations which envolved different 
conditions of the natural airborne activity, dust concentrations 
and climatic conditions. Special care was taken for a careful 
investigation of the response to fast changes of the ventilation 
rate. Since August 88 an AERD monitor is in use at the Karlsruhe 
reprocessing plan (WAK). The results of the corresponding 
measurements can be summarized as follows: 

According to the very clean room conditions at WAK the mean 
artificial a-contamination was determined toless than 1 mBq/m3 
which was confirmed by the retrospective analysis of 
complementary air samplers . The correct response pf the monitor 
and the correct function of the activity concentration alogrithm 
was demonstrated by the manual introduction of variou5 reference 
sources with the instrument in full operation. 



491 

400 ,--.-------------,--------------- -----

11l1",ber 

)(10 

2011 

100 

o 
-400 

neanva lue: 
dgMa: 
99:<- 1 i,.,it: 

-1. 11 MBq/ MA 3 
23 .00 MBq/MA 3 
SS MDq/ MA 3 

- 200 

frequcncv distribution of 
artificial--conc. (100 nin) 

200 400 

Fig .3: Frequency distribution curve of the measured artificial 
a-concentration ( room air) at WAK 

By way of example fig .3 shows the results of a typical sampling 
period. Similar experiments using a 244Cm-reference source 
showed that even for rather high energetic a-particles (5.8 MeV) 
the artificial a-actifity is determined correctly with an error 
of less than 10%. 
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Fig.4: Natural and artificial a-concentration for typical 
sampling and test period. The activity concentration of 
natural a-aerosols was calculated under the assumption of 
radioactive equililibrium . Reference source: 24 Bq 239PU . 

Fig . 4 displays the frequency distribution of the measured 
artificial a-contamination (100 min . integration time) for 
sampling periods where no reference sources varied inserted. It 
can be seen that the data are typically in the order of 
± 30 mBq/m3 . For comparison the natural a-activity concentration 
had been between 1 and 6 Bq/m3 at the corresponding location. 
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Conclusions 

The AERD technique, developed by FAG Kugelfischer (Pat87), 
allows the continous monitoring of lowest a in air 
contaminition. This could be shown successfully during an 
operation period of nearly 1 year at WAK Karlsruhe under 
realistic conditions. The AERD monitor has proved to be a tried 
and tested transuranic effluent monitor . 
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Summary 

The pulse-height distributions from knolfn amounts of 222Rn and its 
daughters were measured as a function of the volume of the scinti Ilator 
so I ut ion. 222Rn and i ts daughters in the gaseous spaee above the li qu i d 
scinti I lator were found to produce the air luminescence counts which lead to 
errors in quantitative determination of 222Rn by liquid scintillation counting 
unless necessary corrections for the counts are made. The errors inherent in 
the conventional measurement of 222Rn using a liquid scintillation 
spectrometer has been evaluated. Method for correcting the air luminescence 

counts are also discussed. 

Introduction 

Liquid scintillators are very suitable detectors in the determination of 
absolute disintegration rates nf 222Rn and its daughters. The use of integral 
count i ng tec hn i que (Homma and Murakam i 1977) and the fact tha t 222Rn i s 
appreciably soluble in liquid scintillator make the method particularly 
useful. HO\olever. in the course of a spectral study concerning the relative 
pulse-height distributions of 222Rn and the daughters in liquid scintillator 
(Homma et al.1987; Murase et al.1989), \oie found that, when the counting vial 
is not full of liquid scintillator, the 222Rn in the space above the liquid 

scintil lator causes air luminescence counts, which has been hitherto neglected 
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by the conventional liquid scintillation counting of 222Rn. Thus far, the 

total activit y of 222Rn and the daughters in the counting vial is determined 
based on the measured counting rates of 222Rn and the daughters in the liquid 
scintillator by considering the equi librium distribution of 222Rn bet~een the 
gaseous space and the liquid scintillator. Therefore, the air luminescence 

counts of the 222Rn in the gaseous space cause a great deal of trouble and 
contribute to errors in quantitative determination of 222Rn by liquid 
scinti I lation counting unless necessary corrections for the counts are made. 

In the work described belo~ ~e have examined and estimated the effect of 
the air luminescence counts on the counting rates of 222Rn and its daughters 
in liquid scintillator and have developed a fe~ simple, qui ck methods of 

correct i ng the air I um i nescence counts. The resu I ts 0 b ta i ned no~ seem to be 
more important since most of earlier measurements of 222Rn ~ith liquid 

scinti I lators appear to have been subj ec t t o un certainties caused by air 
luminescence counts of 222Rn. 

Exper i menta I 

222Rn (air sampi e) 

222Rn ~as collected from 0.1 M HCI solution of 226RaCI2 ~ith a syringe and 

added to a standard counting vial ~hich ~as ful I of air and closed ~ith a 

silicon rubber stopper. The 222Rn in the vial ~as al lo~ed to remain for 3.5 h 
before measurement. During this time, the daughters 218po, 214Pb, 214Bi and 
214po come to transient equilibrium ~ith 222Rn. This sampIe is henceforth 

referred to as the "air sampIe". 

222Rn (LS sampIe) 
Four 222Rn sampIes ~ere prepared as folIows: about 0.1 ml of 226Ra solution 

(226RaC12 in 0.1 M HCI) ~as spotted on the bottom of each of four liquid 

scinti I lation counting vials and evaporated to dryness under an i.r.lamp. 
After determination of 226Ra ~ith an intrinsic Ge detector, the 226RaCI2 was 
dissolved in 1 ml of ~ater, ~ith stirring, then 4, 8, 12 and 16 ml of liquid 
scinti Ilator, respectively, ~ere added to the vials. These sampIes, ~hich 

~ere sealed ~ith air-tight stoppers and caps, were allo~ed to remain for 30 

days before measurement. During that time 222Rn and the daughters came to 

secular equilibrium ~ith 226Ra. These sampIes are henceforth referred to as 
the "LS sampIe". The liquid scinti lIator used in this work consisted of 4 g 
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ppo, 2,5-diphenyloxazole, in 1 I of toluene. 

!'1easu rements 

Pulse-height distribution were measured using an Aloka liquid scinti Ilation 

spectrometer, Model LSC-3500 (Aloka Co. Ltd. Tokyo, Japan). This instrument 

has two 1024 channel analyzers, one which was set to measure from approx. 1 to 

20 keV, the other from approx. 1 to 500 keV. In order t0 obtain the 

disintegration rates of 222Rn and its daughters, the integral counting 

techniques with liquid scintillation spectrometer were used in this \oIork 

CHorrocks 1964; Goldste in 1965; Homma and Murakami 1977). 

The end-point of the air luminescence spectrum vas measured on a l iquid 

scintillation spectrometer with a logarithmic pulse amplifier (Model LS 5801, 

Beckman Inst r ., Inc., Calif., U.S.A.). The pulse height-energy relation sh i p 

of the spectrum was based on that measured by Quint(Quint 1984). 

Determin ation of 226Ra was carried out \oIith an intrinsic Ge detector 

(Princeton Gamma-Tech. N.J., U.S.A.) coupled to a 4096-channel analyzer 

(Canberra series 35). The spectrometer had a 1.98 keV resolut ion (FwHM) at 

1.33 MeV and a peak-to-Compton ratio of 32:1. The detector \oIas abso i utely 

calibraled \oIith a set of LMRI gamma-ray standard sourees. The energy and 

intensity of the photopeaks used \oIere: 226Ra (185.99 keV, 3.28%). 

Results and Discussion 

The air luminescence spectra for the air sampie are shown i n Fig. 1. It 

must be emphasized that only air and the equilibrium mixture of 222Rn and its 

daughters are in the counting vial. 
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Fig. 1. Pulse-height spectra of 222 Rn (air sample) measured with (A) 
an Aloka LSC-3500 liquid scintillation spectrometer; (B) a Beckman 
LS 5801 liquid scintillation spect~ometer. 
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In Fig. 2 the pulse-height spectra for 222Rn and the daughters in the 
standard counting vial are given as a function of the amount of l iq ui d 
scintillator solution added. The volu me of the scintillator solution Ifas 

varied from 4 to 16 ml in a total vol ume of 22 ml. Besides alpha peaks of 
222Rn and the daughters in the gaseous space above the scinti I lator solution 
are also superimposed upon the beta continuum of 214Pb and 214Bi. Since end 
point of the air luminescence spectra is about 18 keV, as sholfn in Fig. 2 the 
air luminescence spectra give peaks in the 101f energy pulse-hei ght region and 
the air luminescence counts increase Ifith decreasing scinti I lator volume. 
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Fig. 2. Pulse-height spectra for 222Rn and its daughters 
showing effect of LS volume. *LS=liquid scintillator 

It should be emphasized that in the conventional determination of 222Rn by 
liquid scintillation counting, all the observed counting rates have been 
attributed to the results of excitation from 222Rn and the daughters dissolved 
in liquid scinti 11ator. That is, the conventional determination of 222Rn by 

1 iquid scinti I lation counting usual ly involves the fol IOlfing steps: 
1. counts an equ i li br i um mixture of 222Rn and the daughters to obta in 

integral counting rates, 
2. extrapolate these integration rates to zero pulse-height to obtain the 
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disintegrati on rate of 222Rn and the dau ghters. 
3. calculate the percentage of 222Rn and the daughters in toluene. and 

4. determi ne the tot31 activity of 222Rn and daughters in the counting via I . 
In order to obtain the accurate disintegration rates of 222Rn and the 

daughters, ho~ever. it is necessary to determine the disintegration rates that 
are only due to the results of excitation from 222Rn and the daughters 

dissolved in the liquid scintillator. Since the air luminescence spectra are 
superimposed upon the beta continuum of 214pb and 214ßi, the disintegration 

rates of 222Rn and the daughters dissolved in the scintillator solution ~ere 

obtained by subtracting the air luminescence spectrum from the corresponding 

total pulse-height spectrum.(Fig 3) 
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Fig. 3. Pulse-height spe c trum of 222Rn (LS samp ie ) me asure d with 
an Aloka LSC-35 00 liquid scintillation s pectromete r. Air lumine s
cence du e to 222Rn and its daughte rs in the gas p has e are indi cated 
by the s haded areas. 

The disintegration rate of LS sampie, ~hich ~as obtained graphically by 

subtracting the air luminescence counting rate from the observed counting rate 

is in good agreement with the standardized sum of the disintegration rates of 

222Rn and it s daughters, which was determined based upon the radioactive 
equil ibrium re lationship bet~een kno~n amounts of 226Ra and its daughters. 

On the other hand, if ~e assume that, as is the case in the conventional 
determination of 222Rn by liquid scintillation counting, the observed counting 

rate is due only to 222Rn and its daughters dissolved in liquid scintillator, 

then, the est imated errors due to the air luminescence are: 15.7 % for 4 ml, 

6.3 % for 8 ml, 3.0 % for 12 ml, ~nd 1.4 % for 20 ml. 

It should be emphasized that subtraction of the air luminescence count from 

the total counts can be accomplished ~ith multi-channel analyzer. 
Unfortunately, not all commercial liquid scinti Ilation counters are designed 

so that a multi-channel analyzer can be easily employed. In addition, 
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measuring the pulse-height distributions of man y sampIes with multi-channel 

analyzer. even if it is available, can be very time consuming. More 

important, when 222Rn is extracted with toluene from natural water such as hot 

spring, mineral spring and sea water. an appreciable and variable amount of 

quenching agents are also introduced into liquid scinti Ilator. The presence 
of quenching agents causes shift of the spectra to lower pulse-height and may 
further co mpl icate the detai led analysis of the spectra obtained. 

Therefore, the authors have reached the opinion that one of the most practical 
method for minimizing the error caused by the air luminescence is to measure 

222Rn in the scinti I lator volume of not less than 16 ml. 
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Summary 

Two new inorganic exchangers consisting in a partially reduced 
tin dioxide (PRTD) and in the normal copper chromate (CUCR) were 
studied; t heir application to radiochemical separations was 
explored af t er batchwise measuring the distribution coefficients 
of several elements. Radiostrontium isolation from fission 
products was performed. 

Introductjon 

The prepara t ion and the properties of a new lnorganic exchanger 
consisting of a partia l ly reduced tin dioxide (PRTD) were 
i Ilustrated in arecen t paper (Ganzerl i Valentini et al. 1989) 
and its fea t ures were compared with those of other tin dioxide 
forms (He l fferich 1962; Donaldson an~ Fuller 1968; 
Jaffrezic-Rena.ult 1976); an application to 0Sr assay i n the 
absence of 140 Ba was also reported (Stella et al. 1989). 
A new exchanger, that could be coupled to PRTD and let overcome 
the above restriction, is presented in the present paper. 
It consists i n normal copper chromate (CUCR) whose affinity, as 
an i on excha nger, is relevant for Ba and negl igible for Sr. A 
procedure f o r separating rad i ostrontlum from fission products, 
based on the combi ned use of PRTD and CUCR was set up: i t 
consists in ~8ing two columns in cascade, CUCR in top of PRTD, 
and eluting Sr (a~d possibly 89Sr ) from the second with 0 . 1 M 
CH3 COOH - 0 .05 M Ca + 

Experjmental 

Reagents 

Unless otherwise specified all chemicals were of reagent grade 
and used as obtained from the market. 

Radioisotopes 

Fission products were obtalned by irradiating 0.6 mg of a 
standard 15% U (enriched to 93% 235U) - Al alloy for 3 hr in the 
central chan ne .1 of the TRIGA MAR~ II r~actor, wher~ the thermal 
neutron flux IS about 10 13 n.cm 2. sec 1. After dlssolving the 
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alloy in 0.2 N HCI measured porti~n~ of the neutralized 
solution, containing about 20 fg of 3 U, were used in each 
experiment. 
Alternatively radioisotopes with carrier were produced by 
neutron irradiation in the said reactor or, in the carrier-free 
form, were purchased from Amersham International Limited (U.K.) 

PRTP preparation 

The inorganic exchanger PRTP was prepared by the procedure 
described in a previous paper (1) and its composition was found 
to correspond to the following formula: 
Sn8016(Nal.54,HO.46)·xH20 
It was previously supported onto grains of "celite" for the use 
in column-like experiments. 

cueR preparatjon 

Ta a 0.1 M Cu(NH4)2CI4.H20 solution equimolar amounts of Na2Cr04 
were added under st irr i ng at room temperature; the suspensi on 
was then kept 24 hours at room temperature. After filtering and 
washing repeatedly with distilled water the precipitate was 
dried in a hoven for 12 hours at a temperature of 60· C, 
eventually raised at 80· C for next 12 hours. 

Analysis of CUCR 

Elemental analysis of CUCR and solubi lity measurements were 
performed by Atomi.c Absorption Spectroscopy . 

Kp measurement 

Pistribution coefficients Kp defined as: 

cpm (ar mmol) g-l of eUeR at equilibrium 
Kn = 

cpm (ar mmol) cm-3 salut. at equilibrium 

were measured by the "batch" procedure. The elements 
investigated were in the form of carrier-free fission products 
with the exception di U and Th; alternatively' Sr and Ba were 
tested in the form of carrier added 87mSr and 133Ba . The aqueous 
phase was gamma counted before and after equi libration. Cation 
exchange capacity was measured with respect to barium and found 
equal to 8.6 meq.g-l; the relevant insolubility of barium 
chromate is obviously responsible for this value, largest 
obtainable by any other element. 

Apparatus 

Atomic Absorption measurements were performed with aPerkin 
EImer mod. 2380 spectrophotometer. 
Beta activities were counted with an Inertechnique SL 20 liquid 
scintillation spectrometer. 
Gamma spectra were recorded and analyzed with an Ortec Ge-Li 
detector linked to a computer assisted Ortec multichannel 
analyzer. 
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Conclusion 

Chemlcal a nal ysis of the CUCR, obtalned as described in the 
above section, led to the formula CuCr04.H20 . 
Distributi o n coefficients of various metals were measured as a 
function o f pH and showed that the most interesting feature of 
euCR is the relevant affinity for Ba. Stront i um is comparatively 
much 1 ess adsorbed, espec i all y at pH lower than 7 and th i s 
feature is the most prominent of the exchanger. 
For Sr separation from fission products an original procedure 
was devised that exploits the specific features of both CUCR and 
PRTD: the two column array and main steps of the procedure are 
sketched in Fig. 1. 
A large number of elements are strongly retained by CUCR but 
some may p a rt I y be found sorbed by PRTD or pass through both 
columns: these are shown bracketed in Fig . 1. In the case of U, 
Np and Cs this is due to the rather low values of their 
distribution coefficient KD on CUCR at pH 6.5, whilst in the 
case of Ru and I the possibility of different oxidation states 
adds uncer t ainty to their distr i bution pattern : anyway the 
purification of radiostrontium is not affected by these 
incidental misfunctioning of the exchanger. 

F.P. load and wash solutlono: 
I 

10m pH 6.5 (by CH,COONIjJ 

! - aa,R.E.,Zr,Nb,Mo,Au, 
Sb,I,C.,U, NP 

- Sr, (U~(Np) 

I 
Tc. (Ru\ 
(ll,(C.) 

0.1 M CH,COOH - 0.05 M Ca" 
I 

I 
Sr 

Fig.1 - The use of CUCR and PRTD for separating 90Sr (+89Sr ) 
from F.P . (mass numbers are omitted for easier reading). 
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SUMMARY 

Reliability of low level activity determined by the liquid 

scintillation counting has been studied in the case when a large amount 

of water sampIe is incorporated with two types of emulsion scintillators; 

first group is scintillators which have three distinct regions of the 

sampIe condition when increasing the amount of water sampIe , and second 

group is those which form a miscible solution up to about 50% water 

content. 

I 1 h f h 3H .. d h n a arge water content, t. e error 0 t e actlvlty measure \"it 

the first group scintillator becomes , in many cases, very larger than 

that with tfle second group scintillator. This is attributable to the 

reduction of liquid scintillation pulse height distribution for the gel 

sampIe, depending highly upon temperature. The counting efficiency of 

the sampIe prepared by the second group scintillator is less affected 

by the variat i on in temperature. 

INTRODUCTION 

Measurement of low level 3H activity by a liquid scintillation counter 

has been intens ively interested in radioecological studies, such as ground 

water movement and upper atmospheric circulation, and in the 3H measurement 

produced from a nuclear power reactor. From these circumstances, many 

kinds of emulsion scintillators have been developed for requiring high 
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3 counting efficiency measurement of a large volume of aqueous H sampIe 

(L'Annunziata 1987; Peng 1977). 

Acti vi ty determination of the low level 3H sampIe has been carried 

out through a direct comparison method or an external standard method 

which is quenching correction technique (Ishikawa 1973; L'Annunziata 1987). 

In this study, the reliability of the 3H activity determined by these 

quenching correction methods has been investigated systematically in the 

case when a large volume of water sampIe is incorporated with two types 

of emulsion scintillators; first group is scintillators which have three 

regions of sampIe condition - clear fluid, two phase separation and gel 

regions - when increasing an amount of water sampIe (O'Conner et al. 1980; 

Wunderly 1980). Second group scintillator does not present this change 

of the sampIe condition even in varying the water content, and maintains 

pliant sol state throughout the range of water content from 0 to 50% (Fujii 

et a1. 1989). 

Although performance of the emulsion scintillator has been generally 

governed by counting efficiency and background, the emulsion scintillators 

commercially available differ in the counting efficiency by only several 

percent at most and by a few counts on the background counting rate. Hence, 

it is thought that the reliability of the activity estimation should be 

more emphasized in selecting the emulsion scintillator to be employed. 

EXPERIMENTAL 

3H water with known disintegration rate was used, and each type emulsion 

scintillator was commercially available. SampIes to be measured were 

prepared to have a total volume of 15 ml. The measurement was carried 

out using three kinds of liquid scintillation counters , coupled with a 

multi-channel pulse height analyzer (Takiue et al. 1979). 

The direct comparison method for determining the ac ti vi ty is effected 

by the comparison of counting rate between reference sampIe and sampIe 

to be measured (Ishikawa 1973). In utilizing this method, the quenching 

effect for the sampIe to be measured ought to be quantitatively identical 

to that for the reference sampIe . Hence, both sampIes are prepared to 

contain the same water volume, when a quenching substance is water only. 

Relationship between water content and 3H counting efficiency was 

measured for the prepared sampIe when temperature changes ranging from 
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10 t o 30°C (Fig. 1). The eounting effieieney of the gel sampIe varies 

more compliea tedly wi th tempera ture. This suggests that when determining 

the eounting effieieney of the gel sampIe by the direet eomparison method, 

the referenee sampIe and the sampIe to be measured should be always 

measured at the same temperature. On the other hand, the eounting 

effieieney of the sampIe prepared by the seeond gr oup seintillator is 

seareely affeeted by the variation in temperature, leading to good 

reprodueibility in the effieieney determination. 

It is no t ed that when the prepared sampIe eontains, besides water, 

the quenehing substanee, the diree t eomparison method may gi ve rise to 

large error in the aetivity determination. 

The quenehing eorreetion eurve, whieh is employed in the external 

standard me thod, was eons true ted using eommereiall y a vaila ble 3H q uenehed 

standard sampIe set, and the relationship between quenehing parameter 

(ESCR : External standard ehannel ratio) due to an external standard souree 

and 3H eounting effieieney was also plotted for prepared sampIes eontaining 

various amount of water (Figs. 2 and 3). It is obvious that when using 

the first group seintillator in gel region, their quenehing plots deviate 

frequently f r om the quenehing eorree tion eurve . For example, when a 3H 

prepared sampIe with the ESCR value of 0.52 has the difference of 4% in 
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the 3H counting efficiency from the curve , the error of the 3H acti vity 

finally calculated becomes about 15%. 

On the other hand, the sampIe prepared by the second group scintillator 

fits the quenching correction 

determination of 3H activity . At 

curve , 

strong 

resul ting in 

quenching region, 

the accurate 

however, the 

quenching corrction curve should be establisherl by using water as the 

quenching agent, since the correction curve due to water deviates gradually 

from that obtained from the chemical quenching agents such as nitromethane 

(Fig . 3). 
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Fig. 4 Liquid scintillation pulse height distributions of clear solution sampie 
and geisampie which have t he same activity and quenching parameter (ESCR 
: 0.57). 
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The deviation of gel sampIe from the quenching correction curve can 

be interpreted by the reduction of liquid scintillation pulse height 

distribution ; fig. 4 indicates the pulse height distributions f or a clear 

solution sampIe and a gel sampIe which have the same activity and quenching 

parameter. The distribution of the gel sampIe is reduced in counting rate 

for each channel, although degree of the reduction varies in a complicated 

way with the sampIe condition which depends highly upon temperature (Fig . 

5). 
This reduction in counting rate for each channel is different from 

the case in the chemical or color quenching effect. In this quenching, 

the pulse height distribution shifts towards low pulse height (Takiue et 

al. 1984), but the prepared sampIe fits the quenching correction curve. 

CONCLUSION 

Besides the direct comparison and external standard methods, the 

quenching correction technique using the quenching parameter (SCR : SampIe 

channel ratio) due to sampIe nuclide has been employed for the activity 

determination. The technique, however, cannot be applied to the low level 
3 

H sampIe , s ince the quenching parameter for determining the counting 

efficiency is less accurate for the sampIe with low counting rate. 

From the viewpoint of the accurate determination of the low level 3H_ 

activity, the present study can be resumed as folIows; 
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1) In the sampIe eondi tion in whieh the prepared sampIe is always in 

solution state, its aetivity ean be aeeurately determined by both types 

of emulsion seintillators. 

2) The direet eomparison method by the first group seintillator should 

be earried out in the same sampIe eondition, espeeially in identieal 

temperature. 

3) When the aeti vi ty of a large amount of water sampIe is determined 

by the external standard method, the error of the aetivity measured with 

the first group sein tilla tor beeomes, in many eases, very larger 

that with the second group scintillator. 

than 

4) Counting efficiency of the sampIe prepared by the second 

scintillator is less affeeted by the variation in temperature, 

group 

leading 

to good reproducibility in measurement. 

5) The gel sampIe becomes viscous aceording to the increase of water 

content. On the other hand, the sampIe prepared by the second group 

seintillator can be easily handled because of the pliant fluidity of the 

sampIe, even in a large water content. 
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Summary 

The tritium which is concentrated from air is more or less contaminated by 
222Rn and its daughters. In order to estimate errors caused by 222Rn and its 
daughters, the pulse-height distributions from 222Rn and its daughters were 
measured as a function of the volume of the scinti I lator solution and compared 
with the air luminescence spectrum from a -particles in air. The results 
i nd icate that 222Rn and i ts daughters in the gaseous space above the li qu i d 
scintillator produce the air luminescence counts which lead to errors in 
quantitative determination of 3H by liquid scintillation counting, because the 
measured end-point of the air luminescence spectrum is approx. 18 keV. 
Methods for correcting the air luminescence counts are also discussed. 

Introduction 

Recently the authors reported that 222Rn and i ts daughters in the gaseous 
space above the liquid scinti I lator give rise to air luminescence counts which 
have been hitherto neglectedCHomma et al.1987; Murase et al. 1989). Because 
222Rn and its daughters are widely distributed in nature, the air luminescence 
counts due to 222Rn and i ts daughters cause a grea t dea I of troub I e and 
contribute to errors in quantitative determination of low-Ievel 3H. 

In the wor k described below we have measured 222Rn and its daughters and 3H 
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which were concentrated from air, and estimated the errors of the air 

luminescence counts on the counting rates of low-Ievel 3H We have also 

presented methods for correcting the air luminescence counts. 

Experimental 

222Rn 

222Rn was collected from 0.1 M HCI solution of 226RaCI2 with a syringe and 

added to a standard counting vial whi ch was full of air and closed with a 

si I icon rubber stopper. The 222Rn in the vial was allowed to remain for 3.5 h 

before measurement. During this time, the daughters 218po, 214Pb, 214Bi and 

214po come to transient equilibrium I<ith 222Rn. 

Air sampie 

Tritium and 222Rn in air I<ere bubbled into toluene (50 ml) in a glass jar 

trap which I<as cooled I<ith freezing mixture of aceton-dryice (ca.-86°C)(Fig. 

1). The sampl ing I<as carried out for 8 hours in a I<arehouse for radioactive 

contaminated waste. The volume of air that I<as sampled ranged from 450 to 

500 I. Then the trap I<as removed from the system, and to the trap 5 ml of 

Insta-gel Emulsifier (Packard Instr. Co.) and 0.2 g of PPO(2,5-

diphenyloxazole) I<ere added to toluene in the trap and stirred mechanically. 

Fifteen ml of the solution was transferred into a counting vial, I<hich I<as 

sealed with air-tight stopper and cap, and then allol<ed to remain at room 

temperature for 3.5 hour before measurement. During that time the daughters 

of 222Rn came to transient equi I ibrium with 222Rn. 

Filter 

Air -. ---I 
inlet 

Freezing 
mixture 

Pump 

~Air 
outlet 

Rubber stopper 

Toluene 

Glass jar trap 

Fig. 1. Sampling systew. 
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Liquid scinti I lation spectrometer 

Two types of commercial Iy avai lable liquid scinti I lation speetrometers were 

used in this study. The first was an Aloka liquid scintillation speetrometer, 
l'1odel LSC-3500 CAloka Co. Ud, Tokyo, Japan). This spectrometer is equipped 

with two 1024 channel analyzers, one of which was set to measure from approx. 
1 to 20 keV, the other from approx. 1 to 500 keV. These instrument settings 

are especial ly useful for measur ing low-energy events in detai I. 

The second apparatus was a Beckman liquid scinti I lation spectrometer, Model 
LS 5801 (Becl<man Instr., Inc., Fullerton, Calif., U. S.A.). The spectral 

research program of the liquid scinti Ilation system was used. The pulse 

height-energy relationship of the spectrum was based on that measured by Quint 

(Quint 1984) . Since the amplifier's seale of the instrument is logarithmic, 

the end-point of the air luminescence spectrum can be determined easily as 
described bel ow. 

Results and Discussion 

The air luminescence spectra for the 222Rn measured in both liquid 

seintillation speetrometers are shown in Fig. 2. 

It must be emphasized that only air and the equilibrium mixture of 222Rn and 

its daughte r s are in the counting vial. The agreement betlo'een the air 

luminescence counts measured with both counting system, which are obtained by 

pulse summation of the air luminescence spectra, is reasonably good. 

xl0 3 <Jl 2xl0 2 
o ~----------------------------------, 

,.--------, 
o 
~ 

"
<Jl 
;.J 
C 
::l 
o 
U 

o 

(A) 

18keV 

I 

2 

1000 0 
Channel 

Relative pulse- height 

(B) 

500 
Channel 

Fig. 2. Pulse-height spectra of 222 Rn rneasured with (A) an Aloka LSC-
3500 liquid scintillation spectrorneter; (B) a Beckrnan LS 5801 liquid 
scintil l ation spectrometer. 

Figure 3(A) shows the pulse-height spectrum for the air sampie measured 

with a 1024 channel analyzer of an Aloka LSC-3500 liquid scinti Ilation 

spectrometer which was set to measure from approx.l to 20 keV, whi le the eurve 
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in Fig. 3(B) represents the pulse-height spectrum for the air sampie measured 

with another 1024 channel analyzer of the same instrument \fhich I.as set to 

measure approx.1 to 500 keV. Because pulse-height spectra of Fig. 3(A) and 

Fig. 3(B) bear a very close resemblance to the reported 222Rn spectra, it is 

reasonable to assume that the observed counting rates is the sum of the air 

luminescence counts due to 222Rn and its daughters in gaseous space and the 

liquid scintillation counts due to 222Rn and its daughters dissolved in liquid 

scintillator. 

20 I I 
;A) 

5 ~::'. lBkeV 
E ._- _ .• _ •. _.... .... . • 

_:·-~·~F::::·ä-·'·;,;,:·.-.:.;-:.._--.t: -- .;_:. -.. - . .. !. ':. ',_. _.:.! 
o 
N 

Relative pulse - height 

Channel 

Fig. 3. Pulse-height spectra of air sample measured with (A) l024-channel 
analyzer of an Akoka LSC-3500 liquid scintillation spectrometer which set 
to measure from approx. 1 to 20 keV ; (8) another l024-channel analyzer 
of LSC-3500 liquid scintillation spectrometer which set to measure from 
app rox. 1 to 500 keV 

Further evidence for this conclusion can be derived from analysis of the 

compos i te decay cu rve of the air samp I e, \fh i ch i s sho\fn in F i g. 4 : The la te 

portion of the decay curve, which is a straight I ine, was extrapolated back to 

the initial time t=O and the extrapolated I ine \fas subtracted from the 

original curve, and the residual curve represents the decay curve for 222Rn 

(T112=3.825d). The initial time t=O \fas chosen at 3.5 hour after sampie 

preparation. In actual practice least-squares analysis is employed instead of 

the graphical analysis described above. 

In order to obtain accurate disintegration rates for environmental 3H , it 

i s essent i a I to el im i na te the act i v i ti es due to 222Rn and i ts daughters, as 

described above. It should be emphasized that the window setting of the 

liquid scintillation spectrometer, which is usually used for 3H counting, is 

not sufficient to el iminate the effect of 222Rn and its daughters, because the 

end-point of the air luminescence spectrum corresponds to 18 keV. 
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Fig . 4. Ana l ys i s of t he composite decay o f air sampie . 

It is also noted that 222Rn and its daughters, I<hi ch had bee il introduced 

into the cham ber of a liquid scinti Ilation spectrometer, also produce the air 

luminescence counts and contribute to errors in quantitative dete rmination of 
3H. Thus, the photomultipl ier tubes of the instrument should be kept in c lean 

air I<ith venti lation. 
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DETERMINATION OF C-14 BY ACCELERATOR BASED MASS-SPECTROMETRY 

PREPARATION OF SAMPLES FOR ENVIRONMENTAL STUDIES AROUND NUCLEAR INSTALLATION 

R. Vesanenl ), B. Erlandsson2), R. Hellborg2), G. Skog3), M. Alpsteni) 

and S. Mattson4) 

1) Department of Radiation Physics, University of Göteborg 

2) Departments of Nuclear Physics 

3) Quarternary Geology 

4) Radiation Physics, Malmö, University of Lund, Sweden 

Abstract 

Analysis of C-14 by accelerator based mass spectrometry gives improved mea

suring possibilities both in archaelogy and in environmental radiology. In 

both areas there is a great need of quantifying the C-14/carbon ratio with 

high accuracy, often higher than possible with current techniques (liquid 

scintillation counting, coincidence chielded gas counters). The sampIe pre

paration is a critical step in the measurements. We have recently built a 

system for preparing sampies (wood) for mass spectrometry. 

The wood sampie is cut in small pieces and treated with 1M NaOH overnight 

at 80 C, washed with distilled water and then treated with 1M HC1, also over 

night at 80 C, washed in boiling distilled water and dried. The sampie is 

then combusted in an oxygen stream and precipitated as BaCo in bubbIers 

containing Ba(OH)2 solution. The dried BaCo3 is then, together with H3P04 
placed in a CO2 developing tube. The resulting CO2 is passed through a cold 

trap to remove water and is then trapped in another cold trap at the tempe

rature of liquid nitrogen. H2 is added and the system is closed. The furnace 

with cobalt catalyst is heated to 600 C and the liquid nitrogen is exchan

ged for a mixture of dry ice and alcohol to trap water from the reaction of 

CO2 and H2 to C and H20. After 24 h the system is opened and the Co and car

bon formed on the Co is pressed into a pellet to be used in the ion source 

of the accelerator. The methods have been tested and C-14, C-13 and C-ll 

ratios have been measured. 
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OPTIMIZATION OF SAMPLE GEOMETRIES IN GAMMA SPECTROMETRIC MEASURE
MENTS 

Hannele Aaltonen 
Finnish Centre for Radiation and Nuclear Safety, Helsinki , Fin
land 

Finn Ugletveit 
National Institute of Radiation Hygiene, Oslo, Norway 

Summary 

The shape of both simple cylindrical and Marinelli type beakers 

were investigated in order to find optima for the counting 

efficiencies of Germanium detectors. The optimum shape of cylin

drical beakers placed on top of the detector is obtained when 

the diameter of the beaker is 4-5 times greater than the height 

of the sample. For a Marinelli beaker the optimum shape depends 

on the size of the detector. The optimum for a Marinelli beaker 

wi th a volume of 450 cm3 is obtained when the height of the 

sample reach es 8-9 mm below the bot tom of the detector. 

Introduction 

In low leve l radioactivity measurements, the counting time is 

usually one of the main factors limiting measurement capacity. 

The aim of this project was to investigate how the detection 

efficiency v aries with the shape of the sample and of the detec

tor, in order to optimize the counting geometries and reduce 

measuring times to aminimum . 

Method 

The optimiz ation calculations were performed wi th a computer 

method (Ugl etveit et al . , 1989) developed to calculate full 

energy peak efficiencies for symmetrie soure es of known density 

and matrix material. Efficiencies relative to a set of point 

source calibrations were calculated at an energy interval from 
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70 keV to 2000 keV. A water solution (density 1.0 gjcm3 ) was 

used as the matrix material. The dimensions of the two detec

tors used in the calculations are given in Table I. The beakers 

are assumed to be in contact with top of the detector housing. 

Cylindrical beakers p1aced on top of the detector were tested for 

volumes from 5 cm3 to 1000 cm3 by changing the radius and height 

of the samp1e. A Marinelli type beaker with a volume of 450 cm3 

was also tested. The ca1culations were performed by keeping the 

inner radius constant (Fig. 1). The inner height (cf. Fig. 1) 

of the beaker varied from 58.2 rnrn to 86.2 rnrn and for each va1ue 

a beaker radius from 51.5 rnrn upwards were used. 

Results and discussion 

The optimum shape of a cy1indrica1 beaker is dependent on the 

beaker volume. For very sma11 beakers, with a vo1ume less than 

30 cm3 , the optimum is obtained when the ratio between the beaker 

radius and the sampie height is 3-5. For beakers 1arger than 

50 cm3 the optimum is reached when the radius to height ratio 

is 2.0-2.5 over an energy interval of 300 keV - 2000 keV. Figure 

2 shows the relative efficiencies for beaker vo1umes 10 cm3 , 

100 cm3 and 500 cm3 • The resu1ts of optimization for both detec

tors are almost identica1. This is due to the fact that they have 

approximate1y the same radius. 

The efficiencies obtained with a Marine11i type beaker at photon 

energy 600 keV for both detectors are shown in Figure 3. For 

each inner height an optimum is obtained when the ratio between 

the samp1e thickness on the side of the detector (D i , cf. Fig. 

2) to the samp1e thickness on top of the detector (Hs ) is 1.40-

1.45 for detector 1 and 1.65-1.85 for detector 2. The maximum 

efficiencies are obtained when the inner height of the Marinelli 

beaker is 71.6 mm for detector 1 and 82.7 rnrn for detector 2. 

The optimum inner height curve reaches maximum when the radius 

of the beaker is 56.3 mm and the samp1e height 10.8 rnrn for detec

tor 1. For detector 2 the va1ues are 55.5 mm and 8.0 mm, respec

tive1y. 
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The counting efficiency of the optimum shape for cylindrical 

beakers pl a ced on top of the detector will be 10% lower if the 

sampIe radi us is shortened by 0.5 cm from the optimum with a 

volume of 10 cm3 ( cf. Fig. 2) • With volume 100 cm3 , a loss of 

10% in counting efficiency is caused by decreasing the sampIe 

radius 1 cm and in volume 500 cm3 by decreasing it 2 cm. The 

increase in beaker radius has less effect on the counting effi

ciencies, especially with large beaker volumes. The efficiencies 

obtained with optimized Marinelli beaker shapes do not differ 

much from those obtained with a standard Marinelli beaker (IEC, 

1981): the efficiency obtained with detector 1 is only 1% higher 

and with detector 2, 5%. 

Figure 4 compares the cylindrical and lEe Marinelli beakers, 

by taking i n to account both measuring efficiency and volume. The 

cylindrical beakers were optimized by radius and height. For the 

Marinel1i beaker the IEC dimensions were used except f or sampIe 

height. The efficiencies were calculated using sample heights 

from 0 mm to 30 mm to change the vo1ume from 300 cm3 to 600 

cm3 • Figure 4 shows that if there is enough sampIe material it 

always is more profitable to use a Marinel1i type than a 

cylindrical beaker. This is also valid even if there is more 

sample material than can be measured in the Marinelli beaker. 
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Tab1e 1. Dimensions of the detectors. 

Detector 

Type Ge(Li) 

Re1.eff. 30% 

Crysta1 radius 26.7 mm 

Crysta1 1ength 63.2 mm 
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1 Detector 2 

HPGe 

39% 

28.3 mm 

73.8 mm 

Rg beaker radius 

Ri inner radius 

Hg samp1e height 

Hi inner height 

Di samp1e thickness 

Fig. 1. Marine11i geometry. The dimensions of a standard lEC 
Marine11i beaker (vo1ume 450 cm3 ) are Rg = 55.6 mm, 
Ri = 40.5 mm, Hg = 15.1 mm and Hi = 66.6 mm. 
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DEVICE FOR DECISIVE MEASUREMENTS OF LARGE AMOUNTS OF MATERIAL 

Ingolf Auler 

NIS Ingenieurgesellschaft mbH 

Hanau, Federal Republic of Germany 

Summarv 

During demolition of nuclear facilities, cleanup of radioacti-

vely contaminated areas or surveillance of food, 

of potencially radioactive materials have to 

large amounts 

be screened. 

W~thin the framework of a research project sponsored by the 

European Commission, a decisive measuring device was developed 

to measure lar ge amounts of various materials wi th very low 

radioactivity. The device is sensitive to gamma-radiation. The 

detectors are arranged on the outer surface of a channel with 

a cross section of 1,2 m by 1,2 m. Therefore activi ties on 

complex surfaces and shielded activities can be measured. The 

minimal detectable activity for shielded activities (2 cm steel) 

is better than 300 Bq C060, everywhere wi thin the measur ing 

chamber. Up to mid 1989, more than 100 Mg of various materials 

have been screened for unrestricted release. 

Introduction 

An important task in nuclear measuring is the detection of 

very low levels of radioactivity, which allows the free relea

se of large amounts of areas, components, various kinds of 

goods and waste. In the past these measurements have been per

formed manually and in a time consuming way by analysing a 

large number of representative samples or by direct contamina

tion measurements with beta-sensitive large area gas-flow pro

portional counters. In many cases these kind of measurements 

were not f easible because of the activity distribution, geome

try or economical reasons . Hence large amounts of material had 

to be treated and disposed of as radioactive waste which could 

otherwise have been released. For the fast and safe screening 

of signif icant amounts of componen , .. _, goods and waste wi th 

low-level activities, ~iffering nuclide compositions and sha

pes, a decisive measuring device has been developed. 
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Configuration of the measuring device 

The device is composed of a measuring chamber, outer shiel

ding, a conveyor track and a data processing uni t. A scale 

for weighing the components to be measured is integrated in 

the conveyor track. The conveyor track passes through the mea

suring chamber (Figure 1). 

Figure 1: Arrangement of Measuring Device at KKN 

The measuring chamber consists of a detector system, a data 

acquisition and control unit and a supporting rack . The detec

tor system has twelve detector cases each filled with liquid 

scintillator. The detectors are arranged on the outer surface 

of the measuring tunnel, so that a large portion of 4 IT-geo

metry is covered (Figure 2) 

Each detector has its own measuring chain, which transmits the 

counts to the data acquisition unit (Figure 3). This unit pre

pro ces ses counts and stores them in a microprocessor memory. 
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Figure 2: Configuration of the Deteetors 
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Further da t a proeessing is done with a personal computer connec

ted with the data acquisition unit. This computer offers 

great sophistication and flexibili ty of programming for the 

complex data analysis. 

Basis of layout 

Basis for the layout of the measuring ehamber are the release 

limits specified in the licenee for dismantling the Kernkraft

werk Niederaichbach (KKN). The KKN-limit-values for unrestric

ted release including all nuclides are 0.37 Bq/g and 0.37 Bq/cm 2 • 

On the basis of Cobalt 60 only, these threshold values are 

0,33 Bq/g and 0,31 Bq/em 2 • With these va lues sealed to a refe

renee mass of 10 kg and a referenee surface of 1 m2 the mini

mal aetivity of 3300 (3100) Bq for a eomponent has to be de

tected. To allow for eonfidence of measured data, differing 

eompositions of nuclides, eomplex geometries and self shiel

ding effect s of the eomponents to be measured, the minimal de

tectable aetivity (MDA) of the measuring chamber was designed 

to be 300 Bq of Cobalt 60 . 
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Figure 3: Configuration of Data Acquisition and Processing 

Routine measurements 

Routine measurements were started with steel insulation cover 

sheets (Figure 4). About 13 Mg of contaminated cover sheets 

were measured for unrestricted release. Less than 2 % of these 

cover sheets had an activity slightly above the limit value of 

3300 Bq per 10 kg of material (equivalent to 0.33 Bq/g). The 

specific activity averaged over the actual mass of a batch of 

cover sheets (mean value 160 kg) was 0.01 Bq/g. This was lower 

than about one thirtieth of the mass specific limit value 

(Figure 5). 

The disposition of the measured cover sheets for unrestricted 

release was approved by the authorities. The released insula

tion sheets were sold as non-radioactive scrap. 
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Figure 4: Configuration of Cover Sheets 

The time required for manual measurements of cover sheets 

would be about one hundred times higher than with the automa

ted measur ing device. Due to the long manual measuring time, 

all of these cover sheets would have had to be disposed of as 

radioactiv e waste in the absence of the automated measuring 

device. 

Additional measurements with dismounted parts 

The next parts measured were insulation wool (20 Mg), electri

cal cables (7,5 Mg), cable supports (steel) (10 Mg), activated 

insulation sheets (7 Mg) and activated steel (1,5 Mg). 

More than 95 % of these kinds of parts had been found to be 

releasable for unrestricted use or disposal . Other interesting 

decisive measurements were performed on exhaust air filter bo

xes. 
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Most of the 200 boxes, measureä up to now, were found to be 

free. Alone the conditioning for final disposal would have re

quired about 500 DM per box (without the disposal costs proper). 
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Fiqure 5: Distribut i on of Specific Activity of Cover Sheets 

The measurements with the device will be continued at KKN with 

other types of dismounted parts such as small steel parts, 

concrete rubble, ventilation ducts, lead wool and sand . 

Conclusions 

The measuring device explained above allows fast, confident 

and approvable measurements on large components or batches of 

different material with low activities on complex or hidden 

surfaces. Without the device, such parts would have had to be 

disposed of in total as radioactive waste, because the release 

would not have been feasable with commonly used measuring met

hods. Therefore the application of the device is useful to 

conserve material resources and to reduce the amount of mate

rial which has to be disposed of as radioactive waste. 
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IN SITU GAMMA-SPECTROMETRIC MEASUREMENTS OF AIRBORNE 

RADON DAUGHTERS OVER ICE-COVERED WATER 

INTRODUCTION 

Sven P. Nielsen 

Ris0 National Laboratory 

Denmark 

Measurements of environmental gamma radiation using in situ gamma 

speetrometrywith germanium deteetors give very detailed informa

tion on the presenee of gamma-emitting radionuelides in the en

vironment. Only few applieations of field gamma speetrometry 

have been eoneerned with measurements of airborne radionuelides 

(Gogolak 1984; Nielsen 1986), for whieh the teehnique applies 

equally weIl as for radionuelides in and on the ground . This 

paper deseribes measurements of airborne radon (222Rn ) daughters 

made over frozen water. The short-lived radon daughters are 

always pres ent in the near-ground atmosphere due to deeay of the 

radon gas e manating from the soil surfaee. The airborne daugh

ters are usually undeteetable in eonneetion with in situ gamma 

speetrometr y, beeause radiation from the radon daughters present 

in the soil is dominant in the eharaeteristie gamma-ray speetra 

from the a ir. For the present measurements this terrestrial 

eomponent was effeetively eliminated due to the loeation far from 

land and t h e shielding of iee and water. 

MATERIAL AND METHODS 

On four oee asions during the eold winters of 1985 and 1986, the 

opportunity was used to earry out measurements of the natural 
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background radiation on the ice in the middle of Roskilde Fiord , 

bordered by Ris0 National Laboratory. The measurements were made 

about 1.5 km from the share at a location where the water depth 

is about 4.5 m. During all measurements, the air-ice interface 

provided a nearly perfeet smooth plane only part1y covered with 

snow of up to a few centimetres thickness. The thickness of the 

ice varied between 25 and 35 cm. 

The instruments and the researchers were carried in a motor 

vehicle furnished for supplying electrical power for the instrum-

entation. The gamma spectrometric equipment comprised a ger-

manium detector from Princeton Gamma Tech connected to a Canber

ra Series 8100 multichannel analyzer. Air sampies were collected 

on glass-fibre filters during the gamma-spectrometric measure

ments. The alpha activity on these filter papers was measured 

immediately after sampie taking for determining airborne con

centrations of 218pO , 214Pb and 214Bi . Air was drawn through the 

filter using a small displacement pump. The grass-alpha activity 

was measured with a traditional alpha (ZnS) detector connected to 

a sequential counter controlling three preset counting intervals 

(S0rensen et al. 1985). 

The germanium detector was calibrated with gamma rays in the 

energy range 0-3 MeV which entered the detector from all direc

tions, thus covering source distributions in the upper and lower 

hemisphere relative to the detector. This calibration was made 

in connection with similar measurements of radionuclides in the 

upper and lower half space and is described in detail elsewhere 

(Nielsen et al. 1986), so only abrief description is given here . 

The calibration for gamma radiation from the upper hemisphere is 

based on the semi-infinite cloud model, implying uniform radio

nuclide concentrations in the air. The ca1culational procedure 

for interpreting the detector signal is based on the factorisa

tion developed by Beck et al. (1972). The detector count rate Nf 

for a full-energy peak is related to the unscattered gamma-ray 

rate 0 according to 
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where the subscript f refers to field conditions and r to refer

ence condi t ions . The factor (N f Nr -1) accounts for the angular 

distribution of the incoming gamma rays, and represents a fold

ing of the angular response of the detector and the angular 

distribution of the unscattered gamma rays from the source. The 

factor (Nr 0-1 ) gives the efficiency of the germanium detector in 

terms of f u ll-energy-peak counts for a unit gamma-ray fluence 

ente ring t he detector from a reference angle. 

The relation between the source concentration and the unscattered 

gamma-fluen ce rate at the detector depends on the source-detector 

geometry. For sources deposi ted on the air-ground interface, the 

relation is 

where SA is the source activity per unit area, y the gamma yield 

for the characteristic gamma ray in question, p the linear at

tenuation coefficient for air at the above gamma-ray energy, h 

the height of the detector above ground, and E1 (x) the exponen

tial integra l of the first order with the argument x. For this 

relation it is assumed that the source distribution is uniform 

and that of an infinite smooth plane. For sources in the air the 

relation is 

where X is t he source activity per unit volume of air. For this 

relation, the detector is assumed to be placed at the center of 

a semi-infin ite air-filled sphere with a uniform source con

centration . 

The equipment used for collecting radon daughters on filter paper 

was designed for measuring indoor levels and thus was not op

timized for the low outdoor levels. For the first radon daughter 

measurement, we used a sampling and counting strategy identical 

to that from our indoor measurements. But due to the large 

statistical uncertainties arising from the few counts observed, 



530 

we increased the sampling time as well as the counting time for 

the subsequent measurements. This significantly reduced the 

calculated uncertainties. For the calculation of the daughter 

concentrations, we used a computer program based on the analyti

cal solutions to the differential equations for the build-up and 

decay of the daughters on the filter during collection and count

ing; this permitted the selection of any time periods for collec

tion and the three counting intervals used. 

RESULTS AND DISCUSSION 

The results of the gamma-spectrometric measurements are given in 

Table 1, and those of the radon daughter measurements of the 

collected air samples in Table 2. All uncertainties quoted are 

1 standard deviation due to counting statistics only. 

Table 1. Results of gamma-spectrometric measurements showing 
counts per 1000 seconds from full-energy peaks. 

Gamma-ray 
Energy 

(keV) 

295 
352 
511 
609 

1120 
1461 
1765 

Date of measurement and counting time 
16Jan1985 17Jan1985 13Feb1985 27Feb1986 

Isotope 3600 s 7000 s 5313 s 3444 s 

214Pb 19±16% 29±l2% 22±l7% 4.6±50% 
214Pb 23±l6% 36± 9% 35±l0% 18±16% 

annihil. 18±17% 20±11% 22±l2% 19±15% 
214Bi 20±15% 38± 7% 28±l0% 9.l±15% 
214Bi 2.8±51% 6.6±21% 3.3±38% nd 

40K 3.6±32% 4.0±27% 2.8±35% 2.3±45% 
214Bi 3.l±35% 7.8±15% 4.9±24% 2.9±34% 

nd: not detected 

Due to the low levels of radioactivity at the site, the statisti

cal uncertainties of the results are quite high, especially for 

the alpha counting of the air samples. The observed levels of 

radon daughters in the air are consistent with long-term measure

ments of 222Rn in the air at Risl2l (8 Bq m-3 ) using CR-39 track 

detectors (Ulbak et al. 1988). 

From the gamma-spectrometric results in Table 1, it is noted that 

the count rates from the annihilation peak (511 keV) and from the 
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Table 2. Radon daughter concentrations in the air (Bq m-3 ) from 
alpha counting of collected air sampIes. 

Isotope Date, Collection time, Counting time 
17 Jan 1985 13 Feb 1985 27 Feb 1986 

5 min coll. 10 min coll. 30 min coll. 
30 min count 55 min count 55 min count 

7.6±7.5 
4.1±2.4 
2.3±2.5 

4.l±2.0 
3.1±0.3 
1.5±0.5 

0.8±2.9 
0.9±0.3 
0.6±0.4 

40K peak do not differ significantly from measurement to measure

ment, whereas they do for the peaks from 214Pb and 214Bi . If it is 

assumed that these two isotopes are 100% airborne, their con

centrations can be estimated using the above mentioned assump

tions of a semi-infinite cloud model. The results of this cal

culation a r e given in Table 3. 

Table 3. Concentrations of 214Pb and 214Bi in the air (Bq m-3 ) 

estimated f rom the gamma-spectrometric measurements. 

Isotope 
16 Jan 1985 

2.4±0.3 
1.6±0.2 

Date of measurement 
17 Jan 1985 13 Feb 1985 

3.6±0.3 
3.4±0.2 

3.3±0.3 
2.3±0.2 

27 Feb 1986 

1.3±0.2 
0.9±0.2 

For the three days in which the observations of airborne radon 

daughters can be compared, it is noted that the differences be

tween the r esults are not statistically significant. However, 

the resul ts from the gamma-spectroscopic measurements tend to 

give small but consistently higher values than those from the 

alpha counting, which may be interpreted as due to radon daughte

rs deposited on the ice. If the small surplus of gamma radiation 

from the radon daughters is explained by deposition on the ice, 

the surface concentrations may be calculated, and furthermore 

deposi tion veloci ties may be estimated to account for these 

levels. The estimated deposition velocities (which are positive, 
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but not significant!y different from zero) range from 0.0002 to 

0.005 m S-I, which lies within the expected range. 

CONCLUSION 

Field gamma-spectrometric measurements with a germanium detector 

on the frozen Roskilde Fiord have demonstrated the sensitivity of 

this technique for detecting low levels of radionuclides in the 

air. The measured concentrations of airborne radon daughters 

are in good agreement with results obtained from alpha counting 

of collected air sampies. In addition the results give informa

tion on dry deposition of radon daughters to the ice. 
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ENVIRONMENTAL RADIATION KEASUREKENTS - CONSEQUENCES OF AN 

INTERNATIONAL INTERCOMPARISON 

U.Lauterbach, W.Peßara ./ and L.Boetter-Jensen •• / 

. / Physikalisch Technische Bundesanstalt, Braunschweig 

Federal Republic of Germany 

•• ) Risoe National Laboratory, Roskilde 

Denmark 

Within the scope of three CEC study contracts, international comparison 

measurements were carried out with environment al gamma dose-rate meters which 

had differen t detector systems. The studies were focussed on clarifying the 

fundamental properties of environment al radiation dose-rate meters, their 

calibration and response to the radiation fields of natural environmental 

radiation and on dose-rate measurements in unknown, artificia1 radiation 

fie1ds. Conc1usions on the monitoring of environment a1 radiation levels will 

be drawn from the results of these comparison measurements. 

A. Introduct i on 

The internat i onal intercomparison of environment a1 gamma dose-rate meters was 

performed at both the Physikalisch-Technische Bundesanstalt (PTB) in 

Braunschweig , FRG, and the Risoe National Laboratory, Roski1de, Denmark. 

In this inter comparison, some important properties of these instruments were 

determined which make it necessary for certain conditions to be observed when 

they are used in the fo11owing areas 

- natural background measurements 

- monitoring of the environment a1 radiation during 

operation of a nuclear installation 

- monitoring of the environment a1 radiation for incident situations. 

B. Results of the international intercomparison 

The types of detectors used in the instruments were high-pressure ionisation 

chambers, plastic scinti11ators, Geiger-Müller (GM) and proportional 

counters. Further details are given in the CEC reports 1), 2}. Absolute 

values are presented in the quantity air kerma rate in nGy h- 1 to be 

comparab1e wi th the va1ues in the CEC reports. The ca1ibration of all 

instruments is based on the calibration procedures with 137CS reference 
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sources described in 1). The results of some important experiments in this 

context are given in this section. 

B.l Inherent background of the instruments and readings for cosmic and 

terrestrial radiation 

I 70 SCI 

~ 60 56 nGyh-' 

0: 50 

HPC 
65nGyh-1 

~ ~ Re.dlng lor c:olmlc componen! 

_: 'nhere"! background 

SCI • Selnllllilltlon do •• r.t. meter 

HPC • Uigh pt''''.U''' lonl •• llon eh.mb", 

QMC I "Gelgll'!r - Müller count.r 

~'t~O".1 counter 

GMC' PC 
76 nGyj,-t 

fig.l R~adin!1s of three groups 

of instruments to the various 

components of the natural back-

ground radiation 

The determination of the inherent 

background of the instruments was 

carried out in a rock salt mine 

inside a special lead shield facility 

where the air kerma rate was lower than 

0.2 nGy h- I . 

The cosmic radiation was measured at the 

Roskilde Fjord above water 4 m deep. 

The readings for terrestrial radiation 

are obtained from the differences between 

the background readings at a location 

near Risoe and the cosmic ray readings . 

The diagrams in Fig.l present the 

contributions of the cosmic and 

terrestrial radiation components and 

the inherent background to the mean 

va lues of the natural background readings for various groups of instruments. 

Their different readings for natural background radiation are mainly due to 

differences in the readings for the cosmic component and the inherent 

background )), 4), SI . There are no remarkable differences in their readings 

for terrestrial radiation at this location. 

~.2 Photon energy dependence of the response 

The energy dependences of the instruments' responses were investigated using 

reference radiation fields from the radionuclides 241Am, ~7CO, 137CS and 60CO 

in a collimated beam facility in a rock salt mine with air kerma rates 

between 89 nGy h- I and 223 nGy h- 1 at the reference point of the detector. 

Typical results are presented in Fig.2. Connecting lines between the relative 

response values determined are drawn only for illustration and not for the 

determination of intermediate responses. 

This energy dependence may lead to incorrect results for measurements in 

radiation fields with mixed photon energies from different radionuclides. 
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Fig.3 shows the response of various groups of instruments of which the high

pressure ionisation chambers in particular either underestimate or 

overestimate the dose rates of the two radiation fields applied. 

8.3 Detection of small increases in the radiation level 

With a special system at a location near Risoe the environment al radiation 

dose rate was increased in 6 steps between 3 % and 35 % for time sequences of 

between 8 and 20 minutes (multi-level experiment). In Fig.4 the individual 

values measur ed divided by the me an value of the natural background readings 

of each group of instruments are presented versus the reference values for 

the increased environment al levels divided by the mean natural background 

readings of t he individual groups of instruments. The diagrams demonstrate 

that a 3 % increase above the natural background is clearly distinguished by 

most instruments. The most reliable results are obtained with the high-
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High Pressure Ionisation Chambers 
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C. Monitoring of environment al radiation 

Sensitive environmental gamma dose-rate meters are an importan~ tool for 

checking the environmental natural background radiation level or for 

monitoring the radiation level in the neighbourhood of nuclear installations. 

C.l Natural backgr6und measurements 

In section B it is clearly demonstrated that instruments with different types 

of detectors have different responses to the natural background radiation . 

To obtain reliable data it is therefore neces~ary that the user of even 

carefully cal i brated instruments for natural air kerma rate measurements 

have additional information on 

- the photon energy response of the detector 

- the r esponse to cosmic radiation 

- the i nherent background 

and take this into account in evaluating the measurements. Natural backg.,;ound 

radiation me asurements are only comparable if these conditions are fulfilled. 

CO. 2 Monitoring of environmental radiation during the operation of nucleClr 

installations and incident situations 

The contribut ion to the environment al air kerma rate from nuclear 

in~tallations that has to be measured is normally smaller than that from 

natural radiation. According to the regulations in the Federal Republic of 

Germany, this contribution should not exceed an annual dose equivalent of 

H=0.3 mS~ out side nuclear installations. This value corresponds to permanent 

air kerma ra t es of about 30 nGy h- 1 • The results of the multi-level 

experiment i n Fig.4 clearly demonstrate that all these instruments are able 

to detect small increases in the radiation level weIl below this limit , which 

is also marked in Fig.4. The most reliable data are obtained with high

pressure ionisation chambers . When the photon energy response of the 

instruments is taken inta account, an increase may be overestimated or 

underestimated as shown in Fig.3. In most real cases the time sequences of an 

increase may differ from those in the multi-level experiment 2). 

In addition to the requirements mentioned in section Cl, a measurement of the 

photon energy spectrum should also be carried out and the time constant of 

the system should be adapted for detecting short-time increases . 

In most incident situations, the photon energy spectra of the additional 
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radiation will be unknown. In such situations it is recommended that 

measurements of the air kerma rate be combined with those of the photon 

energy spectra. This can be avoided if instruments are used with responses 

quasi-independent of the photon energy e.g. detectors with p1astic 

scinti11ators. But for this type of instrument, the statistica1 f1uctuation 

of the readings is a 1arger one and sma11 increases in the level cou1d not be 

detected with the same accuracy as with high-pressure ionisation chambers. 

ror incident situations, an in-si tu spectrometer shou1d also be avai1ab1e for 

measurements of the photon energy spectra. 

D. Conclusions 

The intercomparison confirmed that to perform accurate measurements of the 

environment al air kerma rate, prior knowledge of an instrument's photon 

energy response, its response to cosmic radiation and its inherent background 

is necessary. Without such information, instruments of different design will 

measure significantly different va1ues for the air kerma rate at the same 

10cation and the same time. An automatie data recording system fitted to an 

instrument will also improve the statistica1 uncertainty of the measurement, 

and without such a system, short-term fluctuations in the air kerma rate 

arising for examp1e from a nuc1ear facility will probab1y not be detected. 

It is recommended that for special situations, an in-si tu spectrometer be 

avai1able. 
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New, enlargened operational possibilities for contamination 

monitors in environmental monitoring. 

Heinz Kirsch 
HERFURTH GMBH; PRODUCT RANGE RADIATION MEASURING TECHNIQUE 

Hamburg, Germany F. R. 

Summary: 

The new contamination monitor MicroCont ist introduced at the 

example of its function in the environmental monitoring in the 

field of nuclear power stations. Due to ultimate micro processor 

technique with special system software the Micro- Cont features 

characteristics which offer advantages to the user for the 
accomplishment of regular measuring tasks. 

For monitoring the environmental radio activity, e. g. in the 

surroundings of nuclear facilities, regular measurements of the 

activity deposited on the ground have to be carried out. In the 

routine and accident measuring programme, at repre- sentatiue 

measuring locations (e . g. 40 measuring points) the total beta 

activity of the ground surface is determined by a contamination 

monitor with a large-area proportional detector. 

The MicroCont (picture 1) is a modern contamination monitor in 

microprocessor technique, which facilitates the per- formance of 

routine measuring tasks by its special system software and by 

its thoroughly planned accessories. 
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Picture 1 MicroCont 

The MicroCont can alternatively be used either with agas 

flow proportional detector for selective alpha-beta mea

surement or with a hermetically sealed xenon detector for 

beta-gamma measurement. The gas flow proportional detector 

for short intervals can be used at a temperature range as low 

as -5°C, the xenon detector can even be used for lower 

temperatures, (down to -30°C). During an easy-to-do change 

of detectors, the microprocessor electronic takes over all 

detector specific data from an EEPROM at the reverse side of 

the detector, such as high voltage adjustment, calibration 

factors and the effective detector area. 
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The system software offers following possibilities: 

exact d efinitions of the activity by long time mea

suremen t s, preselected measuring time 10 to 10 4 s or by 

presele c tion of the sum of pulses (Counter mode) 

Storage of measuring values possible with allocation of a 

measuring location No . and a 10 digit measuring location 

definit i on in clear text. 

data print out on a printer in form of ~ measuring value 

recordor further handling of the data in a data processor 

system . The stored sets of data comprise the measuring 

results in Cps, Bq and Bq/cm2 with the preselected do

minant nuclide, the calibration factor, the background 

count rate, date and time (fig. 2). 

100 sets of data can be stored in the MicroCont. 

fig. 2 : measuring re cord 
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Setting of the parameters For the contamination monitor to 

the task defined for each measuring point with all para

meters is quickly and comfortably done via a barcode rea

der and prepared bar code labels (fig. 3) For example the 

Barcode labels can be integrated into a cartographical 

mapping of the measuring locations . The barcode reader is 

connected through a seriell interface . 

Fig. 3 Barcode-Reader 

~1&llm[l~lWM\lt;n 

1I~~~lltt~lin!1111 
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a quick transmission of the measuring data from the ope

rational area to the control-room, e. g. in accident moni 

toring can be done with an acoustic coupler, which can be 

connected to the MicroCont. 

for rep r oducable measurement of the activity deposited on 

the ground, the MicroCont can be used in a measuring de

vice of plexi glass. With this device the ground surface 

is meas ure d at a distance of S cm above the ground, the 

gamma portion can be selected via an inserted absorber. 

The mea s uring device fulfills the requirements of the 

Federation for Radiation Protection, working group en

vironmental monitoring (fig. 4) 

Fig. 4: Measurement 

device for ground 

measurement 

The contamination monitor MicroCont is a versatile con

tamination monitor, which can easily and optimal be adjusted 

to customer-specific assignments by menu-controlled changes 

of paramet e rs. 
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C. MEASUREMENT AHn MONITORING PROCEDURES 

SES S ION 1 0 

Strategies for Surveying Large Areas 

Chairman R. Maushart 
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STRATEGIES FOR SURVEYING LARGE AREAS 

Jürgen Narrog 

Ministerium für Umwelt Baden-württemberg 

Stuttgart, Germany F.R. 

The actual need for surveying large areas results from events 

with a radiological impact . It is necessary to use a strategy 

for surveying large areas, which considers a time scale and a 

different density of measurements. 

A) Types of events considered 

The need for a radiation monitoring of large areas can be 

caused by 

accidental releases of radioactivity from nuclear faci

lities 

nuclear weapon fallout 

dis t ribution of radioactivity due to a crash of a satel

lite with nuclear power supply 

The rad i oactive impact of the two first types is similiar, 

the same strategy and the same system of measurements can 

be used . There are only different requirements to the measu

ring dev ices in some cases, which will be shortly mentioned. 

The fol l owing considerations will set out this starting 

point; t he special ca se of a satellite crash, where a some

what di f ferent strategy is required, will only be discussed 

with a s pecial remark. 
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Accidents during transports of radioactive materials and 

with nuclear weapons without explosion cause only local 

problems and are therefore not dealt within this paper. 

Accidents in a marine environment, e.g. caused by a subma

rine with a nuclear power supply, are a special problem out

side the scope of this paper, too. 

B) Strategies for surveying the radioactive impact 

1. Detection of the immediate impact 

Measurements of the dose rate and the concentration of 

radioactivity in air are necessary as the first step in 

order to detect a large scale radioactive impact. 

These measurements can be performed by weIl prepared, 

immediately available mobile equipment or by surveying 

network with monitors at fixed points. 

In the ca se of the Chernobyl accident good experience 

was made with mobile equipment in various regions of 

Europe. 

Nevertheless a measuring network with a on line data 

transmission to a central computer is the more rapid 

and more accurate possibility in order to get an over

view on the situation. 

Measuring networks existed in some european count ries 

for purposes of civil defense. The Chernobyl accident 

gave r~se to an establishment of such measuring net

works in other count ries and to a development and impro

vement of most of the existing networks. 
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The requirements are almost identical for purposes of 

civil defense and the determination of the longe range 

impact of a nuclear accident. Civil defense aspects de

mands only an additional NEMP-proctection of the detec

tors and the network and an elevated interest in higher 

dose ranges. 

In all cases the networks consist of gamma dose rateme

ters, in some cases with additional installations to 

measure the concentration of radioactivity in air. 

The grid density of these networks differs, it is 

highest in Germany with 13 km maximum distance beetween 

the gamma dose ratemeters [I], Austria and Switzerland. 

In the latter only one part is realized by an automat i

cally worki ng system (NADAM), the other being performed 

by officia l s with portable gamma dose ratemeters (Atom

warnposten ) . In these 3 countries the measuring net

works also comprise the determination of radioactive 

aerosols and iodine (Austria and Germany) at some pla

ces, which have in general distances beetween 50 and 

100 km from each other. It is for pratical reasons that 

the simpler measurement of the gamma dose rate gave 

rise to significant more measuring stations, to the 

so-called basic measuring network. 

The effectiveness of these measuring networks depends 

very much on the reliability of the measuring stations 

(e.g. their energy supply), the data transmission and 

data management in the central computer. 

Effective working, dense measuring networks represent 

an appropriate strategy for the detection of the imme

diate radioactive impact for densely populated, high 

industrialized countries. 
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All other european countries do not have such dense mea

suring network with the exception of Finland, where the 

network is comparably dense in the south of the country 

and less dense in the sparsely populated north. 

A good example for an opposite position represents Swe

den, which has a network of only 26 stations for gamma 

dose rate measurements on a larger area than the Fed. 

Rep. of Germany, but most of it sparsely populated. 

It is however weIl known, that Sweden reacted very 

effectively in ca se of the Chernobyl accident due to 

extensive monitoring by aircraft. 

This seems to be the best strategy for the detection of 

the immediate radioactive impact for most of the euro

pean countries: 

A network of measuring stations not as dense as in 

Austria and Germany as a base and supplementary measu

rements by mobile equipment in the areas directly invol

ved. The mobile equipment should embrace aircraft sy

stems in order to achieve a rapid overlook about the 

situation. 

This demands a very good preparation of the aircraft 

system also with respect to the geographical coordina

tion of the measuring results. 

In countries with a dense network of measuring stations 

like in Germany the necessity to use mobile equipments 

and especially aircraft for supplementary measurements 

remains. 

Aircraft monitoring is necessary for 

- measurements and sampling at great heights, because 

here the first traces of long range transportes radio

activity can be detected. 
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- detection of the radioactive plume and its pathway 

- rapid monitoring of the ground deposited activity and 

the resulting dose rate, especially if there are hig

her levels, e.g. in short and middle range distances 

to t he nuclear event. (Even the German measuring net

wor k is not as dense as necessary for these distan

ces.) 

- rap i d detection of deposited radioactive material in 

case of a satellite crash with nuclear power supply 

(sensitive gamma ray detection). 

It i s obvious, that the measurements by aircraft can 

only give a rapid overview on the situation and that 

on t his base measurements on ground (by mobile teams) 

have to be done with gamma-sensitive equipment, e.g. 

gamma-sensitive contamination monitors. 

2 . The s e cond step of measurements 

The s e cond step embraces all measurements relating to 

the d e position of activity and the first involved links 

of the food chain. These measurements are those of 

a) the radioactivity of precipitation (at already 

ins talled sampIers) 

b) su r face contamination 

c) rad ioactivity of surface water and milk. 

The me asurements have to be performed immediately after 

the first measurements, the sampling for it should be 

s t arte d with the begin of the radioactive impact. 
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a) The radioactivity of precipitation gives valuable 

additional information on the wet deposition, which 

is the very main part of deposition. Therefore it is 

necessary, to have some sampiers installed fixed at 

selected locations of a country. Sometimes precipita

tion already contains radioactivity before the 

ground-near air, because it can drop from great 

heights. 

In such cases also milk shows traces of radioactivi

ty before ground-near air, as we found after the 

Chernobyl accident. 

b) The surface contamination determine the gamma dose 

rate after the passage of the radioactive plume and 

the contamination of the foodchain. 

The measurement of the gamma dose rate is necessary 

in any ca se in order to estimate the immediate im

pact and can not be replaced by measuring the sur

face contamination. On the other hand the measure

ment of the surface contamination yields the basic 

information on the middle- and the long-term effects 

of the event. Therefore also these measurements play 

a key role. 

Mobile in situ gamma spectrometry equipment delivers 

detailed and rapid information. For a very rapid 

overview on large areas the use of aircraft is pre

ferable [2]. If only a limited operation of in situ 

gamma spectrometry is possible, one can consider 

also the use of surface contamination monitors by 

mobile teams in order to determine the gross-beta-ac

tivity. In these cases the results of the latter be

come more valuable, if intercomparison measurements 

with in situ gamma spectrometry are performed. 
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c) Contaminated precipitation transports the radioacti

vity to the surface water. Therefore a very rapid 

control of surface water is necessary and important, 

if surface water is used as drinking water. 

Cow milk is a very sensitive and very representative 

indicator of radioactivity and a very important food

stuff too. 

The control of cow milk should play an absolutely 

dominating role in the surveillance of food. These 

measurements have to cover the complete area invol

ved. 

3. The third step of measurements 

The third step embraces all the other measurements, 

which give details about the contamination of the envi

ronment, the food and the matters of human use. 

These are especial measurements of the specific activi

ty of 

- foodstuffs, spices, tea, tobacco, medicine 

- fodder and plants 

- ground and drinking water 

- mud, waste and fertilizer 

These measurements of the specific activity as weIl as 

those of the second step (precipitation, surface water 

and milk) should be performed mainly by gamma-spectro

metry. 
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Gamma-spectrometry delivers a rapid and detailed infor

mation . Additional determination of Strontium 90 at so

me of the same samples should be used in order to calcu

late the relation of Cesium 137 to Strontium 90 for 

each medium of interest. 

This relation will be more or less constant over large 

areas *) and the first weeks, if there is any signifi

cant activity of Strontium 90 due to the event. 

Therefore it is possible to estimate the order of magni

tude of the Strontium 90-activity from measurements of 

Cesium 137. Later on, when the transfer of the radioac

tivity from soil to the plants play an important role, 

this simple estimation can not be maintained any lon

ger. 

In general necessity, kind, intensity and areal extent 

of the measurements of the third step depend very much 

on the results of the two former steps of measurements. 

It is useful, to perform at least at some appropriate 

locations measurements of the two first steps and some 

relevant of the third step too. This improves the calcu

lation of the radioecological consequences of the event. 

Furthermore it is advisable, to check the calculations 

on the incorporated activity of men by some direct mea

surements (e.g. by human body count~r). 

*) In the Chernobyl-fallout only hot particles showed a very 

different nuclide composition. 
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C) Conclusions 

Strategies for surveying large areas are necessary because 

of the limited sampling and measuring capacity and in order 

to supply a rapid and adequate information for the deci

sion-making [3]. In all cases it is possible to establish a 

time scale of the needed measurements. Furthermore the stra

tegy depends on measuring procedures and devices as weIl as 

on the degree of mObility (e.g. cars, aircraft). 

As learned from the Chernobyl-accident there is a strong 

influence of public opinion in some countries to carry out 

more measurements than necessary for the assessment of the 

radiological consequences. 

It is mandatory, to keep the best and most reliable teams, 

equipments and laboratories for the needed measurements and 

to shif t the additional measurements to the others or to 

give them less priority. 
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INTEGRATED MEASUREMENT AND INFORMATION SYSTEM FOR THE SURVEILLANCE OF 
ENVIRONMENTAL RADIOACTIVITY (IMIS) IN THE FEDERAL REPUBLIC OF GERMANY 

A. Bayer, R. Dehos, A.Kaul, Institut für Strahlenhygiene, 
Bundesgesundheitsamt, D- 8042 Neuherberg 

The "Precautionary Radiological Protection Act" passed by the German Parliament has laid the 
foundation for the "Integrated Measurement and Information System for the Surveill ance of 
the Environmental Radioactivity" (IMIS) which is currently in preparation . The task of this 
system is the continuous surveillance of the environmental radioactivity. With this it pro
vides in the ca se of events that are potentially of significant radiological impact the in
formative basis for appropriate measures which can be introduced by competent authorities . 
The requirements to be met by the measurement systems and the environmental fields which are 
controlled by the various networks are described, as weIl as the various tasks which have to 
be fulfilled by the institutions involved in this system . The requirements to be met by the 
da ta processing system which makes the fast information technically possible are explained 
as weIl as the different modes of operation of the total system. 

1. Introduction 

On December 19, 1986, the German Parliament (Deutscher Bundestag) passed the "Act on the 
Precautionary Protection of the Population against Radiation Exposure" (Precautionary Radio
logical Protection Act; Strahlenschutzvorsorgegesetz-StrVG). For the radiation protection of 
the public this Act has been assigned for the purpose 

to survey the environmental radioactivity, and 
to keep both radiation exposure of man and radioactive contamination of the environment 
as low as possible by introducing appropriate measures in the event of an incident of 
potential radiological impact . 

For the purpose of monitoring the environmental radioactivity , this Act has laid the basis 
for an "Integrated Measurement and Information System for the Surveillance of the Environ
mental Radioativity, (IMIS)" which is currently in preparation. This system is a far field 
monitoring system and completes the already existing near field monitoring systems in the 
vicinity of nuclear facilities. 

2. Tasks of the Integrated Measurement and Information System (IMIS) 

The concept provides for the following tasks of the IMIS to be acted upon : 

continuous surveillance of the environmental radioactivity 
early detection and assessment of events that are of potentially significant radiologi
cal impact (early warning) 
upon occurence of such an event, continuous comprehensive information about the actual 
radiological situation and assessment of the actual consequences, and 
accumulation of knowledge about the ensuing radiological situation and related conse
quences. 

In view of these tasks, the overall system has been designed to meet the following requirements: 
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permanent measurement of radloactlvlty ln the requlred envlronmental flelds 
speedy processlng of measured data and communlcatlon to the approprlate authorltles for 
further analysls 
forecast of potentlaI future developments of the radlologlcal sltuatlon 
accumulatlon of currently known data and lnformatlon as a basls for speedy evaluatlon 
and declslon maklng. 

3. Allocatlon of tasks wlthin the Integrated Measurement and Information System (IMIS) 

According to thi s scheme, the dlfferent envlronmental flelds mainly concerned with the 
large-scale transport of radloactlve substances are controlled by Federal Measurement Net
works: 

German Weather Service (Deutscher Wetterdlenst; DWD): air and preclpitation 
Federal Env1ronmental Office (Umweltbundesamt; UBA): alr (F1g . 2a) 
Federal Off1ce for Clv11 Defence (Bundesamt für Z1v1lschutz; BZS) : local gamma-dose
rate , ground surface depos1tlon 
Federal Inst ltute for Hydrology (Bundesanstalt für Gewässerkunde; BfG) : surface waters 
of the Federal waterways other than coastal waters 
(Flg . 2b) 
German Hydrographlc Instltute (Deutsches Hydrographl sches Instltut; DHI): surface water 
of the North Sea and the Balt1c Sea , lnclud1ng coastal waters 

All data collect ed by the Federal Measurement Networks are gathered ln the Central Federal 
Agency for the Survelllance of the Env1ronmental Rad10act1vlty (Zentral stelle des Bundes für 
dle Überwachung der Umweltradloaktlvltät; ZdB) at the Instltute for Rad1atlon Hyg1ene 
(Instltut für St rahlenhyglene; ISH) of the Federal Health Off1ce (Bundesgesundhe1tsamt; 
BGA) . 

The survelllance of speclflc activlty 1n other envlronmental flelds such as 

foodstuffs, tobacco products, commodltles, medlcal drugs and thelr baslc substances 
anlmal feed 
drlnkl ng water, groundwater and surface waters (except Federal waterways) 
sewage, sewage sludge , resldual and waste materlaI 
so 11 and pI ants 
organl c fertil lzer 

ls carrled out by 43 state measurement agencles 11nked together l nto 11 State Networks of 
the lndlvidual Federal States . 
The 11 Federal States are : 

Baden-Württemberg, Bayern, Berlln (West), Bremen, Hamburg, Hessen , Nledersachsen, Nordrheln
Westfalen, Rhei nland-Pfalz, Saarland, Schleswlg-Holsteln . 

All data collect ed by the State Networks are agal n flrst gathered ln the Central Federal 
Agency for the Survelllance of the Envlronmental Radloactlvlty and then forwarded electronl
cally for checkl ng and processlng to so-called Guldlng Agencles for the Survelllance of the 
Envlronmental Radloactlvlty . These agencles are : 

Federal Inst itute for Hydrology (BfG) : 
surface water except Federal Waterways 
Federal Research Institute for Nutrltlon (Bundesforschungsanstalt für Ernährung ; BfE): 
foodstuffs (except milk and milk products, flsh and flsh products) 



558 

Federa1 Institute for Milk Research (Bundesanstalt für Ml1chforschung;BfM): 
milk, milk products, soll, p1ants, anlma1 feed, organlc fertl11zer 
Federa1 Research Institute for Flshery (Bundesforschungsanstalt für Fischerei; BfF): 
flsh, fishproducts, crustacea, mo11usca 
Institute for Water, Soi1 and Air Hygiene of the Federa1 Hea1th Office (Institut für 
Wasser-, Boden- und Lufthygiene des Bundesgesundheitsamtes; BGA/WaBoLu): 
drinking water, groundwater, sewage, sewage sludge, residual, waste material 
Institute for Radiation Hygiene of the Federa1 Hea1th Office (BGA/ISH): 
tobacco products, commodltles, medlca1 drugs and their basic substances 

After checklng and processlng, the data are e1ectronica11y returned to the Centra1 Federa1 
Agency for the Survei11ance of the Envlronmenta1 Radioactlvity for further processlng . 

Thls Centra1 Federa1 Agency has been assigned the task to summarlze, process and document 
all data for the Federa1 Minister for the Environment, Nature Conservatlon and Nuc1ear Safe
ty (Minister für Umwelt, Naturschutz und Reaktorsicherheit, BMU). 

The Centra1 Federa1 Agency ls addltlona11y asslgned 

to provlde the State authorltles wlth data from the Federa1 Networks 
to coordinate the International exchange of da ta between the Federa1 Repub1ic of Germany 
and supranational and International organisations (CEC, IAEA) 
to deve10p models permittlng an ear1y assessment of radiation exposure 
to define and deve10p parameters and programmes required for the who1e system 

To fu1fi1 the third task, name1y "to deve10p models permlttlng an ear1y assessment of the 
present and the future exposure" the National Center for Radl010gica1 and Envlronmenta1 Re
search (Gesellschaft für Strah1en- und Umweltforschung; GSF) has been entrusted wlth the 
task to en1arge the existlng radioeco10g1ca1 model ECOSYS In a way that it can process fore
casted as we11 as measured concentratlons arrlvlng from the varlous networks. On the basis 
of these da ta short term exposures sha11 be assessed as we11 as 10ng term exposures, when 
approprlate models of progress were app1ied. Also potential measures sha11 be taken lnto ac
count: thls sha11 be done to find out an optimal measurlng strategy. This model, PARK, ls 
current1y In preparatlon. 

The Federa1 Minister for the Environment, Nature Conservatlon and Nuc1ear Safety makes the 
final evaluation of the radioactlvlty data and glves corresponding recommendations. The Cen
tra1 Federa1 Agency assists the Minister in the performance of this duty. The Minister sub
mits a report on the state of envlronmenta1 radioactivity to the Federa1 Par1iament 
(Bundestag) and the Federa1 Councl1 (Bundesrat). He informs the media and the pub11c. 

To carry through these steps technlca11y, a modern da ta processing Information system will 
be estab1ished, so that 

- the measured data will be very quick1y processed, ana1ysed and communlcated to the partl
clpatlng authorities, 

- the necessary forecasts will be made prompt1y, and 
- the accumu1ated data and information will be very rapid1y communlcated to a110w for imme-

diate evaluation and declslon. 
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4. Modes of Operatlon of the System 

Accordlng to the sltuatlon encountered, the followlng modes of operatlon apply: 

normal operatlon 
lntenslve operatlon 
sectlonal lntenslve operatlon. 

These modes dlffer by frequency of sampllng, measurlng and da ta transfer whlch, compared to 
normal operatlon, are heavlly lncreased durlng the lntenslve mode of operatlon. 

The change from normal to lntenslve mode of operatlon and reverse ls actlvated on the basls 
of 

the system report ltself, due to exceeded thresholds; such a report to undergo va
rlous steps of verlflcatlon ln order to avold false alarm 
lnformatlon transmltted by trusty lndlcators about a radlologlcally relevant event. 

Dependlng on the prevalllng sltuatlon, lt must be declded whlch measurement system ls to be 
swltched over to lntenslve operatlon. 

5. Concluslon 

The establlshment of an "Integrated Measurement and Informatlon System for the Survelllance 
of the Envlronmental Radloactlvlty" provldes for an early detectlon of posslble future 
events of radlologlcal lmpact on the populatlon of the Federal Republlc of Germany, and for 
a rapld and lncluslve flow of lnformatlon between the measurement agencles and those respon
slble for assesslng the sltuatlon, so that the approprlate countermeasure can readlly be in
troduced. 
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Fig. 1: Integrated Measurement and Information System for the Surveillance of the Environmental Radioactlvity 
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Fig. 2a: Measurement Network 01 the German Weather Service (DWD) 
and the Federal Envlronmenlal Office (UBA) 
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Abstract 

Since long different organisations in the Nordic countries and in West Germany 
have carried out continuous surveillance of air borne radionuc1ides at very 10w 
concentration levels. All countries have done it for health physics reasons 
and as a preparedness effort for nuc1ear accidents and nuclear weapons explo
sions in the atmosphere. In Sweden an additional purpose during the last three 
decades has been to detect violations of the 1963 Partial Test Ban Treaty for 
nuclear test explosions and to show that a future Comprehensive Test Ban can 
be effectively verified by atmospheric sampling as a complement to more pri
mary seismic means. Other reasons for the atmospheric surveillance has been 
to study fallout processes, single nuclear test explosions in the atmosphere 
and to learn of the distribution of natural and anthropogenetic radionuc1ides 
in the environment and its transport in the atmosphere. 

The networks of northern Europe are equipped with high capacity pumps and the 
samp1es are measured with large and high resolving germanium detectors This 
means that the detection limits of common gamma-emitting fission- and at .iva
tion-products are as low as a few tens of nBq/m3 of air; in some cases ,Ielow 
that. 

The common nordic network has lately shown its effectiveness, first in mapping 
the Chernobyl cloud in 1986 and then by detecting venting underground nuclear 
explosions in 1987. 

The present paper somewhat describes the laboratories, gives the locations and 
characeristics of the col1ection stations and some information on the analysis 
procedures and the resu1ting detection limits. It also reviews some recent 
results. 
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ONLINE DOSERATE MONITORING: BETTER INFORMATION BY USING THE 

IRMA-CONCEPT (INTEGRAL RADIOLOGICAL MULTIOETECTOR ARRAYS) 

Volker Genrich 
Genitron Instruments GmbH, 0-6000 Frankfurt 90, Germany (FRG) 

1. SUMMARY 

A new detectör system has been developed for online environmen
tal monitor ing. The approach is unorthodox, but simple: 

A) Take a set of radiological probes and feed all their infor
mation t o an "intelligent" front-end. 

B) Elaborat e some algorithms, so that the system will give out 
just one gammadoserate (running over more than nine decades) 

C) If necessary, associate some additional sensors, and the 
system will exhibit better discriminating qualities for the 
detection of artificial nuclides in the environment. 

2. IHTROOUCTION 

In view of decreasing tolerance levels for ionizing radiation, 
there is a great effort all over the world to advance environ
mental moni toring equipment close to its physical and techno

ELIS-RAINGAUGE 

HIGH RANGE PROBE 

1 E-4 ..• 30 SV/H 

LOW RANGE PROBES 

1 E-B • .• 1 E-2 SV/H 

FRONT-ENO-PROZESSOR 
I~t 414-FP-KFA/JÜLICH 
~ ·· .. ·t>··········: 

BATT • 

CPU 

RRM 

logical limits. One of 
the latest approaches 
is the so called IRMA
concept (Integral 
Radiological Multi
detector Array). 

It is the aim of the 
following contribution 
to trace some of the 
thoughts, that led to 
the IRMA-concept and to 
present experimental 
data, taken from pro
totype equipment. 

Finally, the author 
wants to point out, 
what sort of radiolo
gical information can 
be extracted with ad
vanced IRMA-systems. 

FIGURE 1: The IRMA-system IRMA-systems (Figur 1) 
are basically equipped 

with one high range- and three low range probes for gamma dose
rate. Optionally, there may also be a selective pair for Xenon-
133 and a raingauge. Together with a "black box" microprocessor 
system (front-end), the IRMA-configuration can be seen as an 
integral sensor unit, ready for installation in the open air. 
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3. BASIC COMPOHENTS OF AN IRMA-SYSTEM 

3.1 GM-PROBES WITH IHTEGRATED ELECTROHICS 

Each probe is composed of a GM-detector (left), which is di
rectly attached to a body, containig electronic subassemblies 
(right). A completely watertight connection between detector 
and body is obtained by means of a threaded socket. In this way 
more than 100 different GM-tubes can be adapted easily. 

All probes are manufactured using the same body. Inside, there 
is "state of the art" microelectronics: High voltage generator, 
discriminator, programmable pre-divider, high current TTL cable 
driver, EMP/EMI-protection, automatie transmission of calibra
tion da ta and sophisticated fault detectors have been incorpo
ra ted employing highly specialized thick film hybrid circuits. 

By using ceramic thick film technology, system reliability is 
increased to a very high level. On the other hand cost per unit 
is cut down to an acceptable level and consequently economizing 
system hardware for multiple detection. 

The probes were available from batch production starting with 
1987 and since then proved to be valuable tools in a lot of 
different applications, as published elsewhere (Genrich 1988a). 

3 • 2 FROHT-EHD-PROCESSOR (HARDWARE) 

The main module of the front-end-prozessor is assembled in sur
face-mount technology on a printed circuit board with the di
mensions of 55 x 85 mm 2 . Together with 64 K SRAM (battery buf
fered), 64 K EPROM, real time clock and watchdog-timer, a low 
power CMOS microcontroller (Intel/Siemens SAB 80C535) is em
ployed as CPU. Thus comfortable high-level languages are avai
lable for software development. 

While active with the 12 MHz clock, current-consumption is 
about 40 mA. When activating the so called halt-mode by soft
ware routines, the current will go down to a few microamperes. 

The aluminum box, containing the "brain" of the system is spe
cified watertight according to DIN IP68. Hermetic packaging of 
the complete front-end-processor is accomplished economically 
by the condensed hardware structure. 

3.3 SYSTEM SOFTWARE 

Following the idea of multidetector arrays, system performance 
mainly depends upon the degree of software refinement. The most 
important modules have been established and tested so far: 
correction of nonlinear effects, subtraction of the detector
background, application of individual calibration factor, 
automatie selection of integration time, calculation of syste
matic and statistical error, check for consistency between all 
detectors, compensation of adefault detector (using redun
dancy), forming compound doserate (taking into account signal 
and error of all detectors), time-series analysis, check for 
plausibility and different conditions for raising alarm flags. 
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4. EXPERIENCE WITH THE FRANKFURT IRMA-SYSTEM 

Following the idea of Integral Radiological Multiprocessor 
Arrays, all hardware components described above were put 
together as a prototype system in the beginning of 1989. 

Software development is still going on. Some of the software 
modules have passed our tests for quality, others are still 
under examination. In the near future, there will also be a R&D 
collaboration with a German technical university (field tests 
and further software development). Other institutions are 
invited to participate in this mission. 

4.1 UPPER LIMIT OF THE MEASURING RANGE 

The upper limit of environmental dose rate measurement is deter
mined by s pecific emergency scenarios: One of these might be a 
severe accident at a nuclear power station. 

Assuming worst ca se conditions, then up to 3 % of the inventory 
could be s pread out within a radius of some 100 m, thus giving 
a contamination in the order of 1014 Bqm- 2 and a doserate up to 
3 Svh-1 might be found during the first hours. Following the 
literature on civil defence, local fallout hazard from nuclear 
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In Figure 2, countrate 
is plotted against 
doserate for the newly 
developed GM-tube, as 
used in the 414-GE-4001 
high range probe. Ac
cording to these da
ta, taken at the NRPB, 
there is no foldback in 
the detector character
istic up to 1000 Svh-1 
(Allard and Burgess 
1987) . 

FIGUR 2: Characteristic of 

Examining the high 
range probe, taken from 
from the Frankfurt 
prototype, these fin
dings could be verified 

the high range probe 414-GE-4001 

identically from 0 to 30 Svh-1 (using our own 42 keV X-ray 
equipment) . So the IRMA-system (in the configuration as shown 
in Figure 1 ) is able to cover even the most critical situations 
in environmental doserate assessment. 

4.2 STATISTICAL ERROR AHD DETECTION LIMITS 

In the Frankfurt prototype, there are three identical probes 
operating i n the low range. The statistical error of the com
bined doserate signal is shown in Table 1 (at natural back
ground level 100 nSvh-1 ). 
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Integration time 10 min. 2 hours 24 hours 

Total number of counts 3300 39600 475200 
Max. stat. error (3 sigma) 172 597 2068 
Relative error (+j- %) 5.22 1.51 0.44 

TABLE 1: statistcal error at a doserate level of 100 nSvh-1 

Looking at the results of Table 1, the three detectors of the 
IRMA-system exhibit sufficient resolution to trace even minute 
fluctuations in the natural background level. These dynamic 
phaenomena especially the washout of radon daughters 
are reported to exceed the mean value of doserate in the order 
of 10 to 50 % 

Some people now may ask: Why push resolution to the tech
nological limits just for doserate assessment? But a question 
posed like this seems a bit narrow. For online environmental 
monitoring networks, it is not only the doserate, that has to 
be interpreted directly, but there is also the necessity to 
exclude the presence of aerosols containing IOdine-131, 
Caesium-137 or others. For early warning systems it might also 
be interesting to identify Xenon-133 (as explained in 4.5). 

Following the studies of Zähringer et al. (1988) it is possible 
to set up a relation between the concentration of a specific 
nuclide in the upper hemisphere and the resulting enhancement 
of the gamma doserate measured near the ground. 

Assuming a background level of 100 nSvh-1 and specifiing some 
key nuclides, the detection limits can be derived theoreti
cally. This is done in Table 2 for an IRMA-system with three 
detectors (adapting Zähringer's da ta 1988). 

Nuclide to be excluded J-131 J-131 Cs-137 Cs-137 
Precipitation (mmh-1 ) 0 1 0 1 

Integration time 10 min 57.4 17.7 38.1 9.1 
Integration time 2 h 16.6 5.1 11. 2 2.7 
Integration time 24 h 4.8 1.5 3.2 0.8 

TABLE 2: Theoretical detection limits in Bqm-3 related 
to specific nuclides for an IRMA-system with three detectors 

Following up doserate fluctuations, it is possible to give 
worst case ratings for the presence or absence of artificial 
nuclides in the air. Doing this, it is evident that there are 
good reasons to trace the natural backgrond level with a sys
tem, that is free from coarse systematic and statistic errors. 

4.3 ENERGY DEPENDENCE ABD GEOMETRICAL ERROR 

In online doserate monitoring it is not unusual to specify a 
narrow tolerance for the energy dependence of the detectors. 
But there is one thing, that is mostly disregarded: The maxi-
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mum gamma flux emerging from a transient eloud usually will be 
found in an azimuthaI orientation. 

90 0 

110% 
90 0 

110% 

180 0 

0 0 180 0 0 0 

210 0 210 0 

FIGURE 3: Geometrical error for ABO X-rays (65 keVeff ) 
LEFT: 1 Detector 414-GE-4221 RIGHT: 3 Detectors nJanus headn 

FIGURE 4: nJanus-headn geometry 

Currently all deteetors are 
mounted in an upright posi
tion. So they exhibit a flat 
energy response only for 
photons ineident from a ho
rizontal direetion. Thus a 
peor response for all other 
direetions is aehieved. 

In Figure 3 there is a gra
phie representation of the 
geometrie error for diffe
rent deteetor eonfigura
tions. Comparing the left 
and right side it is obvi
ous, that the threedimensio
nal support of the deteetors 
aeeording to Figure 4 (so 
called "Janus-head") gives 
exeellent results. 

4.4 EFFECTS OF VARIING AMBIENT TEMPERATUR 

A substantial diurnal variation of temperature is found in the 
open air. This variation should not eorrelate with doserate 
data due to thermal drift of the deteetor. 

Table 3 shows experimental da ta from the low range doserate 
probe, whieh has been tested in an environmental ehamber. The 
resulting drift (measured at the TTL output) ineludes all tem
perature-dependent effeets of the GM-deteetor and the eleetro
nies. It is obvious, that the temperature drift of the Frank
furt IRMA-system ean be negleeted for praetieal eonsideration. 
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Ambient temperature (oC) -30 +/- 0 +30 +60 

Doserate output (nSvh-1 ) 4878 4899 4913 4922 
Deviation from mean value -25 -4 +10 +19 
Max. stat. error (3 sigma) +/- 33 +/- 33 +/- 33 +/- 33 

Drift (% relativeto mean) -0.51 -0.08 +0.20 +0.39 

TABLE 3: Temperature drift of a 414-GE-4221 dose rate probe 

4.5 ADDITIONAL FEATURES OF THE PROTOTYPE 

Discerning Table 2 it turns out, that precipitation is a domi
nant factor in the assessment of nuclide concentrations. As 
shown in Figur 1, the Frankfnrt prototype can be fed with data 
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5. REFERENCES 

MATCHED PAIR 
FOR XENON-133 

RELATIVE 
SENSIT I V ITY 

150 200 
keV 

from an ELIS-raingauge (Elec
tronic Impact Sizing) in order to 
adjust alarm levels according to 
the precipitation activity. The 
ELIS-principle is described else
were (Genrich 1988b). 

Emissions of Xenon-133 may be of 
special interest as they might 
indicate SCRAM, precursors or an 
even more severe system failure 
at an early stage. This task is 
accomplished using a matched 
detector pair, providing for the 
selective response to the low
energy photon range by means of 
specialized energy Filters (see 
Figure 5). 

FIGUR 5: Detector efficiency 
plotted against photon energy 
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durch Bewertung der Prallfläche einzelner Tropfen. European 
Patent Application No. 88115906.5, 1988b 

Zähringer M.iStöhlker U.i Weiss W.: Die nuklidspezifische Signi
fikanz und die "Frühwarneigenschaften" des Ortsdosislei
stungsmeßnetzes des Warndienstes. Bundesamt für zivil
schutz/IAR, January 1988 (RS 11 7-517 031-2/4) 
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Instruments for monitoring netwo r ks 

E. Frenzel, H.-J. Kreiner 

FAG Kugelfischer Georg Schäfer KGaA 
Radiation Technology - System Frieseke 
D-8520 Erlangen 

Introduction 

The monitoring of the environment with re s pect to airborne radioactivity is an 
important purpose of the radiation protection. 

According to t he operation nuclear power plants and reprocessing plants r e l e ase 
some radioactivity into the air via the stacks. The released quantities are 
limited by laws and regulations . On the one hand this is controlled by the 
operater of t he nuclear power plant, on the other hand by some independent 
institutions. 

In the Federal Republie of Ge rmany the monitoring of the environment is rul ed 
by the "Strahlensehutzvor' sorgese tz" of 19th december 1986. This Ill eans that the 
radioactivity in air has to be monitored for the protection of the peoplc; in 
detail over a large area the radioactivity in the air, the gamma doserate, the 
radioaetivity in water as well as in food and earth has to be measured . 

In the following some instruments are described whieh are installed for thc 
measurement of the radioaetivity in air, espeeially for the airborn activity. 
Networks in which such instruments are installed to serve to an early warning 
and the measu r ernent of activity concentration. Further the data enable an 
estimation of the exposition of the people. 

FAG Kugelfiseher, for'rner Fries eke & Hoepfne r Erlangen, is for rnany years e n\.l a 
ged with the development and the pr' oduction of instruments for networ' ks of the 
envi ronment (1 ) (2). The exper' i e nee over a long time and modern detector sys t e rn s 
as well as el eetronics allow to produee instruments and monitors for the actual 
pUrposes of the radiation protee tion. 

I. The measurement of artificial airborne aerosol activity concentration 

Aerosol-bound airborn aeitivity eoncentration consists of natural and ar'tifi
cial aetivity eoneentrati on. Natural aerosol bound activity concentrations 
are the daugh t ers of zzoRn and 0 22 Rn. This natural activity concentrations 
show many fluctuations and often exceed the level of artificial activity con
centration fo r more than one order' of magnitude. In eonnection with the measu
rement of the artificial activity concentration a eompensation method with 
respect to the natural eomponents or a nue lidespecifie method has to be used. 

Because of the neeessa ry l owe r' lirni t s of de tection, the aetivity to be 
measured must be aceumulated . He r'eby the measurement of the artifieial acti v it y 
eoncentration is done either by a beta- or by a nuclidespeeifie gamma measure
ment. These me thods are pointed out in detail in the following seetion. 
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1.1 Measurement of the artificial activity concentration via a 
beta measurement 

You will find a detailed description of this principle in (3) and (4). Here 
we shall discuss the principle only roughly. 

The air to be analyzed is dr awn through a filter on which dust and thus the 
radioactive aerosols a r e precipitated . In front of the aerosol retention 
device, you will find a lead shielded detector (f.e. a large area zincsulfid 
coated plastic scintillation counter). Alpha and beta pulses are separated 
by pulse height analys i s. 

For the determination of the artificial beta activity concentration in air 
the alpha-beta-ratio- method is us ed (5) . 

By this method you can deduce from a simultaneous alpha and beta measurement 
the artificial aerosol bound be ta activity concentration. This technique enables 
to detect in the presence of 50 up to 100 Bq / m3 natural activity concentration 
an artificial beta concen t ration in the order of 100 mBq / m3 with a high statisti 
certainty. 

The filtertape is moved in steps samller that means quasi continuous ly. The 
precipitation time per step is typically 10 minutes. So every 10 minutes you 
receive a new result. Besides these 10 minutes value of the natural and artifi
cial ratio activity concentrati on there is calculated a 100 minutes mean value . 
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description see above 
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Fig. 1 shows the principle diagramm of the aerosol monitor. The tubes carrying 
the air to be analyzed are designed to minimize aerosol deposition. This applie ) 
particularly bands and adaptors . The pumps for the aerosol monitor are side I 
channel blowers. The measurement of the flow rate is done by the differential 
pressure method (6). This tried and tested device is installed in a lot of othe 
monitoring systems of FAG. 
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The standard equipment of tlle aerosol monitor FH 59 S uses the measuring channel 
FHT 7000. Af t er power break down the system starts automatically. 

For periodic and automatic tests a mixed radiation reference source (,oSr and 
"'Am) is used. Herewith exists a chance to controll all functions of the 
monitor; thi s is very important with respect to the operation of the monitor 
within a network. Further the aerosol monitor is equipped with a printer for 
the filtertape which is an additional possibility to documentate the data. 

I.2. Experiments with artificial aerosols 

Usually monitoring systems are calibrated with a reference source. Instead of 
this static calibration the ECN in Petten / Netherlands has developed a method 
for a dynami c calibration to test the function of the operatus with "4 Na
aerosols. 

The activated ""Na had been produ ced in the Research Reactor of ECN Petten. 
Details about the production and the handling you will find in areport to be 
published by Dr. Buismann and Mr. Deurrwader, ECN Petten. 

The formation of aerosol bou nd ""Na is made in a laboratory and after that the 
air had been calibrated (here : 19 ~ 1 Bq / rn'). 

Then the aerosol containing air is inject ed into the sucking pipe of the 
aerosol monitor. Fig. 2 shows the result with respect to the curve of the 
artificial activity concentration. 

10 

10 

o.d. conC. 
[ 8a,./m3] 

Fig.2: description see above 

1<20..1) 
Ti ntt. 

From fig. 2 c l early the response of the aerosol monitor and the slowly decaying 
of the activi t y concentration can be seen; calculation of the half - life-time 
establishes the 15 hours of "4Na. 

ECN Petten has done a lot of other experiments with different activity concen
trations. All results showed a good cor'relation between the response of the 
aerosol monitor FHT 59 Sand the calibrated activity concentration. 
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1.3 Results of the Schauinsland-Measurements 

It is very important to know the performance of the aerosol monitor in places 
with very low airborn activity concentration. This field was investigated in 
cooperation with the "Institut fUr Angewandte Radioaktivität" Freiburg on the 
Schauinsland mountain in the Black Forest. 

In aseries of experiments and by comparisions measurements the mathematic 
algorithms could be improved. All differential equations for the decay row 
of "'Rn could be solved exactly and the decay constant respective to the 
Radon-daughters could be integrated into the formula (8). 

Fig.3 shows the curve of the natural and artificial activity concentration 
at the Schauinsland measuring station between end of April and end of May 
1989. The curve shows that the artificial activity concentration never exceed 
the lower limit of detection of 100 mBq/ m'. 
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Fig.3: description see Bbove 

1.4 Aerosol activity during the Chernobyl accident 

The main purpose for these aerosol monitors is to use them in a network for earl 
warning. The suitability of such aerosol monitors for the recording of artificia 
activity concentration can be easily demonstrated with the example of the measur 
ment which have been carried out in connection with the Chernobyl accident. (7) 
Fig.4 shows the characteristic curve of the natural and artificial activity 
concentration at Erlangen during the period from April 29-1986 to May 05-1986. 
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activity concentrGtion [Bq/ rn J ] 
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Fig.4: description see above 

11. The meas urement of the artivicial activity concentration via s 
nuclide specific 

In order to determine the nuclide composition of the aerosols it is necessary 
to employ different methods and thus different detectors. For this purpose FAG 
has developed an aerosol monitor with aut oma tie nuclide identification using 
gamma spectroscopy . Here the same aerosol retention device is used as in the 
monitor system FHT 59 S . 

The detector is a 15 % ultra high purity germanium detector delivered by EG & G 
Ortec. The detection head and preamplifier are attached to a thirty liter dewar; 
under normal working conditions the consumption does not exceed 4 liters per day. 
For special purposes it is possible to use the Ortec Electricool System with a 
helium compressor instead of adewar. 

A 30 mm coaxial lead shielding avoids strong interference of natural background 
radiaton. This shielding includes the reference radiation source; this source 
is used to detect energy drift caused by gain shift in the analogue modules and 
is used as a calibration source. 

Detection of the aerosol deposited on the glass fibre filter strip is effected 
with the germanium detectro. Spectrum analysis together with control functions 
and general operating monitoring are carried out by the MCA 7000 programmable 
Mulii Channel Analyzer. The use of several VDU's permit simultanuous display 
of the current spectrum plus details and function messages. 

In the standa r d operation modus the aerosol collection takes about for 120 
minutes. Every 2 hours (the time ;s variable) at measurement stop the measured 
gamma-spectrum is transferted to a databank . This technique allows to restart 
a new measurernent cycle ;mmed;ately after transfer. The radionuclide identifi
cation is dev i ded into the following parts: 

- peaksearching and if necessary energy shift correction 
- correlation between identified energy in radionuclide library 

calculation of the act;vity in Bq / mJ 

- checking and eventually correction of energy calibration based on 
the 1461 keV-line of 40K-source integrated in the measuring system. 
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After these steps the measurement results are buffered and are then available 
for a new data transmission. With the nuclide specific measuring Aerosol 
Monitor FHT 59 N it is possible to detect less than 0,1 Bq/m' in 60 minutes 
related to 'OCo. 

In general a stand alone installation of the Aerosol Monitor FHT 59 N is used. 
Therefore a complete set of selftest-routines is necessary to make an automatie 
system. In case of system malfunctions these on-line-selftests render immediate 
manual interactions. When the Aerosol Monitor is integrated into a network, the 
status informations as result of the selftests are transferred to the mainfra
me. These selfroutines include 

- the energy calibration 
- system status 
- liquid nitrogen level 
- airflow rate 
- detector malfunction 
- airpump failure 
- airfilter cloged 
- filterstrip broken 
- filter real empty 
- power fa i 1 and return 0 f powel·. 

Summary 

The aerosol monitor FHT 59 Sand FHT 59 N are in operation in different networ ks 
(LFU Bayern, Deutsche Wetterdienst, RIV Niederlande) since 1987 . These networks 
serve to an early warning and the measurement of aerosol bound activity 
concentration. 

To the authors wishes to do thank Dr . Kiesewetter, Deutscher Wetterdienst, Offen 
bach, Dr. W. Weiss and Dr. Sartorius rAR. Freiburg, Dr. Buisman and Herr Deurr
water ECN Petten and Dr. Iwatschenko, Mr. Lbw and Mr. Nedoschill FAG. 
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MONITORING INSTRUMENTS ARE CONSTANTLY IMPROVED, 

- BUT HOW TO IMPROVE THE INSTRUMENT USER? 

A PLEA FOR STRATEGIC PLANNING AND INTELLIGENT TRAINING 

Rupprecht Maushart 

Laboratorium Prof . Dr . Berthold, Wildbad , FRG 

Summary 

A great dea l has been thought and done about improving radioactivity 

monitoring instruments in the wake of Chernobyl. But it takes more than a 

good monitor to get reliable and meaningful data from the measurements ; the 

instruments mu st be used in a sensible way . When making field surveys with 

portable con tamination monitors in particular , the validity of results de

pends critically on the knowledge, skills and experience of the personal 

performing the measurements. 

In Germany, literally thousands of new contamination monitors have been made 

available in the last two years to civil protection organizations , technical 

rescue squads , fire brigades and even local communities . 

In order to avoid at least some of the public confusion and mistakes that 

happened afte r Chernobyl, a basic knowledge on radiation, a continued in 

strument training, and an insight into the strategies pursued by the mea

surements mus t be conveyed to the potential users of the monitors. 

The open-minde dness of the emergency staff members to acquire such knowledge 

exists , the r e adiness to learn is there . 

Thus, the competent authorities , whoever they are , are urged to spend much 

more efforts t han up to now in developing standard manuals, instructions for 

measuring proc edures etc. as terms of reference for non -professional instru

ment users. 
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Who are the instrument users? 

We can distinguish four different categories of instrument users with regard 

to emergency measurements after a wide spread radioactive contamination (ta

ble 1): 1) the experienced, professional members of institutions charged with 

the routine measurement of radioactivity in the environment; 2) persons who 

deal professionally with radionuclides in their daily business, like nuclear 

medi-cine staff, but who are not experienced or trained for large-scale 

emergen-cies; 3) emergency squad members trained in general but usually having 

completely different tasks to cope with than to make radioactivity mea

surements; and 4) concerned laymen like con-sumers, grocers etc. who have no 

knowledge or experience at all . 

In the following, I shall consider the categories 3) and 4) only . The emer

gency forces in particular have been outfitted with a large number of moni

tors they will be able to use properly only if they have been trained in a 

comprehensive and intelligent way . 

Interrelation between training and strategic ccncepts cf measurement 

Already in October 1987, the Working group on "Surveillance of Radioactivity 

in the Environment" of the Fachverband has issued a paper presenting requests 

and proposals for improvement of measurements in case of - as the German 

"Strahlenschutz Vorsorgegesetz" calls it -, an "event with possibly not in

significant radiological impact" . 

Among numerous other prints , two requirements have been stressed particularly 

in this paper: the appropriate and regular training of instruments users, and 

the need for a strategic concept of measurements. I would like to go even one 

step further by stating that these two things are very closely related . A 

strategic concept can only be conceived taking into account the state of 

training and experience of the measurement task force . By the same token, the 

training must include instructions about the role the measurements have to 

play in an overall concept of radioactivity assessment. In particular, three 

different tasks of field monitoring should be clearly distinguished. 
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Table 1 Categories of instrument users 

1 

2 

3 

4 

Education 

Experienced 
and trained 
professional 
experts 

Unexperienced 
and untrained 
professional 
experts 

Trained, but 
barely ex 
perienced 
staff of inter
vention forces 

Non-exper ienced 
laymen 

Job 

It's their job to 
measure radioac
tivity in the 
environment 

They deal with radio
active substances pro
fessionally, but have 
never done field 
measurements (except, 
perhaps, after Cher
nobyl) 

It's their job to take 
action in any kind 
of emergency, which 
however very rarely 
involves radioactivity 

They try to measure 
themselves, in case 
of a nuclear emer
gency, out of 
concern, mistrust 
or even necessity 

Group of persons 

Members of govern
ment institutions, 
official measuring 
laboratories, environ
mental agencies 

Nuclear medical 
staff, researchers 
in universities, 
radiation biologists 
and physicists 

Members of fire 
brigades, emergency 
squads, technical 
staff of local 
communities 

Consumers, 
gardeners, 
farmers, 
grocers 
food producers 

What tasks have field measurements with a contamination monitor? 

There are three distinctly different tasks which could be aimed at by doing 

contamination monitor surveys (see Table 2). That they have not been defined 

sufficiently when Chernobyl befell us can be easily shown by some pictures 

taken out of newspapers of that time (Fig. 1, 2, 3, 4) 

Most of the people represented here hardly knew what was expected of them: 

just to transmit a countrate of some experts for later evaluation - how? -, to 

measure a surface contamination - on lettuce leaves? -, or even the activity 

concentration in vegetables as Bq per kg - by applying what calibration fac

tor to a heap of spread-out plant pieces? Only the lady doing the measurements 

for the consumers organisation (Fig. 2) was, by chance, a trained specialist. 

We have to ask, therefore, what basic information is needed to enable an 

average monitors user to know what he is doing, and why? 

1 
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Fig. Measurement of green lettuce at the grocery market at Stuttgart 
on May 5, 1986, performed by a Health Inspector on duty. 

Fig. 2 Measurement of vegetables as offered by a consumers organisation 
to concerned citizens. The greens are hashed and pressed into a brickshaped 
dish for measurement which is the best one can do to get a result in Bq/kg 
with a contamination monitor . 

Fig. 3 Measurement of radioactivity deposited on the lawn of a public 
swimming pool, performed by fixe brigade staff members. 

Fig. 4 Measurement of vegetables brought by concerned citizens, performed 
by fire brigade staff members on the hood of a car. 

Please excuse the poor quality of figures which is due to reproducing 
from original newspaper clippings . 
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Table 2 Tasks of field measurements with a contamination monitor 

~ To detect increased radiation levels 

- locate and demarcate "radiation-infested" areas 

- Find and isolate contaminated objects and persons 

To measure surface contamination 

- recognize exceeding of established contamination limits 

on soil, cars, persons 

To measure activity concentrations 

- recognize exceeding of established activity limits in 

cleaning water, drinking water, vegetable, or other food

stuffs 

Which are the reguirements for the instrument user? 

It has been amply demonstrated that it is not enough just to posses a nice -

or expensive - instrument regardless of what the manufacturer is claiming with 

respect to reliability or ease of operation. If even is not enough to study 

the manufacturers usual standard instruction manual , although a good manual is 

a necessary prerequisite to the proper use of a monitor . In addition to this , 

there are some essential requirements with regard to the necessary knowledge 

and skills of the instrument user (Table 3) . 
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Essential reguirements for instrument users to make correct 

measurements 

Basic knowledge of radiation, and radiation characteristics 

Basic knowledge on instrument and detector principles and techniques 

Continued instruments training 

Insight into measurement aims and strategies 

Above all, the instrument user must have a very clear conception of why he is 

performing a certain measurement. Only thus he can utilize the instrument in 

the correct way. This is particularly true for field measurements with the 

contamination monitor. 

Conclusions 

The proper training of persons that may use , or must use , radiation monitors 

for field measurements in case of an emergency involving radioactivity should 

receive much more attention than up to now . 

It would be highly desirable that the Fachverband or whatever appropriate body 

develop instruction and training courses for this particular group of instru

ment users, much in the same way as has been done for lieensing of radionuc

lide users . This will include basic operation manuals as a guideline for 

manufaeturers on how to strueture their own manuals. 

As essential part should be the outlining of the strategie concept of mea

surements in a partieular situation, - provided, anyhow, that sueh a concept 

exists at all. 
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NORDIC COOPERATION IN RADIOECOLOGY 

Jan Olof Snihs 

National Ins t itute of Radiation Protection 

Stockholm, Sveden 

Summary 

In the Nordi c countries there has been cooperation in radioecology for 

many years betveen the radiation protection and environmental 

authorities and their laboratories and some university institutions 

like the institutes of radiophysics, radiochemistry and agriculture. 

The cooperation has included various studies on natural and artificial 

radionuclides in the environment e.g. in Iocal areas or as a result of 

long distance distribution of reieased radionuclides in seas. There 

are hundreds of scientific publications from these studies as vell as 

a number of seminars. Hopefully the cooperation viII continue in the 

future. 

The Nordic liaison committee fOl atomic energy (NKA) has up to nov 

played an important role since 1977 as regards Nordic cooperation in 

radioecology. This vork has as a vhole been sucessful. 

Introduction 

The research in radioecology has during the last 30 years been facili

tated by extensive environmental contamination of fission products 

from nuclear veapon tests, nuclear accidents and normal releases from 

nuclear pover. The first contamination by bomb tests vas in the early 

fifties but the major releases occurred in 1961 and 1962. The total 

releases of cesium-137 from bomb tests are of the order of 1000 PBq 

( 1018Bq ). The most significant releases from nuclear accidents are 

those from the Chernobyl accident in 1986 vhen about 70 PBq cesium-137 

vas released. The normal releases of cesium-137 from nuclear pover 

stations are quite insignificant in comparison vith these figures (3-4 

orders of magnitude less). Hovever, the actual local contamination of 
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fission products from the different sources depends very much on local 

circumstances. For instance the cesium-137 contamination from 

Chernobyl in Sweden, Norway and Finland was about twice the fallout 

from earlier nuclear weapon tests whilst in Iceland it was only 

1/1000. In smaller areas there were even greater variations of the 

relative contributions. The normal releases from the nuclear fuel 

cycle can also sometimes be a significant source. For instance the 

releases from reprocessing plants in Sellafield and la Hague have for 

many years been studied at far distances in the Nordic Sea and even in 

the Baltic Sea. Local studies and radioecological research on releases 

from nuclear power reactors can also be successfully performed. 

Studies on normal or enhanced concentrations of natural radionuclides 

in the environment and their distribution mayaiso be of 

radioecological interest. 

The Nordic cooperation in radioecology has been practiced more or less 

continuously during about 30 years. It started with the so called RIS

meetings (Radioactivity in Scandinavia) initiated by professors C. 

Liden, Sweden and J. Hiettinen, Finland, presenting and discussing 

results of the studies made in Nordic countries on the fallout from 

the nuclear weapon tests. This cooperation was concluded with an 

international conference in Stockholm 1965 arranged by professor Rolf 

Sievert. In late 70-ties a continued Nordic cooperation in radioecolo

gy was organized and partly financed by NKA (Nordic liaison committee 

for atomic energy). The interest was focussed on problems connected 

with environmental impacts of nuclear power in and outside the Nordic 

countries including the possible environmental consequences of a 

nuclear accident. After the Chernobyl accident new joint projects and 

seminars have been arranged and a new 4 years program in Nordic radio

ecology has now been planned and is under discussion. 

NKA-cooperation 

NKA was constituted in 1957 in order to follow the work in the area of 

atomic energy and promote Nordic cooperation in that area. In NKA 

there have been representatives of ministries and departments, 

authorities on radiation protection and nuclear safety and technical 

organisations for research. Since 1977 NKA has also administrated 
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safety projec ts partly financed hy the Nnrdic Counc il of Ministers. 

One of these major projects for the pe~iod 1977 - 80 was radioecology 

and the proj ects continued for the pe~iod 1981 - 85. During this time 

there were 4 large No~dic seminars in ~adioecology and several so 

called mini seminars on specific subject s . At the end of each four 

years programme there has been an evaluation of the programme 

including questions about the selection oE projects, the performance 

of the projec t work and its organisation, the results obtained and how 

~he results have been used. In 1986 the~e was also a special Nordic 

seminar on t he environmental consequences of the Chernobyl accident in 

the Nordic countries with conclusions among othe~ things on the need 

for continued Nordic cooperation in radioecology. 

A smaller sum was granted by the radiation protection authorities and 

NKA for mini s eminars and a large Nordi c s emina~ on radioecology in 

1988. The miniseminars were held on the Eour subjects: methods and 

intercalibra t ion, terrestrial radioecology , aquatic radioecology and 

environmenta l models. On the basis of these seminars there was made a 

new modified proposal for a 4 years p~ogramme on Nordic cooperation in 

radioecology . 

In 1987 discussions also started in NKA in more general terms on a 

possible new 4 years programme and it was concluded by a special 

investigator (Finn Lied) that radioe co l ogy s hould be a subject in the 

new Nordic cooperation programme . Meanwhile the Nordi c Ministers of 

environment i nitiated an investigation on the need of Nordic 

cooperation i n connection with nuc lea~ acc ident s and environmental 

contamination (the Annerberg group). It was recommended in 1988 that 

areas oE int e rest for continued Nordi c cooperation would be nuclear 

safety, emergency preparedness, radioac tive was te and radioecology. 

Considering a ll proposals and points oE view from scientists, 

industries, authorities and administrators the safety committee NKS of 

NKA, which i s an advisory group to NKA, has now agreed on a proposed 

programme fo r a new 4 years pe~ i od 1990- 93 oE Nordic cooperation in 

the areas eme rgency preparednes s , radioac tive waste and decommissio

ning, radioecology and nuclear safety . The cost is estimated to be 
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about 12 million Swedish crowns, half of which should be gran ted by 

NKA and the rest by national support. 

As to the organization of the Nordic projects there is a quite 

complicated structure of various project leaders , reference groups and 

steering groups which makes the administration heavy. On the other 

hand the planning and the results will be weIl anchored to the various 

Nordic participants and it is said that this kind of administration is 

the price one has to pay for a cooperation between countries. The 

administration means also that people meet and is apart of the 

scientific exchange. However, in the planned new 4 years programme 

the organisation will be simplified. 

The final outcome of these plans is still uncertain. It was recently 

(in June) decided by the Nordic ministers of environment and energy 

that there should be no further Nordic financial support via NKA to 

safety research projects. However it was also concluded that there is 

an interest to continue the cooperation and that the planned work 

should be administered by the authorities concerned. 

Past, current and planned Nordic NKA-projects in radioecology 

The projects during 1981-85 were in many respects a continuation of 

the work during the period 1977-80. They were financed by Nordic funds 

and national contributions, in total about 9 million Norwegian crowns. 

The projects resulted in almost one hund red publications and the 

results were discussed in a number of seminars and two large Nordic 

conferences. The projects covered four major areas. 

Radioactive elements in Nordic waters included studies on fallout from 

nuclear weapons testing and releases from nuclear installations in 

Nordic and other countries. Particular interest were devoted to the 

properties of organisms that concentrate the radioactive elements 

(bioindicators). Through this work it has been possible to make 

bioindicator studies of large geographical distributions of released 

radioactive materials (Gauss expedition and others). The specially 

built "biotest basin" intended for research in the Baltic Sea near 
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Forsmark nuclear power station v~s used in some of the Nordic 

projects. 

!h~ ~o~s~q~e~c~s_oi ~e~c!o~ ~c~iie~t~ ~ni ~o~n!e~m~a~u~e~ provided 

improved knowledge on models of dispersion and the effects of protec

tive measures. Factors were identified that influence the deposition 

oE partieles on dry surfaces. To what extent rain and snow can enhance 

the removal oE radioactivity from contaminated surfaces was 

investigated. 

~a!u~a! ~aii~t!o~ included studies on the radioactivity of eoal and 

radiologieal consequences of burning coal and peat. Radioactive 

emissions from eoal fired plants are comparable to those from nuclear 

power plants in terms of resulting collective dose. 

~o~p~r~t!v~ ~e~s~r~m~n!s was a project including a number of 

comparisons of sampling, analysing and measuring methods used is 

Nordic laboratories in order to increase the reliability oE the 

results of individual national laboratories. 

The running Nordic projects are in the 4 years programme 1985-89. One 

of the major projects are ca lIed AKTU (emission and dispersion of 

radioactive materials in a nuclear accident) and include subprojects 

on dispersion in air and the environment. The models for dispersion in 

air and deposition have been improved by considering the influence of 

particle si ze, the dataprogramme RIMPUFF has been improved with wet 

and dry deposition data, dispersion parameters have been identified 

that contribute most to the uncertainties in the assessment of 

consequences, experiments are made on wet and dry deposition on 

various kind kind of surfaces, resuspension etc. Adynamie model based 

on earlier nuclear weapon fallout data viII be used to estimate 

consequences of the Chernobyl fallout in Nordic countries and a new 

Nordic databank for Chernobyl fallout data is built up to be used for 

future mode l ling. However many of the subprojects are considering more 

technical and practical subjects in connection with the consequences 

of a nuclear accident than mere radioecological problems. Cesium in 

lake water f ish is studied from the point of view of reducing the 

concentration by various methods like adding potassium to the lake 
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etc. The maln project on radioactive waste includes though a link to 

an international project called BIOHOVS which is a validation of 

various models for transport and accumulation of radionuclides in the 

biosphere. The total budget for AKTU will be about 4 million Danish 

crowns by Nordic funds and an addition of 4-8 million from national 

contributions. Perhaps only 1/10 - 1/3 of that can be said to be used 

for radioecological research. 

Even if the administration of the future programme through 1990 - 1993 

is uncertain it may in somewhat modified form be performed as Nordic 

projects. 

One of the 4 project areas is radioecology. The planned program 

includes 4 subprojects: 

- Intercalibrations and education in radioecology. It should include 

exchange of scientists and contacts with international activities 

within IAEA and EG. 

Aquatic radioecology. The main studies on emphasis lakes and se~s. 

Studies in Baltic Sea should be coordinated with studies made by 

other countries around that sea. 

- Terrestrial radioecology concerning the agriculture ecosystems and 

Terrestrial radioecology concerning the natural ecosystems 

preferably the forest ecosystems. 

Final remarks 

With a good research program we can all benefit a continued Nordic 

cooperation in radioecology. It is necessary to take all the 

opportunities we have for radioecological studies in the extensively 

contaminated environment we now have after Chernobyl in order to 

improve our knowledge on the consequences of a nuclear accident. A 

Nordic cooperation should of course not exclude cooperation in wider 

international circles as dispersions of radionuclides feel no 

geographical limits. 
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LEGISLATIVE REACTIONS OF THE EUROPEAN COMMUNITY AND ITS MEMBER 
STATES AFTER THE CHERNOBYL ACCIDENT 

Werner Bischof 
Institute of Public International Law 
Nuclear Law Department 
University of Goettingen, Germany, F.R. 

Summ!!.l. 

The paper gives a survey on the enactment of Regulations, 
Directives and Decisions of the European Communities after the 
Chernobyl nuclear accident in 1986 as a basis for legislative 
measures of the EC-Member States. 

I. Introduction 

After the Chernobyl accident a significant increase of the 

environmental radioactivity was recorded in most of the European 

countries (1). In preparing countermeasures against harmful 

consequenc e s of the fall-out the competent authorities looked 

for adequate legal provisions as a basis for administrative 

acts. They stated, however, that special provisions applicable 

in cases o f a widespread dispersion of radioactive substances 

following nuclear accidents, especially in respect of the 

contaminat i on of foodstuffs 'and feedingstuffs, had not been 

enacted. Si nce the Chernobyl accident in 1986 the international 

organisati o ns and the national legislators have strenghtened all 

efforts to fill these gaps and deficiencies of international 

recommenda t ions and regulations as weIl as of national laws and 

rules (2). 

11. International Atomic Energy Agency 

Immediatel y after the Chernobyl nuclear accident the IAEA has 

taken the initiative to agree upon two worldwide conventions 

which have been elaborated by a conference of governmental 

specialist s in July/August 1986 at the IAEA headquarters. The 

two conven t ions have been signed during a special session of the 

General Co n ference on September 26, 1986, at Vienna: 

- the Conve ntion on Early Notification of a Nuclear Accident 

(3); 

- the Conve ntion on Assistance in the Case of a Nuclear Accident 
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or Radiolosieal Emergeney (4). 

The first of these tvo independent international multilateral 

agreements shall apply in the event of any aecident involving 

facilitites or aetivities of aState Party or of persons or 

legal entities under its jurisdiction or control, from vhich a 

release öf radioactive materials occurs or is likely to oecur 

and whieh has resulted or may result in an international 

transboundary release that eould be of radiological signifieance 

for another State (Art. 1). In the event of a nuclear aecident 

the contraeting parties are obliged to notify directly or 

through the IAEA those States whieh are or may be physically 

affected of the nuclear aeeident and to provide promptly, upon 

request, with such available information relevant to minimizing 

the radiological consequences (Art. 2). With a viev to minimize 

radiological harmful effeets such information also may be given 

in events which has been occured with the military use of 

nuelear energy (Art. 3). 

The second agreement gives an international framework whieh will 

be facilitate the prompt provision of assistance in the event of 

a nuclear aceident to mitigate its consequences. 

111. European Communities (5) 

1. Commission Recommendation of 6 May 1986 (6) 

Directly after the Chernobyl event the EC-Commission addressed, 

based on the EEC-Treaty, a Reeommendation to the Member States 

concerning the coordination of national measures taken in 

respect of agrieultural produets as a result of radioactive 

fallout from the Soviet Union. The Commission recommended to 

observe strict limits applicable to the most sensitive products 

and to apply to the produets which the Member Stats export the 

same rules and controls as those applied in the ease of 

marketing on their national markets. 

2. Commission Decision of 7 May 1986 (7) 

Already on the folloving day the EC-Commisison enacted a 

Decision suspending the inelusion of Eastern European Countries 

on the list of third eountries from wh ich the Member States 



591 

authorized imports of bovine animals, swine and fresh meat. 

3. Council Regulation (EEC) No. 1388/86 of 12 May 1986 (8) 

In additio n to the Decision of 6 May 1986 the EC-Council passed 

on 12 May 1986 a directly binding Regulation by which imports of 

products wh ich were listed in the Annex of the Regulation 

originating in the same countries were suspended. 

4. Councel Regulation (EEC) No. 1707/86 of 30 May 1986 (9) 

The forego i ng measures by which the import of special goods were 

absolutely forbidden had only a provisional character. These 

measures we re replaced by an arrangement which enabled imports 

to be reins tated, providing that maximum permitted levels of 

radioactiv i ty were imposed. The aim was to ensure that 

agricultur a l products intended for human consumption and likely 

to be contaminated were introduced into the Community only 

according t o common arrangements which safeguard the health of 

consumers, maintain, without having unduly adverse effects on 

trade betwe en the Community and third countries, the unified 

nature of t he market and prevent deflections of trade. Article 2 

established the rule that the re l ease for free circulation of 

products o r iginating in all third countries (not only of Eastern 

Europe) sh ould be subject to compliance with the maximum 

permitted l evels. By Article 3 these maximum levels of 

radioactivity had been fixed as follows: 

The accumu l ated maximum radioactive level in terms of 

caesium-13 4 

and -137 we re the following: 

- 370 Bq/kg for milk and for foodstuffs intended of the special 

feeding of infants; 

- 600 Bq/kg for all other products concerned. 

This regulations had a binding character and was directly 

applicable in all Member States. It should originally expired on 

30 Septemb e r 1986 and has bee extended until 31 October 1987. 

Betveen th e 1 November and 29 December 1987 there was a lack of 

EC-regulat e d measures in this fields. On 30 December 1987 a nev 

legal regulation entered into force. 
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5. Council Regulation (ECC) No. 3955/87 of 22 December 1987 (11) 

With this Regulation the EC-Council wanted to continue the 

expired arrangements to ensure further on, with regard to this 

specific effects of the accident at Chernobyl, that agricultural 

products, processed or not, intended for human consumption and 

likely to be contaminated are introduced into the European 

Community only to the arrangements given in the regulation which 

were generally the same as in the Regulation No. 1707/86 of 30 

May 1986. The Regulation No. 3955/87 shall expire two years 

after the date of its entry into force (31 December 1989). 

6. Concil Regulation (Euratom) No. 3954/87 of 22 December 1987 

(1 2) 

On the same day a second EC-Regulation has been passed by the 

Council, at the first time a radiation protection provision in 

the legal form of a directly.binding Regulation based on the 

Euratom-Treaty. 

This Regulation lays down the procedure for determining the 

maximum permitted levels of radioactive contamination of food

stuffs and of feedingstuffs which may be placed on the market 

following a nuclear accident or any other case of radiological 

emergency in the future which is likely to lead to or has led to 

significant radioactive contamination of foodstuffs and 

feedingstuffs. 

The until now fixed maximum permitted levels for foodstuffs and 

feedingstuffs in the Annex to the Regulation are the following 

(Bq/kg or Bq/I): 

Isotopes of Strontium, notably Sr-90 

Isotopes of iodine notably 1-131 

Alpha-emitting isotopes of plutonium 

and transplutonium elements, notably 

Pu-239, Am 241 

All other nuclides of half-life 

Dairy 

Produce 

125 

500 

20 

Other foodstuffs 

except minor 

foodstuffs 

750 

2 000 

80 
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greater than 10 days, notably Cs-134, 

Cs-137 000 1 250 

The maximum levels for babyfoods, for liquid foodstuffs and 

feedingstuffs have not been passed by the EC-Council until now; 

the values will be established by an amending Regulation. 

7. Action of the European Parliament against the EC-Council 

On 4 March 1988 an action against the EC-Concil was brought be

fore the European Court of Justice by the European Parliament in 

connection with the last mentionned EC-Regulation of 22 December 

1987 (13). The applicants claims that the Court should declare 

void Council Regulation (Euratom) No. 3954/87 (14), 

8. Council Decision of 14 December 1987 on Community Arrange

ments for the Early Exchange of Information in the Event of a 

Radiological Emergency (15) 

In additio n to the above mentionned IAEA-Convention on Early 

Notification of a Nuclear Accident the Community arrangements of 

those Decision shall ensure that all Member States are promptly 

informed in the event of a radiological emergency in order to 

provide that the uniform standards for protection of the 

population as is laid down in the Directives made pursuant to 

the Eurato m Treaty are applied throughout the Community. 

9. Council Directive on Informing the Population (Proposal) (16) 

On 23 December 1988 the EC-Commission has Bubmitted to the 

Council an amended proposal for a Council Directive with the 

purpose to provide for measures and procedures for informating 

the population a imed at improving the operational health 

protection provided in the event of radiological emergency. 

IV. National Legislation (Selection) 

1. Belgi um 

Arret' minist{riel1e du 3 novembre 1987 (Moniteur beIge 1987, p. 
16236). 

2. France 

D{cret no. 88-715 du 9 mai 1988 (Journal Officiel 1987, p. 
6922) • 

3. Germany, F.R. 

Strahlenschutzvorsorgegesetz vom 19.12.1986 (BGBl. I 2610). 



594 

4. Luxembourg 

Reglement ministeriel du 27 novembre 1987 (Mtmorial A 1987, 
2087) • 

5. Sveden 

Orders No. 4 and 5 of 8 May 1987 of the National Food 
Administration; Order No. 23 of 11 December 1987 (Statens 
livsmedelsverks författningssamling 1987). 

6. Svitzerland 

Verordnung Uber Konzentrationen von radioaktiven Nukliden in Le- I 
bensmitteln vom 8. September 1986 (AS 1986, 1485). 

7. United Kingdom 

Atomic Energy Act 1989, Eliz. 11 1989 Ch. 7. 
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RADIOECOLOGICAL ASPECTS OF THE IAEA PROGRAMMES ON WASTE MANAGEMENT AND 
RADIATION PROTECTION 

Gordon S. Linsley and Harry Koehler 
Waste Management Section, Division of Nuclear Fuel Cycle 
International Atomic Energy Agency, Vienna, Austria 

Introduction 

The Agency's programme includes many projects which are involved to some 
extent with radioecology. It is not possible to discuss all of them and 
this paper focusses on those currently being sponsored by the Waste 
Management and Radiation Protection Sections of the Agency. 

The Agency's environmental programme has been influenced by the Chernobyl 
accident and several projects were prompted by the recommendations of the 
Expert Group which met following the Post-Accident Review Meeting in Vienna 
in October 1986 [1]. These projects are directed towards taking advantage 
of the 'natural laboratory' created by the widespread distribution of 
radionuclides in the environment as a result of the Chernobyl release. 

An important part of the Agency's programme are the projects which aim to 
provide guidance and assistan ce to developing Member States. The 
environmental programme contains projects of this type and these will be 
described in this paper. 

Chernobyl related projects 

Following the Chernobyl accident, Member States supplied the Agency with 
measurements of radioactivity in environmental materials, and the task of 
entering these into the Agency's database was completed in 1988. 
Accompanying software was developed to facilitate data extraction in line 
with user req uirements. In addition to its use by UNSCEAR for analysing 
exposures fr o m the Chernobyl accident, the database has provided support 
for two Agenc y projects: a joint WMO/ IAEA/ CEC project on the validation of 
long range atmospheric transport models for use following an accidental 
release of radioactive materials; and a joint IAEA/ CEC programme on 
validation of models for the transfer of radionuclides in terrestrial, 
aquatic and u rban environments. 

a) WMO/IAEA/CEC Transport Model Validation Study (ATMES) 

The ATMES exe rcise is aimed at validating long range transport models for 
atmospheric pollutants. The study area encompasses a European region 
including mos t of the measuring stations at which radiological data are 
available. 'rhe simulation per iod is between 26 April 1986 and 10 May 
1986. Data is provided on the source term and on the meteorology. 
Evaluation i nvolves comparison of calculated and measured air 
concentration s at different locations for iodine-131 and caesium-137 and 
daily deposi t ion of caesium-137. An Evaluation Team has been established 
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at JRC Ispra. Participants are being requested to submit their estimates 
by April 1990. The preliminary report on model evaluation will be 
distributed to participants towards the end of 1990 and discussed at an 
Evaluation Workshop scheduled for February 1991. 

b) IAEA!CEC Validation of model predictions (VAMP) 

In 1988 an IAEA Co-ordinated Research Programme on Validation of Models for 
the Transfer of Radionuclides in Terrestrial, Urban and Aquatic 
Environments was started. It has as its objectives: 

to facilitate the validation of assessment models for radionuclide 
transfer in the terrestrial, aquatic and urban environments . It is 
envisaged that this will be achieved by acquiring suitable sets of 
environmental measurement data from the results of the national 
research and monitoring programmes established following the Chernobyl 
release and by using them in model testing exercises. 
to guide, if necessary, environmental research and monitoring efforts 
to acquire data for the validation of models used to assess the 
radiologically most significant exposure pathways. 
to produce areport or reports reviewing the current status of 
environmental assessment modelling, includlng a review of the 
improvements achieved as a result of post - Chernobyl validation efforts 
and identifying the principal remaining areas of uncertainty in models 
used for radiation dose assessment. 

The VAMP study also takes certain other criteria into account: 

a) The BIOMOVS international model validation study, organised by Sweden, 
has been in existence since 19ij5 and incorporates the study of certain 
post-Chernobyl scenarios. The Agency programme should not overlap 
unduly with the studies of BIOMOVS and scenarios mUst be chosen taking 
due account of the BIOMOVS work. 

b) The scenarios chosen for model validation should be of importance in 
relation to radiation dose assessment. There should be a clearly 
demonstrable need to improve the reliability of predictions of 
radionuclide transfer in the pathways chosen . 

The programme is planned to continue until 1992. 

Three working groups have been established to consider radionuclide 
transfer in 1) terrestrial, 2) urban, and 3) aquatic environments, and -a 
fourth is examining possibilities for validating models that evaluate 
exposure from many pathways ("Multiple Pathways" group) . 

Two main approaches to model validation are being adopted. The first 
approach, that of formal model validation, consists of formulating 
scenarios to test models; modellers then perform calculations, which are 
subsequently analysed and compared with the observed data. The second
approach involves r eviewing i n detail the da ta associated with processes 
simulated in a model, examining the concepts and assumptions of the model, 
and testing whether such concepts and assumptions are consistent with the 
data. 

Since the fi rs t meeting in May 1988, the working groups have issued 
questionna ires to laboratories in all of the Agency's Member States to 
estab1ish _the nature, quantity and quality of the data available in the 
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various envi r onmental compartments for model validation. The digested 
results of t hese questionnaires will be presented at the next main VAMP 
meeting in December 1989. In the case o f the Terrestrial Working Group, 
preliminary reports will be presented on the analys i s of certain important 
transfer proc esses identified for examination in the first phase of the 
study. These are concerned with forest ecosystems, food preparation 
losses, seasonality in crop contamination processes and r esuspension. In 
the multiple pathways group a detailed study scenario will be presented for 
consideration as a basis for a formal model validation exercise . This 
requires prediction of whole body caesium-137 content in an e xposed 
population b a sed on information provided on levels of ground deposition. 
The validatio n will be based on comparison with actual data obtained from 
different types of environment in four Member States . 

In February 1 989 the Agency agreed to co-operate with the Commission of the 
European Communities (CEC) in the sponsorship of the VAMP programme as a 
means of min i mising possible overlap and repeti t ion of i n ternational 
programmes in this area. 

Effects of i onizing radiation on natural ecosystems at levels implied by 
current radi a tion protection standards 

A study is under way to examine the assumption that i f man is protected 
from ionizing radiation then other non-human species will also be 
protected, although not necessarily individual members of those species. 
The assumpti on is being exam i ned by means of a dose assessment study with 
particular c onsideration being given to controlled releases of 
radionuclides to terrestrial and freshwater env i ronments. 

The basic approach is as follows : 

a) information on the effects of ionizing radiation on natural organisms 
is reviewed 

b) the radiation doses and/ or dose rates above which there are deleterious 
effectß on populations of different types of plants and animals are 
determined 

c) the radia t ion doses and/ or dose r ates to plants and animals which 
result whe n releases of radionuclides are controlled on the basis of 
radiation standards for the protection of man are estimated 

d) the radia t ion doses and dose rates determined in steps b) and c) are 
compared t o establish whether or not plant and animal populations are 
afforded a dequate protection under radiation protection standards for 
man. 

The results o f the study lend general support to the assumption concerning 
protection of non-human species. However since it is clear that the data 
base of information on the radiosensitivity of animal and plant populations 
is not comple t e the assumpt i on can only be made with caution. Circumstances 
can be envisaged in which non-human species are exposed to cons i derably 
h i gher radiat i on doses than man . An Agency study on the impact of 
sea-dumping o f radioactive waste packages indicates that separate 
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consideration may have to be given to protection of marine species when 
establishing release or dumping rates to the deep ocean [2]. 

Practical methodology for environmental dose assessment 

In 1982 the Agency issued Safety Series No. 57 [3] which provides guidan~e 
on generic models and parameters for assessing the environmental transfer 
of radionuc1ides and the resulting critical group doses following routine 
releases of radionuclides. This report has proved to be very popular in 
IAEA Member States, and in the past two years work has been under way to 
improve and expand upon the original report. 

The new document will be a practical manual for assessing the individual 
and the collective doses arising from radionuclides in the environment. It 
will be self-contained (allowing dose calculations to be done without 
necessarily referring to other sources of information) and applying the 
methodology will not require use of a computer. It is intended that the 
document will be useful to scientists in developing countries who wish to 
assess the radiological implications of routine releases of radionuclides 
from small-scale applications at, say, hospitals or research organizations. 
Such assessments may be required, for example, to show whether a particular 
source could be exempt from regulatory control. The document will also 
contain a good basic description of the behaviour of radionuclides in the 
environment and of human exposure pathways. Thus i~ will find a use in 
training programmes, etc. 

A substantial amount of progress has been made towards fulfilling these 
aims. The sections dealing with ' collective dose calculations together with 
those dealing with dosimetry and atmospheric dispersion are more or less 
completed. Work is presently underway on the remaining sections which 
cover aquatic dispersion and foodchain pathways. It was also decided to 
include aseries of worked examples and these are being prepared. 

Handbook of parameter values for use in environmental dose assessment models 

The Handbook is intended as a reference point for those engaged in 
radiological assessment in particular it will be used as a source of data 
for the methodology report described above. It is being prepared in 
response to a widely expressed interest in having a convenient, readily 
available and authoritative international reference for transfer parameter 
values. The data reviewed have been accumulated in many countries by 
utilizing the information obtained from the fall-out from nuclear weapons 
tests during the 1950s and 1960s, experimental studies in natural and 
laboratory environments, comparison with observations of the transfer of 
stable elements and the fall-out from the Chernobyl accident in 1986. 

In 1982 the IAEA published a set of default parameter values for use in 
assessing radiation doses to critical groups [3]. More recently, within 
the European Community as a result of a project sponsored by the 
International Union of Radioecologists (IUR) and the Commission of European 
Communities (CEC), data have been collected from experimental programmes in 
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several European countries on the transfer of radionuclides from soil to 
plants. Compilations of parameter values for use in radiological 
assessment models also exist in several countries, often based on data from 
national measurement programmes. The parameter values contained in the new 
Handbook will be based on a review of all these data sources. 

In summarizing the available information on each parameter an expected or 
most likely value is specified together with a maximum and minimum value as 
a means of expressing the uncertainty judged to be associated with the 
expected value. The basis for selecting each value will be given in each 
case. 

Work began on the Handbook in 1986. The first version was circulated 
widely for comments in 1987. A revised version is now being produced and 
will again be circulated for comment later this year be fore being finalized 
in 1990. 

Conclusion 

The Agency's p rogrammes related to radioecology are intended to meet the 
needs of its Member States in providing a focal point for those aspects of 
the subject wh ich benefit from international exchange and co-operation. 
International model validation and comparison studies are a good example of 
this. 

The need to have international consensus on certain radioeco1ogical issues 
is at the basis of other Agency projects. Finally the Agency aims to serve 
the needs of t hose engaged in radiological assessment, by producing 
standard dose assessment methodologies and reference sets of parameter 
values. 
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