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Abstract

Considerable variations in activity concentrations in milk of **’Cs and *°Sr were observed
between countries or regions due to precipitation patterns, soil types and inhomogeneity
of Chernobyl fallout. Time trends indicate that factors influencing ecological half-lives for
%5y are not the same as for **’Cs in the pasture—milk system.

Internal doses to Faroese people derive mainly from dairy products, lamb and potatoes.
The largest doses were received from nuclear weapons fallout in the early 1960's. 1¥cs
causes higher doses than %5y, and the regional variability is larger for 37Cs than for *°Sr.

¥7Cs deposition maps were made of Sweden. Values of **'Cs deposition and precipita-

tion were used in the calculations of Nuclear Weapons Fallout (NWF). The deposition of
37Cs from the Chernobyl accident was calculated for western Sweden. Lowest levels of
NWF **’Cs deposition density were noted in the north-eastern and eastern Sweden and
the highest levels in the western parts. The Chernobyl **'Cs deposition is highest along
the coast and lowest in the south-eastern part and along the middle. The calculated
deposition from NWF and Chernobyl in western Sweden was compared to observed
deposition and showed good agreement.

Ecological halftimes of **'Cs in perch in Finnish lakes vary by a factor of three. The long-
est halftime of **'Cs in perch was 9 y and the shortest 3 y. Norwegian lakes differ from
each other with respect to the rates of decrease of *’Cs in fish. Ecological halftimes of
37Cs in trout and Arctic char varied from 1 to 5 y. A more rapid reduction of **'Cs in fish
is found in certain Norwegian lakes compared to Finnish lakes. In two Norwegian lakes
the **’Cs concentrations in trout remain at about 100 Bg/kg since 1990.

The European decision support systems, ARGOS and RODOS, include foodchain mod-
ules with default parameters derived from southern Germany. Many parameters describ-
ing foodchain transfer are subject to considerable variation according to local conditions.
Such parameters include soil type, sowing and harvesting times, feeding regimes for
animals, human consumption habits, and dependence of plant development on season.
Model features and parameter values need adjustment for the model to produce reliable
predictions for Nordic areas. Further generic inadequacies of the modelling system relate
to dry deposition processes.
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lives, radioecological sensitivity
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1 Introduction

The NKS B-programme EcoDoses activity started iA38s collaboration between all
the Nordic countries. The aim of the activity isngprove the radiological assessments of
doses to man from terrestrial ecosystems.

The EcoDoses activity focuses on collation andewwof published and unpublished data
from the Nordic countries for the nuclear weapaiiit period and the post-Chernobyl
period. This includes data on radionuclides in pigcipitation, soil, milk and reindeer.
Based on this, improved models for estimating ractioe fallout based on precipitation
data during the nuclear weapons fallout perioddenesloped. Effective ecological half-
lives for 2*'Cs and™Sr in milk are calculated for the nuclear weapailiit period. The
data are also used to compare modelling results @liserved concentrations. The im-
portance of applying case-specific and updated dit&.g., geological, seasonal, cli-
matic and demographic nature, in the modellingeimanstrated.

The present report sums up the work performed @520 this third phase the main top-
ics have been:

» Improved approaches for estimating radioactiveotdllon a regional or national
scale, based on correlation between precipitatimhdeposition rates. Part of the
work (by Sigurdur Emil Palsson/Geislavarnir) is meported here since it is de-
scribed in a paper which has been submitted tat@nniational journal. This will
be reported in the next EcoDoses report.

» Doses to man from foodstuffs. Estimation of effeetecological half lives of
137cs and™sr in cow’s milk focussing on suitable post-Cheryldbne-series.

» Effective ecological half lives for fresh watertfifom Nordic lakes.

* Food-chain modelling using the radioecological f@mdl-dose module in the
ARGOS decision support system.



2 Radioactive contamination of milk from the Nordic
countries

Havard Thgrring, Norwegian Radiation Protectionbfuity, Norway

2.1 Introduction

For the NKS-B EcoDoses activity — “Improving radigical assessment of doses to man
from terrestrial ecosystems”, data concerriti@s and”°Sr in cow’s milk were collated
from all Nordic countries for both thguclearWeapond-allout and the post-Chernobyl
periods. An overview of the collated data f&Cs is shown in Figure 2.1.
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Figure 2.1.Caesium-137 in cow’s milk from the Nordic countries



2.2 Summary of data

2.2.1 Caesium-137

For the NWF-period, the contamination levels ofstam-137 in milk vary considerably
- dependent on factors such as deposition levelsaidoroperties in different regions.
Generally, precipitation rich areas such as thed#lands, Iceland and western parts of
Norway show the highest activity concentrations*&€s. The importance of soil proper-
ties for milk concentrations is demonstrated by parmg the data from Lapland (North-
Finland) and south-western Finland. During the N@éffiod the deposition levels were
similar in these two regions, yet the contaminat@rel in milk from Lapland is several
times as high as the corresponding levels fromstheéh west. In northern Finland there
are predominantly nutrient deficient organic sewlsich give a higher transfer ¢f'Cs
compared to the clayish soils in the south weshrark shows the generally lowest lev-
els of caesium-137 for the NWF-period, most likdlye to the clayish soils in these ar-
eas.

Looking at Figure 2.1, the post-Chernobyl datacearly much higher in certain parts of
Norway compared to other Nordic countries. Thisniginly due to high deposition in
some Norwegian areas. Many farms joined the sunmaitoring program in 1988-89
which explains why the peak values are found ardhede years instead of in 1986-87.
There are regional differences in the reported at&weden, Finland and Denmark as
well - the higher level samples are from the midtean part of Sweden, western Finland
and Jutland in Denmark.

2.2.2 Strontium-90

The Faroese data show the highest Nordic containmégvels for the NWF-period,
while the Norwegian data generally are highestlierpost-Chernobyl period. There is a
gap in contamination levels for the NWF data fomMay. The higher levels are found in
Bergen and Florg, situated on the west coast ofvbipr Due to the high precipitation
rate in this coastal area the estimated depositemhigher here than in other parts of the
country. No large regional differences within otlteuntries are apparent f3iSr. This
indicates that soil types are less important iregheining the transfer factors to milk for
9Sr than for*'Cs.

A more thorough description of the Nordic milk deayiven in the EcoDoses annual re-
ports 2003 and 2004 (Berganhal.2004, 2005).

2.3 Time trends and effective ecological half lives

From the collated milk data, long and detailed dsdes with good consistency were
selected for a more thorough study of time trenu$ effective ecological half lives —
emphasising regional variations. These series r@@#ybdescribed in Table 2.1. Unfortu-
nately, the selected data series comprises ongetbf the Nordic countries, namely
Denmark, Faroe Islands and Finland.



Table 2.1. Selected time series from Nordic countries

DATA SERIES MILK TYPE SAMPLING TIME PERIOD
West Denmark (Jutland) Dry milk ~Monthly 1959-02
East Denmark (Islands) Dry milk ~Monthly 1959-02
Faroe Islands (Thorshavn) Dairy milk ~Monthly 1962-02
Faroe Islands (Klaksvig) Locally produced milk ~Mioly 1962-02
Faroe Islands (Tvaroyri) Locally produced milk ~Mioly 1962-02
North Finnd Dairy milk (Rovaniemy | ~Momly 1986.02
South-west Finland Bgi/r;"rlrll(ilk ~Monthly iggggg
West Finland Dairy milk ~Monthly ig?ggi
East Finland Dairy milk ~Monthly 1978-04

Dual exponential regressions were performed on elath-series. Since the milk data
show considerable seasonal variation, the monthlyes were combined to an annual
average before the regression analysis was pertbritee model expression was as fol-
lows:

Y:In{Al T+ A2 TZ}

where,

Al: Start activity, component 1

T1: Effective ecological half-life for componen(*fast component”)
A2: Start activity, component 2

T2: Effective ecological half-life for componen{*3low component”)
t : Time elapsed since reference date

For **'Cs, the starting point of the NWF-period regressioas ~1964, and the end point
was 1985 (December). For the post-Chernobyl pedtiedstarting point was 1986 (sum-
mer), whereas the end points were according tdethgth of the available time-series
(see Table 2.1).

Strontium-90 regressions were performed for theleviperiod (1964-present). In addi-
tion, regressions were run for the NWF-period tovaldirect comparison with caesium-
137.

2.3.1 Caesium-137

Figure 2.2 shows the results for the time-seriesiftWestern Finland, Jutland in Den-
mark, and Thorshavn (Faroe Islands). The regredisies seem to represent the time de-
velopment of-*'Cs-contamination in milk fairly well. Effective elomical half lives for

all the investigated time-series (including theethaebove) are summarised in Table 2.2.
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Figure 2.2.Caesium-137 dual exponential regressions for setetime-series before

and after the Chernobyl accident

Table 2.2. Effective ecological half lives fdf'Cs in milk from various regions in three

Nordic countries.

Caesium-137 T1+SE" (years) T2+SE" (years) R?
NWF-period
West Denmark (Jutland) 0.740.1 5.8+0.2 0.91
East Denmark (Islands) 0.8+0.1 6.0+0.3 0.88
Faroe Islands (Thorshavn) 1.1+0.2 6.2+0.4 0.88
Faroe Island (Klaksvig) (1.9+0.3) - (0.81)
Faroe Island (Tvaroyri) 1.0£0.3 6.5+0.3 0.85
North Finland (Kursu) 1.0+0.1 5.440.1 0.97
South-western Finland 1.0+0.1 7.2£0.4 0.93
Post-Chernobyl
West Denmark (Jutland) 1.0+0.1 8.8+1.3 0.94
East Denmark (Islands) 0.5+0.0 6.6+0.6 0.90
Faroe Islands (Thorshavn) 1.1+£0.2 8.0£1.0 0.89
Faroe Islands (Klaksvig) (1.420.3) - (0.77)
Faroe Islands (Tvaroyfi) (1.6+0.2) - (0.82)
North Finland (Rovaniemi) 1.3+0.2 9.0£1.0 0.94
West Finland 1.1+0.1 12.6+2.2 0.95
East Finland 0.8+0.1 8.3+0.7 0.83
South-West Finlarfd (1.10.1) - (0.94)

*Asymptotic standard error

T2 showed anomalous results with very large stahdamor and has not been presented. T1 is thergfeea in

brackets.



Looking at the estimated effective ecological ligks, we see that T1 is around 1 year
for all sites for both periods. For the NWF-perid@, is around 6 years for all localities
except for south-western Finland that shows a g{idbnger T2 half-life (about 7 years).
T2 half-lives for the post-Chernobyl period are gatly longer. In addition there seem to
be more pronounced geographical variations: Theestol 2 half-life is found for the
Danish Islands (about 7 years), while the data fn@stern Finland gives a T2 half-life

of about 13 years.

2.3.2 Strontium-90

Effective ecological half lives for all of the instigated time-series are presented in Ta-
ble 2.3. Generally, the regression lines repregtet time development of%Sr-
contamination in milk quite well (as evident from Ralues).

Table 2.3. Effective ecological half lives f8fSr in milk from various regions in three

Nordic countries

Strontium-90 T1+SE" (years) T2+SE' (years) R?
NWF-period
West-Denmark (Jutland) 0.9140.1 7.0£0.2 0.96
East-Denmark (Islands) 1.1+0.1 7.6x0.3 0.94
Faroe Islands (Thorshavn) 0.8+0.4 3.8+0.1 0.96
Faroe Islands (Klaksvig) 0.8+0.2 4.240.1 0.95
Faroe Islands (Tvaroyri) 0.740.2 4.4+0.1 0.94
North Finland (Kursu) 1.6+0.1 11.9+1.2 0.94
South-western Finland 1.240.1 12.0+0.6 0.95
Whole period
West-Denmark (Jutland) 1.4+0.1 8.5+0.2 0.97
East-Denmark (Islands) 1.8+0.1 10.6+0.4 0.96
Faroe Islands (Thorshavn) (3.410.1) - (0.98)
Faroe Islands (Klaksvig) (3.5+0.1) - (0.97)
Faroe Islands (Tvgroyfi) (3.8+0.1) - (0.96)
North Finland (Kursu) 1.6+0.1 12.0+0.3 0.96
South-western Finland 1.2+0.1 11.6+0.2 0.93

*Asymptotic standard error
212 showed anomalous results with very large stahéaror and has not been presented. T1 is therefgen in
brackets.

T1 for °°Sr for the NWF-period is about 1 year for all sitescontrast, there is a consid-
erable geographical variation in T2 half-lives this period: The shortest T2 half-lives
were found for the Faroe Islands (about 4 yearBgreas T2s for the Finnish data are
about 12 years.

The Danish sites show slightly longer half-livesb@h components (T1 and T2) using
2003 as the end point of regression, whereas tHdi\es for the Finnish sites do not
seem to differ much considering either the wholegaeor the NWF-period. Note that
the Faroese series do not give satisfactory effe@cological half-lives for T2. The rea-
son for this is that there has been no decreasmrigentrations of°Sr in milk after
~1990 (Figure 2.3). Accordingly, T2 half lives ftirese series will be very high (with a
large appurtenant uncertainty). T2s for the Faraeseés have therefore not been re-



ported in Table 2.3. A similar trend is also obsenfor some of thé*'Cs time series.
This, for instance, applies to the post-Cherndb{s-series from South-western Finland
and Tvaroyri (Faroe Islands) (Table 2.2).
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Figure 2.3. Strontium-90 in milk from Thorshavn (Faroe Islandé)ere anomalous ef-
fective half lives for the “slow component” wereselved. Estimated dual exponential
regression lines are indicated.

2.4 Conclusions

Considerable variations in activity concentratiaris>'Cs and®Sr were observed be-
tween countries or regions due to factors suchiffsreht precipitation patterns, soll
types and Chernobyl deposition. The observed tmemads indicate that the factors influ-
encing the ecological half-life f6PSr are not entirely the same as ¥J€s in the pasture

— milk system. Fot*'Cs the effective ecological half-lives seem to &ielyff equal for the
different investigated regions. Slightly longer Tsre observed for the post-Chernobyl
period for this radionuclide. FSPSr the long component varies between 4 and 12 years
Finally, for some series (botii’Cs and®Sr) a “no decrease” in activity concentrations
has been observed for recent years.
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3 Doses to man from ’Cs and °°Sr in foodstuffs in the
Faroe Islands

Hans Pauli Joensen, Faculty of Science and Tecbyoldniversity of the Faroe Islands, 3
Néatin, FO-100 Torshavn, Faroe Islands.

3.1 Introduction

Information about food consumption in the Faroardks is limited. It is likely that the
relative proportions of the different food groupsvl changed over time, and that the
relative proportions of the different food groupsy across the country. It is difficult to
get reliable data on food consumption rates as swointee food is acquired privately.
There are two main nutritional studies for the alglands, the first in 1936 (Knudsen,
1940) and the second in 1981-82 (Vestergaard andazimassen, 1987). The calculations
presented in this paper are based on data frosettend study.

Radioactivity has been measured in Faroese foddsirfce the early 1960’s. The most
complete data series exist for cow milk, but faglyod series exist for lamb meat, white
bread, potatoes and drinking water, although watmes gaps. The paper presents results
from a preliminary study of doses to man froHCs and’’Sr in these foodstuffs.

3.2 Material and Methods

3.2.1 Sampling and data

The Faroese terrestrial environment has receivdibaetive debris from the nuclear
weapons tests in the 1950’s and 1960’s and fronCtiernobyl accident 26 April 1986.
The measured fallout rates are presented in FigdreThe sampling at Tvaroyri ends in
1993, and there is a gap in the series after 188@&dwo other sites.

1C
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Figure 3.1. Annual wet deposition ¢**'Cs at three Faroe: Faroe Islanc ‘ —

The wet deposition varies across the country, shguwmaximum values in 1963 and a
pronounced®'Cs signal from the Chernobyl accident in 1986. Pittion and cow milk
have been sampled at three different locationsk$ik in the north of the country, the
capital Torshavn in the central part and Tvgrayiihie south. The annual mean precipita-
tion for the 30-year period 1961-90 was 1284mm d@msfiavn and 2334mm in Klaksvik
(Cappelen & Laursen, 1998). There are no meteoigdbgstatistics available from
Tvegroyri. The Faroese drinking water is obtaineshfrsurface water, and the samples
have been collected as tap water in Torshavn. Batteamb meat, potatoes and grain
products derive from countrywide samplings. Thelys®s in the paper are selected to
end in 1996, i.e. 10 years after the Chernobyldmsrtti

3.3 Results and Discussion

Doses

The average per capita consumption of dairy praggstin products, potatoes and mut-
ton in the Faroe Islands is 142 liter/year (mosty milk), 78 kg/year, 70 kg/year and 25
kgl/year, respectively (Vestergaard and Zachariask®87). According to unpublished

information, the lamb meat consumption is about #%he total mutton consumption,

i.e. 18 kglyear.

The dose from a given radionuclide may be calcdléde 5 year intervals from equation

(1):
D=5-DF -ZI; ,uSv (1)
li is the annual intake of the radionuclide in 5-yieggrvali, andDF is the dose factor for

ingestion of the radionuclide. For adulB¥ is equal to 1.30° and 2.8L02 uSv/Bq for
137cs and™sr, respectively (ICRP, 1993).

11



Based on data from 1962-96, the doses s to man were 0.71 mSv and 0.64 mSv
via consumption of dairy products and lamb meagpeetively. The estimate for dairy
products is calculated from activity concentratiomgow milk. There is a clear regional
variation in the doses, as can be noted from Fi§ueDoses front*'Cs in dairy prod-
ucts were 0.93 mSv, 0.73 mSv and 0.47 mSv at, césply, Tvaroyri, Klaksvik and
Torshavn.

There is no information about which sites have bhessd for lamb meat samplings, but
other studies (Joensen, 1999) indicate large ragiariation regarding doses from meat
consumption.

The internal dose frofiSr (see Figure 3.3) to man via dairy products tisnesed to 0.16
mSyv for the period 1962-96. The values were 0.18,M36 mSv and 0.15 mSv at, re-
spectively, Klaksvik, Tvgroyri and Torshavn. Théseno registered information about
water consumption, but 1 litre per day would cqumesd to 5.3.Sv from *°Sr during the
period 1962-96.

500
450 ~
400 ~
350 u
300
250 —

200

Cs-137 dose; p Sv

& Tveroyri

& Klaksvik

E Térshawn

O FO Lamb Meat

150 ~

100

50

O -
1962-66 1967-71 1972-76 1977-81 1982-86 1987-91 1992-96

Figure 3.2 Cs-137 doses (in five year intervals) from dgirgducts at three sites and
from lamb meat. Lamb meat has not been sampled thhersame pastures every y
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Figure 3.3 Sr-90 doses (in five year intervals) from dairggucts at three sites.

Cs-137 doses from potatoes and grain productsraszipted in Figure 3.4. The calcula-
tions are based on data in the AMAP database.’¥8s dose from grain products was
56 uSv in the period 1960-99; the estimate is calcdlétem the**’Cs activity concentra-
tion in white bread. Th&*'Cs dose from potatoes was 0.30 mSv in the samedbeki
regional variability should be expected in activigncentrations in locally produced po-
tatoes. Grain products and large part of the pesatwe, however, imported from abroad.
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Figure 3.4. Cs-137 doses (in five year intervals) from potatd grain products.

3.4 Conclusions

Internal doses to people in the Faroe Islands dd¢dwa large extent from dairy products
(mostly cow milk), lamb meat and potatoes. Therimaedose from®'Cs in these food
groups was 1.65 mSv during the years from 19609@61 The largest doses were re-
ceived in the early 1960’s in accordance with tleapons fall out. A regional variability
is observed in the dose estimates, as should kecegfrom variability in precipitation
rates and variability in soil type&*’'Cs implies higher doses thdsr, and the regional
variability is observed to be larger f6¥Cs as compared 8Sr.

The estimated doses are subject to considerabkrtairties. This is to a large extent due
to limited or missing documentation of food constimp during time, as well as missing
documentation of differences in food habits actbgscountry. It may, e.g., be expected
that the amount of privately acquired food variessiderably across the country, and
that there are considerable differences in foodcsiein among age groups in the popula-
tion.
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4 GIS supported calculations of ~ **’Cs deposition in
Sweden based on precipitation data

S. Almgrert, E. Nilsson, B. Erlandssof M. Isakssoh
'Department of Radiation Physics, Géteborg UniverSiveden

“Department of Nuclear Physics, Lund University, Sere

4.1 Introduction

Nuclear weapons fallout (NWF) over Sweden from besurred since the 1940s over
Sweden, where most of this deposition can be at&thto tests carried out between 1962
and 1966 on Novaya Zemlya, although Chinese téstsn@ade a contribution in the “70s.
The accumulated deposition density over Sweden frantear weapons tests is about 3
kBg/n?: De Geer et al. (1978), and, in addition to thie Chernoby! accident contrib-
uted with a deposition density varying from closeéro to well over 100 kBg/nwithin

a restricted area, SGAB (1986).

Several studies have shown that the variationgposition density are closely related to
the precipitation, e.g. Bergan, 2002; SchullerlgtZz904. The deposition of radioactive
elements could therefore be estimated by relatiegnteasured activity concentration in
the precipitation (Bq X = Bq m? mm™) at a reference site to the amount of precipitatio
in a geographical region (e.g. Isaksson et al.,0200right et al., 1999). The point-
estimates could then be interpolated to a depasitiap using a Geographical informa-
tion system (GIS). The development of reliable rodghfor predicting the spatial varia-
tion and amount of*’Cs deposition following nuclear accidents or nucleaapons ex-
plosions are of interest in e.g. emergency prepeesl and by including weather fore-
casts from meteorological data sources a predicidhe effects of a release of radioac-
tive elements to the atmosphere could be made airheof this study was to determine
the deposition of*'Cs due to fallout from nuclear weapons tests (N\&Fr the whole
area of Sweden and from the Chernobyl accidentpredefined area in the western part,
visualize the results in deposition maps and comfieg maps with measurements.

4.2 Material and methods

Nuclear Weapons Fallout For the estimation of NWF three reference siteSweden
(Kiruna, Grindsjon and Goteborg) were initially slem since they represent areas with
different mean quarterly precipitation rates amsbadince they had an almost complete
data record of quarterf{f’Cs deposition density for the time period studiE252-1966.
The period 1962-1966 was chosen since the majoropahne radioactive debris was in-
jected into the atmosphere during the periods 11958 and 1961-1962 (UNSCEAR,
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2000), and because no data was available prioP6@.1The deposition density per unit
precipitation (Bq rif mm™) at the reference sites was found by dividing dherterly
deposition density by the quarterly precipitatidine quarterly precipitation during the
years 1962-1966 at 61 weather stations, distribotest Sweden was provided by the
Swedish Institute of Meteorology and Hydrology (SNHas well as the coordinates of
the weather stations. Each reference site wasabksmmed to represent an area of Swe-
den with approximately the same quarterly meanipitation as the reference site itself.
Due to seasonal variations in the precipitationgpatthese reference sites were used in
different combinations to find the best way of aetely representing the deposition den-
sity over the Swedish territory. The quartefi{Cs deposition density at a weather station
was found by multiplying the amount of precipitatioith the deposition density per unit
precipitation at the corresponding reference siteebich quarter during the period 1962-
1966. This was then used to calculate the intedratel cumulative deposition density
for the whole period. Deposition maps were creatétl ordinary Kriging interpolation

in the GIS software ArcView (ESRI, EnvironmentalsB&ms Research Institute, Red-
lands, California).

The Chernobyl fallout: This study has been concentrated to an area walias of ap-
proximately 120 kilometres with Goteborg in the ttenEarlier, 27 reference sites have
been established for environmental monitoring, Whgoves the opportunity to compare
the results of fallout estimations to measuremeetformed at those sites. In a similar
way as for the NWF thé*'Cs deposition in the area was related to the pitatign.
Goteborg was chosen to be the reference site beecaeasurements of activity concen-
tration in precipitation and deposited material avenade at the time of the accident:
Mattsson and Vesanen, (1988). The main part otdts *'Cs deposition came in the
rain that fell in Goteborg on thé"®f May, 1986. The activity concentration in thénra
water decreased rapidly with the first millimeteexl at a slower rate when the amount of
rain increased, which can be well approximated bipable exponential function, Equa-
tion (1). After integration the total amount of dsged caesium is a function of the local
precipitation according to

A= 2690-60% %% — 2080 '*°"  [Bg/nf] )(1

Xmax IS the total amount of rain. The parameters wétained by fitting the double expo-
nential to the data by Mattsson and Vesanen (1388)assume that the main part of the
Chernobyl fallout was wet deposited in the rainailthe & of May and that equation 1
is valid in the whole region. A precipitation map the &' of May was derived by ordi-
nary Kriging interpolation in a GIS with data prded by SMHI from 46 rain gauge sta-
tions relatively well spread out in the region. Bion 1 was then applied to the precipi-
tation layer in the GIS resulting in a depositioapyof the area. The deposition layer
could easily be merged with the ones from the NWEutations thus representing the
total integrated or cumulativé’Cs deposition in western Sweden. The Chernobyl-depo
sition map was compared with aerial measureme@#B5(1986) and the total deposi-
tion, corrected for decay until 2003, with the aoclated activity in soil samples from
the 27 sample locations.
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4.3 Results and discussion

The Chernobyl fallout: The mean value of the predicted deposition dermsigr the in-
tegrated area of western Sweden is found to bes kB§/nf (range: 822-2.613 kBg/n
The highest values are found in the western péotgyahe coast and the lowest in an area
between the coast and the lake Vanern, which caeée in Figure 4.1a. The depositions
from the two different sources are similar in tledested region. Calculated deposition
from the Chernobyl accident was compared to asredsurements: SGAB, 1986 and the
mean ratio between calculated and measured depodignsities was 1.05+£0.32. Exclud-
ing one site from the calculations because of lag@ations of neighbouring cells the
comparison with aerial measurements yields a tdtin996+0.13.

NWF: The deposition density df'Cs for each quarter was interpolated and summed to
an integrated and a cumulative (decay correctel®83l and 1985, respectively) deposi-
tion density 1962-1966. The integrated depositiensity can be seen in Figure 4.1b,
where the mean is 1.853 kBd/ifnange: 1.416-2.695 kBgfn In general, the lowest val-
ues of integrated®'Cs deposition density are found in the northeadtemst of Sweden
where the northern area is an area with low pretipn. The highest values are found in
the mountain areas in northern Sweden and in weSeeden. A comparison with the
measured deposition each quarter at three sitésjsed as reference sites, show good
agreement.

Inte grated depogition density
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[Bg/m2]
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Figure 4.1a: Chernobyl fallout Figure 4.1b: Integd deposition

density of**’Cs due to NWF

NWF+Chernobyl: The total deposition was comparedCs activities in soil samples
and shows good agreement. The mean ratio betwéaratad and measured deposition
densities is 1.28+0.62. If eight sites for soil gding with large deviations are excluded
the mean ratio of total calculated deposition andltaccumulated activities measured in
soil samples is 1.01+0.13. The predicted depogtifstom the precipitation are often
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overestimated compared to the soil samples. THenss sampled down to a depth of
about 15 cm for most of the sites, but at some tml{2 cm. At some places this might
not be enough to cover the whole inventory. Tharealso be local deviations in the pre-
cipitation pattern and much could have happendbddsoil in the long time period since
the deposition.

The method used represents a simplified modelefigposition. It would be interesting

to study the influence of other parameters sucknasv, humidity, topography etc. The
grouping of the weather stations might also be=diffit if natural barriers such as moun-
tains and ridges also are considered. With knovdeafgthe dependence of the activity
concentration in rain on the amount of precipitatand activity concentration in air it

would be possible to predict the deposition basedneasurements of the activity con-
centration in air and meteorological forecasts.
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5 Cs-137 in freshwater fish in Finland, Norway and
Faroe Islands

Ritva Saxéh Astrid Liland’, Havard Therring Hans Pauli Joensén

'Radiation and Nuclear Safety Authority, Finland
’Norwegian Radiation Protection Authority, Norway
*Frodskaparsetur Faroya, Faroe Islands

5.1 Activity concentrations of **'Cs

The deposition from Chernobyl in spring 1986 wasimmevenly distributed in Finland
and other Nordic countries. The deposition elevatesl**'Cs contents of freshwater
fishes significantly in Finland and also in Norwdnyt very little in Faroe Islands. High
activity concentrations of‘Cs (some thousand Bq/kg f.w.) still occur in fishdertain
Finnish lakes in the areas of the highest depwsitictivity concentrations of*’Cs in
perch varied from 20 to 7 800 Bg/kg f.w. and thisskake water from 4 to 330 BgAin
1998 and 2002. In Norwegian lakes activity conaitins of**'Cs in trout seem to vary
between 10 and 100 Bg/kg. In the deep lakes ofeé-klands activity concentrations of
137Cs in brown trou(Salmo trutta)were low, 2-20 Bg/kg f.w. in 2002 and activity eon
centrations of*'Cs in lake water were 3.5 and 5.5 Bjmhthe same time. Very low pre-
Chernobyl values fol*’Cs and®Sr, less than 1 Bg/kg f.w., in rainbow trout in ¢e@is-
lands are reported. Due to the Chernobyl deposttiey were increased to 115 Bg/kg
f.w.

5.2 Concentration factors, CF

Concentration factors for per¢Rerca fluviatilis)(Bg/kg in fish / Bg/kg in lake water) in
Finnish lakes ranged from 1 300 to 30 000 in 190822 In Finland, transfer to fishes
was higher in oligotrophic than in eutrophic lakiesthe deep lakes of the Faroe Islands
CFs in 2002 were 1 500-1 800, being thus of theesarder of magnitude as the lowest
CFs of the Finnish lakes. CFs were clearly higbeipfscivorous fish as pike, pike-perch,
burbot and large perch than for non-piscivorous s vendace, bream and roach (Fig.
5.1).
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Figure 5.1. Concentration factors of*’Cs for various fish species in certain Finnish
lakes in 1998and 2002.

5.3 Ecological halftimes

The observed ecological halftimes’3fCs in perch in certain Finnish lakes varied by a
factor of about three. The longest halftime'¥Cs in perch was approximately 9 years
and the shortest approximately 3 years, deternfimetthe time period of 1988-2002. The
Norwegian lakes differ also from each other withpect to the decrease rates9€s in
fish. In some cases there were clearly two compisriarthe reduction of’Cs. Ecologi-
cal halftimes of**'Cs in trout and Arctic char varied from 1.4 y t@ 4.in 1988-1994.
Examples on different long-term behaviourtts in fish from various Nordic lakese
given in Figures 5.2 and 5.3.

There is an indication of somewhat more rapid rédoof **’Cs in fish in certain Nor-
wegian lakes compared to Finnish ones, althouglogioal halftimes for the Norwegian
and for the Finnish lakes were estimated for difértime intervals in the examples, and
are thus not directly comparable. However, in tfithe studied Norwegian lake¥'Cs

in trout seems to stay at the same level, aboutBifJRg, from 1990 onwards, which is
the case in none of the Finnish lakes studied.
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Figure 5.2. **'Cs in perch in two Finnish lakes and the obsenemlagical halftimes of
¥'Cs in 1988-2002.
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6 On the adaptation of ECOSYS for Nordic foodchain
modelling

Kasper Andersson & Sven P. Nielsen, Risg Natioadloratory, Denmark

In the European state-of-the-art decision suppgstesns, ARGOS and RODOS, the
modules for simulating the transfer of radioactmaterial in foodchains, respectively
FDM and FDMT, are in essence identical with the B¥S model developed by the
Heinz Mdiller and Gerhard Prohl of the company CahR@ahe ECOSYS model default
parameters were derived from experience obtaineckmiral Europe, or more specifi-
cally, southern Germany. Many of the parametesxrileing the processes determining
the foodchain transfer of radionuclides may howdéesubject to considerable variation
according to local conditions. Such parametertide soil type and condition, sowing
times, harvesting times, and feeding regimes fanals, human consumption habits, and
dependence of plant development on season. lteigptirpose of this note to pinpoint
main features of the ECOSYS model that would neethe addressed/altered for the
model to be applicable in a Nordic area. A numiealternative input parameters are
described and their implications for contaminantteats in food products, and thereby
for ingestion dose, are discussed.

6.1 Agricultural crops and animal production

Agricultural traditions will differ between diffen¢ countries. For instance, the agricul-
tural products of a land area in a Nordic countily mot on average be the same as the
products of a corresponding land area in southemm@ny. These are dictated by factors
such as local consumption habits, export traditicfimmate and geology. The ECOSYS
model works with local consumption figures rathkart production figures. It is in
ECOSYS possible to allow for that only a fractidntlee food consumed in the area of
interest is produced locally (the rest is assunoekatve been produced in an uncontami-
nated area). However, a significant part of thedf might be produced for export, and
the implications of this can not be assessed W@EYS. It is very important to apply
reliable and representative age-specific survew dat consumption rates and import
fractions. The defaults in ECOSYS are for Bavaganditions, and reflect local tradi-
tions specific to that area. The applied data khaeally have been acquired recently,
as consumption habits may change significantly @eeriod of few years. The latest
surveys of Danish consumption habits were initiatethe period 2000-2002, where a
total of 4000 persons in age groups between 4 &ngledrs contributed (Fagt et al.,
2002). Since then, annual follow-up surveys hasenbmade, incorporating input from
about 1000 individuals per year. Compared withgrevious survey from 1995, for in-
stance, the intake of morning cereals by childegye$ 4-14) is in 2002 halved, whereas it
is unchanged for adults. The same pattern is f@methe consumption of rye bread.
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Also, the butter consumption has gone down by abaoeatthird, but the consumption of
green salad and fruit has gone up by more than 50 8& survey also revealed that there
can be some (rather limited, but significant) gepgical variation within the country.
For instance, inhabitants of Copenhagen consumet abe-third less potatoes than do
villagers (Groth & Fagt, 2002). ECOSYS works witlscrete values for consumption
rates, and not with statistical distributions. féfere, ‘critical group' individuals consum-
ing higher than average rates of particularly giiprcontaminated food products might
be missed out. However, a German study has beaedcaut to investigate the correla-
tion structure in consumption rates, and conclutied various positive and negative in-
take correlations exist, which would be expectedinit the variation in radiation dose
due to food consumption (Breuninger et al., 2008).ECOSYS, the user can enter the
seasonality of consumption of the various crops$,vitat is perhaps even more crucial,
particularly in a Nordic country, would be the smaality of import of the crops, which
can not be entered in the model.

6.2 Growth periods and deposition parameters

The stage of development of the canopy of cropkeatime of contaminant deposition is
highly important to consider in the estimation @fttb dry deposition velocities and wet
deposition interception factors. The depositioocpss thus has a pronounced seasonal-
ity. This seasonality in turn is location specifs for instance growth seasons in Nordic
countries are significantly different from thoseSouthern Germany, for which ECOSYS
default parameters apply. In the ECOSYS moded, ithgenerally accommodated by the
incorporation of the leaf area index (LAI), whichdefined as the one-sided leaf area in
the crop canopy per unit ground area. The effectlry deposition velocity {y of the
stage of crop development, or in other words ofgdlaat canopy mass per unit of soll
area, is illustrated in Table 6.1. As can be s&w®rall measured radionuclides thewar-

ied considerably between the four sampling locatiovhich were in fact close to one an-
other. However, when the mass per unit area wasteto account, as is the case with
the bulk deposition velocity, B the figures are much more alike, and reflect that
near-ground aerosol concentrations were practitiadysame for all four locations.

Table 6.1. Measured deposition velocitieg M0 m s') and bulk deposition velocities
(Bg; 10° n?* st kg?) to grass in the Roskilde area after the Chernaimdident (Roed,
1990).

Location no.  Parameter B37Cs 134Cs 13y
1 V, 1.8 1.5 18
B4 10 8.7 100
2 \' 8.8 7.2 93
By 10 8.5 110
3 Vy 6.0 6.6 86
By 7.9 8.7 110
4 V, 7.9 9.4 120
B 9.1 10.2 140

[}
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The influence of LAI on deposition velocity is IlCBOSYS incorporated by the formula:

Vd = Vd. max LAl g /LAl nax, Where ¥ maxiS the maximum deposition velocity for the given
plant type, assuming fully developed foliage, LAlis the corresponding LAl for the
fully developed plant, and LAlis the LAI at the actual time of deposition. lite are
differences in the stage of plant development attithe of harvest in different countries,
this should thus be addressed by adjusting thesengders. A potential problem in using
the ECOSYS model is that it by default only distirglpes between aerosols, elemental
iodine and organic iodine. This means that albsels are treated the same way, regard-
less of size, and judging from the default depositrelocities, the 'standard' aerosol has
an aerodynamic diameter of some few microns. T@&ldeshows some typical measured
values of y of aerosols of different sizes to fully developezfetation (wheat and let-
tuce) (Watterson & Nicholson, 1996). For the sesillerosols, Brownian diffusion will
be the dominant mechanism of deposition, but fpesmicron aerosols, gravitational set-
tling will become increasingly important the largee aerosol, and also inertial impac-
tion will here have influence. The figures speakthemselves: if the default values of
ECOSYS are not changed to adequately represerddiwsol size with which the ra-
dionuclide in question is associated, the deposiistimates can be wrong by several or-
ders of magnitude. Even if only sparse informaigavailable in the early phase on the
nature of the contaminating incident, this will gisgome idea of likely particle sizes of
the key contaminants.

Table 6.2. Representative measured valueg giMor wheat and lettuce.

Particle diameter [um] Mmax[10 m 7]
0.5 4
4 15
10 50
20 300

For grass, it is more convenient to describe thgesbf development by the yield (kg’m
than by the LAI. The leaf area index for grass]{.&an then be calculated by the ECO-
SYS model using the formula: L§ld = LAlg max[1-exp(-k Yg)], with the default val-

uesk=1mkg', LAlg max=7 mm" (Mller & Prohl, 1993).

The values of LA] have been investigated experimentally by the Dalmstitute of Ag-
ricultural Sciences for a number of crops, inclgdminter wheat, spring wheat, spring
barley, winter barley, grass, clover grass, pgasng rape, carrots, winter rye, triticale,
lupin, beets, maize, oats and potatoes. Baseteofindings, a model was developed to
describe LAI from sowing times, harvesting timestifising status and soil temperature.
These parameters would be expected to govern mts geographical variation in LAl,
so that the Danish model could be used for anyngarea, by inserting location-specific
parameters. In general, most of the plant growthoecur exponentially with time, ac-

cording to the formula: LAl = LAI{[exp(2.4ﬁ) -1] / 10} (Plauborg & Olesen,
1991). Here, LAlis the initial LAI prior to the main plant develment, $is the tem-

perature sum (sum of the products of days by aeedagnal temperatures) from the start
of growth to the time in questiong & the temperature sum from growth start, at which
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the exponential growth starts, ang iS the temperature sum from growth start required
to fully develop the plant. Needless to saytladlse temperature sums are plant specific.
Figure 6.1 shows an example of soil temperaturgesuregistered in Denmark by the
Royal Veterinary and Agricultural University of Dmark (KVL). The temperatures are
here given according to depth in soil. Howevercas be seen, the soil temperature
variation with depth will not be highly significaotver depths that would be relevant to
the rooting zone of most crops.
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Fig. 6.1. Danish example of temperature variatioan agricultural area over the year.
Temperatures are given for the atmosphere at 2avedathe ground, as well as for depths
of 5, 20 and 50 cm in soil.

Figure 6.2 shows an example of application of tihé¢ inodel. The seasonal LAI varia-
tion is here shown for both intensive and extenaiyeculture. In general, intensive ag-
riculture will lead to greater LAl and longer patiof maximum LAI.
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Fig. 6.2. Example of output of the LAl model deyed by the Danish Institute of Agri-
cultural Sciences. The crop is here spring arle

26



The sensitivity of dry deposition to variationslAl is demonstrated by Tables 6.3 and
6.4, which show results of runs of the ECOSYS modti its default values, assuming a
dry deposition on respectively the™86f May and the 1B of June. A corresponding

variation could be observed on the same day iremifft countries, due to differences in
climate. The figures clearly show that the corderftradiocaesium in the crops would in
the first year after deposition be very sensitiveltte time of deposition, but not in the
following years, where root uptake is the domimaethanism of contamination.

Table 6.3. ECOSYS run example showing crop congatconcentrations after a dry
deposition of caesium on the™6f May.

Activity concentra-

tion in Bg/kg
Sp wheat Sp wheat Sp wheat Wi wheat Wi wheat Wi wheat

Time whole flour bran whole flour bran
lday 0 0 0 0 0 0
1 week 0 0 0 0 0 0
2 weeks 0 0 0 0 0 0
1 month 0 0 0 0 0 0
6 months 1.6E-01 7.9E-02 4.7E-01 2.0E+00 9.8E-01 5.9E+00
1 year 1.6E-01 7.8E-02 4.7E-01 1.9E+00 9.7E-01 H0BE
2 years 2.1E-03 1.0E-03 6.2E-03 2.1E-03 1.0E-03 E-63
5 years 1.4E-03 7.0E-04 4.2E-03 1.4E-03 7.0E-04 E-02
10 years 8.1E-04 4.1E-04 2.4E-03 8.1E-04 4.1E-04 2.4E-03
50 years 1.0E-05 5.0E-06 3.0E-05 1.0E-05 5.0E-06 3.0E-05
70 years 1.1E-06 5.5E-07 3.3E-06 1.1E-06 5.5E-07 3.3E-06
Table 6.4. ECOSYS run example showing crop coméarinconcentrations after a dry

deposition of caesium on the™6f June.

Activity concentra-

tion in Bg/kg
Sp wheat Sp wheat Sp wheat Wi wheat Wi wheat Wi wheat

Time whole flour bran whole flour bran
lday 0 0 0 0 0 0
1 week 0 0 0 0 0 0
2 weeks 0 0 0 0 0 0
1 month 0 0 0 0 0 0
6 months 5.9E+00 2.9E+00 1.8E+01 9.0E+00 4.5E+00 2.7E+01
1 year 5.8E+00 2.9E+00 1.7E+01 8.9E+00 4.4E+00 Y1E
2 years 2.1E-03 1.1E-03 6.4E-03 2.1E-03 1.1E-03 E63
5 years 1.4E-03 7.1E-04 4.3E-03 1.4E-03 7.1E-04 E-03
10 years 8.2E-04 4.1E-04 2.5E-03 8.2E-04 4.1E-04 2.5E-03
50years 1.0E-05 5.0E-06 3.0E-05 1.0E-05 5.0E-06 3.0E-05
70years 1.1E-06 5.6E-07 3.3E-06 1.1E-06 5.6E-07 3.3E-06
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As mentioned above, the LAI will also affect thetvdeposition interception factors of
plants. This is in the ECOSYS model taken intooaot by the formula (Miller & Proéhl,

o o_lAs, Eﬁl-exr{_szRD
w,i R 3[33'
1993):

where {,; is the interception factor for plant type |,iSthe retention coefficient of plant
type i, LAl; is the leaf area index of plant i at the timehs €vent, and R is the amount of
rainfall in the event. A different approach hagmeuggested by Watterson & Nichol-
son, 1996), where,f is described by the following formula:

fwi=1 - exp(-uB),

where B is the canopy dry mass of herbage perared, and p is a coefficient. This
model has been tested and found to be the mostaaeanodel assuming B according to
time in the growth season (Pinder et al., 198%)e doefficient, i, can accommodate dif-
ferences in particle size. For instance, it hanbmeasured that for wheat, p is 1.57 and
1.18 nf kg™ for 4 and 22 um particles, respectively (ChamledaGarland, 1991). A
much higher coefficient would be expected for et in the 0.5 um range. Such parti-
cle size influence is not incorporated in the EC@Si¥odel for interception.

It should be noted that both the interception faetod the dry deposition velocity are
highly important factors, particularly in governitige first year ingestion doses.

6.3 Animal specific feeding rations and their seasonalariation

Feeding regimes for the various farm animals wdkryw between countries, or even
smaller areas, according to both tradition and aten In Table 6.5, the ECOSYS default
feeding regime (Southern Germany) is compared witiipical Danish feeding regime,

based on information acquired from the internet sitthe Danish Agricultural Advisory

Service and from communication with experiencediSrafarmers.

Table 6.5. Comparison of typical feeding reginmesSouthern Germany and Denmark.

Southern Germany Denmark

Lactating cattle  Hay until f0May, grass until® Maize silage (70 %), grass silage (30
Nov., hay until 31 Dec. %) all year.

Beef cattle 96 % maize silage, 2 % winter bar- Grass silage until 15May, grass
ley, 2 % winter wheat all year until 15" Oct, grass silage until 31

Dec.

Goats/sheep Hay until f0May, grass until'9 Hay/straw until 18 May, grass until
Nov., hay until 31 Dec. 15" Sept., hay/straw until 1Dec.

Pigs 50 % winter barley, 50 % winter 90 % winter barley, 10 % soy flour
wheat all year all year.

Chickens/hens Winter wheat all year Winter whelyedr

As can be seen, there are significant differengadicularly in what cattle are fed. One
of the feedstuffs is not by default considered @SYS (soy flour), and the model im-
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plications of using silage products is not cle@here are also significant differences in
the grazing periods, due to differences in climate.

In relation to the influence of feedstuffs on daseas previously been demonstrated that
a decisive parameter is the time of the year athvtiie contamination occurs (Riesen et
al., 1996). Table 6.6 shows an example of the aniheat the feeding regime could have
on the (dry deposited) contaminant concentratioriead products, unless countermea-
sures are actively taken. The difference betwesults of German and Danish feeding
regimes is here rather extreme, as it is assunadié contamination occurs just before
the German animal grazing season starts. In cinE€C€OSYS by default assumes that
there is no direct dry deposition on maize.

Table 6.6. An example bfCs contents in cream, butter and beef 6 months afteac-
cidental dry contamination on thé' bf May. ECOSYS model results. The code 'D' desig-
nates that the animals were fed according to thatl®sn German feeding regime,
whereas code 'DK' is for the Danish feeding regime.

Product Bqg/kg after 6 months (D) Bg/kg after 6 nisntDK)
6.3.1.1 Cream 1.810 5.4 10°
Butter 5.2 10 1.510°
Beef (cow) 8.6 19 2.3 10°

6.4 Fixation and migration rates

Fixation rates are used in ECOSYS to describe #theral decrease in availability of ra-
dionuclides to plant uptake, due to strong fixatiorsoil substances. In ECOSYS, fixa-
tion rates are considered to practically exclugivelve importance for radiocaesium (and
to a much lesser extent for radiostrontium) (MuBeProhl, 1993). This is reasonable
due to the very strong, selective fixation of tla@sium cation on frayed edge surfaces of
the lattice of certain clay minerals. Only ratlserall amounts of clay minerals need be
present in the solil to facilitate virtually irresdsle fixation of the trace amounts of radio-
caesium deposited after a conceivable nuclear ectidHowever, the presence of or-
ganic matter may play a role in delaying the fi@atprocess. This is because the amount
of caesium initially held by biodegradable orgacmplexes can be relatively large in
certain soils (Route, 1990; Livens & Baxter, 1988he data applied in ECOSYS to de-
scribe the fixation/migration processes partialtedback to pre-Chernobyl experiments
conducted to mimic the behaviour of radionuclidgeased after an accident (Bachhuber
et al., 1984). However, the fixation process Wwél critically dependent on the physico-
chemical form of the radionuclides at depositiofhe most recent reference applied for
the parameterisation seems to be from 1987 (Fremsel Koster, 1987). The caesium
fixation half-life applied by default in ECOSYS &7 years. Since the Chernobyl acci-
dent, other workers have investigated the dynamidbe process of natural fixation of

29



caesium in soils, using broadly consistent methmatsed on the protocol described by
Tessier et al (1979). Even in loamy sand with carafvely little clay, Krouglov et al
(1998) found that the process of fixation of cassito an extent where it could only be
removed by strong acid dissolving minerals, hadl&IHe of only 2.6 years. This sug-
gests that the amount of caesium available for uptdke might be significantly overes-
timated by using the ECOSYS default parameter.o Ads instance investigations made
by Andersson & Roed (1994) in Russian and Swedi#h suggest that by far the major-
ity of the radiocaesium deposited from the Cherhalogident (80 % +) was virtually ir-
reversibly fixed after four years. In very sandgas where the clay content is extremely
low, as well as in very organic-rich soils, theafiton process can be slower. This will be
reflected by an increased downward contaminant atiggr. The illustrations below
(Fig.6.3) show an example of the influences of dagitent on fixation/migration. Both
illustrations show the vertical radiocaesium digition in an undisturbed soil in the
Bryansk Region (Russia), ten years after the Chmsiraccident (Roed et a., 1998). The
conditions of contaminant deposition are reportedbe identical. However, the profile
shown to the left is for a very shallow, sandy ,sathereas the one to the right had a clay
content comparable to that typically found in Séaadian soils.

137-Cs activity [Bq/g] ‘
0 2 4 6 8 10 12 14 18 18 20

|
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| |

\
? E 119 Y ‘
| wm 1
|
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194 ‘
|
J

Fig. 6.3. Vertical radiocaesium profiles in twalsan the Bryansk region. Samples
taken 10 years after the Chernobyl accident comaiad the area.

The difference in ingestion dose estimates betvessnoming a caesium fixation half-life
of 8.7 years and 2.6 years is easily found by mmtine ECOSYS model. Naturally, the
influence is negligible the first year, but couleicbme important in calculating long term
dose prognoses if it were assumed that no doseee@e®ed from the first year's harvest
(a consumption ban may be introduced here if thagoination level is high). The dif-
ference in dose received fronf $ear's harvest will be some 30 %, whereas it béll
about a factor of 6 for the dose from thd' ¥#@ar’s harvest.

'‘Leaching rates' or 'migration rates' are appleBCOSYS to describe the process of de-
crease in availability of contaminants for uptakentigration out of the root zone. This
is a parameter that might possibly be problematigive a general estimate of, as has
been done in ECOSYS. These rates will depend eni¢ipth of the root zone in the soll
(by default in ECOSYS assumed to be 25 cm). Thisimturn depend on the nutri-
ent/fertilising status and soil type, and will beg type specific, as root zone depths will
differ between crops. It is difficult to assessvhmuch this may matter, but in most
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cases, leaching rates, particularly of caesium,ldvba expected to be exceedingly slow.
This seems to be adequately reflected by the ECO&f&uIt parameters. However, as
demonstrated above, much higher migration rates beuexpected for very sandy areas.

6.5 Transfer factors soil-plant

Due to the uptake competition between contaminans iand their equivalent natural
macro-nutrients, as well as variation in ion exgepotentials offered by different types
of soil, both with respect to total cation exchacgpacity and selective strong fixation of
particularly caesium in minerals, contaminant tfangactors from soil to plant will in
general be strongly dependent on soil type / feiriily status. Indeed, this is recognised
in the ECOSYS model, where it is stressed nexhéodata table of default transfer fac-
tors that these are representative for intensiie faanagement in Germany. Figure 6.4
shows an example of results of a series of expatsne investigate the influence of soil
type on the root uptake of caesium by differenpsrolt is clear that some crops take up
much more Cs (and its corresponding macro-nutrigotassium) than do others. 1t is
also clear that soils with comparatively high comtef clay rather than sand will retain
much of the caesium effectively. Figure 6.5 shdins corresponding root uptake of
strontium. Here it is the amount of soluble sailcaum and the crops' needs for calcium
that govern the contaminant uptake. Fig. 6.6 destnates the great influence of clay
content, especially at low clay concentrationstr@root uptake.
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Fig 6.4. (top, left) shows an example of the soil
root uptake of **Cs (concentration ratios
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mBean pods

W Barley grain (*10)[ |
O Lettuce

Fig. 6.5. (bottom, left) shows a corresponding
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. r{ JT Fig. 6.6. (above) shows the relation between
e e e e soil clay and Cs transfer to barley grain (from
Soil class Eriksson, 1997)-
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A comprehensive literature study of transfer fastof relevance also to Nordic condi-
tions was published a few years back (Kostiainesl.e2002). Transfer factors are here
given for different soil characteristics. The udhce of soil conditions on crop contami-
nant concentration can be demonstrated througimpleaun of ECOSYS, assuming that
a dry deposition of caesium took place on tA@flMay. The transfer factors were here
changed from the ECOSYS defaults to recommendadesdbr mineral soil, taken from
the above literature study. This made the Cs gunagons in second year's leafy vege-
table harvest rise by a factor of about 6, whetkasorresponding concentration in root
vegetables rose by a factor of about 4.
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7 Summary

7.1 Dose to man from radionuclides in milk and other fodstuffs

Considerable variations in activity concentratiais>'Cs and®Sr were observed be-
tween countries or regions due to factors suchifsreht precipitation patterns, soil
types and the inhomogeneity over Europe of Chernaltiput. The observed time trends
indicate that the factors influencing the ecolobualf-life for *°Sr are not entirely the
same as fot*'Cs in the pasture — milk system. F3fCs the effective ecological half-
lives seem to be fairly equal for the differentestigated regions. Slightly longer half-
lives were observed for the post-Chernoby! permdtiis radionuclide. Fot’Sr the long
component varies between 4 and 12 years. Finallysdme series (boffi’‘Cs and°Sr) a
“no decrease” in activity concentrations has bdeseoved for recent years.

Internal doses to people in the Faroe Islands dddwa large extent from dairy products
(mostly cow milk), lamb meat and potatoes. Therimaedose front*’Cs in these food
groups was 1.65 mSv during the years from 19609@61The largest doses were re-
ceived in the early 1960’s in accordance with tleapons fallout. A regional variability
is observed in the dose estimates, as should becedgfrom variability in precipitation
rates and variability in soil type§’’'Cs implies higher doses thdsr, and the regional
variability is observed to be larger f6¥Cs as compared t8Sr.

The estimated doses are subject to considerabtrtanties. This is to a large extent due
to limited or missing documentation of food constmp during time, as well as missing
documentation of differences in food habits actbgsscountry. It may, e.g., be expected
that the amount of privately acquired food variessiderably across the country, and
that there are considerable differences in foodcsieln among age groups in the popula-
tion.

7.2 Deposition of*'Cs estimated based on precipitation data

137Cs deposition maps were made using kriging intetfmi in a Geographical Informa-
tion System (GIS). Quarterly values8fCs deposition density per unit precipitation (Bq
m? mm?) at three reference sites and quarterly precipitaat 62 weather stations dis-
tributed over Sweden were used in the calculatainsuclear Weapons Fallout (NWF).
The deposition density 8f'Cs, resulting from the Chernobyl accident, wasudated for
western Sweden using precipitation data from 46@oste. The lowest levels of NWF
137Cs deposition density were noted in the north-easted eastern Sweden and the
highest levels in the western parts of Sweden. Ghernobyl**’Cs deposition density is
highest along the coast in the selected area antbtest in the south-eastern part and
along the middle. The sum of the calculated dewsdensity from NWF and Chernobyl
in western Sweden was compared to accumulateditagivn soil samples at 27 loca-
tions. Comparisons between the predicted valuahisfstudy show a good agreement
with measured values.
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7.3 Ecological halftimes for**'Cs in freshwater fish

The observed ecological halftimes'd{Cs in perch in certain Finnish lakes vary by a fac-
tor of about three. The longest halftime™3{Cs in perch was approximately 9 years and
the shortest approximately 3 years, determinedtertime period of 1988-2002. The
Norwegian lakes differ also from each other witbpect to the decrease rates€s in
fish. In some cases there were clearly two compsnienthe rate of reduction of'Cs.
Ecological halftimes of*’Cs in trout and Arctic char varied from 1.4 y t@ #.in 1988-
1994.

There is an indication of a somewhat more rapidicgdn of **'Cs in fish in certain
Norwegian compared to Finnish lakes. However,agiohl halftimes for the Norwegian
and for the Finnish lakes were estimated for ddfertime intervals, and are thus not di-
rectly comparable. In two Norwegian lakes féCs concentrations in trout remain at
about 100 Bg/kg since 1990. A corresponding phesman has not been observed in
Finnish lakes.

7.4 Radioecological modelling

The European decision support systems, ARGOS anB@&) include modules for
simulating the transfer of radioactive materialotigh foodchains. Default parameters
for the ECOSYS model used in ARGOS and RODOS werweld from experience ob-
tained in southern Germany. Many of the parametessribing the processes determin-
ing the foodchain transfer of radionuclides argectito considerable variation according
to local conditions. Such parameters include tyqié and condition, sowing times, har-
vesting times, and feeding regimes for animals, &ugonsumption habits, and depend-
ence of plant development on season. Model featamne parameter values need to be
adjusted for the model to be able to produce rigigbedictions for Nordic areas. Fur-
ther, some generic inadequacies of the currentorerd the ECOSYS system were pin-
pointed, particularly in relation to the modellinfdry deposition processes.
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