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Abstract

The Faroese environment has received radioactive debris from the nuclear weapons tests in the
1950'ies and 1960'ies and from the Chernobyl accident 26 April 1986. The paper presents results
from modeling the relation between 137Cs and 90Sr in precipitation and the radioactivity from these
nuclides in selected foodstuffs, using available data from the last four decades. The model relates
the concentration of a radionuclide in a sample from a given year to the deposition rate of the
radionuclide in the given year and in the year before, and to the accumulated deposition two years
before. The effective ecological half-life of the radionuclides in the selected foodstuffs is estimated,
and model-calculated sensitivities defined as time-integrated radionuclide concentration in an
environmental sample from a unit ground deposition, as e.g. (Bq/kg)y per (kBq/m 2), are presented.

Introduction

Measurements of environmental radioactivity have been carried out on selected samples from the
Faroe Islands since the beginning of the 1960'ies, with emphasis on marine and terrestrial
foodstuffs. During the years, the work has been carried out in a co-operation between Risø National
Laboratory in Roskilde, Denmark, and various Faroese institutions. The University of the Faroe
Islands has been the Faroese partner since the beginning of the 1990'ies.

The paper presents results from modeling long-term variation of radioactivity in cow milk, lamb
meat, drinking water and total diet in the Faroe Islands. Model estimates are given for the effective
ecological half-lives of 137Cs and 90Sr in the foodstuffs and of the radioecological sensitivity,
defined as time-integrated radionuelide concentration in an environmental sample from a unit
ground deposition (Aarkrog, 1979).

Material and methods

The available data for the modeling are summarised in Table 1. The data have been obtained from
annual Risø-reports (e.g. Aarkrog et al., 1997) and from personal communication with Sven P.
Nielsen at RisØ. Precipitation and cow milk have been sampled at three different locations:
Klaksvfk in the north of the country, the capital T6rshavn in the middle and Tvøroyri in the south.
Lamb meat and total diet derive from countrywide samplings. The Faroese drinking water is
obtained from surface water, and the samples have been collected as tap water in T6rhavn. It should
be considered that Faroese total diet does not only contain locally produced foods. All fruits and
cereals are imported, and other foods have been imported to various degrees during the years,

125



mainly from Denmark. Faroese ]amb meat is mostly used for local specialities, and lamb meat is
therefore also imported, mainly from Iceland and New Zealand. The composition of the total diet in
this context is according to estimates referred to by Aarkrog et al. (1963) and Aarkrog (1979).

Table 1. Available data series for the modeling.
Samples Fallout rates Cow milk Lamb meat Total diet Drinking

(3 localities) (3 localities) water
Isotopes 137cs 137cs 137cs 137cs 90Sr
Time period 1962-96 1962-98 1962-93 1962-93 1964-93

The radioactivity in a given sample has been related to the fallout rates in regression models based
on the following equation (UNSCEAR, 1977; Aarkrog, 1979):

k=- X- m=00
Ci =bi di +b 2 di_ + b3 . kdilk -e k+ b4 Zdji__m *e m (1)

k=1 m=l
The modeling is done in two versions, with emphasis on a version with b4=0, often called the
UNSCEAR model. C, is the concentration of a given radionuclide in a sample from year (i), and di
and di-, are the deposition rates (kBq/m ) in the years (i) and (i-1), respectively. Index i=1
represents the year 1950, taken as the first year with radioactive fallout. The first sum on the right
hand side represents the accumulated deposition up to year (i-1) assuming an effective radiological
half-life of T years, corresponding to a decay factor X= In(2)/T. The second summation, analogue to
first one, assumes an effective half-life equal to the physical half-life, R, of the given radionuclide
with ,u given as p.= ln(2)/R. The estimated ecological half-life of a radionuclide in a given foodstuff
is the value of T that gives the best fit between model and observations. It is presumed that all
fallout is deposited by the start of a given year. This will underestimate the accumulated deposition,
but it is immaterial for this study of long-lived radionuclides.

Deposition rates at the respective locations have been used for modeling 137Cs concentration in cow
milk, and for modeling 90Sr concentration in drinking water from Torshavn. An average deposition
rate for the Faroe Islands has been calculated from precipitation rates and activities in precipitation
at Klaksvfk, Torshavn and Tvøroyri. This average is used for modeling 137Cs concentrations in lamb
meat and in total diet.

The model-estimated radioecological sensitivity, S, is calculated as follows (Aarkrog, 1979;
AMAP, 1998):

S= bi + b2 + b3 e-'/(1-e-%) + b4 e-1I(1-e-') (2)

where the parameters are as given in the model equation above. The radioecological sensitivity
estimates the transfer coefficient of a given radionuclide from fallout to the considered foodstuff.

Results and discussion

The model with b4=0 in Eqs. (1) and (2) has been run with all available data taken into account and
with only data before 1986 taken into account (Table 2). Graphic presentations of the results for
milk in Torshavn are e.g. given in Figs. I and 2, where the "fit"-curve represents the model results.
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The square regression coefficient, R2, is found to be high in all cases except for lamb meat. The
lamb meat samples have been collected countrywide from few animals each year, and this may be
an explaining factor for the relative weak correlation between observations and model in the case of
lamb meat. It is well documented that the 13 7CS concentration in lamb meat varies significantly
between animals even from a single pasture (Joensen, 1999).

The model is found to predict the 137Cs and 90Sr concentrations in the selected foodstuffs fairly well,
although it generally gives higher concentrations after 1985 than observed, as e.g. can be noted
from Figs. I and 2. All available observations are used for the modelling in Fig. 1, while only pre-
Chernobyl observations are used in Fig. 2, making the curve after 1985 a prediction curve in Fig. 2.
It should be noted that the model results stop in 1996 because no deposition data were available for
this study after 1996. The correlation between model and observations is found to be higher when
only pre-Chernobyl observations are taken into account in the regression (Table 2). Model estimates
of the effective radioecological half-lives of the ' 37Cs concentrations are 3-5 years for milk, 4.0
years for lamb meat and 4.5 years for total diet, while it is 5.5 years for the 90Sr concentration in
drinking water from Torshavn.

The results for cow milk indicate geographical variation of the radioecological sensitivity, with
highest value in the south (Tvøroyri). The reason for the geographical variation has not been further
studied in this context, but possible differences in the soil characteristics at the localities would
partly explain the variation.
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Fig. 1. Cs-137 in milk from T6rshavn. Fig. 2. Cs-137 in milk from T6rshavn.

Regression: 1962-96, R2=0.954. Regression: 1962-85; R2= 0.977.

The calculated sensitivities are high compared to other countries (UNSCEAR, 1977; Aarkrog, 1979;
Nielsen and øhlenslæger, 1999). UNSCEAR (1977; p.l143) reports sensitivities for milk in different
countries around the world with the unit pCi(gK)-Y per mCi km-2 (Table 4). The highest value of
27.51 is reported for the Faroe Islands followed by 15.48 for Norway. The lowest value of 3.23 was
reported for Denmark.
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Table 2. Coefficients in the model when b4=0, with p-values from t-test of the model coefficients
given in brackets. R2 is the square regression coefficient. S represents model-calculated
sensitivities, and T is the estimated effective ecological half-life in years.

bi b2 b3 T R2 Sens. S
90Sr in drink. water; 0.0205 0.0397 0.0114 55 0908 0.145
T6rshavn 1964-93 (0.486) (0.018) (<0.001) (Bq/1)y per kBq/m

137Cs in total diet. 0.0120 0.0055 0.0031 45 0914 3.3
Faroes 1962-93 (<0.001) (0.001) (<0.001) 9 Bq/cap per Bq/

137Cs in lamb meat; 0.1487 0.0138 0.0168 5.5 0.675 289.0 (Bq/kg ww)y
Faroes 1962-93 (<0.001) (0.594) (0.003) * * per kBqfm2

137Cs in milk from 0.0075 0.0086 0.0040 3.0 0.903 3 -
Klaksvfk 1962-96 (<0.001) (<0.001) (<0.001) 3 (Bq/l)y per kBq/m2

137Cs in milk from 0.0093 0.0171 0.0041 30 0954 2.0
T6rshavn 1962-96 (<0.001) (<0.001) (<0.001) 3 (Bq/l)y per kBqfm2

137Cs in milk from 0.0112 0.0186 0.0055 62.6
Tvøroyri 1964-93 (<0.001) (<0.001) (<0.001) (Bq40)y per kBq/m2

137Cs in milk from 0.0080 0.0111 0.0030 35.2
Klaksvfk 1962-85 (<0.001) (<0.001) (<0.001) 40 0.968 (Bq/l)y per kBq/m2

137Cs in milk from 0.0094 0.0189 0.0036 345 07977 *7
T6rshavn 1962-85 (<0.001) (<0.001) (<0.001) 3 0 (Bq/1)y per kBq/m2

'37Cs in milk from 0.0073 0.0222 0.0050 63.3
Tvøroyri 1964-85 (0.062) (<0.001) (<0.001) (Bq50)y per kBqIm 2

Results with b4•0 in the model equations are presented in Table 3. The results for 137Cs are
practically the same as in Table 2, and the simpler model with b4 =0 is therefore preferable.

Table 3. Results concerning 1C37CS, using the model without predefining b4 to be zero. R 2, T and S as
defined in Table 2. All available data are used in the regression. Model coefficients are not
presented.

Milk, Klaksvik Milk, T6rshavn Milk, TvØroyri Faroe lamb meat Faroe total diet
R2 T S R2 T S R2 T S R2 T S R2 T S

0.89 2.0 29.7 0.946 2.0 39.5 0.983 5.0 57.4 0.676 4.0 329.0 0.914 5.0 12.5
3

90Sr in drinking water from T6rshavn: R2=0.912, T-4.5 years, S=0.204

Conciusion

The long-term variation of radioactivity in the selected foodstuffs is reproduced fairly well by the
proposed regression models. The simpler model without the "b4 -term" in the model equations is
found to be satisfactory for modeling 137CS and 90Sr in the foodstuffs.

The effective radioecological half-lives of 137Cs and 90Sr in the foodstuffs are estimated to 2.0-5.5
years.

The sensitivities in the Faroe Island are high compared to other countries, indicating relatively high
individual doses from ingestion of the foodstuffs in the Faroe Islands. Integrated transfer factors,
like the sensitivity, provide a comprehensive assessment of transfer over the long term of 137Cs and
90Sr from deposition to foodstuffs.
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For a further study, more updated data sets should be available, and other sample types should be
included, e.g. other foodstuffs, soil and grass. The present study shows that further modeling along
the same line is worthwhile.
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