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Abstract: UNSCEAR has presented a terrestrial transfer model for predicting the annual 
average concentrations of radionuclides in important diet components and in humans 
based on the annual ground deposition from atmospheric fallout. The model is composed 
of three components, the principal component representing the direct contamination of 
fodder and crops, and the two remaining ones reflecting delayed transfer from previous 
fallout accumulated in soils. The model is intended to be used for protracted deposition of 
radionuclides and has been applied to observed time-patterns of 137Cs body burdens in 
three different Swedish populations subjected to transfer from continuous nuclear weap-
ons fallout during the 1960s and 70s. The results show that the best agreement with ob-
served body burden data is obtained by applying an effective ecological half-time, Teco,eff, 
for nuclear weapons fallout 137Cs of 0.8 years for urban individuals in the South of Swe-
den, 2 years for urbans living in the Stockholm area and 4 years for reindeer herders in 
the middle of Sweden. When compared with the ecological half-times observed in the 
urban population after the Chernobyl fallout these values appear to be shorter. 

Introduction 

Many studies (e.g; Ågren, 1998) have been conducted on the ecological half-time of 
137Cs, Teco,eff, in various Swedish populations, which are known to exhibit a varying long-
term transfer of the radionuclide. In most studies Teco,eff has been deduced from either log-
normal plots of observed in-vivo body burden vs time, or from exponential curve fits of 
the data. However, these methods are not altogether suitable when applied to the time 
patterns of body burden responding from continuous atmospheric fallout, since both short 
and long-term transfer add to the human intakes, and therefore the exponential slopes 
may appear longer than in case of a single deposition event such as the Chernobyl fallout. 

UNSCEAR (UNSCEAR, 1982) has presented a model that takes into account the delayed 
transfer of older fallout as well as the direct transfer of fresh fallout on crops and pasture. 
The model has previously been used when assessing body burden data on an international 
level for nuclear weapons fallout. In this study the aim has been to use this transfer model 
on body burden data of 137Cs from three different human populations in Sweden during 
the 1960s and 70s, in order to reconstruct the transfer components and to deduce a more 
representative value of the ecological half-time. The deduced values are also compared 
with Teco,eff values found in these populations after the Chernobyl fallout. 

Material and methods  

An empirical model for the transfer of nuclear weapons fallout through terrestrial path-
ways has been used by UNSCEAR; mainly aiming at predicting the annual average of 
90Sr and 137Cs concentrations in human diet. In case of continuous fallout over many 
years, the cumulated deposition in soils results in a delayed aggregated transfer from 
ground to human diet and man, and the observed values of the body burdens are therefore 
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a sum of a short-term and long term components (Eq. 1). Due to the relatively short bio-
logical half-time of 137Cs in humans, typically about 3 months (Leggett, 1983), one may 
assume that a semi-equilibrium is established between the 137Cs concentrations in diet and 
human body tissue. 

 Y(tn) = b1*Adep(tn) + b2*Adep(tn-1) + b3*Σ Adep(t0) e-ln2/Teco,eff*(t-t0) Eq. 1 

Y= Average 137Cs concentration observed in human population during year tn 

Adep (t) = Annual deposition of 137Cs [Bq kg-1] in year t 

b1, b2 and b3 = Transfer coefficients to be fitted to the regression 

Teco,eff = ecological half-time of 137Cs in aggregated components of diet due to long-term 
transfer including the physical decay of the radionuclide 

A regression of the observed body burdens, Y(Adep,t), vs the regional deposition of 137Cs, 
Adep(t), can be used to extract the transfer coefficients b1, b2, b3 and Teco,eff using the fol-
lowing three steps; Step 1: The regression function applied to observed values of Y yields 
the values of b1, b2 and b3 giving maximum explained variance, R2, for a given value of 
Teco,eff. (Non-linear estimation), Step 2: Previous procedure is repeated for various values 
of Teco,eff. The R2 as a function of Teco,eff in Eq. 1 is plotted, Step 3: The transfer coeffi-
cients together with the Teco,eff-value giving the best fit (highest R2) is selected and applied 
to the observed Y-values. 

Eq. 1 has been applied to the 137Cs body burdens in three Swedish populations investi-
gated in the 1960s and 70s using statistical software. Two of these populations are catego-
rized as urban inhabitants, living in metropolitan areas in the south and middle of Swe-
den, whereas the third population consists of reindeer herders living in the middle of 
Sweden. The annual deposition Adep(t) has been reconstructed by combing Danish time-
series of annual fallout from 1950 and onwards (Aarkrog et al., 1995), combined with a 
modified grid of regional pattern of annual precipitation in Sweden (SMHI, 2001).  

Results and discussion 

The highest correlation to observed body burden data using regression in Eq. 1 is found 
when applying a Teco,eff of 0.8 years for urban populations in south of Sweden. The corre-
sponding values for urban inhabitants in the Stockholm area and in reindeer herders are 2 
y and 4 y, respectively. The results of the scanning of the maximum R2 vs. Teco,eff using 
the two-component transfer model are illustrated in Fig. 2. A further analysis shows that 
no significant difference when using only a two component transfer model for all the 
populations considered, thus indicating that the middle term in Eq. 1 is redundant in this 
particular data set. The regression data together with the observed body burden 137Cs con-
centrations using a 2-component transfer model is given in Fig. 3. It is evident that model 
fails to predict body contents over a long-term probably due to a long-term ecological 
half-time of up to 10 y. Due to the lack of data points in time this is difficult to confirm; 
since adding components to Eq.1 will result in redundancy in the regression. 

From Fig. 2 it is seen that for the urban populations in Sweden there appears to be no 
significant Teco,eff value that dramatically improves the regression fits, whereas for the 
reindeer herders an obvious increase in the R2-value is found by setting Teco,eff at about 4 
years. This reflects the uncertainty of the model when applied to agricultural ecosystems, 
where many diet components origin from products outside the area of the province. For 
reindeer herders the well-known transfer chain lichen-reindeer-meat-man is so dominant 
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that the uncertainty in the other transfer components to the reindeer herders is less domi-
nating. In Table 1 the deduced Teco,eff values are compared with the corresponding values 
from the Chernobyl fallout. 

Figure 2. Correlation coefficient (Adjusted Pearsons R2) vs applied Teco,eff in UNSCEAR 
transfer model. 
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Table 1. Effective ecological half-time [y] extracted using two different methods in three 
Swedish populations. 

Results Nuclear Weapons fallout Chernobyl fallout  

 Using Eq. 1 a Curve fits – median 
population 137Cs conc. 

a Curve fits – median 
population 137Cs conc. 

Urbans South Sweden 0.8 1.2±0.1 2.4±0.2 

Urbans Stockholm 2 3.0±1.6 2.8±0.5 
Reindeer herders 4 4.8±0.3 1.4±0.1 

a Values taken from the Swedish national database of human body burden compiled un-
der the Swedish environmental goal program (Swedish Government, 2001). 

Figure 3. Observed body burdens of 137Cs and regression fits using Teco,eff values taken 
from fig. 2 in three Swedish human populations. 
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Conclusions 

• Long-term transfer of 137Cs to humans in Sweden can be de-composed and recon-
structed from time-series of observed body burdens and average regional ground deposi-
tion values using the UNSCEAR-model. 

• Values of Teco,eff deduced according to the empirical expression used by UN-
SCEAR tend to be shorter than what is obtained when using exponential curve fits to 
observed data. 

• 3-component models appear to be redundant compared with a 2-compoenent model 
of transfer, due to inherent uncertainties of the deposition and transfer pathways. 

• Teco,eff values appear to be higher among Swedish urbans after the Chernobyl fall-
out than in the 1960s and 70s.highest correlation. 
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