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5.1 Introduction 

Data concerning milk contaminated with caesium-137, strontium-90 and I-131 have been 
collated from all Nordic countries for both NWF and the post-Chernobyl period. All 
results have been registered in an excel database. 
 
Information about time-series from Denmark, Faeroe Islands and Iceland is given in 
Bergan and Liland (2003). No new data from these countries have been collated for the 
present study. For Finland, concentrations of 137Cs and 90Sr from four regions are now 
available: Eastern, western, south-western and northern Finland. The new data series 
from western and eastern Finland consist of monthly samples of dairy milk. The western-
Finland data cover the periods 1966-73 and 1978-2004, whereas data from the eastern 
region are only available for the period 1978-2004. The time-series from south-west 
Finland and Lappland (northern Finland) were described in Bergan and Liland (2003).   
 
Unfortunately, only a limited amount of Swedish data from the NWF-period has been 
available for inclusion in the database. Since last year, series of quarterly measurements 
of 137Cs from two regions have been collated - these data are from Stockholm and 
Malmöhus län and cover the time-periods 1958-2003 and 1962-2003, respectively. 
 
In Norway, samples have been collected from many dairies and farms from most parts of 
the country. However, some of the time series are rather short. The longest and most 
consistent series were described in Bergan and Liland (2003). Since last year, more milk-
data from the NWF-period have been discovered and these are now included in the 
database. The new data are time series of 137Cs from 1962-68 and cover a large amount of 
dairies. Moreover, post-Chernobyl data from the Norwegian Institute for Food and 
Environmental Analysis are now included in the database. This is a large dataset 
consisting of more than 10 000 measurements of 137Cs, 134Cs and 131I in different types of 
milk (i.e. consumer milk, dairy milk and farm milk) from most parts of Norway. 
 
5.2 Summary of available data – Caesium-137 and strontium-90 

Available data for 137Cs and 90Sr in cow`s milk from all the Nordic countries are shown in 
Figures 1 and 2, respectively. These are updated versions of the figures shown and 
discussed in Bergan and Liland (2003) – with the above mentioned data series included.
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Figure 1. Caesium-137 in cow`s milk from the Nordic countries 
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Figure 2. Strontium-90 in cow`s milk from the Nordic countries
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5.3 Effective ecological half-lives of 137Cs in cow’s milk (post-Chernobyl)  

Previous studies (e.g. Hansen and Andersson, 1994; Kostiainen and Rissanen, 2003) have 
shown that when using a single exponential approach, the effective ecological half-life 
increases with time. This suggests that there is actually a two-component decrease with 
one fast half-life early on followed by a longer component. A dual regression approach 
was thus used for the NWF-period to explain contamination developments with time in 
last year´s report (Bergan and Liland, 2003). A similar method was also applied in 
AMAP (2004).  
 
It was decided to also use dual regression analyses for the post-Chernobyl time-series for 
the present work. The time-series most suitable for this approach were the two Danish 
series (Jutland and the Danish Islands), the three series from the Faeroe Islands 
(Thorshavn, Klaksvig and Tvøroyri) and four series from Finland (Rovaniemi, western, 
eastern and south-western Finland). These time-series are detailed and consistent for the 
period of interest (1986-present) - monthly values are generally reported. In addition 
three time-series from the large pool of Norwegian dairy milk data were selected, based 
on contamination levels and consistency, namely: Oslo, Fosheim, and Sandnessjøen. 
These series are, however, not as consistent as the other nine and a considerable fraction 
of the measurements are close to (and in some cases below) detection limits1. 
 
For all the analyses, SPSS 11.0 non-linear regression analysis was applied. To reduce the 
impact of inhomogeneous variance, the data were ln-transformed. The model expression 
was as follows: 
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where, 
A1: Start activity, component 1 
T1: Effective ecological half-life for component 1 (fast component) 
A2: Start activity, component 2 
T2: Effective ecological half-life for component 2 (slow component) 
t   : Time elapsed since reference date  
 
 
Since the milk data show considerable seasonal variation, the monthly values were 
combined to an annual average before the regression analysis was performed. For the 
Norwegian series only data from summer were available for the whole time-period. 
Starting point of the regression was 1986 (summer), end-point was according to the 
length of the available time-series (2002-2004).  
 

                                                 
1 Detection limit has been about 1 Bq/l since 1990. Before that, the analytical uncertainty was higher (±1 
Bq/l around zero). 
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Figure 3 shows the results for the time-series from Western Finland, Rovaniemi in 
northern Finland and Jutland in Denmark. The regression lines seem to represent the time 
development of 137Cs-contamination in milk fairly well.  
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Figure 3. Cesium-137 dual exponential regression analysis for three time-series after the 
Chernobyl accident 

 
 
Effective ecological half lives for all of the twelve investigated time-series (including the 
three above) are summarised in Table 1. 
 
 

Table 1. Effective ecological half lives for 137Cs in milk from various Nordic areas 

 Effective ecological half-
life 1±SE2 (years) 

Effective ecological half-
life 2±SE2 (years) 

West-Denmark (Jutland) 1.0±0.1 8,8±1.3 
East-Denmark (Islands) 0.5±0.0 6.6±0.6 
Faroe Islands (Thorshavn) 1.1±0.2 8.0±1.0 
Faroe Islands (Klaksvig)3 (1.4±0.3) - 
Faroe Islands (Tvøroyri)3 (1.6±0.2) - 

                                                 
2 Asymptotic standard error 
3 T2 showed anomalous results with very large appurtenant standard error and has not been presented. T1 is 
therefore presented in brackets.  
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North Finland (Rovaniemi) 1.3±0.2 9.0±1.0 
West Finland 1.1±0.1 13±2 
East Finland 0.8±0.1 8.3±0.7 
South-West Finland3 (1.1±0.1) - 
Norway (Oslo)3 (1.1±0.2) - 
Norway (Fosheim)3 (1.7±0.4) - 
Norway (Sandnessjøen)4 - - 
 
Looking at the results (Table 1), we see that T1 is around 1 year for all sites. There seem 
to be geographical variations for the long component (T2). The shortest T2 half-life is for 
the Danish Islands (about 7 years), while the data from western Finland gives a T2 half-
life of about 13 years. However, some of the dual regression analyses did not give 
satisfactory (or even “meaningful”) effective ecological half lives for the slow component 
(T2). This, for instance, applies to the series from South-western Finland and Tvøroyri 
(Faeroe Islands). For these two series, no decrease in concentrations of 137Cs was 
observed for recent years (Figure 4). Accordingly T2 will be very high (with a large 
appurtenant uncertainty), and practically useless for our purpose. 
 
 

Figure 4. Cs-137 in milk from two locations where anomalous effective half lives for the 
“slow component” were observed. Estimated dual exponential regression lines are 
indicated. 
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4 Dual exponential regression not suitable 
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Two of the Norwegian data-series (Oslo and Fosheim) seem to follow a similar trend as 
shown in Figure 4. For the third series (i.e. Sandnessjøen) – the method of dual 
exponential regression analysis proved inapplicable. A single component analysis was 
more appropriate. The estimated effective ecological half life using a single component 
approach was 3.4±0.2 years for Sandnessjøen (1986-2004). No considerable change in 
ecological half-life was observed when adjusting the starting point to 1990 or 1992 
(indicating a single component decrease of 137Cs). For the other two Norwegian series, 
single component analyses gave effective ecological half lives of 3.2±0.2 and 3.5±0.3 
years for Oslo and Fosheim, respectively (For these series, the effective ecological half-
lives increased when the starting point of regression was shifted to 1990 and 1992). 
 
Finally, a recent study by Gjelsvik (in prep.) using data from the Norwegian “Summer 
monitoring programme”5 has shown that effective ecological half-lives for farm milk 
from Nordland (1991-2004) and Oppland (1989-2004) were 6.6±0.6 years and 10.1±1.5 
years, respectively. Since this monitoring programme was initiated several years after the 
Chernobyl accident, a dual exponential approach was not applicable for the study. 
 
5.4 Iodine-131 

Iodine-131 measurements in milk from the NWF period and to some extent post-
Chernobyl were presented in last year’s report. For the present study, post-Chernobyl 131I 
measurements from Norway will be presented in more detail: 
  
The first two month after the Chernobyl accident more than 400 milk samples were 
analysed for iodine-131 in Norway (Bråthen and Stray-Pedersen, 1989). All 
measurements - categorised according to type of milk, are shown in Figure 5. 
 
 

                                                 
5 Time-series from the Summer monitoring programme are also included in the EcoDoses database 
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Figure 5. Activity concentrations of Iodine-131 in cow`s milk from Norway (Bq/l) 

 
The highest levels of 131I in Norwegian milk was found in farm milk (up to 61 Bq/l), 
whereas the highest levels in dairy milk/consumer milk were about 30 Bq/l. Time-trends 
of 131I in consumer milk from selected dairies are shown in Figure 6. 
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Figure 6. Activity concentrations of I-131 (Bq/l) in consumer milk from 8 dairies in 
different parts of Norway (1986). 

 
As shown in Figure 6, there seem to be an increase of 131I in milk from May-July 1986, 
rather than a decrease – as should be expected from the short radioactive half-life for this 
nuclide (8.1 days). However, at the time of the Chernobyl accident most dairy cows in 
Norway were inside, and the only exposure pathways for iodine-131 were through air and 
water. Later, when the animals were let out the levels in milk started increasing as a result 
of intake of contaminated grass. In many areas of Norway, levels of 131I in grass were still 
high (even after several half lives of 131I). Consequently, if the fallout had occurred in 
June or July there would have been much higher levels of 131I in Norwegian milk after the 
Chernobyl accident (Bråthen & Stray-Pedersen, 1989). 
 
5.5 Conclusions 

Activity concentrations of 137Cs, 90Sr and 131I in milk from all Nordic countries for the 
NWF and the post-Chernobyl periods have previously been collated in an excel database. 
In 2004 the database was further extended by including new data from Finland, Sweden 
and Norway. In order to explain the time development of contamination in different 
Nordic regions dual regression analyses of some selected time-series were performed. 
Since the NWF period was subject to similar investigations in previous year’s report, the 
present study focused on the post-Chernobyl period (1986- ). Effective ecological half 
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lives of Cs-137 in milk from 12 regions were estimated. The fast component (T1) was 
about 1 year for all series (except Sandnessjøen in Norway), while the slow component 
(T2) was more variable (7-13 years) - and in some cases not applicable. 
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