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Background 
As decided in MORS EG 5-2015 Tamara Zalewska, Maria Suplinska and Marc-Oliver Aust are responsible 
authors for the subsection (radionuclides in biota) of the thematic assessment of long-term changes in 
radioactivity in the Baltic Sea, 2011-2015.  

This document contains the first draft of the subsection 3.3. The document is still a temporary one, showing 
the revised structure. Additionally, some sample figures containing the preliminary data (as of April 2016) 
and some comments of the authors are still included. The data throughout the document will be updated 
after the final dataset is available.  

 

Action requested 
The Meeting is invited to consider this draft and to discuss the revised structure, the sample figures and the 
text.  
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1 Introduction 

As outlined in sections 2, 3.1 and 3.2, radionuclides reach the Baltic Sea waters from different 
sources. In the water, they become distributed within different compartments of the marine 
environment, mainly between water and sediment. These radionuclides become accumulated 
along food chains, e.g. from water to algae, invertebrates to fish and marine mammals. Therefore, 
marine floral and faunal organisms are the most important components of the ecosystem because 
of their function and environmental status, and their potential importance for humans. The 
information on the activity concentration of radioactive isotopes in fish tissues is on the one hand 
essential for assessing the impact of ionizing radiation to the organism itself. On the other hand, it 
is important for estimating the radioactive hazards in relation to man, by the determination of the 
absorbed dose resulting from consumption. Such dose estimations are carried out in section 4 of 
this report. For such estimations, only long-lived radionuclides like the anthropogenic 137Cs and 
90Sr are important. 

The monitoring these and natural occurring radionuclides in Baltic Sea biota started in 1984, 
therefore a long-term data are available for the Baltic Sea to evaluate the trends of radionuclide 
activity concentrations. In this report, the evaluation of biota data is limited to four t  fish species 
which are the most important ones regarding environmental and commercial aspects,: herring 
(Clupea harengus), cod (Gadus morhua) and plaice (Pleuronectes platessa) and flounder 
(Platichthys flesus). The latter two are combined in the group of flatfish as they occur in different 
regions of the Baltic Sea without overlap. Furthermore, the bladder wrack Fucus vesiculosus, is 
analysed due to its well established role as biological indicator for radionuclides in the water 
phase. 

 

2 Material and methods 

The sampling and analysis of the samples for radionuclides is carried out according to the MORS 
guidelines in their present form (Reference). The number of samples obtained in the period 2010-
2015 and the total number of samples per species are listed in table 1.  

The main artificial radionuclides which were measured in biota in the assessment period were: 
137Cs, 90Sr, 239,240Pu and 241Am in fish, and 99Tc in Fucus vesiculosus. Furthermore, natural occurring 
radionuclides like 40K, 210Po or 226Ra were analysed as those are main contributors to radiation 
doses under normal environmental conditions.  
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3 Results and discussion 

 

3.1  Temporal trends of 137Cs activity concentrations 

Temporal trends of 137Cs activity concentrations in three fish species: herring, cod and flatfish 
(plaice and flounder) are presented for the period from 1984 to 2015.  
137Cs is continuing to show generally slowly decreasing trends, which is demonstrated by Fig. 2 
showing such trends for herring muscle (Clupea harengus). In the western parts of the Baltic Sea, 
i.e. Kattegat, Sound, Belt Sea and Arkona Sea, the values already show levels being slightly below 
the target value of 2.5 Bq kg-1 wet weight. In the remaining Baltic Sea basins, the target value is 
still exceeded, in the Bothnian Bay and in the Gotland area, by a factor of up to 5.  

 

 

Commented [A4]: to be able to discuss this issue we need 
updated data and figures 

 

Page 3 of 11 
 



MORS EG 6-2016, 6-6 
 

 
Figure 2: Annual average 137Cs concentrations (Bq/kg wet weight) in herring muscle (fillets) in 
1984-2010. Uncertainty has been indicated as bar lines. The target value has been calculated as 
average of the pre-Chernobyl (1984-1985) activity concentrations. (Finnish Environmental 
Institute, Syke) 

 

Figure 3 shows measured 137Cs activity concentrations in muscle of cod (Gadus morhua). At the 
end of this assessment period, between 4 and 10 Bq kg-1 wet weight are observed for the means 
of measured values.  
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Figure 3: Annual average 137Cs concentrations (Bq/kg wet weight) in cod (Gadus morhua) muscle 
(fillets) in 1984-2010. Uncertainty has been indicated as bar lines. NOTE: Variable scale in graphs.  
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For the flat fish group consisting of flounder (Platichthys flesus) and plaice (Pleuronectes platessa), 
the following Figure 3 shows the 137Cs time series in the western and southern Baltic Sea areas. At 
the end of the assessment period (2010), the values were below about 5 Bq kg-1 wet weight. 

 

Figure 4: Annual average 137Cs concentrations (Bq/kg wet weight) in plaice (Pleuronectes platessa) 
and flounder (Platichthys flesus) muscle (fillets) in 1984-2010. Uncertainty has been indicated as 
bar lines. ?? Can target values be included in the graphs?? 
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Fig. Annual average 137Cs concentrations in herring, cod and plaice muscle (fillets) collected in 
southern Baltic Sea (Polish Economic Zone) in 1989 – 2015 (the whiskers represent standard 
deviation – SD. Effective half-lives were calculated using least-squares fitting exponential decay 
curves (shown).  

 

In the coastal areas of Baltic Sea basins around Finland also freshwater fish, i.e. pike (Esox lucius), 
has been used for monitoring measurements since 1985. Due to larger freshwater fractions in that 
seawater their concentration factors are larger resulting in slightly larger 137Cs values. The trends 
of 137Cs in pike are clearly decreasing. By the end of the assessment period the annual means 
approached values of about 15 Bq kg-1 wet weight.  

 

3.2  Other radionuclides 

For the radionuclide 90Sr, the origin of which is mainly the nuclear weapon’s fallout and related 
runoff from rivers, values of the specific activity in fish flesh are more than two orders of 
magnitude lower than those of 137Cs. The 90Sr activities in flesh of flat fish species (flounder, plaice) 
exhibit slightly larger values than in round fish species (herring, cod, whiting and mackerel), 
because the analysed samples of the former may contain more of small parts of bones which is 
accumulating the bone-seeking 90Sr much more than fish muscle. The 90Sr values of herring 
analysed as “edible parts” (fish without head and entrails, i.e. containing larger fractions of bones) 
are significantly larger than those of herring flesh. Samples of flesh of flat fish also suffer from 
increased bone fractions leading to slightly larger 90Sr activities.  

The radionuclides 239,240Pu and 241Am exhibit maximum activity values which are even one to two 
orders of magnitude lower than those of 90Sr; so, they do not have any significance with respect to 
the dose accumulated by fish consumption. 

  

Effective half-lifes (yr)
Herring  12.2 ± 0.6

Cod 13.9  ± 1.2
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The radionuclide which is the most important with respect to dose by fish consumption is the 
alpha-emitting 210Po belonging to the naturally-occurring radionuclides. The activity values of 122 
samples of fish flesh which were collected in the Kattegat and the Bornholm Sea since 1990 have 
been summarised in Table 1. Maximum values, between 1.5 and 8.5 Bq kg-1 wet weight, were 
slightly different between the three species considered in these measurements. The average of 
the three median values is about 0.68 Bq kg-1 wet. In a former evaluation of 210Po in fish from 
Danish waters including the North Sea (Dahlgaard, 1996) average values of 0.35, 0.65 and 0.96 Bq 
kg-1 wet weight were observed for cod, herring and plaice fillets, respectively. 

Table 1: Activity values of the naturally occurring alpha emitting radionuclide 210Po in Baltic Sea 
fish (flesh), in Bq kg-1 wet weight (1990-2015) 

Species  
 

 210Po 

number min. max. mean median 

Herring 39 0.19 8.5 1.30 0.78 

Cod 41 0.04 1.5 0.38 0.29 

Flounder 42 0.26 3.4 1.06 0.90 

 

 

Fig. 40K activity concentrations in muscle of fish collected in the southern Baltic Sea in 2011-2015  
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Fig. 226Ra activity concentrations in muscle of fish collected in the southern Baltic Sea in 2011-2015  

 

3.3  137Cs in macrophytobentic organisms 

Bladder wrack, Fucus vesiculosus, is accumulating various radionuclides (IAEA, 2004) to such an 
extent that these are good measurable, especially some gamma-emitting radionuclides. Fucus can 
be collected over the whole Baltic Sea area. 137Cs in Fucus has been monitored since 1984 in 
practically all considered Baltic basins, from the Kattegat to the Gulf of Finland ; only in the 
Bothnian Bay samples were not taken. The 137Cs values in Fucus vesiculosus continued to decrease 
slightly after 2006. By the end of this period (2010), activity concentrations of Fucus approached 
values (in Bq kg-1 dry weight) of 3 (Kattegat), 7 (Belt Sea) and about 20 in the eastern and northern 
basins (Baltic Sea east and west, Bothnian Bay, Gulfs of Riga and Finland).  

 

3.4  Concentration factors 

The concept of a concentration factor relates the biota activity concentrations directly to those of 
seawater which is the simplest approximation to a food chain sub-model like that one used in 
Section 4. It is generally used in emergency to cases to predict the behaviour of radionuclides in 
the environment. The derived CFs are specific for each HELCOM subbasin and may only safely be 
used in the case of a quasi-stationary state of the seawater activity concentration level.  

This is due to the freshwater input to Baltic seawater, which is characteristic for each subbasin and 
prohibits the use of the generic marine biota concentration factors (CF) as recommended by IAEA 
(1985 and 2004). Therefore, species and radionuclide dependent CF values have been estimated in 
earlier work of the MORS-EG group (HELCOM, 1995) and adapted to the present situation. More 
recently (HELCOM, 2009), the influence on some values by non-stationary conditions, during the 
first few years after the Chernobyl accident, could be down-weighted by adding CF values from the 
more recent years.  

A repeated evaluation of CF values up to 2010 did not reveal deviations from the previous 
assessment when uncertainties are taken into account. 
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For marine fish species (fillets) the 137Cs CF values increase from less than or around 100 in the 
western Baltic Sea areas, to about 160 in the south/eastern part to about 200-260 in the northern 
areas. This may be explained by the corresponding increase of freshwater contributions to the 
Baltic seawater. This means that the seawater potassium concentration decreasing with increasing 
freshwater inflow allows for uptake of more 137Cs, a radionuclide which is chemically similar to 
potassium.  

 

4 Conclusions 

Within the current assessment period the Chernobyl-derived 137Cs continued to be the most 
dominant man-made radionuclide in Baltic Sea fish regarding activity concentrations. By the end of 
this period (2010), mean values in various Baltic Sea basins were:  

a) between 0.7 Bq kg-1 wet weight and about 7 Bq kg-1 wet weight were found in the group of 
marine round fish (cod, herring, whiting);  

b) between 1.5 and 5 Bq kg-1 wet weight In marine flat fish (plaice, flounder, dab), i.e. slightly 
lower mean values than in (marine) round fish.  

c) up to 15 Bq kg-1 wet weight in freshwater fish (pike), in Finnish coastal areas.  

Baltic Sea basin specific concentration factors of 137Cs and 90Sr, which had been evaluated within 
the previous assessment for fish and bladder wrack, Fucus vesiculosus, have been confirmed by 
extending this evaluation to 2010 to within the associated standard uncertainties. They were 
based on seawater and biota data of the MORS-PRO Group from the years 1988/1990 until 2010. 
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