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Background 
As decided in MORS EG 5-2015 Tamara Zalewska, Eia Jakobson and Stefanie Schmied are responsible 
authors for the chapter 3.1 (radionuclides in seawater) of the thematic assessment of long-term changes in 
radioactivity in the Baltic Sea covering the period 2011-2015. 

This document contains our first draft for the chapter 3.1. The blue marked sections are comments from 
Tamara Zalewska, whereas the red marked sections have to be updated when the 2015 data is completely 
available or are comments from Stefanie Schmied, respectively. 

 

Action requested 
The Meeting is invited to consider this draft and to discuss the comments marked in blue or red. 
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Radionuclides in seawater - Draft 

Introduction  
This chapter describes the distribution of artificial radionuclides in seawater of the Baltic Sea from 2011 to 
2015. During this period, nine countries contributed the results of about 850 seawater samples from nearly 
all sub-regions of the Baltic Sea to the HELCOM MORS database. The monitoring programme covered all 
sub-basins except for the Quark and Åland Sea (see Table 3a.1). As presented in earlier reports (Panteleev 
et al. 1995; Mulsow et al. 2003; Herrmann et al. 2007)the predominant radionuclide in the Baltic Sea is 
137Cs as it was released in great amounts by the Chernobyl accident in 1986. 134Cs - the other main 
contaminant of the Chernobyl event - has vanished to concentrations below detection limit because of its 
relatively short physical half-life of 2.07 years.  

Other artificial radionuclides of relevance in seawater of the Baltic Sea are 90Sr, (239+240)Pu and 99Tc. The 
sources of the mentioned radionuclides are described in Chapter 2. Also naturally occurring radionuclides 
have been taken into account for the present reporting period. Therefore, 40K, 226Ra, 210Po and 210Pb are 
considered closer.   

 

Table 3a.1 Number of seawater samples taken by HELCOM subbasins from 2011 to 2015 (2015 data available only 
from Poland). 

Row Labels 2011 2012 2013 2014 2015 Sum 
Aland Sea           0 
Arkona Basin 23 22 23 21   89 
Bay of Mecklenburg 20 20 20 16   76 
Bornholm Basin 31 31 31 32 24 149 
Bothnian Bay 4 4 4 4   16 
Bothnian Sea 7 7 7 7   28 
Eastern Gotland Basin 28 31 26 2   87 
Gdansk Basin 17 17 17 19 17 87 
Great Belt 14 14 14 6   48 
Gulf of Finland 42 31 10 10   93 
Gulf of Riga 4 4       8 
Kattegat 15 16 15 10   56 
Kiel Bay 22 21 22 22   87 
Northern Baltic Proper 5 5 3 3   16 
The Quark           0 
The Sound 4 4 4 2   14 
Western Gotland Basin 1 1 1 11 10 24 
Sum 237 228 197 165 51 878 

 

Generally, concentrations mentioned in this chapter are understood as activity concentrations.  
A detailed description of the methods is given in an earlier joint report (HELCOM 1995). The collecting of 
monitoring data was accompanied by a thorough internal quality assurance programme covering 137Cs and 
90Sr in seawater in annual exercises. Further information thereto is given in the appendix of this report (is 
this the case?) – such appendix is planned 
 

The Fukushima Daiichi nuclear accident took place in March 2011. A short passage gives information about 
the consequences to the Baltic Sea seawater. 
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Distribution and temporal evolution of 
137

Cs  
The fate of any pollutant introduced into the sea is determined by its chemical properties as well as by the 
hydrographic conditions of the sea itself. As a relatively small, semi-enclosed brackish sea - connected to 
the North Sea and thereby to the North Atlantic only by the narrow Danish Straits - the Baltic Sea suffers 
possibly more than any other part of the World Ocean from pollution. Therefore the Baltic is very 
vulnerable. The Chernobyl accident made this situation most clear as its legacy is still abundant 30 years 
after the event.  

The Chernobyl accident caused a very uneven 137Cs deposition in the Baltic Sea region. The Bothnian Sea 
and the Gulf of Finland were the two most contaminated sea areas. Since 1986, the spatial and vertical 
distribution of Chernobyl derived 137Cs has changed as a consequence of river discharges, mixing of water 
masses, sea currents and sedimentation processes (Ilus 2007). Shortly after the Chernobyl accident, 137Cs 
concentrations decreased rapidly in the Gulf of Finland and in the Bothnian Sea, while at the same time 
they increased in the Northern Baltic Proper (Ref: 2007:what does this mean? I do not know what does it 
mean; Figures 3a.1 and 3a.2 (to be updated by ?- this figure has to be updated with 2015 data – Joni will 
help with this) and 3a.3 (to be updated by Tamara – figure was updated _see below)). The concentrations 
of 137Cs have continued to decrease in all sub basins of the Baltic Sea during 2011 to 2015. At the beginning 
of 2011, the highest 137Cs concentrations were reported in the Archipelago and Åland Sea where the 
concentrations decreased from 58 to 44 Bq/m³ during the monitoring period. In the Bothnian Sea and the 
Northern Baltic Proper, the concentrations decreased from about 50 to 42 and 37 Bq/m³, respectively. The 
concentrations were lower at around 29 Bq/m³ in the Gulf of Finland in 2015. (to be able to discuss 
situation, we have to wait for data 2015, which should be submitted by summer). 

137Cs concentrations in the Southern Baltic Proper and the Bornholm started at 46 Bq/m³ in 2011 and 
decreased to around 40 Bq/m³ in 2015. Concentrations in the Western Baltic have been lower and 
decreased from 42 Bq/m³ to 35 Bq/m³ during the monitoring period. The Kattegat, as the transition area to 
the North Sea, showed concentrations in surface water decreasing from 35 Bq/m³ to 27 Bq/m³ in 2015. The 
variation of 137Cs in surface water between different sea areas of the Baltic Sea is 1.5 between the most 
contaminated Bothnian Sea and the least contaminated Kattegat.  

The vertical distribution of radionuclides in the water column is influenced by physical and biological 
processes as described above. Whereas in former years the 137Cs concentrations in surface water were 
higher compared to those in near-bottom waters in the Baltic Proper, this situation has changed during the 
reporting period. Measured data show evidence that the Chernobyl contamination has finally reached 
waters deeper than 200 m by vertical transport processes. In other compartments of the Baltic, such as the 
Bothnian Sea, the Gulf of Finland and the Bothnian Bay, this vertical exchange was much more efficient 
because of a lack of stratification. Therefore, a homogeneous distribution with a clear tendency towards 
higher 137Cs concentrations in near-bottom waters could be observed much earlier. No evidence of 
remobilization of 137Cs from bottom sediments has yet been detected, although long-term monitoring may 
bring more information about remobilization in the future. The circulation of near-bottom waters in the 
Baltic Sea can also redistribute the 137Cs contamination by transferring contaminated near-bottom water 
from the Bothnian Sea to the Baltic Proper. The 137Cs concentration in near-bottom waters is highest in the 
Bothnian Sea and decreases towards the Sound and the Kattegat, spanning from 51 Bq/m³ to 4 Bq/m³ 
during the reporting period. 

The Western Baltic has special hydrographic conditions different from the rest of the Baltic Sea due to the 
fact of being a transition area between the North Sea and the Baltic Sea. Most notably, it is shallow, the 
average depth being around 20 m. The bottom waters contain oxygen and high salinity, and are steadily 
supplied by currents from the North Sea. The surface waters have a net current out of the Baltic Sea 
because the great catchment area results in a surplus of fresh water into the Baltic Sea. This water 
exchange is not dominated by tidal currents but by wind forces that result in a current system of high intra-
annual and inter-annual variability. As an indicator of the inflow of bottom waters, the mean 137Cs con-
centration of seven selected stations is given in Figure 3a.4.  
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Figure 3a.1. Map of HELCOM Subbasins and MORS Seawater stations sampled during the assessment 
period 2011-2015.  
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Figure 3a.2. Time series of 137Cs mean consentrations (surface water, depth <= 10 m) in Gulf of Finland, 
Bothnian Sea and Northern Baltic Proper 1984-2014.  

 

Figure 3a.3. Time series of 137Cs and 90Sr mean concentrations in the southern Baltic Sea 
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Figure 3a.4 Time series of 137Cs mean concentrations from stations characterising the inflow of bottom 
water into the Western Baltic (up to now till 2013, updating at the very end). 

 

Besides the general decreasing trend of the 137Cs concentrations, the figure gives information about the 
variability of surface and bottom waters concentrations, which were much less in recent years compared to 
1999. The year with the smallest difference between surface and bottom waters was 2009, obviously at a 
time when bottom waters from the Kattegat with low 137Cs concentration did not reach the indicator 
stations.  

The bottom waters from the North Sea supply the Baltic Sea with contaminants from the La Hague and 
Sellafield spent nuclear fuel reprocessing sites (see Chapter 2: is this the case?) such as 239Pu, 99Tc and 129I, 
whereas the outflowing surface waters of the Baltic Sea represent a significant source of 137Cs to the North 
Sea. The effects are detectable along the entire south coast of Norway at least until 60°N. Today, the Baltic 
Sea can be regarded as the strongest source of 137Cs to the North Atlantic, only comparable with the 
sediments of the Irish Sea. While the quantification of this source is still unclear because of the high 
variability of the outflow, it is estimated at tens of terabecquerels per year.  

Effective half-life of 137Cs  
The effective half-life is the period during which the quantity of a radionuclide in biological systems is 
reduced by half by interaction of physical, chemical and biological processes. It is specific to the 
radionuclide and the environment where the radionuclide is present. Effective half-lives for 137Cs in 
different parts of the Baltic Sea have been calculated and are shown in Table 3a.2 (to be updated by ?, I do 
not know who was responsible for this calculations). Currently, the effective half-life of 137Cs in surface 
waters varies from about nine years in the Bothnian Sea to about 11 years in the Baltic Proper and the Gulf 
of Finland. The slightly longer retention time of 137Cs in the Baltic Proper and the Gulf of Finland is due to 
the inflow of more contaminated waters from the northern part of the Baltic Sea and the higher river 
inflow.  
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During 1986 to 1988 - the time period following the Chernobyl accident - the effective half-lives of 137Cs 
were much shorter in most contaminated regions: 0.8 years in the Gulf of Finland and 2.5 years in the 
Bothnian Sea. The shorter effective half-life of 137Cs in the Gulf of Finland compared to the Bothnian Sea 
during 1986 to 1988 was probably due to the different water exchange and sedimentation processes in 
these regions (Ilus et al. 1993). Over time, the effective half-lives increased in both regions. Today, the 
effective half-lives seem to have turned to decrease (Table 3a.1) since the amount of 137Cs due to the river 
inflow to the Baltic Sea has been decreasing.  

The ecological target level for the 137Cs concentration in Baltic seawater is defined as 15 Bq/m³ as averages 
of pre-Chernobyl concentrations. Based on calculated effective half-lives, this level will be reached by 2017-
23 in all HELCOM sub basins, which is earlier than previously estimated (Herrmann et al. 2007). However, it 
has to be noticed that these are only rough estimations and are only valid if the effective half-lives remain 
constant and no substantial remobilization of 137Cs from the sediment takes place. 

Inventories of 137Cs in Seawater  
The inventories of 137Cs in the Baltic seawater are given in Table 3a.3 (to be updated by Tamara I do not 
know who was responsible for this calculations, maybe Iisa, but she is no longer involved in MORS 
activities, we have to discuss this isue). These estimates show that the inventory of 137Cs in the Baltic water 
mass was 1540 TBq in 1999, and had decreased to 730 TBq in 2010 due to sedimentation and physical 
decay. The inventories were estimated by calculating the 137Cs inventories for seawater in various regions 
of the Baltic Sea (Bothnian Bay, Bothnian Sea, Gulf of Finland, Gulf of Riga, Baltic Proper, Kattegat, and Belt 
Sea) and then by combining these estimates. Inventories for different basins were calculated using their 
volumes (HELCOM, 1996, can´t find this citation in the previous thematic assessment) and their average 
137Cs concentrations, which were calculated from the observation (observed?) data. The temporal evolution 
of the 137Cs inventory in the Baltic seawater is presented in Figure 3a.4 (to be updates by Iisa). Previous 
estimates for 137Cs inventories (Panteleev et al. 1995, HELCOM 1998; Dahlgaard 1989 Can´t find HELCOM 
1998) are shown together with the new estimates. The HELCOM 1995 and 1996 estimates were calculated 
with assumption that the estimated mean concentration of 137Cs was the same for the entire Baltic Sea. 

Other radionuclides  
 

90Sr  
90Sr concentrations in Baltic seawater varied from 5 Bq/m³ to 15 Bq/m³ in general in surface waters during 
2011 to 2015. Similar levels were detected in the water column and the near bottom waters. The exception 
is the Kattegat, where the near bottom waters originate from the North Sea and have activity 
concentrations of 90Sr of only 1 Bq/m³ to 2 Bq/m³. 90Sr inventory in the Baltic Sea was about 165 TBq in 
2010 (update for 2014 or 2015). This was less than half of the 90Sr inventory in 1985, the year before the 
Chernobyl accident. The 90Sr concentration decreases slowly with time and its behaviour in seawater is 
different from 137Cs. 90Sr is more soluble in water and its effective half-life in seawater is longer than that of 
137Cs, around 20 years during 1987-2010.  
 

I think we should wait for 2015 data report to supplement information on 90Sr  

 

 

(239+240)Pu  
Concentrations of (239+240)Pu were very low and varied generally from 1 mBq/m³ to 10 mBq/m³.  
In 2011. the concentrations of  (239+240)Pu in surface seawater were largely equalized. The highest values 
were found in the Gulf of Finland (5.0 mBq m-3) and in the Bothnian Sea (6.4 mBq m-3).   
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Insignificantly lower activities were detected in the Bothnian Bay (3.4 mBq m-3) and in the Eastern Gotland 
Basin (2.6 mBq m-3)  

 

99Tc  
Only seawater from the Bornholm Sea, the Arkona Sea, the Kattegat and the Sound was analysed for 99Tc. 
Activity concentrations varied from 0.06 Bq/m³ to 0.09 Bq/m³ with the highest levels detected in the 
Kattegat. The main source of 99Tc is the inflow of contaminated waters from the North Sea originating from 
the Sellafield nuclear reprocessing plant. 99Tc concentrations have slightly decreased during the study 
period and the levels were three times lower in comparison to the previous period of 2007 - 2010.  
 

I could not find data for 2011-2015 in the database 

 

3H  
The reported tritium activity concentration in surface waters covered the whole reporting period. It varied 
generally from 1,000 Bq/m³ to 2,000 Bq/m³, some values up to 12,700 Bq/m³ were reported from the Gulf 
of Finland. Although higher than usual in the Baltic Sea, there is no radiological risk from these elevated 
tritium concentrations due to the low dosage relevance of 3H.  
 

I think we should wait for 2015 data report to supplement information on 3H  

 

Naturally occurring radionuclides (40K, 226Ra, 210Pb and 210Po) 
 
 

40K is one the non-series primordial naturally occurring radionuclide with half-life of 1.3 x 109 years. It´s 
concentration in sea water is in correlation with the level of salinity, as evidenced the different 40K 
concentrations were detected in the Baltic Sea areas with different salinity and at different depths 
(Fig.3a.5). The lowest average concentration set for the period 2011-2015 was recorded in the waters of 
the Bothnian Bay, respectively 935 Bq m-3 in the surface waters and 1,379 Bq m-3 in the bottom waters, 
where salinity ranges from 2 to 4. The highest average concentration of 40K, equals to 5412 Bq m-3, occurred 
in near-bottom water of the Bornholm Basin, where a significant impact of inflowing waters from the North 
Sea is observed and the salinity reaches 16 -17. Similar concentrations levels were found in the surface 
water in the Eastern Gotland Basin, the Gdańsk Basin and the Bornholm Basin remaining in the range of 
2500-2800 Bq m-3. 

 

40K concentrations were reported for the Bothnian Bay, Bothnian Sea, Gulf of Finland, Eastern Gotland 
Basin and the Northern Baltic Proper. The lowest concentrations could be found in the Bothnian Bay with 
values from 755 Bq/m³ to 1,468 (values of 2011 to 2013) Bq/m³. The highest concentrations ranged from 
2,426 Bq/m³ to 4,694 Bq/m³ (values of 2011 to 2013) in the Eastern Gotland Basin. 

Comparing the highest 137Cs concentration (app. 50 I think it could be 30) with the highest 40K concentration 
(app. 5000), the concentration of 40K is 100 times higher than the concentration of 137Cs. These 
concentrations lead to an annual dose of one cubic meter of seawater of about 0.2 µSv for 137Cs and about 
8 µSv for 40K, respectively. So the annual dose caused by 40K is 40 times higher than the one caused by 137Cs.    
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But the maximum dose of 8 µSv caused by the naturally occurring 40K is only a fraction amount of the 
natural radiation exposure of 2 to 4 mSv. 

 

 

Figure 3a.5. 40K mean (calculated for the period 2011-2015) concentrations in the surface and near-bottom 
water. 

 

226Ra is naturally occurring uranium series radionuclide with half-life of 1602 years. In the period from 2011 
to 2015, the 226Ra concentrations in surface waters of the Gdańsk Basin, the Eastern Gotland Basin and the 
Borholm Basin changed in a narrow range from 2.5 Bq m-3 to 3.6 Bq m-3 (Fig. 3a.6). Insignificantly higher 
concentrations of 226Ra of 4.5 Bq m-3 were recorded in the near-bottom waters of the Gdańsk Basin and the 
Bornholm Basin. 
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Figure 3a.6. 226Ra mean concentrations (calculated for three subbasin) in the surface and near-bottom 
water. 

 

The radionuclides 210Pb and 210Po were measured in the Gulf of Finland in 2011. The values of 210Pb and 
210Po were found to be 1.7 Bq/m³ and 1.3 Bq/m³, respectively. (check, if more values join in in 2014 or 
2015) 

 

The Fukushima Daiichi nuclear accident 
Up to now no increased values owing the Fukushima incident could have been detected in any sub basin of 
the Baltic Sea. 

If any radiological effect is detected in the future, it will represent only a fraction of the natural external 
radiation exposure in these parts of Northern Europe. Probably, there will not be any detectable effects in 
seawater due to the widespread distribution, hence dilution and radioactive decay of the short-lived 
radionuclides (Buesseler et al. 2012, GRS 2013). 

 

Conclusions  
137Cs concentrations are the main indicator of the radioactive status of the waters of the Baltic Sea. The 
highest concentrations in the report period were found in the Baltic Proper and the Bothnian Sea. The 
general trend is steadily decreasing. It is estimated that the pre-Chernobyl target value of 15 Bq/m³ will be 
reached between 2017 and 2023, which is earlier than previous estimated. Estimates of effective half-lives 
for different parts of the Baltic Sea have been updated as between 9 and 11 years. An updated calculation 
of the inventory of 137Cs in the seawater of the Baltic Sea resulted in 730 TBq in 2010 (calculate for 2015).  
An increase of concentrations due to the Fukushima Daiichi nuclear accident could not have been detected 
so far. Therefore, the current state of knowledge shows no radiological effects caused by the Fukushima 
incident. 

With regard to 137Cs, the Baltic Sea is still one of the most contaminated areas of the World Ocean, even 30 
years after the Chernobyl accident. The small volume and less water exchange with the North Sea makes 
the Baltic Sea pretty vulnerable. 

There are still gaps in the radioactive monitoring programme of the Baltic Sea. Radiocarbon (14C) is 
classified as a moderately radiotoxic nuclide. 14C is a cosmogenic radionuclide and is also generated by 
nuclear power plants directly proportional to the power of the nuclear power plant by outgoing air. The 
dose relevance is founded in the ingestion in the form of carbon dioxide in food. The critical organ for 14C is 
the fat tissue. Therefore it would be sensible to determine the concentration of 14C in seawater and biota to 
estimate the dose caused by 14C in seafood. Up to now 14C is not monitored regularly. 

Good/sub GES (Tamara) – As this part is related as well to seawater as to fish, I will propose to add short 
separated chapter for 137Cs core indicator 
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