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Background 
As decided in MORS EG 5-2015 Meerit Kämäräinen and Stefanie Schmied are responsible authors for the 
chapter 3.2 (Radionuclides of the Baltic Sea sediments) 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 3.2. The red marked sections have to be updated 
when the 2014/2015 data is completely available or are comments from Meerit or Stefanie, respectively. 

 

Action required 
The Meeting is invited to consider this draft and to discuss the comments marked in red. 
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Radionuclides of the Baltic Sea sediments - Draft 

Introduction  

Clay sediments of the Baltic Sea contain valuable information of the radioactivity in the marine 
environment. Radionuclides, especially 137Cs, have a tendency to bind into clay and gyttja particles while 
they settle down. Due to the slow exchange of water between the Baltic Sea and the North Sea, and quite 
rapid sedimentation rates, the radionuclides have prolonged residence times in the Baltic Sea (Ikäheimonen 
et al. 2009).  

Monitoring radioactivity in the Baltic Sea has been on-going for several decades. With regard to HELCOM, 
data on the radioactivity of the sea bottom sediments have been gathered since 1984 from some two 
hundred monitoring stations in order to compile a baseline for the existing and changing radioactivity in the 
Baltic Sea. These results have been reported earlier in HELCOM 1995, 2003 and 2009. The radioactivity data 
have also been used for several studies, e.g. as a tracer in intercomparison of sediment sampling devices 
(HELCOM 2000) and in the estimation of sediment accumulation rates and the dating of the sediments 
(Jensen et al. 2003; Mattila et al. 2006).  

This report is a short summary of the radioactivity in the Baltic Sea sediments during the years 2011 – 2015, 
concentrating on the development of the last four years of the reporting period. 

Material and Methods 

The data is based on the HELCOM database, in which the Contracting Parties have yearly reported recent 
data. Additional data of STUK’s database have been used to assess strontium and plutonium concentrations 
(Meerit). During 2011-2015, sampling to measure radioactivity was conducted from 55 (check number) 
monitoring stations. The sampling techniques used by different countries have been described earlier by 
HELCOM (2003). Sediment types and the bottom morphologies in different parts of the Baltic Sea have also 
been described in several studies (e.g. Winterhalter et al. 1981; Winterhalter 1992, HELCOM 2003; Virtasalo 
2006; Hutri 2007).  

The methods used in the radionuclide inventories are described in many contexts (Salo et al. 1986, 
HELCOM 2003; Ilus et al. 2007). In general, the inventories in sediments were based on the mean total 
amounts of radionuclide activity concentrations in sediments (Bq m-2) and the surface areas of different 
basins, taking into account the surface areas and the activities in soft and hard bottoms (Ikäheimonen et al. 
2009). 

Results and Discussion 

The amounts of artificial radioactivity have not increased noticeably (decreased or remained the same 
level) in the bottom sediments during the years 2011 – 2015, but there is spatial variation in the results. 
Most of the long lived artificial radioactivity is due to 137Cs and is mostly found in the bottom sediments in 
the Bothnian Sea and in the eastern part of the Gulf of Finland (still the case?)  (Figure 3b.1: to be updated 
by Joni). Artificial radioactivity from the Chernobyl and global fallout will partly be buried in sediments in 
the accumulation bottoms that usually take place in sea basins and depressions.  

The amounts of 137Cs have been relatively even in different monitoring stations of the Baltic Sea, although 
showing spatial variation during the reporting period (Figure 3b.1). However, due to different local or areal 
accumulation, transportation and erosion rates at some monitoring stations (especially in the Southern 
Baltic Proper, the Western Baltic and the Gulf of Finland), sediments show a more fluctuant trend of activity 
concentration of 137Cs. The sedimentation rate is relatively high in the Baltic Sea and varies widely (between 
0.2 and 29 mm/year (HELCOM 2000)) depending on the area and local environmental factors, which is 
clearly seen by the vertical profiles in Figure 3b.2 (will be updated by me with the 2015 data at the end of 
2016, I´ll choose the same stations as in the previous assessment for better comparison reasons and I´ll 
add 2 more stations (LUEBU and MEBU2) and make them more uniform). In addition to the geological 
conditions, the differences in sampling techniques increase the variability of the results.  

Figure 3b.2: Concentrations of 137Cs (Bq/kg) as a function of depth at some monitoring stations in the Baltic 
Sea in 2015 (or 2014). The values below the detection limits are marked in red. 
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Most of the radioactivity in the sediments in the Baltic Sea originates from naturally occurring radionuclides 
with long half-lives such as 40K, 226Ra and 232Th. The half-lives and some descriptive statistics of the 
concentrations of these nuclides in the surface sediments are given in Table 3b.1 (to be updated by Iisa). 

In the Baltic Sea sediments, there are still considerable amounts of artificial radioactivity due to 
radionuclides with longer half-lives. Nonetheless, the artificial radioactivity is not expected to cause 
harmful effects to the Baltic Sea wildlife. After the Chernobyl fallout, there were also elevated 
concentrations of many short-lived radionuclides such as 60Co (T½ 5.3 a), 103Ru (T½ 39.3 d), 106Ru (T½ 372.6 
h), 110mAg (T½ 249.8 d) and 125Sb (T½ 2.8 a). However, because of their short half-lives, the activities of these 
radionuclides have decreased considerably or even mostly vanished.  

In the recent inventory, we estimated that the total amount of 137Cs activity in the Baltic Sea sediments was 
about 2,150-2,480 TBq (Table 3b.2 to be updated by Iisa). This amount is about 8 - 9 times higher 
compared to the amounts of the pre-Chernobyl level at the beginning of the 1980s (Table 3b.2). In recent 
years, ceasium has continued to deposit onto bottom sediments and, at same time, the physical half-life 
(30.2 a) reduces the activities slowly. Most of the 137Cs activity is in the bottoms of the Bothnian Sea and in 
the eastern Gulf of Finland (Figures 3b.1- 3b.2). The total amounts of 137Cs activities on so-called hard 
bottoms varied from 0.3% to nearly 14% of those on soft bottoms, when the average ratio was only about 
4% (Ilus et al. 2007, more recent data by Outola et al., 2013) 

The reported values during 1999-2010 (check, if there are still Pu-results) of 239,240Pu (239Pu T½ 2.4x104 a, 
240Pu T½ 6,563 a) activities have ranged between and 14.10 Bq kg-1 dry weight, and values of 238Pu (T½ 87.7 
a) activities between 0.005 and 0.920 Bq kg-1. Most of the plutonium originates from the global fallout. 
However, there were small amounts of 238Pu and 241Pu in the fallout of the Chernobyl accident that could be 
seen in the activity ratios of 238Pu/239,240Pu and 241Pu/239,240Pu and in the excess amounts of 241Pu 
(Ikäheimonen 2003). 241Pu increases the amount of 241Am via radioactive decay. In the surveillance of the 
marine sediments of the Finnish nuclear power plants, the measured values of 239,240Pu activities ranged 
between 0.51 and 3.9 Bq/kg dry weight (STUK database, Meerit). Due to the limited data, the present total 
amounts of these activities are difficult to estimate.  

The activities of the artificial radionuclides 90Sr (T½ 28.5 a) and 241Am (T½ 432.7 a) mostly originate from the 
global fallout. Because of the small share in the Chernobyl fallout and costly analytical methods, the 
interest on 90Sr has been reduced and thus only relatively few data is available. In the years 2011 – 2015, 
the reported 241Am concentrations ranged from 0.03 to 4.8 Bq kg-1 dry weight, and those of 90Sr from 0.1 to 
73.8 Bq kg-1 dry weight. In the surveillance of the marine sediments of Finnish nuclear power plants, the 
measured values of 90Sr ranged between 0.63 and 8.5 Bq kg-1 dry weight (STUK database, Meerit). Due the 
limited data, the present total amounts of these activities are difficult to estimate.   

Soft and hard sediments 

Roughly, sediments can be distinguished in soft and hard sediments. Soft sediments are fine-grained and 
consist mostly of clay or mud. In contrast, hard sediments are coarse and sandy. Soft sediments tend to 
accumulate radionuclides more than hard sediments. The reason for this is the different composition of 
these sediment types. Hard sediments consist mostly of sand which is composed of mineral particles. The 
most common constituent of sand is silica (SiO2, silicon dioxide). Silica is chemically inert and therefore 
does not react eagerly with other substances under normal conditions. Furthermore, the reactive surface of 
fine-grained substances is bigger than the one of coarse-grained particles. 

The sea bottom of the Baltic Sea consists of both sediment types, soft and hard. To show the difference 
between the activity concentrations of 137Cs of sediment cores of both sediment types in the same 
subbasin, we chose two stations in the Arkona Basin (ODER and K4) and two stations in the Bothnian Sea 
(C14 and EB1). ODER and EB1 are soft sediment stations, K4 and C14 hard sediment stations, respectively. 
For ODER and K4 the concentration activities of the first 12 cm were added, whereas for C14 and EB1 the 
concentration activities of the first 20 cm were added. The data of 2013 was used for both station pairs to 
be compared. The results for ODER and K4 are 57 Bq kg-1 dry weight and 298 Bq kg-1 dry weight, respectively. 
So the concentration activity of the soft sediment station K4 is about five times higher than the one of the 
hard sediment station ODER. The results for C14 and EB1 are 1013 Bq kg-1 dry weight and 4337 Bq kg-1 dry 
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weight, respectively. In this case the soft sediment station EB1 has an about four times higher 
concentration activity than the hard sediment station C14. 

Comparison of the Inventory of 137Cs in Sediment and Seawater 

The total amount of 137Cs activity in the Baltic Sea sediments was about 2,150-2,480 TBq (Table 3b.2).  

An updated calculation of the inventory of 137Cs in the seawater of the Baltic Sea resulted in 730 TBq in 
2015 (Table 3a.2). So, the 137Cs activity is about three times higher in the sediments of the Baltic Sea 
compared to seawater. In general, sediments accumulate substances from the water column and are 
therefore a fundamental depression for these substances. In consequence of storms, bioturbation and 
trawl net fishery accumulated substances may be resuspended (dissolved?) into the water column. Because 
of the less water turbulence in the Baltic Sea substances will sediment rather than e.g. in the North Sea. 

Future Work and Recommendations 

Monitoring radioactivity in the Baltic Sea is an essential part of environmental monitoring and will provide a 
realistic baseline, e.g. for possible radiation emergency situation modelling purposes. The continuous 
monitoring work and time trends of the radioactive substances are the bases for understanding the state of 
the Baltic Sea environment and its radioactivity. However, there are still several gaps in our knowledge of 
radioactivity in the sediments of the Baltic Sea, e.g. the amounts of 90Sr, 241Am as well as natural 
radioactivity such as 210Pb. Moreover, an environmental distribution model for any kind of nuclear accident 
in the Baltic Sea area is needed. In the future, we should attempt to fill these gaps to form a more 
comprehensive picture of the radioactivity in the sediments of the Baltic Sea. Relevant work in the future 
should include assessments of the impacts of ionising radiation on the environment of the Baltic Sea.  
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