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Background 
During the 9th Meeting of HELCOM MORS EG and as agreed in HELCOM 41-2020 (Outcome, Annex 3 
“Agreement on HELCOM objectives for the updated BSAP”), the need to redefine current threshold values 
for Cs-137 in fish and seawater which were based on the old BSAP objective “Radioactivity at pre-Chernobyl 
level” is stated. During the Extra Meeting HELCOM MORS EG 10A-2020, it was decided to use 10 µSv as annual 
dose rate limit for the Baltic Sea and Caesium-137 was selected as the radionuclide to be assessed in fish, 
seawater and sediments. 
The following document provides the scientific basis for the selection of a proper protection target to be 
used for further assessments by presentation of threshold candidates calculated for the different dose 
criteria used in the approach of OSPAR (2016) for the North East Atlantic. 
 

Action requested 
The Meeting is invited to   

- discuss on the proposal for methodology for deriving threshold values, 
- discuss on the level of protection suitable for the Baltic Sea,  
- discuss whether all fish species and sediments presented in the scientific basis should be 

represented by threshold values or only be taken into account for dose calculations 
- agree on the selected threshold value candidates to be used as core indicators for radioactive 

substances. 
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Proposal for a methodology for the calculation of Cs-137 threshold values in seawater, sediment and fish 
of the Baltic Sea 

 

Introduction 

In 2018, the HELCOM-MORS group decided to implement new threshold criteria for Cs-137 to estimate the 
environmental status instead of using the pre-Chernobyl levels (HELCOM, 2018). These pre-Chernobyl levels, 
in detail 14,6 Bq m-3 in seawater, 2,5 Bq kg-1 w. w. in herring muscle and 2,8 Bq kg-1 w. w. in muscle of plaice 
and flounder and 1640 Bq m-² d. w. in sediments (HELCOM, 2007), were originally selected as target values 
for activity concentrations and specific activities in the direct aftermath of the Chernobyl accident when no 
dose criteria for the environment and only a limited number of measured values were available for the Baltic 
Sea. Therefore, these target values of Cs-137 do not reflect the actual exposure situation due to the presence 
of Cs-137 in the Baltic Sea, but relate to a historical situation and are still describing the long-term objective. 
In the meantime, there was certain progress in development of dose criteria for the environment. In detail, 
the ICRP established a radiation protection for the environment to protect individual species (ICRP 2008). For 
this purpose, reference animals and plant (RAP) were defined; these were deer, rat, duck, bee, earthworm, 
pine tree and wild grass for the terrestrial and trout, flatfish, crab, frog und brown seaweed or the aquatic 
environment. All RAP were characterized by ellipsoids, according to first dose models for humans. Finally, 
dose thresholds and dose conversion factors for radionuclides were calculated for the RAPs. These were used 
as basis for the methodology of IAEA TECDOC 1759 (2015) to estimate the suitability of materials for dumping 
at sea and the OSPAR (2016) approach to estimate effects of radionuclides levels to organisms of the North 
East Atlantic. Both approaches were intensively reviewed and discussed in the HELCOM MORS group, and 
the following requirements for a new approach for the Baltic Sea were defined: 

a) a dose criterion to biota reflecting the vulnerability of the Baltic Sea regarding inputs of radioactive 
substances should be used,  

and 

b) data of the three compartments fish, seawater and sediment should be included. 

 

The following pages are the scientific basis to derive new threshold values at least for seawater, herring and 
the flatfish group (flounder and plaice) used in the Core Indicator Factsheet and the HELCOM Thematic 
Assessments. Furthermore, the option of enlargement of the the threshold values to sediment or other fish 
species like cod which are also useful for HELCOM Environmental factsheets and HELCOM Thematic 
Assessments is given. 

To overcome this task, data of the HELCOM MORS Environmental database was used to calculate dose rates 
from external (seawater and sediment) and internal exposure to herring and sprat, cod, and flounder and 
plaice. Like in the OSPAR-approach, the obtained values were compared to several dose criteria: 

- the exemption dose criterion of EC Basic Safety standards (2013), which is 10 µGy a-1,  

- the criterion for the normal operation of a large number of types of nuclear installations UNSCEAR (2010), 
which is 100 µGy a-1 and  

- the estimated minimum effects level RAPs as outlined in ICRP 108 (2008), which is 1 mGy d-1. 

This leads to the following options for deriving threshold values: 

A) using the exemption criterion of EC (2013) of 10 µGy per a-1 for the total dose rate from Cs-137 and deriving 
species-specific threshold values for the internal contamination of the fish, seawater and sediment, 
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B) using the exemption criterion of EC (2013) of 10 µGy per a-1 for the total dose rate from Cs-137 and deriving 
species-specific threshold values for the internal contamination of the fish, but generic values for seawater 
and sediment, 

C) using the exemption criterion of EC (2013) of 10 µGy per a-1 to derive species-specific threshold values for 
each compartment, 

D) using the criterion of UNSCEAR (2010) for a number of nuclear installations at normal operation of 
100 µGy a-1 reduced to proportion of Cs-137, which is 65 µGy a-1 and deriving species-specific threshold 
values for the internal contamination of the fish, seawater and sediment from the total dose rate of Cs-137, 

E) using the minimum effects level RAPs as outlined in ICRP 108 (2008), which is 1 mGy d-1. 

 

Methods 

The doses to fish consider basically the methodology of IAEA TECDOC 1759 (2015), but the estimated activity 
concentrations and specific activities in sediment and fish using the concentration factor approach were 
replaced by real measured data for up to 68 radionuclides (including both anthropogenic and natural 
radionuclides) in the three different matrices obtained from the MORS environmental database with the 
dataset of 2019. In detail, the annual external dose rate to the respective marine organism were calculated 
for each radionuclide present in seawater or sediment using the site-specific activity concentrations 
according to equations 1 and 2: 

 𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑤𝑤,𝑘𝑘) = 𝑐𝑐𝑤𝑤(𝑘𝑘) ∗ 𝐷𝐷𝐷𝐷𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑘𝑘) (1) 

 𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑠𝑠,𝑘𝑘) = 𝑎𝑎𝑠𝑠(𝑘𝑘) ∗ 𝐷𝐷𝐷𝐷𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑘𝑘) (2) 

 

Herein are: 

𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑤𝑤,𝑘𝑘) External dose rate from radionuclide k in seawater to reference organism j, in µGy h-1 

𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑠𝑠,𝑘𝑘) External dose rate from radionuclide k in the upper sediment layer to reference organism j,  

in µGy h-1 

𝑐𝑐𝑤𝑤(𝑘𝑘) Activity concentration of radionuclide k measured in seawater in a respective HELCOM 
subbasin, in Bq l-1 

𝑎𝑎𝑠𝑠(𝑘𝑘) Specific activity of radionuclide k measured in the top layer of sediment in a respective 
HELCOM subbasin, in Bq kg-1 

𝐷𝐷𝐷𝐷𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑘𝑘) Dose conversion factor for external exposure of marine reference organism j (see ICRP 136, 
2017 or Table A-1 of the annex) by radionuclide k, in µGy kg h-1 Bq-1 

 

Note: 

The dose conversion factors also consider the effect of progeny radionuclides. The unit Gy means that no biological 
weighting between tissue and type of radiation takes place. This is selected for those RAPs whose tissue-specific effect 
values for types of radiation are not available yet. 

  

The same approach was used for the internal dose rates as shown in equation 3 
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 𝐸𝐸𝑖𝑖𝑖𝑖𝑒𝑒(𝑗𝑗,𝑘𝑘) = 𝑎𝑎𝑓𝑓(𝑘𝑘) ∗ 𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝑒𝑒(𝑗𝑗,𝑘𝑘) (3) 

 

Herein are: 

𝐸𝐸𝑖𝑖𝑖𝑖𝑒𝑒(𝑗𝑗,𝑘𝑘) Internal dose rate of radionuclide k to reference organism j, in µGy h-1 

𝑎𝑎𝑓𝑓(𝑘𝑘) Specific activity of radionuclide k measured in the respective fish species and HELCOM 
subbasin 

𝐷𝐷𝐷𝐷𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑘𝑘) Dose conversion factor for external exposure of marine reference organism j (see ICRP 136, 
2017 or Table A-1 of the annex) by radionuclide k, in µGy kg h-1 Bq-1 

 

For the analysis of the doses to cod and herring and sprat, the reference organism trout was selected, while 
flatfish was used for plaice and flounder. 

According to IAEA (2015), the external exposure is influenced by the time organisms stay close to the seabed. 
This is reflected by equation 4.  

 𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑘𝑘) =
𝑥𝑥

48 [ℎ]
∗  𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑠𝑠,𝑘𝑘) +  

48 [ℎ] − 𝑥𝑥
48 [ℎ]

∗ 𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑤𝑤,𝑘𝑘) (4) 

 

Herein are: 

𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒(𝑗𝑗,𝑘𝑘) External dose rate from radionuclide k to reference organism j, in µGy h-1 

𝑥𝑥 Time during which the lower side of the organisms’ body receives external dose from 
radionuclide k, in h 

 

For example, plaice and flounder are known to spend almost all the time with one side close to the sediment 
surface and also cod has some contact to the seabed (Schaber et al., 2012), while herring and sprat stay in 
the water column. This means that x is 0 h for herring and sprat, is 24 h for plaice and flounder and is 
estimated to be 6 h for cod. 

The radionuclides were also classified into natural and artificial ones according to IAEA (2015). 

Dose rates from natural and artificial radionuclides and Cs-137 were calculated as respective sum of the mean 
internal exposure by equation (3) and as mean external exposure from seawater (equations (1) and (4)) and 
sediment samples (equations (2)and (4)) in each HELCOM subbasin in the same year. 

All dose rates were calculated on an annual basis to compare them to the exemption criterion of the EC basic 
safety standards (2013) and the criterion of UNSCEAR (2010) for nuclear installations at normal operation.  

To back-calculate threshold concentrations from dose rates, it is essential to consider the distribution of dose 
rates between the three compartments seawater, sediment and organism. Therefore, the curves of total Cs-
137 dose rates were evaluated at points where they fell below the dose criterion and all three compartments 
were present. In many cases, the curves intersect between two years, so one was above and one below the 
criterion; but both were considered in the evaluation. The mean of values close to the dose criteria was used 
to calculate threshold concentrations using equations (1) to (4) in transposed form. 
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Results 

Doses to organisms 

The results for the two groups of fish species (herring and sprat, plaice and flounder) and for cod received in 
habitats inside the HELCOM subbasins are shown in figures 1 to 6.  

The maximum of the total dose rate in herring and sprat was found in the Bornholm Basin with 2000 µGy a-1 
and is caused mainly by natural radionuclides (see Figure 1). The high fluctuations in dose rates from natural 
radionuclides reflect the results of reported specific activity of K-40 in fish tissues. Dose rates from artificial 
radionuclides are small compared to those from natural radionuclides and driven mainly by internal exposure 
of Cs-137. The exposure from Cs-137 to herring and sprat is shown in Figure 2, indicating that herring and 
sprat received total dose rates of up to 500 µGy a-1 from Cs-137 in the Bothnian Sea; in this case mainly from 
internal exposure with a mean specific activity of around 200 Bq kg-1 Cs-137. These dose rates are still three 
orders of magnitude lower compared to the dose at which effects are assumed according to ICRP 108 (2008). 
Comparing these doses to the exemption criterion of 10 µGy a-1 of EC Basic Safety standards (2013) shows 
that total doses fell below this value throughout the HELCOM subbasins by the year 2012 at the latest. This 
is also good news for consumers as the total dose of herring and sprat was driven mainly by internal exposure. 
The criterion of UNSCEAR (2010) for nuclear installations at normal operation was only exceeded for Herring 
and Sprat in Bothnian Bay, Bothnian Sea, Western Gotland Basin, Western Gotland Basin and The Quark, but 
fell below the 65 µGy a-1 in 1997 at latest.  

The total dose rate to cod ranges up to 1600 µGy a-1 and, like for herring and sprat, the dose rate from natural 
radionuclides seems to cause most of the total dose in many of the HELCOM subbasins (see Figure 3). The 
radionuclide Cs-137 was also the main contributor in cod to the dose rate from artificial radionuclides, leading 
to a maximum dose rate of 650 µGy a-1 in the Bothnian Sea (see Figure 4). Interestingly, highest doses of Cs-
137 to fish resulted from external exposure from sediments, which is in many cases identical to the total dose 
from Cs-137. Like for herring and sprat, all doses are more than two orders of magnitude lower compared to 
the lowest effects level listed in ICRP 108 (2008). The evaluation of the doses in respect of the criterion of 
the EC Basic Safety standards (2013) is tricky, as many curves of the total dose are below the dose criterion, 
but only two datasets include all three components of exposure. In detail, only one dataset for the Kattegat 
in 2003 (total exposure from Cs-137: 9,9 µGy a-1) and one in Kiel Bay in 2016 (total exposure from Cs-137: 
10,9 µGy a-1) is close to the exemption criterion. Regarding the criterion of UNSCEAR (2010) for nuclear 
installations at normal operation the 65 µGy a-1 were still exceeded for cod Bothnian Sea, while dose rates 
were below this value in the other HELCOM subbasins, for which data were available, by 2015.  

The total dose to the flatfish group (plaice and flounder) ranges up to 4860 µGy a-1 and interestingly, – where 
data was available - there is a significant contribution of artificial radionuclides to these doses in seven 
HELCOM subbasins, while the main contribution in nine subbasins is from natural radionuclides (Figure 5). 
The maximum value is still a factor of 75 away from the estimated effect level of ICRP 108 (2008). A very high 
proportion of the doses from artificial radionuclides in HELCOM subbasins arises from Cs-137, mainly caused 
by sediment. Internal doses are small compared to external sediment doses. As already addressed for cod, 
internal doses are not available for all HELCOM subbasins. Only in the Kattegat, values including the internal 
dose of the years 2007, 2011, and 2014 to 2016 are in the range of the exemption criterion. In contrast to 
this, values of the dose rate of Cs-137 to flatfish was in the range of the criterion of UNSCEAR (2010) for 
nuclear installations at normal operation in Bornholm Basin in the years 2011 to 2014 and in Eastern Gotland 
Basin in 2013 and 2015. 
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Figure 1: Dose rates originating from internal and external exposure of herring and sprat living in the Baltic Sea in the respective 
HELCOM subbasin from radionuclides 
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Figure 1: (continued) 
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Figure 1: (continued) 
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Figure 2: Dose rates originating from internal and external exposure of herring and sprat living in the Baltic Sea in the respective 
HELCOM subbasin from Cs-137 
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 Figure 
2: (continued) 
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 Figure 
2: (continued) 
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Figure 3: Dose rates originating from internal and external exposure of cod living in the Baltic Sea in the respective HELCOM 
subbasin from radionuclides 
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Figure 3: 
(continued)
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 Figure 
3: (continued) 
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Figure 4: Dose rates originating from internal and external exposure of cod living in the Baltic Sea in the respective HELCOM 
subbasin from Cs-137 
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Figure 4: (continued) 
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 Figure 
4: (continued) 
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Figure 5: Dose rates originating from internal and external exposure of plaice and flounder living in the Baltic Sea in the respective 
HELCOM subbasin from radionuclides 
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 Figure 
5: (continued)
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 Figure 
5: (continued) 
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Figure 6: Dose rates originating from internal and external exposure of plaice and flounder living in the Baltic Sea in the respective 
HELCOM subbasin from Cs-137 
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 Figure 
6: (continued)
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 Figure 
6: (continued) 

 

From doses back to concentrations 
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The analysis of the dose data of Cs-137 identified in each HELCOM subbasin some data points for each fish 
species/group at or around the intercept of the selected dose criteria mentioned in options A to D These 
results are listed for the respective species in Table 1 to Table 6. Option E was not found to be suitable as its 
dose criterion was never reached even under contamination of the Baltic Sea with Chernobyl radionuclides 
and consideration of natural radionuclides. 

For herring and sprat, dose rates from the exposure of Cs-137 in sediment, seawater, and the fish itself are 
listed in Table 1 for total dose rates in the range of the exemption criterion of EC (2013). Total annual dose 
rates of Cs-137 at the intercept of the exemption criterion range from 8,29 µGy a-1 to 10,74 µGy a-1 (mean: 
9,79 ± 0,67 µGy a-1). Annual dose rates of Cs-137 from sediment were neglected as the fish lives in the free 
water column. The annual seawater doses of Cs-137 range from 0,05 µGy a-1 to 0,19 µGy a-1 (mean: 0,11 ± 
0,04 µGy a-1), and the annual internal dose rate from 8,21 µGy a-1 to 10,67 µGy a-1 (mean: 9,68 ± 0,68 µGy a-1). 
Calculating the threshold value for concentrations of Cs-137 in the different compartments results in 
0,04 Bq L-1 in seawater and 6,14 Bq kg-1 w. w. in tissues. It was also possible to calculate the concentrations 
for the whole Baltic Sea, as the total dose was lower than the exemption criterion between the years 2006 
and 2007. These result in 0,03 Bq L-1 in seawater and 6,01 Bq kg-1 w. w. in tissues. When the exemption 
criterion was used for internal contamination and seawater, each, led to a specific activity of 6,34 Bq kg-1 
w. w. in tissue and 4,08 Bq L-1 (data not shown). 

Total annual doses rates close to the UNSCEAR (2010) criterion for multiple nuclear installations at normal 
operation are listed in Table 2. Total annual dose rates of Cs-137 at the intercept of this criterion range from 
22,09 µGy a-1 to 128,38 µGy a-1 (mean: 67,96 ± 39,64 µGy a-1). The annual seawater doses of Cs-137 range 
from 0,16 µGy a-1 to 0,44 µGy a-1 (mean: 0,25 ± 0,09 µGy a-1), and the annual internal dose rate from 
21,92 µGy a-1 to 128,19 µGy a-1 (mean: 67,71 ± 39,64 µGy a-1). Calculating the threshold value for 
concentrations of Cs-137 in the different compartments results in 0,1 Bq L-1 in seawater and 42,94 Bq kg-1 w. 
w. in tissues. It was not possible to calculate the concentrations for the whole Baltic Sea, as the total dose 
was lower than UNSCEAR (2010) criterion for the whole time period. 

For cod, doses from the exposure of Cs-137 in sediment, seawater, and the fish itself are listed in Table 3 for 
total doses in the range of the exemption criterion. Total annual dose rates from Cs-137 at the intercept of 
the exemption criterion range from 9,90 µGy a-1 to 10,91 µGy a-1 (mean: 10,41 ± 0,71 µGy a-1). Annual dose 
rates of Cs-137 from sediment range from 4,21 µGy a-1 to 7,56 µGy a-1 (mean: 4,47 ± 1,63 µGy a-1), in 
seawater from 0,04 µGy a-1 to 0,07 µGy a-1 (mean: 0,05 ± 0,02 µGy a-1), and the annual internal dose rate 
between 3,31 µGy a-1 and 5,62 µGy a-1 (mean: 4,46 ± 1,63 µGy a-1). Calculating the threshold value for 
concentrations of Cs-137 in the different compartments results in 19,2 Bq kg-1 d. w. in sediment, 0,03 Bq L-1 
in seawater and 2,83 Bq kg-1 w. w. in tissues. For cod, the dose from Cs-137 for the whole Baltic Sea was far 
above the exemption criterion of EC, thus a calculation of threshold values was not possible. When the 
exemption criterion was used for internal contamination, seawater and sediment, led to a specific activity of 
6,34 Bq kg-1 w. w., 4,66 Bq L-1 and 32,6, Bq kg-1 d. w. (data not shown), respectively. 

Total annual doses rates from Cs-137 to cod close to the UNSCEAR (2010) criterion for multiple nuclear 
installations at normal operation are listed in Table 4. Total annual dose rates from Cs-137 at the intercept 
of this criterion range from 29,61 µGy a-1 to 77,58 µGy a-1 (mean: 60,13 ± 21,07 µGy a-1). Annual dose rates 
of Cs-137 from sediment range from 18,25 µGy a-1 to 69,59 µGy a-1 (mean: 51,27 ± 22,70 µGy a-1), in seawater 
from 0,06 µGy a-1 to 0,19 µGy a-1 (mean: 0,11 ± 0,06 µGy a-1), and the annual internal dose rate between 
7,85 µGy a-1 and 11,18 µGy a-1 (mean: 8,75 ± 1,62 µGy a-1). Calculating the threshold value for concentrations 
of Cs-137 in the different compartments results in 167,21 Bq kg-1 d. w. in sediment, 0,05 Bq L-1 in seawater 
and 5,55 Bq kg-1 w. w. in tissues. For cod, it was also possible to calculate the concentrations for Cs-137 for 
the whole Baltic Sea, as the total dose was lower than the UNSCEAR criterion in the years 1998, 2007 and 
2011. 
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For the flatfish group (plaice and flounder), doses from the exposure of Cs-137 in sediment, seawater, and 
the fish itself are compiled in Table 5 for total doses in the range of the exemption criterion. Total annual 
doses from Cs-137 at the intercept of the exemption criterion range from 9,12 µGy a-1 to 10,85 µGy a-1 (mean: 
9,91 ± 0,61 µGy a-1). Annual doses of Cs-137 range from 7,79 µGy a-1 to 10,32 µGy a-1 in sediment (mean: 
9,28 ± 0,93 µGy a-1), in seawater from 0,02 µGy a-1 to 0,04 µGy a-1 (mean: 0,03 ± 0,01 µGy a-1), and the annual 
internal dose rate between 0,11 µGy a-1 and 1,29 µGy a-1 (mean: 0,61 ± 0,43 µGy a-1). Calculating the 
threshold value for concentrations of Cs-137 in the different compartments results in 7,06 Bq kg-1 d. w. in 
sediment, 0,02 Bq L-1 in seawater and 0,41 Bq kg-1 w. w. in tissues. As for cod, the dose from Cs-137 for the 
whole Baltic Sea was far above the exemption criterion of EC (2013), thus a calculation of threshold 
concentrations was impossible also for the flatfish group. 

Total annual doses rates from Cs-137 to the flatfish group close to the UNSCEAR (2010) criterion for multiple 
nuclear installations at normal operation are listed in Table 6. Total annual dose rates from Cs-137 at the 
intercept of this criterion range from 55,45 µGy a-1 to 66,56 µGy a-1 (mean: 61,24 ±4,41 µGy a-1). Annual dose 
rates of Cs-137 from sediment range from 49,23 µGy a-1 to 62,33 µGy a-1 (mean: 56,61 ±4,78 µGy a-1), in 
seawater from 0,03 µGy a-1 to 0,04 µGy a-1 (mean: 0,03 ±0,01 µGy a-1), and the annual internal dose rate 
between 1,77 µGy a-1 and 6,18 µGy a-1 (mean: 4,60 ±1,57 µGy a-1). Calculating the threshold value for 
concentrations of Cs-137 in the different compartments results in 43,08 Bq kg-1 d. w. in sediment, 0,03 Bq L-

1 in seawater and 3,09 Bq kg-1 w. w. in tissues. 

  



MORS EG 10B-2021, 3-1 
 

 

Page 26 of 32 
 

Table 1: Dose rates from Cs-137 to herring and sprat at the intercept of the exemption criterion of EC (2013) in the respective 
HELCOM subbasin including mean value for each compartment used for recalculation of concentration data usable as threshold 
values  

  Dose rates from Cs-137 
HELCOM subbasin year total sediment seawater internal 

  (µGy a-1) 
Arkona Basin 1995 9,72  0,19 9,53 
Arkona Basin 2000 10,17  0,14 10,03 
Northern Baltic Proper 2009 8,29  0,09 8,21 
Gdansk Basin 2005 10,32  0,10 10,22 
Gdansk Basin 2006 9,76  0,10 9,66 
Bornholm Basin 2004 10,35  0,11 10,24 
Bornholm Basin 2005 9,49  0,10 9,38 
Bothnian Bay 2010 10,59  0,06 10,53 
Bothnian Bay 2011 9,45  0,06 9,39 
Bothnian Sea 2012 10,74  0,08 10,67 
Bothnian Sea 2013 9,70  0,08 9,62 
Eastern Gotland Basin 2006 9,64  0,10 9,54 
Western Gotland Basin 2008 10,44  0,11 10,33 
Gulf of Finland 2004 10,47  0,05 10,41 
Gulf of Finland 2005 9,77  0,07 9,71 
Kattegat 1994 8,52  0,16 8,36 
Gulf of Riga 2003 9,70  0,08 9,62 
Kiel Bay 1991 8,88  0,17 8,70 
Bay of Mecklenburg 1987 10,00  0,18 9,82 
Mean dose rate  9,79  0,11 9,68 
Mean activity concentration (Bq L-1) and 
specific activity (Bq kg-1), respectively   0,04 6,14 

      
Baltic Sea 2006 10,27  0,08 10,19 

 2007 8,85  0,08 8,77 
Mean dose rate  9,56  0,08 9,48 
Mean activity concentration (Bq L-1) and 
specific activity (Bq kg-1), respectively   0,03 6,01 

 

Table 2: Dose rates from Cs-137 to herring and sprat at the intercept of the dose criterion UNCEAR (2010) for a number of nuclear 
installations at normal operation in the respective HELCOM subbasin including mean value for each compartment used for 
recalculation of concentration data usable as threshold values  

  Dose rates from Cs-137 
HELCOM subbasin year total sediment seawater internal 

  (µGy a-1) 
Bothnian Bay 1995 100,84  0,24 100,60 
Bothnian Bay 1996 128,38  0,19 128,19 
Bothnian Bay 1997 29,12  0,20 28,92 
Bothnian Bay 1998 22,09  0,17 21,92 
Bothnian Sea 1996 87,29  0,25 87,04 
Bothnian Sea 1997 41,31  0,24 41,08 
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Gulf of Finland 1987 66,66  0,44 66,23 
Mean dose rate  67,95  0,25 67,71 
Mean activity concentration (Bq L-1) and 
specific activity (Bq kg-1), respectively   0,10 42,94 

 

Table 3: Dose rates from Cs-137 to cod at the intercept of the exemption criterion of EC (2013) in the respective HELCOM subbasin 
including mean value for each compartment used for recalculation of concentration data usable as threshold values 

  Dose rates from Cs-137 
HELCOM subbasin year total  sediment  seawater internal 

  (µGy a-1) 
Kattegat 2003 9,90 4,21 0,07 5,62 
Kiel Bay 2016 10,91 7,56 0,04 3,31 
Mean dose rate  10,41 5,89 0,05 4,47 
Mean activity concentration (Bq L-1) and 
specific activity (Bq kg-1), respectively  19,2 0,03 2,83 

 

Table 4: Dose rates from Cs-137 to cod at the intercept of the dose criterion UNCEAR (2010) for a number of nuclear installations at 
normal operation in the respective HELCOM subbasin including mean value for each compartment used for recalculation of 
concentration data usable as threshold values 

  Dose rates from Cs-137 
HELCOM subbasin year total sediment seawater internal 

  (µGy a-1) 
Arkona Basin 1986 77,59 69,60 0,14 7,85 
Arkona Basin 1987 29,61 18,25 0,19 11,18 
Gdansk Basin 2013 68,98 61,01 0,06 7,91 
Gdansk Basin 2014 64,35 56,21 0,06 8,08 
Mean dose rate  60,13 51,27 0,11 9,68 
Mean activity concentration (Bq L-1) and 
specific activity (Bq kg-1), respectively  167,21 0,05 6,14 

      
Baltic Sea 1998 64,94 50,60 0,08 14,21 

 2007 66,29 52,99 0,08 13,23 
 2011 64,30 55,86  8,38 

Mean dose rate  65,18 53,15 0,08 11,94 
Mean activity concentration (Bq L-1) and 
specific activity (Bq kg-1), respectively  173,36 0,04 7,57 

 

 

 

Table 5: Dose rates from Cs-137 to the flatfish group (plaice and flounder) at the intercept of the exemption criterion of EC (2013) in 
the respective HELCOM subbasin including mean value for each compartment used for recalculation of concentration data usable as 
threshold values 

 Dose rates from Cs-137 
Basin year total sediment  seawater internal 

  (µGy a-1) 
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Kattegat 2007 9,12 7,80 0,04 1,29 
Kattegat 2011 10,85 10,32 0,03 0,50 
Kattegat 2014 9,82 9,30 0,03 0,49 
Kattegat 2015 9,88 9,21 0,03 0,65 
Kattegat 2016 9,88 9,75 0,02 0,11 
Mean dose rate 9,91 9,26 0,03 0,61 
Mean activity concentration (Bq L-1) and 
specific activity (Bq kg-1), respectively  7,06 0,02 0,41 

 

Table 6: Dose rates from Cs-137 the flatfish group (plaice and flounder) at the intercept of the dose criterion UNCEAR (2010) for a 
number of nuclear installations at normal operation in the respective HELCOM subbasin including mean value for each 
compartment used for recalculation of concentration data usable as threshold values 

  Dose rates from Cs-137 
HELCOM subbasin year total sediment seawater internal 

  (µGy a-1) 
Bornholm Basin 2011 66,49 60,93 0,04 5,52 
Bornholm Basin 2012 59,62 54,14 0,04 5,45 
Bornholm Basin 2013 66,56 62,33 0,03 4,20 
Bornholm Basin 2014 55,45 49,23 0,03 6,18 
Eastern Gotland Basin 2013 59,98 55,49 0,03 4,46 
Eastern Gotland Basin 2015 59,36 57,56 0,03 1,77 
Mean dose rate  61,24 56,61 0,04 4,60 
Mean activity concentration (Bq L-1) and 
specific activity (Bq kg-1), respectively  43,08 0,03 3,09 

 

Discussion 

Using dose criteria is the state of the art method for the definition of threshold values of radioactive 
substances in the environment (see IAEA TECDOC 1759, 2015 and OSPAR, 2016). The presented approach 
for the Baltic Sea is the most comprehensive one as it considers real concentration data of every 
environmental compartment. The recently used threshold values for estimating the environmental status in 
the Baltic Sea area as well as two options of a new proposal are listed in Table 7. 

Option A is based on results derived from measured values without species-specific aggregation of 
sediment and seawater. In contrast, option B combines the species-specific threshold to one single 
threshold value for seawater and sediment, respectively. Options C and D are explained in Table 7. 

 

 

Table 7: Overview of threshold values for Cs-137 in the Baltic Sea; recent approach against two sets of proposed values 

   internal sediment  seawater 
   Bq kg-1  Bq m-3 

Recent threshold values from pre-Chernobyl values 
seawater      14,6 
sediment    1640 *   
herring and 
sprat 

  2,5    

cod        
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* the unit is Bq m-2 

The threshold value candidates for Cs-137 cover a wide range of possible future threshold values depending 
on the protection target that should be achieved. The values for the threshold candidates listed in Table 7 
are in the same range as the categories in OSPAR (2016). This is plausible as OSPAR also takes H-3, Tc-99, Pu-
239/240, Ra-226, Ra-228, Po-210 and Pb-210 into account when calculating their starting point (1 mSv a-1 to 
humans). 

Using the activities listed in Table 7 to calculate total doses for option B results in 9,7 µGy a-1 in herring and 
sprat, in 6,8 µGy a-1 in cod, and in 10,5 µGy a-1 in the flatfish group (plaice and flounder). This means that the 
full capability of the exemption criterion is not used for cod, while it is used in option A. On the other hand, 
option B is easier to handle and to communicate to the public. Both options result in slightly higher threshold 
candidates for seawater and to a higher internal exposure of the fish species herring and sprat compared to 
the recently used pre-Chernobyl concentrations according to HELCOM (2018). In contrast, the proposed 
options result in significantly lower threshold candidates for Cs-137 for the flatfish group. Options C and D 
lead to significantly higher threshold values candidates, especially in seawater.  

 

Summary and conclusions 

Although work-intensive, the presented approach using generally accepted dose criteria provides the 
opportunity to estimate species-specific threshold values for specific habitats (like the HELCOM subbasins). 
This is required as dose coefficients for species differ between round fish and flatfish due to their geometry 
(see ICRP 108, 2008). Furthermore, aggregation of species-specific threshold values for seawater and 
sediment results in scientifically based criteria of high confidence for each environmental compartment. 

plaice and 
flounder 

  2,9    

Option A: Species-dependent threshold value candidates depending on respective 
compartment using exemption criterion of EC (2013) in comparison to the total dose rate 
herring and 
sprat 

  6,1 n. a.  43,9 

cod    2,8 19,2  25,2 
plaice and 
flounder 

  0,4 7,1  21,3 

Option B: Generic threshold value candidates for sediment and seawater using exemption 
criterion of EC (2013) in comparison to the total dose rate 
   see above 7,5  30 
Option C: Threshold value candidates based on exemption criterion of EC (2013) in each 
compartment 
herring and 
sprat 

  6,3 n. a.  4077 

cod    6,3 32,6  4659 
plaice and 
flounder 

  6,72 7,61  7610 

Option D:  Species-dependent threshold value candidates depending on respective 
compartment using exemption criterion of UNSCEAR (2010) in comparison to the total dose 
rate 
herring and 
sprat 

  42,9 n. a.  100,40 

cod    5,55 167,21  51,35 
plaice and 
flounder 

  3,09 25,40  43,08 
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Annex 

Table A-1: Dose conversion factors in µGy kg Bq-1 h-1 for round fish (RAP trout) and flatfish (RAP flatfish) 
from ICRP 136 used for calculation of dose rates to organisms 

 

nuclide round fish  flatfish 

 internal external  internal external 

AG110M 2,40E-04 1,40E-03  1,80E-04 1,50E-03 

AM241 3,20E-03 1,10E-05  3,20E-03 1,20E-05 

BA140 6,40E-04 1,30E-03  5,90E-07 1,30E-03 
CE141 1,10E-04   1,00E-04  

CE144 7,20E-04 6,30E-05  6,70E-04 1,10E-04 

CO57 2,30E-05   2,00E-05  
CO58 8,90E-05   6,80E-05  

CO60 2,10E-04 1,30E-03  1,60E-04 1,30E-03 

CS134 2,00E-04 7,90E-04  1,70E-04 8,20E-04 
CS137 1,80E-04 2,80E-04  1,70E-04 3,00E-04 
EU152 1,60E-04   1,30E-04  
EU155 4,40E-05   4,20E-05  
I131 1,40E-04   1,30E-04  
K40 3,00E-04 8,70E-05  3,00E-04 9,60E-05 
LA140 4,50E-04   4,00E-04  
MN54 6,20E-05 4,20E-04  4,40E-05 4,40E-04 
NB95 8,00E-05 3,90E-04  6,30E-05 4,00E-04 
PB210 2,50E-04 4,00E-06  2,40E-04 6,20E-06 
PO210 3,10E-03 4,90E-09  3,10E-03 5,10E-09 
PU238 3,20E-03 1,40E-07  3,20E-03 1,90E-07 
PU239240 3,00E-03 1,40E-07  3,00E-03 1,80E-07 
RA226 1,50E-02   1,50E-02  
RA228 3,30E-04   3,00E-04  
RU103 9,80E-05 2,60E-04  8,60E-05 2,50E-04 
RU106 7,80E-04 1,60E-04  7,20E-04 2,20E-04 
SB125 9,40E-05 2,20E-04  8,40E-05 2,30E-04 
SR89 3,30E-04 7,80E-06  3,20E-04 1,50E-05 
SR90 6,30E-04 2,30E-05  6,00E-04 4,90E-05 
TC99 5,80E-05 1,20E-07  5,80E-05 1,30E-07 
TE129M 3,60E-04   3,50E-04  
TH228 1,90E-02   1,90E-02  
U235 2,70E-03   2,70E-03  
ZN65 4,40E-05   3,20E-05  
ZR95 1,20E-04 3,70E-04  1,10E-04 3,90E-04 
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