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Background 

For the recent MORS-meeting, the Chair presented a methodology for proposed methodology for deriving 
threshold values for Cs-137 in fish and seawater in the Baltic Sea. The new threshold value(s) for Cs-137 
should replace the goals set in HELCOM MORS after the Chernobyl accident in 1986 according to the new 
HELCOM BSAP. Furthermore they will be used in assessments for MSFD purposes. Therefore, it is not 
surprising that the goal in HELCOM BSAP combines two goals of MSFD that of Discriptor 8 “Contaminants 
are at a level not giving rise to pollution effects” and of D9 ”Contaminants in fish and other seafood for 
human consumption do not exceed levels established by Union legislation or other relevant standards.”. 
This document informs about the consequences when the proposed threshold values are used for 
evaluation of the data from MORS Environmental database. 

 

Action 

The Meeting is invited to take note of the information and comment, if necessary. 
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Comment and information on proposed methodology for deriving 
threshold values for Cs-137 in fish and seawater in the Baltic Sea 

Introduction 

Document 6.1 for in MORS EG 10-2020 presents a methodology to derive threshold values for Cs-137 in fish 
and seawater in the Baltic Sea mainly from water data. The approach is the same IAEA proposed to OSPAR-
Radioactive Substances Committee for calculation of threshold values in the North East Atlantic. The 
approach is plausible as on the one hand, water data are available in higher number and resolution 
compared to fish data, which may lead to a higher confidence.  

On the other hand, the use of a concentration factor leads to an increased uncertainty, which is reflected 
by a variation of the concentration factor between 37 and 380 for cod filet taken within the German 
Economic Zone between years 1986 and 2015 (see Aust et al. 2018).  

And last, a rapid change to higher threshold values and therewith assessment results may cause confusion 
of the general public accompanied by a reduced acceptance of HELCOM MORS itself. 

In the following examination, focus will be on the calculation of doses from present biota data taken from 
the MORS environmental database according to the approach of ICRP 136 (2017)/ ICRP 108 (2008). Values 
below detection limit were omitted from the examination. Furthermore, the calculation of threshold values 
for Cs-137 using the approach of Document 6.1 will be discussed in light of the general approach of ICRP 
136 (2017), its predecessor ICRP 108 (2008) and the results obtained from the data examination. 

 

What do we know – biota data in MORS environmental database 

The MORS environmental database (2019) lists 4174 datasets for biota and a total of 14624 concentration 
datasets for radionuclides sampled between 1984 and 2017. These specific activities were transferred to 
internal doses using the approach in ICRP 134 (2017); for the groups cod and herring&sprat, the dose 
conversion factors for trout (see Tables B.1 to B.40 in ICRP 134) were used, although it is a model for 
freshwater fish, but also for round fish. Furthermore, the dose conversion factors for flatfish (see Tables B.1 
to B.40 in ICRP 136) were used for the calculation of internal doses to plaice and flounder. Comparing the 
dose conversion factors between both model organisms showed that they do not differ much. 

In the MORS Environmental Database, 1013 samples for cod, 444 for Plaice&Flounder and 1054 samples of 
Herring & Sprat are listed, which were analysed for a maximum of 49 radionuclides. Samples were not 
differentiated regarding tissues; this may be done in a later part of the analysis. 
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What are the highest internal doses to the three assessed fish-species and where do they come from? 

Internal doses from radionuclides to the three indicator fish species groups were calculated sample-wise 
and maximum values for individual fish samples were selected, listed in Table 1 and ranked by their internal 
dose. 

Table 1: Maximum internal doses (MID) from radionuclides to different fish-species groups derived from 
the HELCOM MORS Environmental Database 2019 

  Cod  Herring & Sprat  Plaice & Flounder 

Rank 
 

Nuclide 
MID 

(µGy h-1) 
 

Nuclide 
MID 

(µGy h-1) 
 Nuclide MID 

(µGy h-1) 

1  K-40 0,26  K-40 0,24  K-40 0,06 
2  Ra-226 0,074  Cs-137 0,050  Po-210 0,01 
3  Cs-137 0,048  Po-210 0,026  Cs-137 0,005 
4  Cs-134 0,025  Cs-134 0,025  Sr-90 0,002 
5  Po-210 0,0046  Sr-90 0,0045  Ra-226 0,001 
6  Sr-90 0,0026  Ru-106 0,0031  Cs-134 0,0009 
7  Ag-110m 0,0025  Sr-89 0,0021  Pb-210 3,6 * 10-05 
8  Ru-106 0,0013  Ra-226 0,0016  Pu-239+240 2,0 * 10-06 
9  Co-60 0,0004  Mn-54 0,0007  Am-241 2,0 * 10-07 
10  Mn-54 6,8 * 10-05  Zr-95 0,0006  Pu-238 1,63 * 10-07 

 

The ten highest values of internal doses range from 6,8 * 10-5 µGy h-1 to 0,26 µGy h-1 in cod, from 
6,0 * 10-4 µGy h-1 to 0,23 µGy h-1 in Herring & Sprat and from 1,63 * 10-07 µGy h-1 to 0,06 µGy h-1 in 
Plaice&Flounder. The values imply that there are some natural radionuclides being responsible for the 
highest doses while Cs-137 is the most prominent artificial radionuclide. 

 

Are the doses plausible? 

As expected, the highest internal doses originate from the natural radionuclide K-40, while the magnitude 
seems to depend on fish type (round vs. flatfish). In cod, the highest internal dose besides K-40 originates 
from Ra-226 with 0,074 µGy h-1, which corresponds to an annual dose of 644 µGy a-1; this value is 
accompanied by two more samples with around one order of magnitude higher values compared to the 

-ic activity of Raof the specifplausibility  herefore, theT. (data not shown)other 87 values in the database
.validatedbe should 226 in these fish samples  

Furthermore, for the groups Herring&Sprat and Plaice&Flounder, high internal doses also originate from 
Po-210. In comparison with the literature, the concentrations in samples from Herring&Sprat are 
significantly larger than those listed in Aarkrog et al. (1997). This should also be verified. 

While internal doses of Cs-137 to roundfish are in the expected range and seem to be plausible, doses to 
flatfish seem to differ significantly. This is interesting as flatfish normally feeds from small crustaceans and 
mussels, which are known for their higher amount of artificial and natural radionuclides. This may be 
evaluated in the future. 
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Assumed differences to the proposed/ OSPAR approach to the ICRP-approach 

The original approach ICRP 136 (2017) and ICRP 108 (2008) consider specific activities measured in non-
human species and calculates normalised dose rates with radionuclide- and species-specific dose 
conversion factors as dose/ does rates are the only estimate of effects caused by ionizing radiation. This 
may be interpreted in a way that the total additional dose from artificial radionuclides has to be compared 
with the threshold value. Regarding the monitored radionuclides in the HELCOM environmental database, 
interesting radionuclides are Cs-134, Cs-137, Sr-90, Co-60, Pu-238, Pu-239+240, and Am-241. Considering 
the mean internal dose to from the selected artificial radionuclides is evaluated, Cs-137 represents almost 
90%, and both caesium isotopes more than 95% (see Table 2). If the maximum values of internal dose rates 
are used instead, this relation changes to Cs-137/Cs-134/Sr-90 at about 65/30/5 in roundfish, while in 
flatfish, approximately 30 % of the dose originates from strontium (data not shown).  

Table 2: Mean internal doses of artificial radionuclides to different fish species and percentage of the dose-
sum 

  Cod  Herring & Sprat  Plaice & Flounder 

Nuclide 

 Mean 
dose 
(µGy h-1) % of total 

 Mean 
dose 
(µGy h-1) % of total 

 Mean 
dose 
(µGy h-1) % of total 

Am-241  7,26*10-11 4,0*10-06  1,42*10-08 0,0008  5,05*10-10 4,82*10-05 
Co-60  8,39*10-07 0,05  2,24*10-07 0,01  0 0 
Cs-134  0,0002 9,85  0,0001 7,5  3,73*10-05 3,56 
Cs-137  0,002 88,99  0,002 90,6  0,001 91,53 
Pu-238  1,4*10-09 7,4*10-05  1,3*10-09 7,0  3,68*10-10 3,51*10-05 
Pu-239+240  3,8*10-08 0,002  5,5E-08 0,003  7,32*10-09 0,0007 
Sr-90  2,0*10-05 1,10  3,6*10-05 1,9  5,15*10-05 4,92 

 

Considering the distributions above, the annual threshold dose limit of Cs-137 for members of the public 
regarding exemption from EC Basic Safety Standards (2013) may reduce from 10 µSv a-1 to 9 µSv a-1  
considering the mean distribution or 6,5 µSv a-1 considering the distribution using the maximum value. In 
other words, the threshold regarding activity concentrations in fish tissues are 22 Bq  kg-1 w.w., 19,8 Bq  kg-1 
w.w. and 14,3 Bq  kg-1 w.w.. The same is true for the internal dose from ICRP 136, for which amount 
accordingly 40 µg h-1, 36 µg h-1 and 26 µg h-1. 

Evaluating the MORS Environmental database leads to the numbers of samples exceeding the proposed 
threshold values listed in Table 3 considering both, the EC and ICRP approach. 
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Table 3: Total numbers with Cs-137 values and of samples exceeding the threshold values of EC 2013 and 
ICRP 134 (2017) and proposed derived values for Cs-137 

  Cod  Herring&Sprat  Plaice&Flounder 

Samples total  974  1009  391 

       Annual threshold dose limit for members of the public from EC Basic Safety Standards 
(2013) 

10 µSv a-1  32  51  3 

9 µSv a-1  61  53  3 

6,5 µSv a-1  164  101  23 

       Threshold value from ICRP 134 (2017) for dose to animals originating from internal 
exposure 

40 µg h-1  0  0  0 

36 µg h-1  0  0  0 

26 µg h-1  0  0  0 

The numbers presented in Table 3 show the cases in which the internal exposure of Cs-137 exceed the 
proposed threshold values derived from the two dose criteria approaches. First of all, none of the samples 
exceeds the dose threshold from ICRP (2017) regarding Cs-137 from internal exposure. This may change, 
when also external exposure would be included as suggested in the ICRP approach, but this was beyond the 
scope of this examination. 

Furthermore, 1 % to 20 % of the samples are exceeding the threshold criteria derived from EC (2013) 
including the dose distributions above. Looking for their regional and temporal distribution most of them 
occurred between 1986 and 2007 and in more eastern HELCOM sub-basins (see Table 4). This sounds 
reasonable regarding the fallout from the Chernobyl accident. 
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Table 4: Regional distribution of total sample numbers exceeding the dose criteria derived from EC (2013) 
listed in Table 3 

  Cod  Herring&Sprat  Plaice&Flounder 
Threshold 

µGy a-1 
 10 9 6,5  10 9 6,5  10 9 6,5 

Year start  1986 1986 1986  1986 1986 1986  1989 1989 1989 

Year end  2000 2000 2007  1998 1999 2004  1996 1996 1996 

             
Aland Sea  0 0 0  1 2 8  0 0 0 

Arkona Basin  4 7 27  0 0 1  0 0 3 

Northern Baltic Proper  0 0 0  0 0 0  0 0 0 

Gdansk Basin  0 0 4  0 0 0  1 1 3 

Great Belt  0 0 0  0 0 0  0 0 0 

Bornholm Basin  9 19 67  5 5 9  0 0 10 

Bothnian Bay  0 0 0  11 17 25  0 0 0 

Bothnian Sea  5 5 5  12 14 19  0 0 0 

Eastern Gotland Basin  12 27 50  0 0 5  2 2 7 

Western Gotland Basin  1 1 2  9 9 10  0 0 0 

Gulf of Finland  1 1 2  5 7 10  0 0 0 

Kattegat  0 1 4  0 0 0  0 0 0 

The Sound  0 0 0  0 0 0  0 0 0 

Gulf of Riga  0 0 0  0 0 0  0 0 0 

Kiel Bay  0 0 0  0 0 0  0 0 0 

Bay of Mecklenburg  0 0 3  0 0 0  0 0 0 

The Quark  0 0 0  8 9 14  0 0 0 

Skagerrak  0 0 0  0 0 0  0 0 0 

Lake Ladoga  0 0 0  0 0 0  0 0 0 

 

The most significant difference of the approach in document 6.1 (and in the cited (OSPAR Agreement: 
2016-07) to that of ICRP 134 (based on ICRP 108) is that the latter includes external doses to biota from 
sediment. This is especially important for flatfish species. While the OSPAR approach omits external doses 
from sediments to fish species as no data on sediments are submitted to OSPAR Radioactive Substances 
Committee, sediment data are available in the HELCOM-MORS Environmental database and also may be 
included. 
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Conclusions 

In view of the biota data available in the HELCOM-MORS Environmental database, the fundamentals of the 
approach proposed in MORS EG 10-2020 Document 6.1 in general is resonable and effective for 
consideration of threshold values for fish species. In view of the dose aim, which may represent a sum of 
doses originating from a certain exposure scenario, a more concerted approach to the goal listed in 
HELCOM BSAP may be suitable.  

In the figure of document 6.1, the three values ATD, TVFish and TVSW are calculated. The ICRP 108 (2008) also 
includes external doses from water and sediments, which are beyond the scope of this view on the data. 

As the examinations above show, that fish species are not in danger regarding internal radiation dose, even 
under considering of the Chernobyl accident. This may not be plausible to the general public. Furthermore, 
the data presented above show, that under emegency situations, the threshold of the internal dose of 
Cs-137 needs to be considerably lower as the 40 µGy h-1 or 10 µSv. Therefore, a deeper look into the data 
accompanied by a discussion about results and consequences of each approach seems to necessary, for 
which the examination presented above may be a starting point. 
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