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Table 2.8: Summary table of data for nuclear fuel reprocessing plants (Explanatory note on use 
of red type and red bold type is on page 27.) 

  Baseline 
average 

(TBq) 

Baseline 
lower bracket 

(TBq) 

Baseline 
upper bracket 

(TBq) 

Assessment 
average (TBq) 

Student's t 
Welch-Aspin 
probability 

Mann-
Whitney 

probability 

Overall 

Total-α 2.59E-01 5.04E-02 3.66E-01 3.25E-01 0.256 0.202 

Total-β 
(excluding H-3) 1.50E+02 5.53E+01 1.99E+02 7.98E+01 0.015 0.010 

Tc-99 9.57E+01 0 2.01E+02 2.99E+01 0.027 0.048 

Cs-137 1.12E+01 5.86E+00 1.66E+01 7.85E+00 0.025 0.048 

Pu-239,240 1.76E-01 3.93E-02 3.12E-01 2.70E-01 0.091 0.106 
              

FR 

Total-α 4.84E-02 2.73E-02 5.91E-02 2.52E-02 0.002 0.005 

Total-β 
(excluding H-3) 2.72E+01 3.07E+00 3.96E+01 1.17E+01 0.015 0.002 

Tc-99 2.33E-01 0 3.64E-01 1.00E-01 0.043 0.073 

Cs-137 2.24E+00 0 3.47E+00 7.68E-01 0.020 0.005 

Pu-239,240 4.57E-03 2.50E-03 5.63E-03 2.25E-03 0.022 0.030 

UK 

Total-α 2.11E-01 2.16E-02 3.08E-01 3.00E-01 0.113 0.073 

Total-β 
(excluding H-3) 1.23E+02 4.83E+01 1.61E+02 6.81E+01 0.024 0.030 

Tc-99 9.55E+01 0 1.50E+02 2.98E+01 0.027 0.048 

Cs-137 9.01E+00 5.60E+00 1.07E+01 7.08E+00 0.080 0.106 

Pu-239,240 1.71E-01 3.57E-02 2.40E-01 2.68E-01 0.083 0.073 

 

 

 

 

 

 

 

 

 

 

 

 

Case Study 3 
 
As early as 1992, the French Authorities required licensees to optimise radioactive 
substance discharges. Licensees implemented technical and organisational programmes 
which resulted in a large decrease in discharges of radioactive substances in the marine 
environment. See Annex 2 for more information. 

Case Study 4 
 
The reduction of Tc-99 discharges from the Sellafield reprocessing facility provides an 
example of regulatory and management decisions being taken to reduce a site-specific 
source of discharges, as a result of OSPAR measures and associated consideration by 
Contracting Parties. See Annex 2 for more information. 
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Country Year 

Total-β 
(excluding 
H-3) (TBq) 

Denmark 1996 1.10E-04 
 1997 7.10E-05 
 1998 8.48E-05 
 1999 9.10E-05 
 2000 1.50E-04 
 2001 1.30E-04 
 2002 2.50E-04 
 2003 9.00E-05 
 2004 1.10E-04 
 2005 1.18E-04 
 2006 1.45E-04 

 

Country Year 
Total-α 
(TBq) 

Total-β 
(excluding 
H-3) (TBq) 

France 1995 1.73E-04 1.93E-04 
 1996 1.23E-04 1.15E-04 
 1997 1.13E-04 1.09E-04 
 1998 1.24E-04 1.24E-04 
 1999 1.56E-04 1.53E-04 
 2000 1.60E-04 1.50E-03 
 2001 1.70E-04 1.50E-03 
 2002 1.30E-04 1.00E-03 
 2003 1.10E-04 1.00E-03 
 2004 1.07E-04 8.58E-04 
 2005 9.59E-05 8.31E-04 
 2006 1.06E-04 1.13E-03 

 

Country Year 

Total-β 
(excluding 
H-3) (TBq)  

Germany 1995 9.25E-04 
 1996 6.92E-04 
 1997 5.40E-04 
 1998 1.53E-03 
 1999 1.14E-03 
 2000 3.50E-04 
 2001 4.20E-04 
 2002 3.60E-04 
 2003 1.90E-04 
 2004 3.70E-04 
 2005 3.18E-04 
 2006 1.29E-04 
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Country Year 
Total-α 
(TBq) 

Total-β 
(excluding 
H-3) (TBq) 

The 
Netherlands 1995 1.00E-07 1.20E-01 

 1996 5.00E-06 1.59E-01 
 1997 4.00E-06 4.41E-02 
 1998 2.00E-06 6.15E-02 
 1999 6.24E-07 5.91E-02 
 2000 6.18E-07 7.82E-02 
 2001 7.00E-06 9.14E-02 
 2002 9.00E-07 8.08E-02 
 2003 1.76E-06 4.06E-02 
 2004 5.24E-05 6.70E-02 
 2005 <3.71E-06 7.55E-02 
 2006 8.90E-06 5.48E-02 

 

Country Year 
Total-α 
(TBq) 

Total-β 
(excluding 
H-3) (TBq) 

Norway 1995 1.00E-06 2.95E-03 
 1996 7.82E-07 4.04E-03 
 1997 1.59E-05 2.42E-03 
 1998 2.98E-06 2.08E-03 
 1999 3.20E-08 3.02E-03 
 2000 1.40E-07 1.89E-03 
 2001 4.07E-08 1.56E-03 
 2002 3.80E-08 8.60E-04 
 2003 3.57E-08 4.43E-04 
 2004 1.60E-07 7.95E-04 
 2005 1.87E-07 5.02E-04 
 2006 6.53E-08 7.79E-04 

 

Country Year 

Total-β 
(excluding 
H-3) (TBq) 

Portugal 1995 8.43E-04 
 1996 4.27E-04 
 1997 5.15E-04 
 1998 6.57E-04 
 1999 1.16E-03 
 2000 9.59E-04 
 2001 8.05E-04 
 2002 8.50E-05 
 2003 7.85E-05 
 2004 3.05E-04 
 2005 4.10E-06 
 2006 9.60E-05 
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Country Year 
Total-α 
(TBq) 

Total-β 
(excluding 
H-3) (TBq) 

Switzerland 1995 4.40E-06 3.13E-04 

 1996 2.10E-06 2.31E-04 
 1997 5.80E-07 1.70E-04 
 1998 1.28E-05 1.57E-04 
 1999 2.01E-05 8.72E-04 
 2000 3.34E-05 8.45E-04 
 2001 7.18E-07 3.58E-04 
 2002 5.86E-07 4.23E-05 
 2003 2.17E-06 5.50E-05 
 2004 1.40E-05 6.13E-05 
 2005 7.95E-07 2.05E-04 
 2006 2.70E-06 3.26E-04 

 

Country Year 
Total-α 
(TBq) 

Total-β 
(excluding 
H-3) (TBq) 

United 
Kingdom 1995 8.80E-02 7.03E+00 

 1996 7.30E-02 6.30E+00 

 1997 2.69E-02 9.52E-01 

 1998 1.35E-02 6.07E-01 

 1999 1.76E-03 3.14E-01 

 2000 1.70E-03 3.20E-01 

 2001 1.60E-03 3.23E-01 

 2002 2.32E-03 3.09E-01 

 2003 4.28E-03 3.69E-01 

 2004 9.60E-04 4.74E-01 

 2005 1.03E-03 3.82E-02 

 2006 5.65E-04 2.05E-02 
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Table A4.5: Offshore Installations capable of discharging or emitting radionuclides to the OSPAR Maritime area (OSPAR, 2008b)  

Numbers of installations 

 Installation 
type 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

Oil  99 133 120 135 137 174 152 153 146 148 148 151 

Gas 204 207 171 164 186 239 223 225 254 257 257 259 

Sub-sea 75 5 6 87 44 65 81 120 143 179 184 190 

Drilling 7 43 47 9 4 69 76 86 45 58 71 75 

Other 0 0 0 0 0 0 5 2 4 11 11 8 

TOTAL 385 388 344 395 371 489 537 586 592 653 671 683 

 
Measurements are made of the quantity of water discharged. From 1996 (the second year of the baseline period), OSPAR has collected and published 
data on the estimated average daily quantities of these discharges. From 1996 to 2001, the statistics covered only the totals of production water and 
displacement water together. Since 2002, figures for the annual totals of produced water discharges have also been collected separately, and so it has 
been possible to look specifically at the figures most relevant to the discharge of radioactive substances. Table 2.12 shows the combined water 
discharges for each Contracting Party from 1996 to 2006. Table 2.13 shows the discharges of produced water.  
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Table A4.6: Estimated average daily quantities of discharges of produced water and displacement water13 

(m3/day) 

Country 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

Denmark 13 425 14 630 18 000 27 435 43 909 46 273 44 158 54 243 67 578 74 522 76 677 

Germany 0 0 0 0 14 14 19 18 22 22 26 

Ireland 7 7.52 6.69 5 6 7 8 NI14 8 7 591 

Netherlands 35 214 33 895 30 303 25 000 31 820 38 117 24 263 21 381 23 313 24 275 26 429 

Norway 412 283 438 779 462 969 442 225 461 323 493 342 490 826 524 910 537 342 533 349 510 618 

UK 567 540 642 973 693 151 716 130 652 188 696 482 738 082 719 950 690 481 642 967 603 112 

Total 1 028 469 1 130 285 1 204 430 1 210 795 1 189 260 1 274 236 1 297 356 1 320 502 1 318 745 1 275 143 1 216 873 

 

                                                      
13  Calculated from the national reports on which are based the annual OSPAR Reports on Discharges, Spills and Emissions from Offshore Oil and Gas Installations.  
14  NI = No information available 



Towards the Radioactive Substances Strategy objectives 

168 

Table A4.7: Annual total discharges of produced water 

millions of cubic metres (m3) 

Country 2002 2003 2004 2005 2006 

Denmark  12.437 15.934 19.647 23.177 25.128 

Germany 0.007 0.006 0.008 0.008 0.010 

Ireland 0.003 NI* 0.003 0.003 0.214 

Netherlands 8.856 7.804 8.509 8.861 9.647 

Norway 118.933 134.730 142.803 147.269 144.742 

United Kingdom  266.745 260.761 251.956 234.548 218.889 

TOTAL 406.981 419.235 422.926 413.866 398.630 
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Concentration data tables 
Table A4.8: Seawater concentrations, based on calculations of the mean concentration for the period 1995 – 2006 

Key to the table: 
• Empty box: no data available. 
• Baseline seawater value in italic denotes that all measurements on which the value has been based were below the detection limit. 
• Baseline seawater value in bold italic denotes that some/most measurements on which the value has been based were below the detection limit. 
• Dash: Standard deviation not calculated because baseline seawater value has been based on all or some/most measurements below the detection limit. 
 

Year 

Monitoring 
area Radionuclide 

Average / 
Standard 
Deviation 

(Bq/l) 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

n 27 32 38 38 38 37 38 37 38 37 35 38 
Average <2.43E+00 <2.16E+00 <3.09E+00 <2.83E+00 <3.03E+00 <3.62E+00 <2.63E+00 <2.74E+00 <2.58E+00 <2.54E+00 <2.70E+00 <2.45E+00 H-3 

SD - - - - - - - - - - - - 
n 27 32 38 38 38 37 38 40 41 41 38 41 
Average <2.23E-01 <2.39E-01 <2.94E-01 <8.82E-02 <8.60E-02 <7.06E-02 <7.61E-02 <5.51E-02 <6.90E-02 <7.52E-02 <1.02E-01 <7.62E-02 Cs-137 

SD - - - - - - - - - - - - 
n               2 2   3   
Average               <1.00E-04 <1.00E-04   2.40E-03   

1 

Tc-99 

SD               - -   1.23E-03   
                              

n 34 34 34 34 33 34 34 35 35 33 34 29 
Average <1.43E+01 <1.51E+01 <1.40E+01 <1.28E+01 <1.46E+01 <1.22E+01 <1.25E+01 <1.35E+01 <1.11E+01 <1.32E+01 <1.07E+01 <1.04E+01 H-3 

SD - - - - - - - - - - - - 
n 34 34 34 34 33 34 34 35 35 33 34 29 
Average <3.09E-02 <3.35E-02 <2.94E-02 <3.04E-02 <2.64E-02 <3.06E-02 <3.10E-02 <2.89E-02 <2.43E-02 <2.37E-02 <2.39E-02 <2.38E-02 

2 

Cs-137 

SD - - - - - - - - - - - - 
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Year 

Monitoring 
area Radionuclide 

Average / 
Standard 
Deviation 

(Bq/l) 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

n     4 4 4 4 4 6 6 6 6 6 
Average     <1.09E+01 <1.04E+01 <1.10E+01 <9.53E+00 <9.48E+00 <7.30E+00 <7.55E+00 <6.98E+00 <2.16E+01 <7.93E+00 H-3 

SD     - - - - - - - - - - 
n 4 4 4 4 4 4 4 4 4 4 4 4 
Average <8.33E-03 <9.18E-02 <2.70E-02 <2.55E-02 <2.45E-02 <3.33E-02 <3.05E-02 <3.13E-02 <2.40E-02 <2.63E-02 <2.55E-02 <2.55E-02 

3 

Cs-137 

SD - - - - - - - - - - - - 
                              

n 24 27 26 18 13 20 15 29 34 28 32 24 
Average 4.38E-02 2.74E-02 2.88E-02 2.62E-02 2.88E-02 2.81E-02 1.21E-02 1.60E-02 1.14E-02 1.63E-02 1.79E-02 2.04E-02 Cs-137 

SD 1.79E-02 1.24E-02 9.97E-03 9.75E-03 5.52E-03 4.30E-03 3.71E-03 5.63E-03 5.07E-03 4.50E-03 9.52E-03 4.51E-03 
n 13 19 8 6 8 10 6 18 16 7 7 24 
Average 2.23E-02 2.19E-02 4.25E-02 2.18E-02 2.06E-02 2.01E-02 1.30E-02 2.05E-02 1.83E-02 1.73E-02 1.21E-02 1.09E-02 

4 

Tc-99 

SD 9.24E-03 9.47E-03 1.55E-02 1.10E-02 6.39E-03 5.55E-03 4.82E-03 7.56E-03 1.00E-02 7.41E-03 4.88E-03 3.55E-03 
                              

n 12 11 12 12 12 12 12 12 14 12 14 12 
Average 4.58E-02 2.66E-02 2.84E-02 2.77E-02 2.88E-02 2.52E-02 1.41E-02 1.88E-02 1.74E-02 1.68E-02 1.74E-02 1.73E-02 5 Cs-137 

SD 1.16E-02 2.31E-03 1.25E-02 4.83E-03 7.36E-03 8.13E-03 3.50E-03 6.09E-03 2.67E-03 5.34E-03 6.14E-03 5.53E-03 
                              

n 15 18 15 14 14 14 14 18 41 16 40 18 
Average 1.23E+01 1.17E+01 <1.62E+01 <1.45E+01 <1.17E+01 <1.63E+01 <2.24E+01 <2.17E+01 <1.29E+01 <1.81E+01 <1.17E+01 8.82E+00 H-3 

SD 9.38E+00 7.65E+00 - - - - - - - - - 4.79E+00 
n 6 6 6 6 6 6 6 6 29 6 28 6 
Average 2.21E-01 2.19E-01 2.00E-01 1.58E-01 1.42E-01 1.68E-01 1.18E-01 9.72E-02 7.34E-02 1.47E-01 7.75E-02 1.17E-01 Cs-137 

SD 1.31E-01 9.91E-02 9.18E-02 7.78E-02 6.43E-02 7.54E-02 6.24E-02 6.98E-02 4.97E-02 7.31E-02 4.79E-02 5.76E-02 
n 4 4 4 4 4 4 4 4 4 4 2 4 
Average 4.80E-01 1.07E+00 2.78E-01 1.12E-01 1.60E-01 1.13E-01 2.88E-01 2.56E-01 2.30E-01 1.04E-01 7.32E-02 4.46E-02 

6 

Tc-99 

SD 2.45E-01 1.28E+00 3.91E-02 5.74E-02 8.52E-02 2.18E-02 2.44E-01 1.74E-01 1.35E-01 5.38E-02 2.96E-02 3.47E-02 
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Year 

Monitoring 
area Radionuclide 

Average / 
Standard 
Deviation 

(Bq/l) 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

n     4 2 4 4 4 6 4 6 4 4 
Average     <1.59E+00 2.40E+00 <1.38E+00 <1.25E+00 <1.66E+00 <1.16E+00 <1.08E+00 <1.15E+00 <1.00E+00 <2.15E+00 H-3 

SD     - 2.83E-01 - - - - - - - - 
n 4 4 3 3 4 4 3 6 4 6 4 4 
Average 2.56E-02 2.37E-02 5.00E-02 5.00E-02 5.00E-02 7.50E-02 1.00E-01 <6.82E-02 <1.00E-01 <6.78E-02 <1.00E-01 <1.00E-01 

7 

Cs-137 

SD 9.16E-03 1.12E-02 8.50E-18 8.50E-18 0 2.89E-02 1.70E-17 <4.93E-02 <0.00E+00 <4.98E-02 <0.00E+00 <0.00E+00 
                              

n 34 41 42 40 39 40 39 23 20 22 20 36 
Average 3.02E+00 3.75E+00 4.50E+00 4.27E+00 4.80E+00 4.82E+00 3.30E+00 3.70E+00 3.70E+00 4.95E+00 5.04E+00 5.88E+00 H-3 

SD 1.16E+00 1.14E+00 1.16E+00 1.50E+00 1.22E+00 1.10E+00 1.17E+00 1.07E+00 9.00E-01 1.07E+00 1.37E+00 1.12E+00 
n   21 29 15 22 34   23 15 22 15 21 
Average   5.53E-03 4.98E-03 4.57E-03 3.47E-03 3.03E-03   <8.93E-02 <1.07E-01 <9.43E-02 <1.17E-01 <7.86E-02 Cs-137 

SD   1.12E-03 1.41E-03 1.03E-03 2.60E-04 3.30E-04   - - - - - 
n     23 2 13 23         15 18 
Average     1.19E-05 1.66E-05 9.93E-06 1.41E-05         <3.73E-04 <3.28E-04 

8 

Pu-239/240 

SD     3.82E-06 4.17E-06 1.83E-06 3.69E-06         - - 
                              

n 9 13 18 11 13 13   7 4 6 4 6 
Average 2.80E+00 1.43E+00 3.15E+00 4.03E+00 2.72E+00 3.44E+00   <2.79E+00 4.05E+00 4.33E+00 4.25E+00 5.41E+00 H-3 

SD 4.50E-01 9.00E-02 4.00E-01 7.00E-01 7.50E-01 8.50E-01   - 7.77E-01 1.48E+00 1.08E+00 1.11E+00 
n 46 34 37 45 50 42 38 22 24 24 24 36 
Average 8.80E-03 7.36E-03 5.27E-03 4.54E-03 4.85E-03 3.61E-03 3.20E-03 3.38E-03 3.22E-03 2.92E-03 2.61E-03 2.57E-03 Cs-137 

SD 4.40E-03 2.13E-03 1.50E-03 1.67E-03 1.87E-03 1.18E-03 8.80E-04 1.02E-03 7.37E-04 6.36E-04 3.84E-04 4.59E-04 
n     7 1 11 1             
Average     1.03E-03 7.00E-04 1.53E-03 3.40E-03             

9 

Tc-99 

SD     4.60E-04 - 1.00E-03               
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Year 

Monitoring 
area Radionuclide 

Average / 
Standard 
Deviation 

(Bq/l) 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

n 30   19 19 17 14   8 7 10   9 
Average 1.94E-05   7.42E-06 1.13E-05 8.44E-06 1.05E-05   5.96E-06 7.50E-06 1.26E-05   6.32E-06  Pu-239/240 

SD 5.54E-06   1.72E-06 2.43E-06 2.55E-06 2.63E-06   2.56E-06 1.51E-06 3.72E-06   2.18E-06 
                              

n 5 6 6 6 2 4 4 37 9 36 9 40 
Average <1.01E+00 <1.30E+00 <1.00E+00 <5.58E-01 8.50E-01 <7.13E-01 <4.88E-01 <1.85E+00 <1.85E+00 <1.47E+00 <1.15E+00 <2.31E+00 H-3 

SD - - - - 4.95E-01 - - - - - - - 
n 2 13 12       23 30 1 29 6 31 
Average 1.19E-02 7.03E-03 5.93E-03       4.29E-03 4.49E-03 4.17E-03 4.50E-03 4.19E-03 4.08E-03 Cs-137 

SD 9.90E-04 3.03E-03 3.02E-03       2.00E-03 1.66E-03 - 1.37E-03 8.98E-04 1.19E-03 
n   14 15   3   23           
Average   3.24E-03 2.32E-03   3.55E-03   2.00E-03           Tc-99 

SD   2.62E-03 1.63E-03   1.08E-03   1.79E-03           
n           1 11     10 4   
Average           3.30E-06 2.90E-05     8.74E-06 2.03E-05   

10 

Pu-239/240 

SD           - 2.02E-05     5.73E-06 1.17E-05   
                              

n 1 3 5      4 1 2 3 3   
Average 2.52E-02 9.47E-03 1.71E-02       6.65E-03 5.00E-03 4.80E-03 8.77E-03 7.43E-03   Cs-137 

SD - 6.43E-04 8.27E-03       2.36E-03 - 2.55E-03 2.55E-03 2.25E-03   
n   2 2   2 4 9 3 3 3 6 6 
Average   1.15E-03 1.70E-03   5.95E-03 1.18E-03 1.23E-03 1.69E-03 1.50E-03 1.93E-03 1.11E-03 6.03E-04 Tc-99 

SD   4.95E-04 0   1.77E-03 2.06E-04 4.70E-04 3.76E-04 2.65E-04 1.49E-03 2.69E-04 1.27E-04 
n           4 4   3 2 1   
Average           2.98E-06 4.68E-06   4.97E-06 4.50E-06 7.70E-06   

11 

Pu-239/240 

SD           1.44E-06 8.30E-07   1.69E-06 1.41E-06 -   
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Year 

Monitoring 
area Radionuclide 

Average / 
Standard 
Deviation 

(Bq/l) 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

n               4 4 4 4   
Average               <3.07E+00 <2.33E+00 <2.85E+00 2.25E+00   H-3 

SD               - - - 6.07E-01   
n 20 16 20 20 31 27 20 14 14 14 14 14 
Average 4.45E-02 3.01E-02 4.16E-02 2.83E-02 2.32E-02 1.34E-02 3.09E-02 <6.01E-02 5.37E-02 4.50E-02 4.81E-02 2.49E-02 Cs-137 

SD 1.08E-02 1.40E-02 1.63E-02 1.72E-02 1.59E-02 1.21E-02 1.50E-02 - 2.60E-02 3.10E-02 2.84E-02 9.18E-03 
n       14 14 8 8 4 4 4 3 4 
Average       1.51E-03 1.87E-03 1.08E-03 8.47E-04 5.30E-04 5.95E-04 5.00E-04 5.29E-04 4.11E-04 

12 

Tc-99 

SD       1.19E-03 1.14E-03 2.81E-04 4.07E-04 2.82E-04 1.51E-04 1.21E-04 2.03E-04 2.02E-04 
                              

n 12         16   2 4 3 2 1 
Average 4.93E-03         4.71E-03   4.45E-03 3.10E-03 2.10E-03 2.95E-03 2.56E-03 Cs-137 

SD 2.72E-03         2.21E-03   1.77E-03 6.38E-04 7.00E-04 2.12E-04 #DIV/0! 
n     6 11 10 9 12 12 12 12 12 12 
Average     6.00E-04 9.23E-04 1.47E-03 1.27E-03 1.24E-03 9.79E-04 8.46E-04 8.21E-04 8.83E-04 6.11E-04 Tc-99 

SD     1.30E-04 3.61E-04 3.05E-04 2.93E-04 3.28E-04 1.59E-04 1.16E-04 1.23E-04 9.61E-05 9.61E-05 
n         1 3   4 11 3 3   
Average         8.10E-06 5.00E-06   4.25E-06 8.09E-06 5.87E-06 4.27E-06   

13 

Pu-239/240 

SD         - 4.58E-07   1.82E-06 4.23E-06 1.97E-06 1.10E-06   
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Year 

Monitoring 
area Radionuclide 

Average / 
Standard 
Deviation 

(Bq/l) 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

n         7       1 1 2 2 
Average         3.51E-03       3.40E-03 2.80E-03 2.10E-03 2.30E-03 Cs-137 

SD         3.98E-04       - - 0 2.83E-04 
n         8 3 2 4 4 2 5 3 
Average         7.29E-04 1.20E-03 1.55E-04 1.78E-04 2.30E-04 4.45E-04 4.02E-04 3.60E-04 Tc-99 

SD         3.63E-04 2.47E-04 3.54E-05 7.41E-05 8.16E-05 3.61E-04 3.35E-04 2.15E-04 
n         6 3   5 2 1 18   
Average         8.32E-06 6.13E-06   6.48E-06 6.90E-06 5.10E-06 5.82E-06   

14 

Pu-239/240 

SD         1.26E-06 3.16E-06   2.24E-06 8.49E-07 - 4.25E-06   
                              

n 31 18 22 9 11 16 14 13 16 9 18 14 
Average 3.93E-03 4.32E-03 3.91E-03 5.53E-03 5.53E-03 5.20E-03 3.02E-03 3.15E-03 2.72E-03 3.00E-03 2.09E-03 2.67E-03 Cs-137 

SD 1.81E-03 2.24E-03 1.78E-03 2.03E-03 2.09E-03 1.68E-03 1.14E-03 1.16E-03 1.41E-03 8.78E-04 6.83E-04 7.32E-04 
n               11 11 11 14 6 
Average               1.37E-04 1.07E-04 1.12E-04 1.01E-04 8.36E-05 Tc-99 

SD               6.96E-05 6.68E-05 6.25E-05 6.35E-05 3.87E-05 
n         2 4 4 6 5   1   
Average         7.35E-06 5.30E-06 7.03E-06 3.83E-06 9.74E-06   3.80E-06   

15 

Pu-239/240 

SD         1.06E-06 3.84E-06 1.39E-06 2.11E-06 2.16E-06   -   
 



OSPAR Commission, 2009 

175 

Table A4.9: Biota concentrations, based on calculations of the mean concentration for the period 1995 – 2006 

 
Key to the table: 
• Empty box: no data available. 
• Baseline biota value in italic denotes that all measurements on which the value has been based were below the detection limit. 
• Baseline biota value in bold italic denotes that some/most measurements on which the value has been based were below the detection limit. 
• Dash: Standard deviation not calculated because baseline biota value has been based on all or some/most measurements below the detection limit. 
 

Year 

Moni- 
toring 
area 

Biota Radionuc
lide 

Average / 
Standard 
Deviation 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

N               3 3 3     
Average               2.33E-01 3.33E-01 2.73E-01     Fish Cs-137 

SD               5.77E-02 1.15E-01 6.43E-02     
N 36 31 36 33 36 12 12 15 15 10 8 10 

Average <1.40E-01 <1.40E-01 <1.00E-01 <8.00E-02 <8.00E-02 <7.00E-02 6.00E-02 <6.00E-02 <6.00E-02 6.00E-02 <6.00E-02 <7.00E-02 Seaweed Cs-137 

SD - - - - - - 2.00E-02 - - 2.00E-02 - - 
N               2 3       

Average               2.16E+00 1.56E+00       

1 

Seaweed Tc-99 

SD               7.60E-01 2.70E-01       
                            

N 16 16 15 16 15 14 16 17 15 17 17 16 
Average 1.65E-02 1.68E-02 2.18E-02 1.77E-02 1.81E-02 1.55E-02 1.21E-02 9.30E-03 1.04E-02 <1.23E-02 1.22E-02 <1.10E-02 Molluscs Pu-

239,240 
SD 8.50E-03 1.33E-02 3.32E-02 1.36E-02 2.10E-02 1.01E-02 5.90E-03 3.60E-03 7.10E-03 - 6.90E-03 - 
N 63 60 59 60 64 31 32 36 33 32 32 32 

Average <3.40E-01 <2.20E-01 <2.50E-01 <1.60E-01 <1.40E-01 <1.40E-01 <1.50E-01 <1.40E-01 <1.30E-01 <1.10E-01 <1.10E-01 <1.10E-01 Seaweed Cs-137 

SD - - - - - - - - - - - - 
N 12 12 10 12 12 12 4 6 4 4 3 2 

Average 8.44E+00 7.06E+00 8.15E+00 6.47E+00 1.39E+01 1.11E+01 8.64E+00 4.90E+00 5.57E+00 3.79E+00 2.06E+00 1.11E+00 

2 

Seaweed Tc-99 

SD 3.95E+00 1.53E+00 1.67E+00 1.47E+00 4.72E+00 3.32E+00 3.69E+00 3.16E+00 5.30E+00 3.90E+00 2.73E+00 6.10E-01 
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Year 

Moni- 
toring 
area 

Biota Radionuc
lide 

Average / 
Standard 
Deviation 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

N 3 3 8 8 1               
Average <3.90E-05 4.80E-05 <4.40E-05 <7.30E-05 <2.60E-05               Fish Pu-

239,240 
SD - 1.40E-05 - - -               
N 24 22 24 23 24 8 8 9 9 9 9 9 

Average 2.60E-01 <2.20E-01 <1.20E-01 <1.00E-01 <1.10E-01 8.00E-02 7.00E-02 <1.10E-01 <1.70E-01 <2.40E-01 <1.90E-01 <1.80E-01 Seaweed Cs-137 

SD 6.00E-02 - - - - 2.00E-02 2.00E-02 - - - - - 
N 24 21 20 9 8 7 5 6 3 5 3 1 

Average 7.25E+00 6.75E+00 6.48E+00 6.83E+00 8.71E+00 8.69E+00 6.33E+00 5.71E+00 5.51E+00 5.93E+00 <4.13E+00 2.75E+00 

3 

Seaweed Tc-99 

SD 2.76E+00 9.30E-01 1.37E+00 1.12E+00 2.41E+00 2.55E+00 1.41E+00 1.13E+00 5.80E-01 1.55E+00 - - 
                            

N 1 4 4 4 4 4 4 3 1 1 1   
Average 2.84E-01 1.85E-01 1.98E-01 2.57E-01 1.81E-01 1.01E-01 1.16E-01 4.97E-02 2.83E-02 3.40E-02 3.32E-02   Molluscs Pu-

239,240 
SD - 4.39E-02 3.78E-02 7.26E-02 5.67E-02 7.75E-02 1.04E-01 1.30E-02 - - -   
N 24 22 22 23 21 20 16 18 19 19 18 18 

Average 1.20E+00 9.00E-01 9.70E-01 8.20E-01 9.60E-01 1.05E+00 6.50E-01 6.40E-01 6.40E-01 6.50E-01 6.70E-01 6.70E-01 Seaweed Cs-137 

SD 4.40E-01 3.40E-01 3.50E-01 2.50E-01 4.10E-01 2.60E-01 1.50E-01 3.10E-01 2.80E-01 2.90E-01 2.60E-01 2.00E-01 
N 12 16 11 15 12 14 13 11 10 4 4 4 

Average 4.55E+02 6.91E+02 9.27E+02 9.64E+02 6.41E+02 5.79E+02 4.04E+02 3.73E+02 6.05E+02 3.76E+02 3.79E+02 2.22E+02 

4 

Seaweed Tc-99 

SD 1.73E+02 2.53E+02 3.93E+02 4.55E+02 2.61E+02 2.47E+02 2.16E+02 2.27E+02 4.36E+02 1.87E+02 1.56E+02 3.80E+01 
                            

N 6 4 4 3 4 4 4 5 6 6 6 5 
Average 3.13E+00 3.18E+00 2.51E+00 2.28E+00 2.71E+00 2.94E+00 1.90E+00 2.39E+00 1.44E+00 1.70E+00 1.51E+00 <2.29E+00 Fish Cs-137 

SD 5.70E-01 7.30E-01 6.50E-01 7.90E-01 1.38E+00 6.90E-01 1.00E+00 6.70E-01 3.90E-01 3.80E-01 7.40E-01 - 
N 2 2 1 1 1 1 1 2 2 2 2 2 

Average 2.16E-01 1.65E-01 2.01E-01 1.55E-01 1.59E-01 1.64E-01 1.48E-01 1.31E-01 3.83E-01 1.92E-01 1.31E-01 1.46E-01 Molluscs Pu-
239,240 

SD 5.16E-02 1.98E-02 - - - - - 3.46E-02 3.57E-01 0 4.86E-02 4.20E-03 
N 2 3 4 4 4 4 4 4 4 4 4 4 

Average 1.74E+02 1.60E+02 3.65E+02 3.14E+02 3.34E+02 4.35E+02 2.28E+02 2.69E+02 2.55E+02 3.04E+02 1.73E+02 5.35E+02 

5 

Seaweed Tc-99 

SD 1.91E+02 2.15E+02 3.03E+02 3.42E+02 3.23E+02 5.21E+02 2.05E+02 2.89E+02 2.68E+02 3.22E+02 1.72E+02 6.00E+02 
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Year 

Moni- 
toring 
area 

Biota Radionuc
lide 

Average / 
Standard 
Deviation 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

                            
N 18 19 19 19 19 20 20 20 20 20 20 20 

Average 8.79E+00 7.37E+00 6.73E+00 5.11E+00 5.34E+00 5.03E+00 4.39E+00 4.30E+00 3.73E+00 3.80E+00 3.79E+00 3.16E+00 Cs-137 

SD 8.70E+00 6.68E+00 7.09E+00 6.21E+00 5.83E+00 5.89E+00 5.61E+00 5.49E+00 4.02E+00 3.57E+00 4.34E+00 4.09E+00 
N 7 7 8 8 7 8 8 8 8 8 8 7 

Average 1.29E+01 1.15E+01 9.20E+00 9.30E+00 1.03E+01 8.80E+00 1.06E+01 9.70E+00 9.40E+00 7.20E+00 1.04E+01 9.30E+00 

Molluscs 

Pu-
239,240 

SD 1.14E+01 1.03E+01 1.03E+01 9.50E+00 9.00E+00 1.02E+01 1.31E+01 1.18E+01 1.15E+01 6.50E+00 1.29E+01 9.70E+00 
N 8 8 8 8 9 9 9 10 10 9 10 10 

Average 1.53E+04 1.75E+04 1.09E+04 5.69E+03 5.68E+03 4.12E+03 5.67E+03 6.53E+03 6.39E+03 2.34E+03 2.28E+03 1.28E+03 

6 

Seaweed Tc-99 

SD 1.01E+04 1.01E+04 6.57E+03 3.89E+03 4.31E+03 2.27E+03 4.48E+03 5.00E+03 4.66E+03 1.52E+03 1.95E+03 8.94E+02 
                            

N 2 2 2 2 2 3 3 3 3 3 3 3 
Average 3.95E-01 4.65E-01 2.19E-01 1.99E-01 1.03E-01 1.22E-01 1.13E-01 6.75E-02 1.18E-01 8.93E-02 1.05E-01 5.91E-02 Molluscs Pu-

239,240 
SD 1.34E-02 1.77E-02 8.80E-03 8.50E-03 4.70E-03 5.85E-02 4.27E-02 2.82E-02 3.93E-02 2.99E-02 7.31E-02 3.14E-02 
N 8 8 8 8 8 14 16 14 16 16 14 16 

Average 1.19E+00 1.19E+00 4.00E-01 3.70E-01 5.30E-01 3.10E-01 4.80E-01 <2.00E-01 <2.00E-01 <2.10E-01 <1.70E-01 <2.50E-01 Seaweed Cs-137 

SD 3.10E-01 4.90E-01 1.80E-01 1.30E-01 2.60E-01 1.60E-01 2.60E-01 - - - - - 
N 4 1 3 4 4 6 4 6 6 6 6 6 

Average 2.50E+02 3.45E+02 2.20E+02 4.24E+02 3.13E+02 2.68E+02 1.90E+02 1.58E+02 2.38E+02 1.70E+02 1.94E+02 9.50E+01 

7 

Seaweed Tc-99 

SD 1.90E+01 - 8.40E+01 3.35E+02 1.19E+02 1.59E+02 4.60E+01 7.20E+01 1.24E+02 1.13E+02 1.01E+02 4.30E+01 
                            

N 1 4 2 2 1 0 0 25 25 26 24 27 
Average 4.40E-01 6.40E-01 3.40E-01 4.50E-01 6.80E-01 - - <1.50E-01 <1.50E-01 <1.40E-01 <2.20E-01 <1.80E-01 Cs-137 

SD - 3.30E-01 1.00E-01 1.30E-01 - - - - - - - - 
N   24 25 21 17 24 25       24 27 

Average   <2.06E-02 <1.75E-02 <2.51E-02 <2.26E-02 <2.24E-02 <1.95E-02       <2.73E-02 <2.31E-02 

8 Fish 

Pu-
239,240 

SD   - - - - - -       - - 
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Year 

Moni- 
toring 
area 

Biota Radionuc
lide 

Average / 
Standard 
Deviation 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

N   9 9 9 9 9 9 6 4 3 4 11 
Average   <2.16E-02 3.59E-02 <4.50E-02 <4.31E-02 5.46E-02 6.52E-02 <1.91E-01 <2.50E-01 <2.17E-01 <1.25E-01 <7.84E-02  Molluscs Pu-

239,240 
SD   - 2.62E-02 - - 1.65E-02 1.78E-02 - - - - - 

                            
N 5 9 7 6 4 3 1 2 2 1 4 3 

Average 5.90E-01 5.70E-01 5.30E-01 4.70E-01 4.00E-01 2.10E-01 2.10E-01 2.90E-01 3.30E-01 1.20E-01 1.80E-01 1.80E-01 Cs-137 

SD 1.80E-01 2.90E-01 3.40E-01 2.60E-01 3.10E-01 7.00E-02 - 1.00E-02 1.70E-01 - 9.00E-02 6.00E-02 
N 4 6   1 2 2 1 1 1 1 2   

Average <2.80E-05 <4.40E-05   <3.00E-05 <3.20E-05 <3.90E-05 <2.20E-05 <4.60E-05 <2.80E-05 <3.20E-05 5.70E-05   

9 Fish 

Pu-
239,240 

SD - - - - - - - - - - -   
                            

N 23 27 13 19 15 16 15 11 17 16 13 13 
Average 1.01E+00 8.00E-01 7.10E-01 6.80E-01 4.70E-01 4.40E-01 4.10E-01 4.80E-01 3.60E-01 3.40E-01 3.50E-01 4.20E-01 Fish Cs-137 

SD 5.70E-01 4.30E-01 3.60E-01 3.50E-01 9.00E-02 1.90E-01 1.70E-01 2.20E-01 1.70E-01 2.10E-01 2.60E-01 3.30E-01 
N       1 1 1 1 1 1 1 1 1 

Average       5.20E-02 4.94E-02 6.24E-02 6.29E-02 8.28E-02 7.94E-02 7.89E-02 5.75E-02 7.12E-02 Molluscs Pu-
239,240 

SD       - - - - - - - - - 
N 2 2 2 2 2 2 2 3 3 3 3 3 

Average 1.64E+01 3.02E+01 5.67E+01 6.15E+01 4.33E+01 2.86E+01 3.62E+01 4.34E+01 2.52E+01 2.38E+01 7.36E+01 4.86E+01 

10 

Seaweed Tc-99 

SD 1.97E+01 3.58E+01 5.78E+01 6.86E+01 2.07E+01 2.14E+01 4.59E+01 5.60E+01 1.95E+01 3.53E+01 7.83E+01 4.76E+01 
                            

N 3       1 3 2 4 4 4 7 4 
Average 8.40E-01       9.40E-01 5.30E-01 2.60E-01 6.70E-01 3.40E-01 5.20E-01 4.50E-01 5.70E-01 Seaweed Cs-137 

SD 3.00E-01       - 2.10E-01 3.00E-02 3.70E-01 1.60E-01 1.90E-01 1.80E-01 3.10E-01 
N           3 2 4 4 4 7 3 

Average           6.85E+01 3.54E+01 2.62E+01 3.40E+01 3.10E+01 4.26E+01 2.17E+01 

11 

Seaweed Tc-99 

SD           1.65E+01 6.20E+00 1.09E+01 1.22E+01 8.10E+00 1.27E+01 1.21E+01 
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Year 

Moni- 
toring 
area 

Biota Radionuc
lide 

Average / 
Standard 
Deviation 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

N 6 3 3 3 3 3 3 9 9 9 9 9 
Average 2.52E+00 3.31E+00 3.22E+00 3.63E+00 2.71E+00 2.86E+00 2.41E+00 7.12E+00 6.14E+00 5.66E+00 5.42E+00 4.78E+00 Fish Cs-137 

SD 3.01E+00 2.25E+00 1.76E+00 3.79E+00 1.54E+00 1.42E+00 8.30E-01 3.92E+00 3.29E+00 3.05E+00 2.79E+00 2.62E+00 
N 5 3 3 4 5 4 4 4 4 4 4 4 

Average 2.26E+00 1.86E+00 1.68E+00 1.56E+00 1.68E+00 1.42E+00 1.51E+00 1.33E+00 1.35E+00 1.20E+00 1.21E+00 1.16E+00 Seaweed Cs-137 

SD 5.10E-01 5.50E-01 4.20E-01 4.50E-01 5.00E-01 4.60E-01 3.60E-01 8.40E-01 3.40E-01 3.20E-01 4.40E-01 2.80E-01 
N 2 3 3 4 4 4 4 4 4 4 2   

Average 3.70E+00 8.50E+00 1.49E+01 2.07E+01 2.80E+01 3.25E+01 2.29E+01 2.31E+01 2.47E+01 2.34E+01 2.51E+01   

12 

Seaweed Tc-99 

SD 1.40E+00 2.80E+00 3.50E+00 7.20E+00 7.10E+00 7.30E+00 5.00E+00 7.10E+00 9.60E+00 7.20E+00 6.00E+00   
                            

N     4 11 9 11 7 16 15 14 15 15 
Average     9.00E-02 1.10E-01 1.20E-01 9.00E-02 1.90E-01 1.20E-01 1.10E-01 1.10E-01 1.10E-01 <1.50E-01 Seaweed Cs-137 

SD     6.00E-02 4.00E-02 1.00E-02 3.00E-02 1.70E-01 6.00E-02 1.00E-01 1.00E-01 1.10E-01 - 
N     4 10 10 11 12 16 15 16 16 15 

Average     1.65E+01 2.78E+01 4.64E+01 6.35E+01 6.43E+01 4.56E+01 3.83E+01 3.78E+01 3.89E+01 3.29E+01 

13 

Seaweed Tc-99 

SD     3.70E+00 6.30E+00 9.40E+00 7.10E+00 1.37E+01 1.52E+01 1.07E+01 1.03E+01 1.03E+01 1.05E+01 
                            

N   12 11 6 32 7 17 8 21 16 7   
Average   3.00E-01 3.30E-01 3.40E-01 2.40E-01 2.90E-01 2.50E-01 1.70E-01 2.30E-01 2.80E-01 2.70E-01   14 Fish Cs-137 

SD   3.00E-02 5.00E-02 9.00E-02 1.00E-01 7.00E-02 6.00E-02 8.00E-02 8.00E-02 5.00E-02 4.00E-02   
                            

N   2 5 7 7 4 4 12 5 8 6 9 
Average   1.60E-01 1.50E-01 1.50E-01 1.20E-01 1.30E-01 1.50E-01 <1.40E-01 <1.70E-01 <1.60E-01 <1.20E-01 <1.10E-01 Fish Cs-137 

SD   3.00E-02 6.00E-02 5.00E-02 6.00E-02 5.00E-02 2.00E-02 - - - - - 
N 6 6 6 6 21 23 18 17 20 23 25 25 

Average 4.60E-02 4.90E-02 4.10E-02 4.70E-02 4.90E-02 4.20E-02 4.40E-02 <4.80E-02 <4.20E-02 <3.90E-02 <3.40E-02 <4.20E-02 

15 

Seaweed Cs-137 

SD 2.50E-02 2.10E-02 1.20E-02 1.60E-02 2.00E-02 1.70E-02 6.00E-03 - - - - - 
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Year 

Moni- 
toring 
area 

Biota Radionuc
lide 

Average / 
Standard 
Deviation 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

N       4 12 12 7 13 7 3 1 4 
Average       7.70E-01 6.70E-01 8.20E-01 9.10E-01 8.40E-01 1.60E+00 6.70E-01 2.80E-01 2.10E-01  Seaweed Tc-99 

SD       7.50E-01 4.90E-01 6.10E-01 5.50E-01 5.00E-01 2.59E+00 3.90E-01 - 6.00E-02 
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Table A4.10: Seawater concentrations of naturally occurring radionuclides in OSPAR monitoring areas 

Key to the table: 
• n – number of observations; SD – standard deviation. 
• Empty box: no data available. 
• Dash: Standard deviation not calculated because n=1. 

  Seawater 

Monitoring area Year Ra-226 (mBq/l) Ra-228 (mBq/l) Pb-210 (mBq/l) Po-210 (mBq/l) 

  n Mean SD n Mean SD n Mean SD n Mean SD 
1. Wider Atlantic Iberian Coast 
Biscay and Channel West 1994a 7 1.29 3.60E-01 7 7.70E-01 4.50E-01       

2. Channel (Cap de la Hague) 1994a 6 1.48 2.00E-01 6 1.92 6.90E-01       

3. Channel East 1994a 5 1.19 2.60E-01 5 1.48 3.60E-01       

4. Irish Sea (Rep. of Ireland) 1994a 7 1.22 2.40E-01 7 1.09 5.10E-01       

5. Irish Sea (Northern Ireland) 1994a 1 1.44 - 1 2.12 -       

6. Irish Sea (Sellafield) 1994a 4 1.84 3.30E-01 4 3.58 9.30E-01       

8. North Sea South (Belgian and 
Dutch Coast) 1985-86b 2 5.15 2.10E-01    1 8.00E-01 - 2 6.00E-01 1.40E-01 

9. German Bight 1976c             
1986-87d 11 2.80 7.00E-01 11 3.80 1.50 11 8.90E-01 5.70E-03 11 7.70E-01 4.60E-01 

2004e 19 1.70 5.00E-01 10 9.00E-01 1.00    10 1.80 5.00E-01 10. North Sea (Northwest, 
Southeast and Central) 

2004e 4 2.10 5.00E-01          

12. Kattegat 1976c             

13. Norwegian Coastal Current 2005f 3 1.37 7.00E-01    1 1.97 - 1 1.49 - 
 2005f 18 1.60 5.00E-01          

 
a – Schmidt et al, 1998  d – Plater et al, 1995  
b – Köster et al, 1992  e – NPRA (2006) 
c – Spencer et al, 1980  f – NRPA Unpublished monitoring data 
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Human dose data tables 
 

Table A4.11: Doses from seawater by monitoring area  
Key to the table: 
• SD: standard deviation. 
• Empty box: no data available. 
• Baseline dose value in italics denotes that all measurements on which the corresponding 

baseline seawater value has been based were below the detection limit. 
• Baseline dose value in bold italics denotes that some/most measurements on which the 

corresponding baseline seawater value has been based were below the detection limit. 
• Dash: Standard deviation not calculated because the baseline dose value has been derived 

from a baseline seawater value that has been based on all or some/most measurements 
below the detection limit. 

  

MA1 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995 <2.49E-03 - <1.18E+01 -         

1996 <2.21E-03 - <1.27E+01 -         

1997 <3.17E-03 - <1.56E+01 -         

1998 <2.91E-03 - <4.69E+00 -         

1999 <3.11E-03 - <4.57E+00 -         

2000 <3.72E-03 - <3.75E+00 -         

2001 <2.70E-03 - <4.05E+00 -         

Baseline <2.90E-03 - <8.18E+00 -         

2002 <2.81E-03 - <2.93E+00 - <1.54E-03 -     

2003 <2.65E-03 - <3.67E+00 - <1.54E-03 -     

2004 <2.61E-03 - <4.00E+00 -         

2005 <2.77E-03 - <5.40E+00 - 3.69E-02 1.84E-02     

2006 <2.51E-03 - <4.05E+00 -         

Assessment <2.67E-03   <4.01E+00   <1.33E-02       
 

MA2 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995 <1.47E-02 - <1.64E+00 -         

1996 <1.55E-02 - <1.78E+00 -         

1997 <1.44E-02 - <1.56E+00 -         

1998 <1.31E-02 - <1.62E+00 -         

1999 <1.50E-02 - <1.40E+00 -         

2000 <1.25E-02 - <1.63E+00 -         

2001 <1.28E-02 - <1.65E+00 -         

Baseline <1.40E-02 - <1.61E+00 -         

2002 <1.39E-02 - <1.54E+00 -         

2003 <1.14E-02 - <1.29E+00 -         
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MA2 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

2004 <1.36E-02 - <1.26E+00 -         

2005 <1.10E-02 - <1.27E+00 -         

2006 <1.07E-02 - <1.26E+00 -         

Assessment <1.21E-02   <1.33E+00           
 

MA3 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995     <4.43E-01 -         

1996     <4.88E+00 -         

1997 <1.11E-02 - <1.44E+00 -         

1998 <1.07E-02 - <1.36E+00 -         

1999 <1.13E-02 - <1.30E+00 -         

2000 <9.77E-03 - <1.77E+00 -         

2001 <9.72E-03 - <1.62E+00 -         

Baseline <1.05E-02 - <1.83E+00 -         

2002 <7.49E-03 - <1.66E+00 -         

2003 <7.74E-03 - <1.28E+00 -         

2004 <7.16E-03 - <1.40E+00 -         

2005 <2.21E-02 - <1.36E+00 -         

2006 <8.13E-03 - <1.36E+00           

Assessment <1.05E-02   <1.41E+00           
 

MA4 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995     2.33E+00 9.54E-01 3.43E-01 1.42E-01     

1996     1.46E+00 6.57E-01 3.37E-01 1.46E-01     

1997     1.53E+00 5.30E-01 6.53E-01 2.38E-01     

1998     1.39E+00 5.19E-01 3.36E-01 1.70E-01     

1999     1.53E+00 2.94E-01 3.16E-01 9.82E-02     

2000     1.49E+00 2.29E-01 3.09E-01 8.53E-02     

2001     6.42E-01 1.97E-01 2.00E-01 7.40E-02     

Baseline     1.48E+00 4.89E-01 3.56E-01 1.40E-01     

2002     8.49E-01 2.99E-01 3.15E-01 1.16E-01     

2003     6.04E-01 2.69E-01 2.81E-01 1.54E-01     

2004     8.66E-01 2.39E-01 2.66E-01 1.14E-01     

2005     9.50E-01 5.06E-01 1.87E-01 7.50E-02     

2006     1.08E+00 2.40E-01 1.67E-01 5.45E-02     
Assessment     8.70E-01  2.43E-01      
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MA5 Seawater 

  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995     2.44E+00 6.17E-01         

1996     1.41E+00 1.23E-01         

1997     1.51E+00 6.64E-01         

1998     1.47E+00 2.57E-01         

1999     1.53E+00 3.92E-01         

2000     1.34E+00 4.32E-01         

2001     7.47E-01 1.86E-01         

Baseline     1.49E+00 4.97E-01         

2002     9.98E-01 3.24E-01         

2003     9.26E-01 1.42E-01         

2004     8.92E-01 2.84E-01         

2005     9.26E-01 3.26E-01         

2006     9.18E-01 2.94E-01         
Assessment     9.32E-01           

 
MA6 Seawater 

  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995 1.26E-02 9.62E-03 1.17E+01 6.95E+00 7.38E+00 3.77E+00     

1996 1.20E-02 7.85E-03 1.17E+01 5.27E+00 1.65E+01 1.96E+01     

1997 <1.66E-02 - 1.06E+01 4.88E+00 4.27E+00 6.01E-01     

1998 <1.49E-02 - 8.38E+00 4.13E+00 1.72E+00 8.83E-01     

1999 <1.20E-02 - 7.53E+00 3.42E+00 2.46E+00 1.31E+00     

2000 <1.67E-02 - 8.94E+00 4.01E+00 1.73E+00 3.35E-01     

2001 <2.30E-02 - 6.30E+00 3.32E+00 4.43E+00 3.75E+00     

Baseline <1.54E-02 - 9.31E+00 2.10E+00 5.49E+00 5.23E+00     

2002 <2.22E-02 - 5.17E+00 3.71E+00 3.94E+00 2.68E+00     

2003 <1.32E-02 - 3.90E+00 2.64E+00 3.54E+00 2.08E+00     

2004 <1.85E-02 - 7.83E+00 3.89E+00 1.60E+00 8.27E-01     

2005 <1.20E-02 - 4.12E+00 2.55E+00 1.13E+00 4.54E-01     

2006 9.05E-03 4.92E-03 6.23E+00 3.06E+00 6.86E-01 5.34E-01     

Assessment <1.50E-02   5.45E+00   2.18E+00       
 

MA7 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995     1.36E+00 4.87E-01         

1996     1.26E+00 5.98E-01         

1997 <1.63E-03 - <2.66E+00 -         

1998 2.46E-03 2.90E-04 <2.66E+00 -         
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MA7 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

1999 <1.41E-03 - <2.66E+00 -         

2000 <1.28E-03 - <3.99E+00 -         

2001 <1.70E-03 - <5.32E+00 -         

Baseline <1.70E-03 - <2.84E+00 -         

2002 <1.19E-03 - <3.63E+00 -         

2003 <1.10E-03 - <5.32E+00 -         

2004 <1.18E-03 - <3.61E+00 -         

2005 <1.03E-03 - <5.32E+00 -         

2006 <2.21E-03 - <5.32E+00 -         

Assessment <1.34E-03  <4.64E+00          
 

MA8 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995 3.10E-03 1.19E-03       

1996 3.85E-03 1.17E-03 2.94E-01 5.96E-02     

1997 4.62E-03 1.19E-03 2.65E-01 7.50E-02   1.15E-01 3.71E-02 

1998 4.38E-03 1.54E-03 2.43E-01 5.48E-02   1.61E-01 4.04E-02 

1999 4.93E-03 1.26E-03 1.84E-01 1.38E-02   9.63E-02 1.78E-02 

2000 4.94E-03 1.13E-03 1.61E-01 1.75E-02   1.37E-01 3.58E-02 

2001 3.39E-03 1.20E-03  -     

Baseline 4.17E-03 7.39E-04 2.29E-01 1.98E-01   1.27E-01 2.79E-02 

2002 3.80E-03 1.10E-03 <4.75E+00 -     

2003 3.80E-03 9.23E-04 <5.71E+00 -     

2004 5.08E-03 1.10E-03 <5.01E+00 -     

2005 5.17E-03 1.40E-03 <6.21E+00 -   <3.62E+00 - 

2006 6.04E-03 1.15E-03 <4.18E+00 -   <3.18E+00 - 

Assessment 4.78E-03  <5.17E+00    <3.40E+00  

 
MA9 Seawater 

  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995 2.87E-03 4.62E-04 4.68E-01 2.34E-01   1.88E-01 5.37E-02 

1996 1.47E-03 9.23E-05 3.91E-01 1.13E-01     

1997 3.23E-03 4.10E-04 2.80E-01 7.98E-02 1.58E-02 7.07E-03 7.20E-02 1.67E-02 

1998 4.13E-03 7.18E-04 2.41E-01 8.88E-02 1.08E-02  1.09E-01 2.36E-02 

1999 2.79E-03 7.70E-04 2.58E-01 9.94E-02 2.35E-02 1.54E-02 8.19E-02 2.47E-02 

2000 3.53E-03 8.72E-04 1.92E-01 6.27E-02 5.23E-02  1.02E-01 2.55E-02 

2001   1.70E-01 4.68E-02     

Baseline 3.00E-03 8.98E-04 2.86E-01 1.07E-01 2.56E-02 1.85E-02 1.11E-01 4.58E-02 

2002 <2.86E-03 - 1.80E-01 5.43E-02   5.78E-02 2.49E-02 

2003 4.16E-03 7.97E-04 1.71E-01 3.92E-02   7.28E-02 1.46E-02 
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MA9 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

2004 4.45E-03 1.52E-03 1.55E-01 3.38E-02   1.22E-01 3.61E-02 

2005 4.36E-03 1.11E-03 1.39E-01 2.04E-02     

2006 5.55E-03 1.14E-03 1.36E-01 2.44E-02   6.13E-02 2.12E-02 
Assessment <4.28E-03  1.56E-01    7.86E-02  

 
MA10 Seawater 

  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995 <1.03E-03 - 6.33E-01 5.26E-02     

1996 <1.33E-03 - 3.74E-01 1.61E-01 4.97E-02 4.03E-02   

1997 <1.03E-03 - 3.15E-01 1.60E-01 3.57E-02 2.50E-02   

1998 <5.73E-04 -       

1999 8.72E-04 5.08E-04   5.46E-02 1.65E-02   

2000 <7.31E-04 -     3.20E-02 - 

2001 <5.00E-04 - 2.28E-01 1.06E-01 3.07E-02 2.76E-02 2.82E-01 1.96E-01 

Baseline <8.67E-04 - 3.87E-01 1.74E-01 4.27E-02 1.13E-02 1.57E-01 1.76E-01 

2002 <1.90E-03 - 2.39E-01 8.82E-02     

2003 <1.90E-03 - 2.22E-01 -     

2004 <1.51E-03 - 2.39E-01 7.30E-02   8.48E-02 5.56E-02 

2005 <1.18E-03 - 2.23E-01 4.77E-02   1.97E-01 1.14E-01 

2006 <2.37E-03 - 2.17E-01 6.31E-02     

Assessment <1.77E-03  2.28E-01    1.41E-01  
 

MA11 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995   1.34E+00 -     

1996   5.03E-01 3.42E-02 1.77E-02 7.61E-03   

1997   9.10E-01 4.40E-01 2.61E-02 0   

1998         

1999     9.15E-02 2.72E-02   

2000     1.81E-02 3.17E-03 2.89E-02 1.40E-02 

2001   3.54E-01 1.25E-01 1.90E-02 7.22E-03 4.53E-02 8.05E-03 

Baseline   7.77E-01 4.43E-01 3.45E-02 3.21E-02 3.71E-02 1.17E-02 

2002   2.66E-01 - 2.60E-02 5.78E-03   

2003   2.55E-01 1.35E-01 2.31E-02 4.07E-03 4.82E-02 1.64E-02 

2004   4.66E-01 1.36E-01 2.97E-02 2.29E-02 4.37E-02 1.37E-02 

2005   3.95E-01 1.20E-01 1.70E-02 4.14E-03 7.47E-02 - 

2006     9.27E-03 1.95E-03   
Assessment   3.46E-01  2.10E-02  5.55E-02  
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MA12 Seawater 

  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 

1995   2.37E+00 5.75E-01     

1996   1.60E+00 7.42E-01     

1997   2.21E+00 8.65E-01     

1998   1.50E+00 9.17E-01 2.32E-02 1.83E-02   

1999   1.23E+00 8.46E-01 2.88E-02 1.76E-02   

2000   7.12E-01 6.45E-01 1.66E-02 4.31E-03   

2001   1.64E+00 7.99E-01 1.30E-02 6.25E-03   

Baseline   1.61E+00 5.62E-01 2.04E-02 7.01E-03   

2002 <3.14E-03 - <3.19E+00 - 8.14E-03 4.33E-03   

2003 <2.39E-03 - 2.86E+00 1.38E+00 9.14E-03 2.32E-03   

2004 <2.92E-03 - 2.39E+00 1.65E+00 7.69E-03 1.85E-03   

2005 2.31E-03 6.23E-04 2.56E+00 1.51E+00 8.13E-03 3.12E-03   

2006   1.32E+00 4.88E-01 6.31E-03 3.11E-03   

Assessment <2.69E-03  <2.46E+00  7.88E-03    

 
MA13 Seawater 

  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995     2.62E-01 1.45E-01     

1996           

1997       9.22E-03 2.00E-03   

1998       1.42E-02 5.56E-03   

1999       2.26E-02 4.69E-03 7.86E-02 - 

2000     2.50E-01 1.17E-01 1.95E-02 4.50E-03 4.85E-02 4.45E-03 

2001       1.91E-02 5.04E-03   

Baseline     2.56E-01 8.47E-03 1.69E-02 5.25E-03 6.35E-02 2.13E-02 

2002     2.37E-01 9.40E-02 1.51E-02 2.44E-03 4.12E-02 1.76E-02 

2003     1.65E-01 3.39E-02 1.30E-02 1.78E-03 7.85E-02 4.10E-02 

2004     1.12E-01 3.72E-02 1.26E-02 1.90E-03 5.69E-02 1.91E-02 

2005     1.57E-01 1.13E-02 1.36E-02 1.48E-03 4.14E-02 1.06E-02 

2006     1.36E-01 - 9.39E-03 1.48E-03   

Assessment     1.61E-01  1.27E-02  5.45E-02  
 

MA14 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995           

1996           

1997           

1998           
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MA14 Seawater 
  H-3 Cs-137 Tc-99 Pu-239,240 

1999     1.87E-01 2.11E-02 1.12E-02 5.58E-03 8.07E-02 1.22E-02 

2000       1.85E-02 3.79E-03 5.95E-02 3.07E-02 

2001       2.38E-03 5.44E-04   

Baseline     1.87E-01 - 1.07E-02 8.07E-03 7.01E-02 1.50E-02 

2002       2.73E-03 1.14E-03 6.29E-02 2.17E-02 

2003     1.81E-01 - 3.54E-03 1.26E-03 6.69E-02 8.23E-03 

2004     1.49E-01 - 6.84E-03 5.54E-03 4.95E-02 - 

2005     1.12E-01 0 6.18E-03 5.15E-03 5.65E-02 4.12E-02 

2006     1.22E-01 1.50E-02 5.53E-03 3.31E-03   

Assessment     1.41E-01  4.96E-03  5.89E-02  

 
MA15 Seawater 

  H-3 Cs-137 Tc-99 Pu-239,240 

Year 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
Dose 

(µSv/y) SD 
1995     2.09E-01 9.62E-02     

1996     2.30E-01 1.19E-01     

1997     2.08E-01 9.49E-02     

1998     2.94E-01 1.08E-01     

1999     2.94E-01 1.11E-01   7.13E-02 1.03E-02 

2000     2.77E-01 8.92E-02   5.14E-02 3.73E-02 

2001     1.61E-01 6.08E-02   6.81E-02 1.35E-02 

Baseline     2.39E-01 5.10E-02   6.36E-02 1.07E-02 

2002     1.67E-01 6.15E-02 2.11E-03 1.07E-03 3.72E-02 2.04E-02 

2003     1.45E-01 7.52E-02 1.65E-03 1.03E-03 9.45E-02 2.09E-02 
2004     1.59E-01 4.67E-02 1.72E-03 9.61E-04   
2005     1.11E-01 3.63E-02 1.55E-03 9.77E-04 3.69E-02 - 
2006     1.42E-01 3.89E-02 1.29E-03 5.95E-04   

Assessment     1.45E-01  1.66E-03  5.62E-02  
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Table A4.12: Doses from biota by monitoring area 
Key to the table: 
• SD: standard deviation. 
• Empty box: no data available. 
• Baseline dose value in italics denotes that all measurements on which the corresponding 

baseline seawater value has been based were below the detection limit. 
• Baseline dose value in bold italics denotes that some/most measurements on which the 

corresponding baseline seawater value has been based were below the detection limit. 
• Dash: Standard deviation not calculated because the baseline dose value has been derived 

from a baseline seawater value that has been based on all or some/most measurements 
below the detection limit. 
 

MA1 Biota 
  Cs-137 Cs-137 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995                   
1996                   
1997                   
1998                   
1999                   
2000                   
2001                   

Baseline                   

2002       F 1.02E-01 2.65E-02       

2003       F 1.46E-01 5.30E-02       

2004       F 1.19E-01 2.65E-02       

2005                 

2006                 
Assessment       F 1.22E-01        

 
MA2 Biota 

  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995             M 4.53E-02 2.35E-02 

1996             M 4.63E-02 3.66E-02 

1997             M 5.99E-02 9.13E-02 

1998             M 4.88E-02 3.73E-02 

1999             M 4.97E-02 5.79E-02 

2000             M 4.26E-02 2.79E-02 

2001             M 3.33E-02 1.62E-02 

Baseline             M 4.65E-02 8.00E-03 

2002             M 2.55E-02 9.83E-03 

2003             M 2.86E-02 1.95E-02 

2004             M <3.39E-02 - 

2005             M 3.36E-02 1.89E-02 

2006             M <3.02E-02 - 

Assessment             M <3.04E-02   
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MA3 Biota 

  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 

1995             F <3.28E-04 - 

1996             F 4.07E-04 1.18E-04 

1997             F <3.71E-04 - 

1998             F <6.23E-04 - 

1999             F <2.23E-04 - 

2000                   

2001                   

Baseline             F <3.90E-04 - 

2002                   
2003                   
2004                   
2005                   
2006                   

Assessment                   
 

MA4 Biota 
  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995             M 7.81E-01   

1996             M 5.07E-01 1.21E-01 

1997             M 5.45E-01 1.04E-01 

1998             M 7.05E-01 2.00E-01 

1999             M 4.96E-01 1.56E-01 

2000             M 2.78E-01 2.13E-01 

2001             M 3.18E-01 2.86E-01 

Baseline             M 5.19E-01 1.84E-01 

2002             M 1.37E-01 3.58E-02 

2003             M 7.78E-02 - 

2004             M 9.35E-02 - 

2005             M 9.13E-02 - 

2006                  
Assessment             M 9.98E-02   

 
MA5 Biota 

  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995 F 1.38E+00 2.54E-01       M 5.93E-01 1.42E-01 

1996 F 1.40E+00 3.24E-01       M 4.54E-01 5.44E-02 

1997 F 1.11E+00 2.87E-01       M 5.53E-01 - 

1998 F 1.01E+00 3.51E-01       M 4.26E-01 - 
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MA5 Biota 
  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1999 F 1.20E+00 6.10E-01       M 4.37E-01 - 
2000 F 1.30E+00 3.07E-01       M 4.51E-01 - 
2001 F 8.42E-01 4.40E-01       M 4.07E-01 - 

Baseline F 1.18E+00 2.06E-01       M 4.74E-01 6.99E-02 

2002 F 1.06E+00 2.94E-01       M 3.59E-01 9.51E-02 

2003 F 6.35E-01 1.71E-01       M 1.05E+00 9.82E-01 
2004 F 7.52E-01 1.68E-01       M 5.28E-01 0 
2005 F 6.68E-01 3.25E-01       M 3.59E-01 1.34E-01 
2006 F <1.01E+00 -       M 4.02E-01 1.17E-02 

Assessment F <8.25E-01         M 5.40E-01   
 

MA6 Biota 
  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995 M 1.26E+00 1.24E+00       M 3.54E+01 3.14E+01 

1996 M 1.05E+00 9.55E-01       M 3.15E+01 2.83E+01 

1997 M 9.63E-01 1.01E+00       M 2.54E+01 2.83E+01 

1998 M 7.30E-01 8.89E-01       M 2.55E+01 2.62E+01 

1999 M 7.64E-01 8.33E-01       M 2.83E+01 2.48E+01 

2000 M 7.19E-01 8.42E-01       M 2.41E+01 2.80E+01 

2001 M 6.28E-01 8.02E-01       M 2.92E+01 3.61E+01 

Baseline M 8.74E-01 2.25E-01       M 2.85E+01 3.98E+00 

2002 M 6.16E-01 7.85E-01       M 2.67E+01 3.25E+01 

2003 M 5.33E-01 5.75E-01       M 2.59E+01 3.15E+01 

2004 M 5.43E-01 5.10E-01       M 1.97E+01 1.78E+01 

2005 M 5.42E-01 6.20E-01       M 2.87E+01 3.55E+01 

2006 M 4.51E-01 5.85E-01       M 2.54E+01 2.66E+01 
Assessment M 5.37E-01         M 2.53E+01   

 
MA7 Biota 

  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995             M 1.08E+00 3.69E-02 

1996             M 1.28E+00 4.86E-02 

1997             M 6.03E-01 2.43E-02 

1998             M 5.47E-01 2.33E-02 

1999             M 2.82E-01 1.30E-02 

2000             M 3.35E-01 1.61E-01 

2001             M 3.11E-01 1.17E-01 

Baseline             M 6.34E-01 3.97E-01 

2002             M 1.86E-01 7.74E-02 
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MA7 Biota 
  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
2003             M 3.25E-01 1.08E-01 
2004             M 2.46E-01 8.21E-02 
2005             M 2.89E-01 2.01E-01 
2006             M 1.63E-01 8.65E-02 

Assessment             M 2.41E-01   
 

MA8 Biota 
  Cs-137 Pu-239,240 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995 F 1.94E-01 -           

1996 F 2.82E-01 1.47E-01 M <5.93E-02 - F <1.75E-01 - 

1997 F 1.51E-01 4.59E-02 M 9.87E-02 7.20E-02 F <1.49E-01 - 

1998 F 2.01E-01 5.69E-02 M <1.24E-01 - F <2.13E-01 - 

1999 F 3.00E-01 - M <1.19E-01 - F <1.92E-01 - 

2000       M 1.50E-01 4.54E-02 F <1.90E-01 - 

2001       M 1.79E-01 4.90E-02 F <1.66E-01 - 

Baseline F 2.26E-01 6.28E-02 M <1.22E-01 - F <1.81E-01 - 

2002 F <6.62E-02 - M <5.25E-01 -      

2003 F <6.48E-02 - M <6.88E-01 -      

2004 F <6.36E-02 - M <5.96E-01 -      

2005 F <9.79E-02 - M <3.44E-01 - F <2.32E-01 - 

2006 F <8.12E-02 - M <2.16E-01 - F <1.96E-01 - 

Assessment F <7.47E-02   M <4.73E-01   F <2.14E-01   
 

MA9 Biota 
  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995 F 2.59E-01 8.10E-02       F <2.42E-04 - 

1996 F 2.53E-01 1.27E-01       F <3.74E-04 - 

1997 F 2.35E-01 1.52E-01             

1998 F 2.06E-01 1.14E-01       F <2.52E-04 - 

1999 F 1.77E-01 1.39E-01       F <2.74E-04 - 

2000 F 9.43E-02 3.14E-02       F <3.28E-04 - 

2001 F 9.15E-02 -       F 1.83E-04 - 

Baseline F 1.88E-01 7.07E-02       F <2.75E-04 - 

2002 F 1.27E-01 6.25E-03       F <3.91E-04 - 

2003 F 1.46E-01 7.56E-02       F <2.36E-04 - 

2004 F 5.48E-02 -       F <2.72E-04 - 

2005 F 7.86E-02 3.87E-02       F 4.82E-04 4.44E-04 

2006 F 7.84E-02 2.65E-02            
Assessment F 9.70E-02         F <3.45E-04   
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MA10 Biota 

  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995 F 4.45E-01 2.54E-01             

1996 F 3.55E-01 1.91E-01            

1997 F 3.15E-01 1.58E-01            

1998 F 3.01E-01 1.56E-01       M 1.43E-01 - 

1999 F 2.08E-01 4.18E-02       M 1.36E-01 - 

2000 F 1.95E-01 8.35E-02       M 1.72E-01 - 

2001 F 1.83E-01 7.70E-02       M 1.73E-01 - 

Baseline F 2.86E-01 9.68E-02       M 1.56E-01 1.92E-02 

2002 F 2.10E-01 9.84E-02       M 2.28E-01 - 

2003 F 1.59E-01 7.62E-02       M 2.18E-01 - 

2004 F 1.52E-01 9.16E-02       M 2.17E-01 - 

2005 F 1.55E-01 1.15E-01       M 1.58E-01 - 

2006 F 1.87E-01 1.45E-01       M 1.96E-01 - 
Assessment F 1.73E-01         M 2.03E-01   

 
MA12 Biota 

  Cs-137 Cs-137 Tc-99 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 

1995       F 1.11E+00 1.33E+00       

1996       F 1.46E+00 9.95E-01       

1997       F 1.42E+00 7.76E-01       

1998       F 1.61E+00 1.67E+00       

1999       F 1.20E+00 6.81E-01       

2000       F 1.27E+00 6.29E-01       

2001       F 1.07E+00 3.68E-01       

Baseline       F 1.30E+00 1.98E-01       

2002       F 3.15E+00 1.73E+00       

2003       F 2.71E+00 1.45E+00       

2004       F 2.50E+00 1.35E+00       

2005       F 2.40E+00 1.23E+00       

2006       F 2.11E+00 1.16E+00       
Assessment       F 2.57E+00         

 
MA14 Biota 

  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995                   

1996 F 1.32E-01 1.43E-02             

1997 F 1.47E-01 2.18E-02             

1998 F 1.48E-01 3.98E-02             
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MA14 Biota 
  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1999 F 1.08E-01 4.32E-02             

2000 F 1.27E-01 2.96E-02             

2001 F 1.13E-01 2.48E-02             

Baseline F 1.29E-01 1.69E-02             

2002 F 7.51E-02 3.40E-02             

2003 F 1.02E-01 3.50E-02             

2004 F 1.23E-01 2.15E-02             

2005 F 1.18E-01 1.96E-02             

2006                   
Assessment F 1.05E-01               

 
MA15 Biota 

  Cs-137 Tc-99 Pu-239,240 

Year Type 
Dose  

(µSv/y) SD Type 
Dose  

(µSv/y) SD Type 
Dose 

(µSv/y) SD 
1995                   

1996 F 6.91E-02 1.44E-02             

1997 F 6.76E-02 2.84E-02             

1998 F 6.54E-02 2.35E-02             

1999 F 5.35E-02 2.59E-02             

2000 F 5.75E-02 2.01E-02             

2001 F 6.63E-02 9.55E-03             

Baseline F 6.32E-02 6.24E-03             

2002 F 6.39E-02 2.58E-02             

2003 F 7.52E-02 2.90E-02             

2004 F 7.24E-02 2.30E-02             

2005 F 5.35E-02 1.65E-02             

2006 F 4.69E-02 2.18E-02             
Assessment F 6.24E-02               
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Table A4.13: Assessment of the doses from seawater 

Key to the table: 
• SD – standard deviation. 
• Empty box: no data available. 
• Dash: Standard deviation not calculated because n=1. 
• indicates values derived from the concentration values extracted from literature (see Table A4.10) 
 

  Seawater 

Monitoring area Year Ra-226 Ra-228 Pb-210 Po-210 

  
Dose 

(µSv/y) 
SD Dose (µSv/y) SD 

Dose 
(µSv/y) 

SD 
Dose 

(µSv/y) 
SD 

1. Wider Atlantic Iberian Coast Biscay 
and Channel West 

1994* 1.05E+01 2.90E+00 1.55E+01 9.10E+00     

2. Channel (Cap de la Hague) 1994* 1.21E+01 1.60E+00 3.87E+01 1.39E+01     

3. Channel East 1994* 9.70E+00 2.10E+00 2.98E+01 7.30E+00     

4. Irish Sea (Rep. of Ireland) 1994* 1.00E+01 2.00E+00 2.20E+01 1.03E+01     

5. Irish Sea (Northern Ireland) 1994* 1.18E+01 - 4.27E+01 -     

6. Irish Sea (Sellafield) 1994* 1.50E+01 2.70E+00 7.21E+01 1.87E+01     

8. North Sea South (Belgian and Dutch 
Coast) 

1985-86* 4.21E+01 1.70E+00   1.64E+01 - 1.00E+03 2.34E+02 

10. North Sea (Northwest, Southeast 
and Central) 

1976*     1.83E+01 1.17E+01 1.28E+03 7.67E+02 

1986-87* 2.29E+01 5.70E+00 7.66E+01 3.02E+01     
 

2004* 1.39E+01 4.10E+00 1.81E+01 2.01E+01   3.00E+03 8.34E+02 

11. North Sea (Skagerrak) 2004* 1.72E+01 4.10E+00       

13. Norwegian Coastal Current 1976*     4.05E+01 - 2.49E+03 - 
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  Seawater 

Monitoring area Year Ra-226 Ra-228 Pb-210 Po-210 

  
Dose 

(µSv/y) 
SD Dose (µSv/y) SD 

Dose 
(µSv/y) 

SD 
Dose 

(µSv/y) 
SD 

2005* 1.12E+01 5.70E+00       

14. Barents Sea 2005* 1.31E+01 4.10E+00       
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Annex 5 – Dose assessment methodology for 
measured concentrations in seawater and biota 

Dose assessment method for measured concentrations in seawater 
The method for dose assessment for seawater uses a simplified version of the MARINA II dose 
assessment model.  Activity concentrations in seafoods are calculated from seawater activity 
concentrations using element specific concentration factors. Doses to individuals due to 
consumption of seafoods (fish, crustaceans, molluscs) are assessed by multiplying the 
calculated concentration of radioactivity in the seafoods by the amounts of seafood consumed 
and by dosimetric factors which convert intake of radioactivity into dose.  

This is represented by the following basic equation: 

 DindS = Σ (CR  x  CFSR  x IS x DPUIR) 

where:  

DindS is the individual dose due to seafood consumption (Sv y-1); 

CR is the concentration of radionuclide R in seawater (Bq L-1),  

CFSR is the concentration factor of radionuclide R in seafood type S (for example, fish) (L kg-

1),  

IS is the consumption rate for seafood type S (kg y-1); 

DPUIR is the dose per unit intake of radionuclide R (Sv Bq-1). 

Concentration factors for fish, crustaceans and molluscs are those presented in Table A5.1. 

Table A5.1: Concentration factors (Bq/kg to Bq/l) 

 H Tc Cs Pb Po Ra Pu 

Fish 1 30 100 200 20000 500 100 

Crustaceans 1 1000 30 1000 50000 100 200 

Molluscs 1 1000 30 1000 10000 1000 3000 

 

Mean ingestion rates of fish, crustaceans and molluscs are those presented in Table A5.2. 

Table A5.2: Ingestion rates 

Ingestion rates Fish Crustaceans Molluscs 

kg/y 34 12 11 

 
Dose coefficients (committed effective dose per unit intake via ingestion) used are those 
published in the Directive 96/29 EURATOM and are presented in Table A5.3. 
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Table A5.3: Dose coefficients  

 H-3 
(Sv/Bq) 

Tc-99 
(Sv/Bq) 

Cs-137 
(Sv/Bq) 

Pb-210 
(Sv/Bq) 

Po-210 
(Sv/Bq) 

Ra-226 
(Sv/Bq) 

Ra-228 
(Sv/Bq) 

Pu-239,
240 

(Sv/Bq) 

Dose 

Coefficients 

1.8 x 10-11 6.4 x 10-10 1.3 x 10-8 6.9 x 10-7 1.2 x 10-6 2.8 x 10-7 6.9 x 10-7 2.5 x 10-7 

 

Dose assessment method for measured concentrations in biota 
Doses to individuals due to consumption of seafoods are assessed by multiplying the 
concentration of radioactivity in the seafoods by the amounts of seafood consumed and by 
dosimetric factors which convert intake of radioactivity into dose. This is represented by the 
following basic equation: 

 DindS = Σ (CSR  x IS x DPUIR) 
where:  

DindS is the individual dose due to seafood consumption (Sv y-1); 

CSR is the activity concentration of radionuclide R in seafood type S (for example, fish) (Bq 
kg-1),  

IS is the consumption rate for seafood type S (kg y-1); 

DPUIR is the dose per unit intake of radionuclide R (Sv Bq-1). 

Mean ingestion rates of fish and molluscs are those assumed in section 6 of the MARINA II 
Report of Working Group B (S.P. Nielsen and M. Keith-Roach). The ingestion rates are 
presented in Table A5.4. 

Table A5.4: Ingestion rates 

Ingestion rates Fish Molluscs 

kg/y 34 11 

 
Dose coefficients (committed effective dose per unit intake via ingestion) used are those 
published in the EURATOM directive 96/29 and are presented in Table A5.5. 

Table A5.5: Dose coefficients 

 H-3 (Sv/Bq) Tc-99 
(Sv/Bq) 

Cs-137 
(Sv/Bq) 

Pu-239,240 
(Sv/Bq) 

Dose Coefficients 1.8 x 10-11 6.4 x 10-10 1.3 x 10-8 2.5 x 10-7 
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Annex 6 – ERICA Integrated Approach 

The Ecological Risk Assessment (ERA) methodology is implemented in a number of 
approaches and/or tools, which are achieved, complete and documented to varying degrees. 
Among these, the ERICA approach is the only European reference project that allows an 
integrated assessment of doses to biota and that has also been tested in a number of case 
studies. More than 60 European scientists, regulators, policy makers and environmental experts 
have contributed to the ERICA Integrated Approach through the ERICA project (ERICA, 2007). 
In addition, a large number of experts in different areas have contributed views on the 
Integrated Approach and its associated Tool from the user’s perspective, through participation 
in the End Users Group. 

Moreover, this flexible approach may be adapted to user needs, especially in terms of 
organisms and radionuclides. It was selected as corresponding to the requirements for JAMP 
product RA-3, the assessment of impacts on marine biota. The justification of this choice was 
argued for each decisive criterion, on an inter-comparison basis, in the assessment of impacts 
on marine biota (OSPAR, 2008a).  

The development of the ERICA Integrated Approach has coincided with the work of the ICRP in 
the field of protection of the environment against the harmful effects of ionising radiation [ICRP 
2003, 2007]. The ERICA Integrated Approach and the ICRP approach are consistent. In both 
cases, the databases are developed around certain ecosystem representatives (Reference 
Organisms, ROs, in ERICA; Reference Animals and Plants, RAPs, in ICRP).  

The ERICA Integrated Approach has adopted an ERA-tiered methodology to demonstrate the 
provision of an appropriate level of protection for ecosystems. It evaluates the likelihood that 
adverse ecological effects may occur or are occurring as a result of exposure to one or more 
stressors. According to this methodology, any risk assessment applicable to biota from 
exposure to radionuclides comprises: 

• problem formulation, comprising source-term characterisation and environmental release 
scenario, the ecological target to be protected (for example, a given ecosystem, a given 
species), and any further question requiring a resolution;  

• the exposure analysis,  

• the effects analysis at different levels of individual or ecosystem organisation, resulting in 
the derivation of ‘no-effect’ values; and  

• risk characterisation where, for instance, risk can be calculated in the simplest way as the 
ratio between predicted concentrations in the source of exposure and estimated ‘no-effect’ 
concentrations (FASSET, 2004; ERICA, 2007). This approach is recommended by the 
European Commission (EC, 2003).  

Problem formulation 
The problem formulation is intended to identify the scope, context and purpose of the 
assessment framework (Suter, 1993). This includes relevant ecological, political and societal 
issues, and integrates the process of choosing appropriate assessment endpoints, identifying 
sources and type of exposure situations (i.e. chronic or acute; past, present or future) and 
describing the receiving ecosystem. Commonly, a conceptual model is described at first to 
gather existing knowledge about the site/ecosystems (for example, geographical limits, 
radionuclides of interest, natural background, pathways of exposure, receptors, the problem 
faced, and existing monitoring data). 
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Exposure analysis 
The exposure analysis stage is the process of estimating the exposure of biota. It involves 
estimating or measuring activity concentrations in environmental media and organisms, defining 
exposure conditions, and estimating radiation dose rates to selected biota. 

Although dynamic models have been employed to describe the dispersion and dilution of 
radionuclides in marine ecosystems, the transfers to sediments and to living organisms are very 
often modelled as equilibrium processes, using simple distribution coefficients and 
concentration factors. The value of equilibrium based values may be limited because temporal 
variation in concentrations and consequently in dose rate due to short-term fluctuations in 
discharge rate or in any short-term environmental processes (for example, seasonality), is 
neglected. However using an equilibrium based approach, as in the assessment reported here, 
is appropriate, given that the input data to the dosimetric model is based on annually reported 
data and this work is concerned with long term changes in the activity concentrations of 
radioactive substances in the environment.  

Figure A6.1 summarises the main transfer pathways and ROs for a generic marine ecosystem. 
This ROs concept constitutes an attempt to strike a balance between the level of simplification 
required for the methodology to be workable, the level of complexity needed to provide useful 
information and the basic data that can be made available as input for the models. The 
biological environment includes phytoplankton, zooplankton, macro-invertebrates, sessile 
aquatic plants, molluscs, crustaceans and vertebrates (fish, marine mammals and marine birds). 
The physical environment includes tidal zones, coastal waters and marine sediments. 
Connections with terrestrial and/or freshwater ecosystems may be included in the conceptual 
model of interest. Implicitly, the corresponding exposure pathways include external irradiation 
from contaminated water and sediments as well as internal contamination resulting from both 
direct and trophic transfers. 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure A6.1: Example of a conceptual model for a marine generic ecosystem (from ERICA 
2007). 

Radioactive substances in marine water are subject to several processes that lead to a 
modification of their activity concentrations, in addition to radioactive decay. Of greatest 
importance is dilution due to mixing effects during transport, driven by local, regional and global 
currents; and sedimentation after binding to suspended particles.  
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