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measured in the late 1970s.  Due to significantly decreasing 
discharges after 1978, remobilisation of caesium-137 from 
contaminated sediments in the Irish Sea is now the dominant 
source of water contamination for most of the North Sea 
(McCubbin et al., 2002).

Figure 8.7.  Temporal variation of dissolved caesium-137 in 
shoreline seawater close to Sellafield (at St Bees), 1986-2006
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Figure 8.8.  Concentrations of 
caesium-137 in the Northern 
Irish Sea, 1963-2006

Figure 8.9.  Concentrations of 
caesium-137 in the Northern 
North Sea, 1964–2006
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Caesium-137 concentrations in the Irish Sea are only a small 
percentage of those prevailing in the late 1970s, typically 
up to 30 Bq l-1 (Baxter et al., 1992), when discharges were 
substantially higher.  The predominant source term is 
remobilisation into the water column of previously discharged 
activity that became associated with seabed sediments 
and, to a lesser extent, recent discharges from the Sellafield 
site.  Consequently, levels in seawater have shown near 
exponential decrease with time since the commissioning 
of the SIXEP waste treatment process in the mid 1980s, as 
illustrated by the data provided in Figure 8.7 for shoreline 
seawater at St Bees (~ 10 km to the north of Sellafield).  
Longer time series showing the peaks in concentrations in 
the 1970s are shown in Figures 8.8 (northern Irish Sea) and 
8.9 (northern North Sea).

Concentrations of caesium-137 in the western English Channel 
(average activity 0.002 Bq l-1) were, within experimental error, 
similar to the background level resulting from global fallout 
(Figure 8.4).
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A full assessment of long-term trends in Northern European 
seas is provided elsewhere (Povinec et al., 2003).

The concentrations of tritium observed in the North Sea 
(Figure 8.5) were generally lower than those observed in the 
Irish Sea (Environment Agency, Environment and Heritage 
Service, Food Standards Agency and Scottish Environment 
Protection Agency, 2006) due to the influence of discharges 
from Sellafield and other nuclear sites.  In the Bristol 
Channel, the extent of the combined effects of discharges 
from Cardiff, Berkeley, Oldbury and Hinkley Point is evident 
(Figure 8.6).  Levels in the western English Channel were 
below detection.

Technetium-99 concentrations in seawater are now 
decreasing following the substantial increases observed since 
1994.  The results of research cruises to study this radionuclide 
have been published by Leonard et al., (1997a and b, 2004) 
and McCubbin et al., (2002).  Trends in plutonium and 
americium concentrations in seawater of the Irish Sea have 
been considered by Leonard et al. (1999).  A full review of 
the quality status of the north Atlantic has been published 
by OSPAR (2000b).

Measurements of beta and potassium-40 activity in water 
from the Clyde in 2006 gave results of less than 1 and less 
than 10 Bq kg-1, respectively.  These concentrations are similar 
to those for 2005.  Caesium-137 was not detected.
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Table 8.1.  Monitoring of sheep in England, Wales and Scotland   

Country Number of sheep Number of sheep Percentage of sheep
 monitored above action level above action level
   
England 5266 0 0
Wales 96391 99 0.1
Scotland 5074 2685 53

Table 8.2.  Concentrations of radiocaesium in the freshwater environment, 
2006        

Location  Material No. of  Mean radioactivity
  sampling concentration
  observ- (fresh)a, Bq kg-1

  ations
   134Cs 137Cs 

England    
Borrowdale Rainbow trout 1 <0.08 0.27
Narboroughb Rainbow trout 1 <0.10 0.23
Low Wath Rainbow trout 1 <0.08 0.20
Devoke Water Brown trout 1 <0.09 25
Devoke Water Perch 1 <0.31 170
Devoke Water Water 1 * 0.007
Ennerdale Brown trout 1 <0.30 8.2
Ennerdale Water 1 * 0.002
Gilcrux Rainbow trout 1 <0.07 0.18

Scotland    
Loch Dee Brown trout 1 <0.27 95
Loch Dee Water 1 * 0.01    
* Not detected by the method used    
a  Except for water where units are Bq l-1     
b  The concentrations of  14C, 238Pu, 239+240Pu and 241Am were 38, 0.000027, 

0.000039 and 0.000050  Bq kg-1respectively  

Table 8.3.  Concentrations of polonium-210 in the environment in relation to the Litvinenko incident, 2006  
    

Location Sample  No. of  Mean radioactivity concentrationa, Bq l-1

  sampling    
  observ-    
  ations 210Po         
England        
Salmon’s Brook Water 1 <0.010   
Salmon’s Brook Particulate 1 <0.010   
Salmon’s Brook Sediment 1 15   
Pymme’s Brook and River Lee Water 1 <0.010   
Pymme’s Brook and River Lee Particulate 1 <0.010   
Pymme’s Brook and River Lee Sediment 1 25   
River Lee Water 1 <0.010   
River Lee Sediment 1 29   
Lee Navigation, Keides Weir Water 1 <0.010   
Lee Navigation, Keides Weir Sediment 1 92   
      
Scotlandb      
Dalmuir Inlet influent 1 1 0.0042   
Dalmuir Inlet influent 2 1 0.0072   
Dalmuir Inlet influent 3 1 0.0052   
Dalmuir Final effluent 1 1 <0.0022   
Dalmuir Final effluent 2 1 <0.0016   
Dalmuir Final effluent 3 1 <0.0031        
a Except for sediment where dry concentrations apply. Particulate is Bq l-1 equivalent
b Used for comparative purposes with England data      
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Table 8.4.   Concentrations of radionuclides in seafood and the environment near the Channel Islands, 2006

Material Location No. of Mean radioactivity concentration (fresh)a, Bq kg-1    
  sampling          
  observ- Organic         
  ations 3H 3H 14C 60Co 90Sr 99Tc 106Ru 129I 137Cs 

Mackerel Guernsey 1    <0.06   <0.67  0.14
Pollack Jersey 1    <0.06   <0.56  0.16
Bass Guernsey 1    <0.07   <0.58  0.29
Bass Jersey 1    <0.06   <0.66  0.24
Edible crabs Guernsey 1    <0.06   <0.55  <0.05
Edible crabs Jersey 1    <0.07   <0.68  <0.06
Edible crabs Alderney 2 <25 <25 33 <0.06  <0.68 <0.52  <0.05
Spiny spider crab Jersey 1    <0.18   <1.6  <0.13
Spiny spider crab Alderney 1    0.45   <0.43  <0.04
Lobsters Guernsey 1    <0.07   <0.86  <0.06
Lobsters Jersey 1    <0.03  0.41 <0.30  0.03
Lobsters Alderney 1    <0.04   <0.42  0.06
Oysters Jersey 
   La Rocque 1    <0.03   <0.36  <0.03
Limpets Guernsey 1    <0.16   <1.9  <0.14
Limpets Jersey 
   La Rozel 1    <0.07   <0.57  <0.05
Toothed winkle Alderney 1 <25 <25 40 <0.17 0.42  <1.7  0.12
Scallops Guernsey 1    <0.08   <0.68  <0.06
Scallops Jersey 2    <0.05   <0.42  <0.04
Ormers Guernsey 1    <0.07   <0.86  <0.07
Porphyra Guernsey 
   Fermain Bay 2    <0.14   <1.5  <0.11
Porphyra Jersey 
   Plemont Bay 4    <0.05   <0.58  <0.05
Fucus vesiculosus Jersey 
   La Rozel 4    <0.07 0.022 3.5 <0.52  <0.05
Fucus vesiculosus Alderney 
   Quenard Point 1        1.5 
Fucus serratus Guernsey 
   Fermain Bay 2    <0.10 <0.057 1.4 <1.0  <0.08
Fucus serratus Alderney 
   Quenard Point 2    <0.15 0.025 1.9 <0.89  <0.07
Laminaria digitata Jersey 
   Verclut 4    <0.06   <0.54  <0.05
Laminaria digitata Alderney 
   Quenard Point 2    <0.06   <0.63  <0.05
Mud Guernsey 
   St. Sampson’s Harbour 1    <0.23   <2.2  0.72
Mud Jersey 
   St Helier 1    7.0   <3.6  2.6
Sand Alderney 
   Lt. Crabbe Harbour 1    0.50   <2.4  1.4
Seawater Guernsey 3         0.002
Seawater Jersey 1         0.004
Seawater Alderney East 3  5.9       0.002
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Table 8.4.   continued

Material Location No. of Mean radioactivity concentration (fresh)a, Bq kg-1    
  sampling         
  observ-    239Pu+   243Cm+ Total 
  ations 154Eu 155Eu 238Pu 240Pu 241Am 242Cm 244Cm beta  
Mackerel Guernsey 1 <0.19 <0.12 0.000068 0.00035 0.00063 * 0.000034 110
Pollack Jersey 1 <0.21 <0.10   <0.06   130
Bass Guernsey 1 <0.21 <0.11 0.000012 0.000068 0.000088 * * 
Bass Jersey 1 <0.21 <0.19   <0.28   100
Edible crabs Guernsey 1 <0.17 <0.11 0.00027 0.00075 0.0026 * 0.00045 93
Edible crabs Jersey 1 <0.20 <0.20 0.00039 0.0010 0.0026 0.000063 0.00034 83
Edible crabs Alderney 2 <0.16 <0.15 0.00028 0.00090 0.0027 * 0.00037 82
Spiny spider crab Jersey 1 <0.44 <0.22   <0.11   57
Spiny spider crab Alderney 1 <0.11 <0.10 0.0013 0.0044 0.0051 0.000020 0.00047 72
Lobsters Guernsey 1 <0.22 <0.13   <0.07   79
Lobsters Jersey 1 <0.11 <0.06 0.00017 0.00053 0.0025 0.000025 0.00036 83
Lobsters Alderney 1 <0.13 <0.08 0.00045 0.0013 0.013 0.000067 0.0019 87
Oysters Jersey 
   La Rocque 1 <0.09 <0.09 0.0023 0.0066 0.0065 0.000049 0.00085 110
Limpets Guernsey 1 <0.43 <0.35   <0.31   60
Limpets Jersey 
   La Rozel 1 <0.18 <0.10 0.0023 0.0064 0.010 0.000032 0.0013 76
Toothed winkle Alderney 1 <0.39 <0.23 0.0084 0.025 0.037 0.00020 0.0045 53
Scallops Guernsey 1 <0.23 <0.12 0.00062 0.0021 0.0013 0.000044 0.00013 120
Scallops Jersey 2 <0.13 <0.08 0.0055 0.020 0.015 0.000062 0.0016 110
Ormers Guernsey 1 <0.21 <0.15   <0.08   65
Porphyra Guernsey 
   Fermain Bay 2 <0.40 <0.29 0.0024 0.0088 0.011 0.000064 0.0011 100
Porphyra Jersey 
   Plemont Bay 4 <0.17 <0.12   <0.12   130
Fucus vesiculosus Jersey 
   La Rozel 4 <0.17 <0.11 0.0052 0.014 0.0061 0.000072 0.00072 160
Fucus vesiculosus Alderney 
   Quenard Point 1        
Fucus serratus Guernsey 
   Fermain Bay 2 <0.27 <0.22 0.0036 0.014 0.008 * 0.00090 120
Fucus serratus Alderney 
   Quenard Point 2 <0.25 <0.22 0.0058 0.016 0.0052 0.000050 0.00082 130
Laminaria digitata Jersey 
   Verclut 4 <0.18 <0.13   <0.12   170
Laminaria digitata Alderney 
   Quenard Point 1 <0.20 <0.14   <0.16   230
Mud Guernsey 
   St. Sampson’s Harbour 1 <0.65 <0.57 0.033 0.13 0.17 * 0.021 460
Mud Jersey 
   St Helier 1 <0.93 <0.82 0.67 2.5 3.3 0.012 0.33 630
Sand Alderney 
   Lt. Crabbe Harbour 1 <0.80 <0.53   0.64   530

* Not detected by the method used      
a Except for seawater where units are Bq l-1, and for sediment where dry concentrations apply    
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Table 8.5.  Concentrations of radionuclides in food and the environment from the Isle of Man, 2006c

Material  No. of Mean radioactivity concentration (fresh)a, Bq kg-1

 sampling 
 observ-         
 ations 60Co 95Zr 95Nb 99Tc 106Ru 125Sb 134Cs 137Cs 144Ce 
           

Aquatic samples          
Cod 4 <0.09 <0.64 <0.34  <0.96 <0.20 <0.10 2.4 <0.38
Herring 4 <0.10 <0.64 <1.4  <1.0 <0.22 <0.10 0.85 <0.46
Lobsters 4 <0.06 <0.41 <0.89 100 <0.63 <0.15 <0.06 0.44 <0.34
Scallops 4 <0.05 <0.48 <0.26  <0.54 <0.12 <0.05 0.36 <0.32
Fucus vesiculosus 4 <0.08 <0.42 <0.44 580 <0.60 0.24 <0.07 0.91 <0.36
Sediment 1E <0.51 <1.2 <0.35  <2.9 <2.6 <0.43 9.4 <1.7

Material  No. of Mean radioactivity concentration (fresh)a, Bq kg-1

 sampling 
 observ-  239Pu+   243Cm+ Total Total
 ations 238Pu 240Pu 241Am 242Cm 244Cm alpha beta           
Aquatic samples         
Cod 4 0.000068 0.00036 0.00070 0.0000086 *  
Herring 4 0.0013 0.0086 0.013 * *  
Lobsters 4   <0.13    170
Scallops 4 0.020 0.11 0.033 * *  
Fucus vesiculosus 4   <0.20    
Sediment 1E      180 540

Material No. of Mean radioactivity concentration (fresh)a, Bq kg-1      

or selectionb sampling           
 observ-           
 ationsd 3H 14C 35S 60Co 90Sr 95Zr 95Nb 99Tc 106Ru 125Sb 
           
Terrestrial samples           
Milk 2 <4.9 17 <0.48 <0.28 0.038 <0.54 <0.55 0.0040 <1.7 <0.56
Milk                 max  <5.0 18 <0.50  0.041 <0.58 <0.58  <1.9 <0.58
Cabbage 1 <5.0 9.0 0.90 <0.20 0.055 <0.30 <0.20 <0.033 <1.3 <0.50
Potatoes 1 <5.0 15 0.40 <0.20 0.028 <0.40 <0.30 <0.024 <1.7 <0.40
Raspberries 1 <5.0 26 0.50 <0.30 0.10 <0.50 <0.40  <1.5 <0.70

Material No. of Mean radioactivity concentration (fresh)a, Bq kg-1     

or selectionb sampling         
 observ-     239Pu+    
 ationsd 129I Total Cs 144Ce 238Pu 240Pu 241Pu 241Am

Terrestrial samples       
Milk 2 <0.0070 0.085 <1.1 <0.00010 <0.00020 <0.020 <0.00010
Milk                 max   0.086 <1.2    
Cabbage 1 <0.029 0.075 <0.70 <0.00010 0.00020 <0.033 <0.00030
Potatoes 1 <0.026 0.14 <0.70 <0.00010 <0.00010 0.097 0.00020
Raspberries 1  0.10 <2.0    

* Not detected by the method used        
a  Except for milk where units are Bq l-1        

b  Data are arithmetic means unless stated as ‘max’ in this column. ‘Max’ data are selected to be maxima.    
If no ‘max’ value is given the mean value is the most appropriate for dose assessments     

c  The gamma dose rate in air at 1m over sand at DouglasE was 0.099 μGy h-1     

d  The number of farms from which milk is sampled. The number of analyses is greater than this and depends on the bulking regime
E  Measurements are made on behalf of the Food Standards Agency unless labelled “E”. In that case they are made on behalf of the 

Environment Agency        
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Table 8.6(a).  Concentrations of radionuclides in seafood and the environment in Northern Ireland, 2006   
         

Material Location No. of Mean radioactivity concentration (fresh)a, Bq kg-1   

  sampling      
  observ-      
  ations 14C 60Co 99Tc 125Sb 137Cs 

Cod Kilkeel 3 55 <0.07  <0.17 2.9
Cod North coast 1  <0.04  <0.10 2.4
Plaice Kilkeel 1  <0.08  <0.17 2.7
Haddock Kilkeel 2  <0.13  <0.27 0.84
Haddock Portavogie 1  <0.07  <0.18 1.8
Herring Ardglass 2  <0.09  <0.22 1.3
Spurdog North coast 4  <0.07  <0.20 2.0
Spurdog Kilkeel 2  <0.09  <0.22 1.2
Spurdog Portavogie 1  <0.09  <0.24 2.6
Whiting Kilkeel 1  <0.06  <0.12 0.36
Crabs Kilkeel 3  <0.14  <0.33 0.33
Lobsters Ballycastle 2  <0.15 110 <0.35 0.36
Lobsters Kilkeel 2  <0.06 100 <0.14 0.38
Nephrops Kilkeel 4  <0.09 34 <0.25 0.67
Winkles Ards Peninsula 4  <0.13  <0.31 <0.34
Mussels Carlingford Lough 2  <0.09 20 <0.24 0.62
Scallops Co. Down 2  <0.05  <0.11 0.36
Ascophyllum nodosum Ardglass 2  <0.10  <0.41 0.86
Ascophyllum nodosum Carlingford Lough 1  <0.11  <0.27 0.76
Fucus spp. Carlingford Lough 3  <0.12 1100 <0.46 0.95
Fucus spp. Portrush 4  <0.07  <0.16 <0.10
Fucus vesiculosus Ardglass 2  <0.20 1100 <0.45 0.84
Rhodymenia spp. Strangford Lough 3  <0.14 16 <0.29 0.79
Mud Carlingford Lough 2  <0.86  <3.5 91
Mud Dundrum Bay 2  <0.67  <1.8 6.8
Mud Oldmill Bay 2  <0.91  <2.5 48
Mud Strangford Lough
   - Nicky’s point 2  <0.61  <2.0 29
Mud  Ballymacormick 2  <0.52  <1.6 22
Sand Carrichue 1  <0.40  <1.1 1.8
Sand Portrush 2  <0.39  <1.1 <0.60
Shell and sand Carrichue 1  <0.33  <0.86 3.0
Seawater North of Larne 12   0.0086  0.02
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Table 8.6(a).  continued

Material Location No. of Mean radioactivity concentration (fresh)a, Bq kg-1    

  sampling       
  observ-  239Pu+   243Cm+ 
  ations 238Pu 240Pu  241Am 242Cm 244Cm

Cod Kilkeel 3   <0.16  
Cod North coast 1   <0.10  
Plaice Kilkeel 1   <0.07  
Haddock Kilkeel 2   <0.10  
Haddock Portavogie 1   <0.33  
Herring Ardglass 2   <0.15  
Spurdog North coast 4   <0.14  
Spurdog Kilkeel 2   <0.09  
Spurdog Portavogie 1   <0.10  
Whiting Kilkeel 1   <0.06  
Crabs Kilkeel 3   <0.28  
Lobsters Ballycastle 2   0.43  
Lobsters Kilkeel 2   <0.12  
Nephrops Kilkeel 4 0.0017 0.0087 0.018 * *
Winkles Ards Peninsula 4 0.027 0.15 0.14 0.00032 *
Mussels Carlingford Lough 2   <0.22  
Scallops Co. Down 2   <0.13  
Ascophyllum nodosum Ardglass 2   <0.22  
Ascophyllum nodosum Carlingford Lough 1   0.28  
Fucus spp. Carlingford Lough 3   <0.40  
Fucus spp. Portrush 4   <0.23  
Fucus vesiculosus Ardglass 2   <0.44  
Rhodymenia spp. Strangford Lough 3 0.058 0.31 0.42 * 0.00080
Mud Carlingford Lough 2 2.1 14 9.3 * 0.0063
Mud Dundrum Bay 2   <2.8  
Mud Oldmill Bay 2   26  
Mud Strangford Lough
   - Nicky’s point 2   9.6  
Mud  Ballymacormick 2   16  
Sand Carrichue 1 0.024 0.20 0.22 * *
Sand Portrush 2   <2.0  
Shell and sand Carrichue 1   <0.62         
* Not detected by the method used      
a  Except for seawater where units are Bq l-1 and for sediment where dry concentrations apply      
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Table 8.6(b).  Monitoring of radiation dose rates in Northern 
Ireland, 2006

Location Ground type No. of Mean  
   sampling gamma 
   observa- dose rate  
   tions in air at 1m,
    μGy h-1

Lisahally Mud 1 0.072
Eglington Shingle 1 0.064
Carrichue Mud 1 0.060
Bellerena Mud 1 0.064
Benone Sand 1 0.064
Castlerock Sand 1 0.062
Portstewart Sand 1 0.058
Portrush, Blue Pool Sand 1 0.065
Portrush, White Rocks Sand 1 0.066
Portballintrea Sand 1 0.061
Giant’s Causeway Sand 1 0.062
Ballycastle Sand 1 0.060
Cushendun Sand 1 0.062
Cushendall Sand and stones 1 0.061
Red Bay Sand 1 0.064
Carnlough Sand 1 0.060
Glenarm Sand 1 0.054
Half Way House Sand 1 0.056
Ballygally Sand 1 0.060
Drains Bay Sand 1 0.054
Larne  Sand 1 0.063
Whitehead Sand 1 0.062
Carrickfergus Sand 1 0.062
Belfast Lough Sand 1 0.061
Helen’s Bay Sand 1 0.064
Groomsport Sand 1 0.065
Millisle Sand 1 0.065
Ballywalter Sand 1 0.066
Ballyhalbert Sand 1 0.066
Cloughy Sand 1 0.071
Portaferry Shingle and stones 1 0.097
Kircubbin Sand 1 0.088
Greyabbey Sand 1 0.092
Ards Maltings Mud 1 0.090
Island Hill Mud 1 0.074
Nicky’s Point Mud 1 0.067
Strangford Shingle and stones 1 0.087
Kilclief Sand 1 0.069
Ardglass Mud 1 0.087
Killough Mud 1 0.085
Rocky Beach Sand 1 0.076
Tyrella Sand 1 0.080
Dundrum Mud 1 0.094
Newcastle Sand 1 0.090
Annalong Sand 1 0.11
Cranfield Bay Sand 1 0.090
Greencastle Sand 1 0.090
Mill Bay Mud 1 0.11
Rostrevor Sand 1 0.12
Narrow Water Mud 1 0.10
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Table 8.7.  Concentrations of radionuclides in regional diet (TDS survey), 2006a

Country Town No. of Mean radioactivity concentration (fresh),  Bq kg-1

  sampling
  observations 3H  14C 35S 40K 90Sr 137Cs 210Pb 210Po 

England Banstead 1 <2.6 40 <0.14 70 0.037 <0.04 0.043 0.060
England Blackpool 1 <2.0 20 <0.16 80 0.040 0.04 0.035 0.031
England Chelmsley Wood 1 <2.5 40 <0.14 80 0.029 0.06 <0.015 0.035
England Keynsham 1 <2.6 30 <0.16 80 0.048 0.07 0.059 0.050
England Leicester 1 4.3 30 <0.21 80 0.033 <0.11 0.046 0.027
England Newmarket 1 <2.6 40 <0.14 70 0.032 <0.06 0.024 0.030
England Paignton 1 <2.5 30 <0.13 70 0.060 0.04 0.032 0.030
England Pudsey 1 <2.5 60 0.18 80 0.041 0.07 0.025 0.050
England Sunderland 1 <2.5 50 <0.14 80 0.036 <0.06 <0.015 0.040
Wales Bangor 1 3.1 40 <0.15 70 0.030 <0.05 0.028 0.027
Northern Ireland Newtownards 1 <3.0 40 <0.18 80 0.030 <0.05 0.045 0.040

Mean   <2.7 38 <0.16 76 0.038 <0.06 <0.033 0.038

Country Town No. of Mean radioactivity concentration (fresh),  Bq kg-1

  sampling     239Pu+
  observations 226Ra 232Th Total U 238Pu 240Pu 241Am

England Banstead 1 0.052 0.00080 0.026 <0.00015 0.00030 0.00030
England Blackpool 1 0.040 0.0015 <0.023 <0.00010 0.00010 0.00019
England Chelmsley Wood 1 0.032 0.00098 <0.023 <0.00013 0.00030 <0.00020
England Keynsham 1 0.028 0.0014 <0.023 <0.00024 0.00056 0.00020
England Leicester 1 0.040 0.00097 <0.022 <0.00018 0.00026 0.00020
England Newmarket 1 0.036 0.00089 <0.023 <0.00014 0.00020 0.00075
England Paignton 1 0.047 0.0020 <0.023 <0.00010 0.00020 0.00042
England Pudsey 1 0.040 0.0012 <0.023 <0.00012 0.00070 0.00024
England Sunderland 1 0.035 0.0017 <0.023 <0.00011 0.00080 <0.00023
Wales Bangor 1 0.030 0.00089 <0.024 <0.00010 0.00030 <0.00013
Northern Ireland Newtownards 1 0.036 0.00088 <0.024 <0.00013 0.00030 <0.00010
       
Mean   0.038 0.0012 <0.023 <0.00014 0.00037 <0.00027

        
a Results are available for other artificial nuclides detected by gamma spectrometry.    

All such results are less than the limit of detection      
 

Table 8.8.  Concentrations of radionuclides in regional diet in Scotland, 2006a

Area No. of Mean radioactivity concentration (fresh),  Bq kg-1

 sampling
 observations 3H 14C 35S 90Sr 137Cs 210Pb 210Po 226Ra
         
Anstruther 1 <20 34 <1.0 0.061 <0.40 0.39 0.13 0.067
  (Fife)          
Springburn 1 <20 43 <1.0 <0.050 <0.40 <0.20 0.044 0.058
  (Lanarkshire)

Area No. of Mean radioactivity concentration (fresh),  Bq kg-1

 sampling                            239+

 observations 232Th 234U 235U 238U 238Pu 240Pu 241Am
       
Anstruther 1 <0.010 <0.050 <0.050 <0.050 <0.00068 <0.00068 <0.00052
  (Fife)        
Springburn 1 <0.010 <0.050 <0.050 <0.050 <0.00071 <0.00071 <0.00048
  (Lanarkshire)       
        
a Results are available for other artificial nuclides detected by gamma spectrometry.    
All such results are less than the limit of detection      
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Table 8.9.  Estimates of radiation exposure from radionuclides in diet, 2006a 
  
Region Meanb exposure, mSv per year  Maximum exposure, mSv  

 Man-made  Naturally occurring All radionuclides  Location All radionuclides
 radionuclidesc radionuclidesd

England <0.001 0.036 0.036 Banstead 0.049
Wales <0.001 0.029 0.030 Bangor 0.030
Northern Ireland <0.001 0.039 0.040 Newtownards 0.040
Scotland 0.003 0.12 0.13 Anstruther (Fife) 0.17 
UK 0.001 0.049 0.050 Anstruther (Fife) 0.17
a  Assessments of dose are based on some concentration results at limits of detection.     

Exposures due to potassium-40 content of diet are not included here because they do not vary vary according to the potassium-40 con-
tent of diet.

 Levels of potassium are homeostatically controlled. The average annual dose from potassium-40 in general diet is 0.17mSv, which is in 
addition to the above figures          

b Average of the doses to the most exposed age group at each location       
c Including tritium   
d Including carbon-14   
   

Table 8.10.  Concentrations of radionuclides in canteen meals, 2006a 
      

Region No. of Mean radioactivity concentration (fresh), Bq kg-1 
 sampling      
 observ-      
 ations 14C 40K 90Sr 137Cs 
 
England 4 26 93 <0.048 <0.03
Northern Ireland 4 29 100 <0.040 <0.08
Scotland 1 <36  <0.079 <0.03
Wales 4 27 98 0.038 <0.04
      
a Results are available for other artificial nuclides detected by gamma spectrometry 

All such results were less than the limit of detection
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Table 8.11.  Concentrations of radionuclides in milk remote from nuclear sites, 2006     
    

Location Selectiona No. of Mean radioactivity concentration, Bq l-1   
  farms/dairiesb     
       

   3H 14C 90Sr Total Cs

Co. Antrim  1 <4.5 15 0.020 0.15
Co. Armagh  1 <5.0 12 0.022 0.080
Cambridgeshire  1 <2.8 12 0.013 0.071
Cheshire  1 <5.0 14 0.018 0.11
Clwyd  1 <4.5 16 0.025 0.082
Cornwall  1 <5.0 12 0.031 0.068
Devon  1 <4.0 16 0.033 0.066
Dorset  1 <5.0 16 0.016 0.088
Co. Down  1 <5.0 13 0.031 0.12
Essex  1 <5.0 16 0.016 0.067
Co. Fermanagh  1 <5.0 19 0.023 0.11
Gloucestershire  2 <4.8 12 0.020 0.058
                   max  <5.0 18 0.039 0.087
Guernsey  1 <3.1 12 0.021 0.076
Gwent  1 <2.6 11 0.029 0.077
Gwynedd  1 <4.5 15 0.027 0.063
Hampshire  1 <4.5 14 0.028 0.060
Humberside  1 <5.0 12 0.019 0.068
Kirkcudbrightshire  1 <5.0 <16 <0.10 <0.06c

Kent  1 <5.0 16 0.020 0.098
Lanarkshire  1   <0.044 <0.05c

Lancashire  2 <5.0 14 0.021 0.073
                   max  <5.0 17 0.031 0.12
Leicestershire  1 <5.0 15 0.018 0.085
Lincolnshire  1 <5.0 16 0.016 0.061
Middlesex  1 <4.5 12 0.018 0.068
Midlothian  1 <5.0 <18 <0.10 <0.05c

North Yorkshire  2 <4.8 20 0.023 0.083
                       max  <5.0 39 0.052 0.16
Nairnshire  1 <5.0 <16 <0.12 <0.05c

Norfolk  1 <5.0 15 0.016 0.062
Renfrewshire  1 <5.0 <15 <0.10 <0.05c

Suffolk  1 <5.0 13 0.013 0.065
Tyneside  1 <5.0 14 0.025 0.072
Co. Tyrone  2 <3.3 18 0.022 0.13
                       max  7.0 23 0.036 0.28
Mean Values       

Channel Islands   <3.1 12 0.021 0.0760
England   <4.7 14 0.020 0.074
Northern Ireland   <4.6 15 0.024 0.12
Wales   <3.9 14 0.027 0.074
Scotland   <5.0 <16 <0.093 <0.05c

United Kingdom   <4.5 <15 0.041 0.08       
a  Data are arithmetic means unless stated as ‘max’. ‘Max’ data are selected to be maxima.     

If no ‘max’ value is given the mean value is the most appropriate for dose assessments     
b  The number of farms or dairies from which milk is sampled. The number of analyses is greater than this and depends on the bulking 

regime. 
c  137Cs only       
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Table 8.12.  Concentrations of radionuclides in crops remote from nuclear sites, 2006a

Location Material No. of Mean radioactivity concentration (fresh), Bq kg-1

   samples       
    3H 14C 90Sr Total Cs 210Pb 210Po  
Anglesey         
 Newborough Cabbage 1 <4.0 4.0 0.10 <0.015 <0.039 0.0043
  Raspberries 1 <5.0 11 0.057 0.016 <0.050 0.020
Barnsley         
 Barnsley Cabbage/Cauliflower 1 <5.0 <3.0 0.066 0.058 <0.038 0.0048
  Raspberries 1 <4.0 16 0.091 0.081 0.10 0.016
Cambridgeshire         
 Huntingdon Beetroot 1 <4.0 5.0 0.060 0.16 <0.033 0.0092
  Cabbage 1 <5.0 5.0 0.37 0.075 0.17 0.044
Channel Islands         
 Guernsey Blackberries 1 <5.0 10 0.061 0.039 0.12 0.047
  Lettuce 1 <5.0 <3.0 0.0090 0.0090 <0.032 0.0060
 Jersey Potatoes-General 1 <5.0 15 0.026 0.043  
  Strawberries 1 <5.0 5.0 0.066 0.034  
Cornwall        
 Launceston Cabbage 1 <5.0 9.0 0.35 0.067 <0.038 0.063
  Carrots 1 <5.0 3.0 0.24 0.054 <0.037 0.018
Cumbria        
 Ulverston Cabbage 1 <5.0 <3.0 0.22 <0.025 <0.037 0.018
  Turnips/Potatoes 1 <5.0 9.0 0.15 0.053 <0.036 0.014
Devon        
 Sidmouth Raspberries 1 <4.0 8.0 0.091 0.036 0.085 0.034
  Swiss Chard 1 <5.0 <3.0 0.18 0.038 0.29 0.19
Dorset        
 Verwood Chard/Lettuce 1 <5.0 <3.0 0.52 0.19 0.35 0.14
  Strawberries 1 <5.0 3.0 0.045 0.050 0.093 0.025
Dumfriesshire        
 Dumfries Lettuce 4   <0.10 <0.05b  

Durham        
 Bishop Auckland Blackberries 1 <5.0 10 0.086 0.086 <0.044 0.025
  Cabbage 1 <5.0 <3.0 0.25 0.053 <0.042 0.034
East Lothian        
 North Berwick Lettuce 4   <0.10 <0.05b  

East Sussex         
 Eastbourne Potatoes 1 <5.0 20 <0.0080 <0.013 <0.042 0.0038
  Spinach 1 <4.0 <2.0 0.39 0.090 0.091 0.084
Essex         
 Chelmsford Cabbage 1 <5.0 7.0 0.091 0.051 0.12 0.026
  Plums 1 <5.0 11 0.037 0.037 <0.032 0.010
Gloucestershire        
 Cirencester Potatoes 1 <5.0 19 0.038 0.093 <0.047 0.0094
  Spring Greens 1 <5.0 <3.0 0.20 0.12 <0.042 0.028
Isle of Wight        
 Newport Gooseberries 1 <5.0 12 0.044 0.031 <0.036 0.059
  Spring Greens 1 <5.0 <3.0 0.30 0.043 <0.035 0.012
North Yorkshire        
 Northallerton Cabbage 1 <5.0 3.0 0.13 <0.027 <0.037 0.014
  Potatoes 1 <5.0 15 0.029 0.022 <0.045 0.0080
Northumberland        
 Alnwick Cabbage 1 <5.0 5.0 0.25 0.17 <0.037 0.0054
  Raspberries 1 <4.0 15 0.10 0.031 <0.048 0.027
Nottinghamshire        
 Sutton in Ashfield Carrots 1 <5.0 9.0 0.096 0.031 <0.040 <0.0025
  Lettuce 1 <5.0 3.0 0.12 0.044 0.20 0.042
Powys        
 Builth Wells Chard 1 <5.0 <3.0 0.54 0.087 0.40 0.18
  Potatoes 1 <4.0 9.0 0.015 <0.014 <0.036 0.037
Renfrewshire        
 Paisley Lettuce 4   <0.11 <0.05b  
Ross-shire        
 Dingwall Lettuce 4   <0.12 <0.05b  
Shropshire         
 Market Drayton Raspberries 1 <4.0 18 0.072 0.053 <0.033 0.020
  Spinach 1 <4.0 10 0.62 0.62 0.19 0.075
Staffordshire        
 Stoke on Trent Cabbage 1 <5.0 <3.0 0.12 <0.030 0.048 0.0036
  Potatoes 1 <5.0 21 0.038 0.20 <0.037 0.012
Surrey        
 Weybridge Beef Kidney 1 <9.0 43 0.066 0.71  
  Beef Liver 1 <9.0 <9.0 0.021 1.2  
  Beef Muscle 1 <5.0 19 0.017 0.51  
  Sheep Kidney/Liver 1 <9.0 14 0.032 0.38   
  Sheep Muscle 1 <6.0 35 0.011 0.21  
Wiltshire        
 Warminster Potatoes 1 <6.0 12 0.035 0.052 <0.051 0.0061
  Swiss Chard/Lettuce/
      Cabbage 1 <6.0 3.0 0.67 0.078 0.42 0.20
Worcestershire         
 Redditch Lettuce 1 <5.0 <3.0 0.087 0.087 <0.046 0.044
  Raspberries 1 <4.0 11 0.037 <0.014 <0.047 0.022
Mean Values         
 Channel Islands   <5.0 <8.3 0.041 0.031 <0.078 0.027
 England   <5.2 <10 <0.16 <0.15 <0.086 <0.037 
   Wales   <4.5 <6.8 0.18 <0.033 <0.13 0.061
 Scotland     <0.11 <0.05  
 Great Britain   <4.8 <8.5 <0.15 <0.078 <0.11 <0.049
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Table 8.12.  continued

Location Material No. of Mean radioactivity concentration (fresh), Bq kg-1

   samples
        239Pu+
    226Ra 232Th Total U 238Pu 240Pu 241Am 

Anglesey          
Newborough Cabbage 1 0.023 <0.00080  <0.00010 <0.00020 0.00020
  Raspberries 1 0.014 <0.00080  <0.00010 <0.00010 0.00020
Barnsley          
Barnsley Cabbage/Cauliflower 1 0.0090 0.00060  <0.00010 <0.00020 <0.00020
  Raspberries 1 0.014 <0.00090  <0.00010 <0.00020 <0.00020
Cambridgeshire         
 Huntingdon Beetroot 1 0.017 0.0017 <0.034 <0.00020 <0.00010 0.00060
  Cabbage 1 0.043 0.0041  0.00010 <0.00010 <0.00020
Channel Islands         
 Guernsey Blackberries 1 0.010 0.0016 <0.030 <0.00010 <0.00020 <0.00020
  Lettuce 1 0.011 0.0016  0.00010 <0.00020 <0.00020
 Jersey Potatoes-General 1    <0.00020 <0.00020 <0.00020
  Strawberries 1    <0.00020 <0.00010 0.00080
Cornwall         
 Launceston Cabbage 1 0.044 <0.0016  <0.00020 <0.00020 <0.00020
  Carrots 1 0.26 0.0021 <0.035 <0.00010 <0.00020 <0.00030
Cumbria         
 Ulverston Cabbage 1 0.036 <0.0010  0.00010 <0.00010 0.00020
  Turnips/Potatoes 1 0.057 0.0073  0.00010 0.00020 <0.00020
Devon         
 Sidmouth Raspberries 1 0.016 <0.0010  0.00010 <0.00020 <0.00020
  Swiss Chard 1 0.18 0.0041  0.00010 <0.00010 0.00050
Dorset         
 Verwood Chard/Lettuce 1 0.23 0.0085  0.00010 0.00020 0.00050
  Strawberries 1 0.057 <0.0012 <0.032 <0.00010 <0.00010 0.00030
Durham         
 Bishop Auckland Blackberries 1 0.023 <0.00070  <0.00010 <0.00010 0.00020
  Cabbage 1 0.042 0.0052  0.00010 0.00020 0.00020
East Sussex         
 Eastbourne Potatoes 1 0.0090 0.0025  <0.00020 <0.00020 0.00020
  Spinach 1 0.37 0.0078  <0.00010 <0.00010 0.0010
Essex         
 Chelmsford Cabbage 1 <0.0070 <0.0011  <0.00020 <0.00010 0.00050
  Plums 1 0.0050 <0.0010  <0.00020 0.00010 <0.00020
Gloucestershire         
 Cirencester Potatoes 1 0.016 0.0036  <0.00020 <0.00040 0.00060
  Spring Greens 1 0.015 <0.0012 <0.035 <0.00010 <0.00010 0.00040
Isle of Wight         
 Newport Gooseberries 1 0.0080 <0.0010 <0.029 <0.00010 <0.00020 0.00040
  Spring Greens 1 0.022 <0.00070  <0.00020 <0.00020 <0.00020
North Yorkshire         
 Northallerton Cabbage 1 0.036 0.0048  0.00010 0.00020 0.00020
  Potatoes 1 0.022 0.0041  <0.00010 <0.00010 0.00030
Northumberland         
 Alnwick Cabbage 1 0.065 <0.0015 0.035 <0.00020 <0.00020 <0.00020
  Raspberries 1 0.041 <0.00080 <0.034 <0.00010 <0.00010 0.00020
Nottinghamshire         
 Sutton in Ashfield Carrots 1 0.056 0.00080  <0.00010 <0.00020 <0.00020
  Lettuce 1 <0.0040 0.0052 0.039 <0.00010 0.00010 0.00040
Powys         
 Builth Wells Chard 1 0.11 0.0038  <0.00010 0.00020 0.00030
  Potatoes 1 0.018 0.017 0.040 <0.00010 0.00020 0.00030
Shropshire         
 Market Drayton Raspberries 1 0.010 <0.0014  <0.00010 <0.00020 <0.00020
  Spinach 1 0.075 0.013 0.045 <0.00030 0.00040 <0.00020
Staffordshire         
 Stoke on Trent Cabbage 1 0.037 <0.0012  <0.00010 <0.00020 <0.00020
  Potatoes 1 0.028 0.010  <0.00010 <0.00010 <0.00020
Surrey         
 Weybridge Beef Kidney 1    <0.00010 <0.00020 0.00040
  Beef Liver 1    <0.00010 <0.00010 0.00050
  Beef Muscle 1    <0.00010 <0.00010 0.00050
  Sheep Kidney/Liver 1    <0.00020 <0.00020 0.00040
  Sheep Muscle 1    <0.00010 <0.00010 0.00050
Wiltshire         
 Warminster Potatoes 1 0.012 0.0026  <0.00020 0.00010 <0.00030
  Swiss Chard/Lettuce/
    Cabbage 1 0.086 0.0015  <0.00010 0.00020 0.00050
Worcestershire         
 Redditch Lettuce 1 0.037 0.0057  <0.00010 <0.00020 <0.00030
  Raspberries 1 0.029 0.0092  <0.00010 <0.00020 0.00030
Mean Values         
 Channel Islands   0.011 0.0016 <0.030 0.00015 <0.00018 0.00035
 England   <0.056 <0.0050 <0.035 <0.00013 <0.00017 0.00033
 Wales   0.042 <0.010 0.040 <0.00010 <0.00018 0.00025
 Scotland         
 Great Britain   <0.049 <0.0077 <0.038 <0.00011 <0.00017 <0.00029          
a  Results are available for other artificial nuclides detected by gamma spectrometry. All such results are less than the limit of detection
b  137Cs only
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Table 8.13.  Concentrations of caesium-137 in imported foods monitored at ports, 2006    

Port Country of  Foodstuff No. of  Mean radioactivity 
 origin  sampling concentration,
   observ-  Bq kg-1 (fresh)a

   ations 137Cs    
Dover    
 Austria Blueberry juice concentrateb 1 1500
 Germany Blueberry juice concentratec 1 1000
 Poland Wild blueberries (whole) 1 90
  Wild blueberries (whole) 1 160
  Wild blueberries (whole, frozen) 1 88
    
Felixstowe    
 Holland Blueberry juice concentrated 1 1200
  Gooseberries 1 <2.0
  Cured back bacon 1 <3.0
  Chicken fi llets 1 <7.0
  Boneless beef 1 <2.0
  Chicken breast 1 <3.0
  Chicken breast 1 <5.0
  Chicken breast 1 <7.0    
a Except for Blueberry juice concentrate where the units are Bq l-1    
b The result of 1100 Bq kg-1 was multiplied by the sample density to give Bq l-1    
c The result of 780 Bq kg-1 was multiplied by the sample density to give Bq l-1    
d The result of 920 Bq kg-1 was multiplied by the sample density to give Bq l-1 
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Table 8.15.  Concentrations of radionuclides in sources of drinking water in Scotland, 2006
       
Area Location No. of Mean radioactivity concentration, Bq l-1   
  sampling       
  observ-       
  ations 3H 90Sr 137Cs Total Total 
      alpha beta 
        
Angus Loch Lee 4 <1.5 <0.0058 <0.01 <0.032 <0.043
Argyll and Bute Auchengaich 1 <1.1  <0.01 <0.010 0.014
Argyll and Bute Helensburgh Reservoir 1 <1.3  <0.01 <0.010 0.020
Argyll and Bute Loch Ascog 1 <1.1  <0.01 <0.010 0.10
Argyll and Bute Loch Eck 1 <1.1  <0.01 <0.010 0.023
Argyll and Bute Loch Finlas 1 <1.3  <0.01 <0.010 0.019
Clackmannanshire Gartmorn 1 1.5  <0.01 <0.010 0.11
Dumfries and Galloway Black Esk 1 <1.3  <0.01 <0.010 0.025
Dumfries and Galloway Purdomstone 1 2.3  <0.01 <0.010 0.055
Dumfries and Galloway Winterhope 1 1.5  <0.01 <0.010 0.051
East Lothian Hopes Reservoir 1 1.7  <0.01 0.013 0.024
East Lothian Thorters Reservoir 1 1.7  <0.01 <0.010 0.050
East Lothian Whiteadder 1 2.7  <0.01 <0.010 0.040
Fife Holl Reservoir 1 1.2  <0.01 <0.010 0.033
Highland Loch Glass 4 <1.2 <0.0044 <0.01 <0.032 0.026
North Ayrshire Camphill 1 2.4  <0.01 <0.010 0.015
North Ayrshire Knockendon Reservoir 1 <1.3  <0.01 <0.010 0.019
North Ayrshire Munnoch Reservoir 1 2.3  <0.01 <0.010 0.041
North Ayrshire Outerwards 1 <1.3  <0.01 <0.010 0.084
Perth and Kinross Castlehill 1 <1.1  <0.01 <0.010 0.024
Scottish Borders Knowesdean 4 <1.7 <0.0078 <0.01 <0.032 <0.043
Stirling Loch Katrine 12 <1.4 <0.0060 <0.001 <0.0075 <0.031
West Dunbartonshire Loch Lomond  1 <1.1  <0.01 <0.010 0.024
   (Ross Priory)
West Lothian Morton No 2 1 <1.3  <0.01 <0.010 0.056 
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Table 8.16.   Concentrations of radionuclides in sources of drinking water in England and Wales, 2006   

         
Location Sample source No. of Mean radioactivity concentration, Bq l-1   
  sampling       
  observ-       
  ations 3H 40K 90Sr 125I 137Cs 210Po

England
Buckinghamshire Bourne End, Groundwater  4 <4.0 0.050 <0.0010  <0.0010 <0.010
Cambridgeshire Grafham Water 4 <4.0 0.38 0.0018  <0.0010 <0.010
Cheshire River Dee, Chester 4 <4.0 0.14 0.0021 <0.0020 0.0015 <0.010
Cornwall River Fowey 4 <4.0 0.068 0.0017 0.0019 <0.0010 <0.010
Cornwall Roadsford Reservoir, Dowrglann, 
   St Austell  4 <4.0 0.075 0.0033  <0.0010 <0.010
County Durham Honey Hill Water Treatment Works, 
   Consett 4 <4.0 <0.063 0.0037  <0.0011 0.011
County Durham River Tees, Darlington 4 <4.0 0.053 0.0030 <0.0021 <0.0010 <0.010
Cumbria Haweswater Reservoir  4 <4.0 <0.025 0.0032  0.00090 <0.010
Cumbria Ennerdale Lake  4 <4.0 <0.031 0.0029  0.0012 <0.010
Derbyshire Arnfield Water Treatment Plant 4 <4.0 0.049 0.0013  0.0011 <0.010
Derbyshire Matlock, Groundwater 4 <4.0 0.046 <0.0010  <0.0010 0.012
Devon River Exe, Exeter 4 <4.0 0.10 0.0031 <0.0020 <0.0011 <0.010
Gloucestershire River Severn, Tewkesbury  4 <4.0 0.18 0.0019 <0.0023 <0.0010 <0.010
Greater London River Lee, Chingford  4 <4.0 0.36 <0.0010 <0.0020 <0.0010 <0.010
Hampshire River Avon, Christchurch  4 <4.0 0.090 <0.0010 0.0020 <0.0010 <0.010
Humberside Littlecoates, Groundwater  4 <4.0 0.11 <0.0018  <0.0010 <0.010
Kent Denge, Shallow Groundwater  4 <4.0 0.15 0.0034  <0.0010 <0.010
Kent Chatham, Deep Groundwater  4 <4.0 0.064 <0.0015  <0.0010 <0.010
Lancashire Corn Close, Groundwater  4 <4.0 0.073 <0.0010  <0.0010 <0.010
Norfolk River Drove, Stoke Ferry 4 <4.0 0.12 <0.0012 <0.0019 <0.0010 <0.010
Northumberland Kielder Reservoir 4 <4.0 <0.053 0.0020  <0.0010 <0.010
Oxfordshire River Thames, Oxford  3 <4.0 0.16 0.0041 <0.0020 <0.0012 <0.010
Somerset Ashford Reservoir, Bridgwater  4 <4.0 0.083 0.0017  <0.0010 <0.010
Somerset Chew Valley Lake Reservoir, Bristol 4 <4.0 0.14 0.0017  <0.0010 <0.010
Surrey River Thames, Walton 4 <4.0 0.25 0.0016 <0.0024 <0.0010 <0.010
Surrey River Thames, Chertsey 4 <4.0 0.23 0.0013 <0.0021 <0.0010 <0.010
Yorkshire Chellow Heights, Bradford 2 <4.0 0.025 0.0038  <0.0010 <0.010

Location Sample source No. of Mean radioactivity concentration, Bq l-1    
  sampling        
  observ-     Total Total Total 
  ations 226Ra 234U 235U 238U alpha beta1 beta2

England         
Buckinghamshire Bourne End, Groundwater  4 <0.010 <0.010 <0.010 <0.010 <0.020 0.075 0.056
Cambridgeshire Grafham Water 4 <0.010 0.0099 <0.010 <0.010 0.026 0.53 0.34
Cheshire River Dee, Chester 4 <0.010 <0.0099 <0.010 <0.010 0.044 0.27 0.17
Cornwall River Fowey 4 <0.010 <0.010 <0.010 <0.010 <0.021 0.088 0.058
Cornwall Roadsford Reservoir, Dowrglann, 
   St Austell  4 <0.010 <0.010 <0.010 <0.010 <0.020 0.088 0.055
County Durham Honey Hill Water Treatment Works, 
   Consett 4 <0.010 <0.010 <0.010 <0.010 0.037 0.10 0.064
County Durham River Tees, Darlington 4 <0.010 <0.010 <0.010 <0.010 <0.020 0.077 0.055
Cumbria Haweswater Reservoir  4 <0.010 <0.010 <0.010 <0.010 <0.020 <0.050 <0.050
Cumbria Ennerdale Lake  4 <0.010 <0.010 <0.010 <0.010 <0.021 <0.064 <0.055
Derbyshire Arnfield Water Treatment Plant 4 <0.010 <0.010 <0.010 <0.010 <0.019 <0.052 <0.050
Derbyshire Matlock, Groundwater 4 0.011 0.038 <0.010 0.021 0.079 0.10 0.062
Devon River Exe, Exeter 4 <0.010 <0.010 <0.010 <0.010 <0.020 0.12 0.077
Gloucestershire River Severn, Tewkesbury  4 <0.010 0.017 <0.010 0.010 0.030 0.26 0.16
Greater London River Lee, Chingford  4 <0.010 <0.010 <0.010 <0.010 <0.021 0.51 0.32
Hampshire River Avon, Christchurch  4 <0.010 <0.010 <0.010 <0.010 <0.020 0.13 0.096
Humberside Littlecoates, Groundwater  4 <0.010 <0.010 <0.010 <0.010 0.023 0.11 0.080
Kent Denge, Shallow Groundwater  4 <0.010 <0.010 <0.010 <0.010 <0.020 0.21 0.13
Kent Chatham, Deep Groundwater  4 <0.010 <0.010 <0.010 <0.010 <0.019 0.055 <0.049
Lancashire Corn Close, Groundwater  4 <0.010 <0.010 <0.010 <0.010 <0.020 0.091 0.060
Norfolk River Drove, Stoke Ferry 4 <0.010 0.011 <0.010 0.0097 0.026 0.15 0.097
Northumberland Kielder Reservoir 4 <0.010 <0.010 <0.010 <0.010 0.021 0.067 0.049
Oxfordshire River Thames, Oxford  3 <0.010 <0.010 <0.010 <0.010 <0.020 0.23 0.16
Somerset Ashford Reservoir, Bridgwater  4 <0.010 <0.010 <0.010 <0.010 <0.021 0.12 0.082
Somerset Chew Valley Lake Reservoir, Bristol 4 <0.010 0.011 <0.010 0.0097 0.023 0.20 0.13
Surrey River Thames, Walton 4 <0.010 <0.010 <0.010 <0.010 <0.020 0.31 0.20
Surrey River Thames, Chertsey 4 <0.010 0.0099 <0.010 <0.010 0.022 0.31 0.20
Yorkshire Chellow Heights, Bradford 2 <0.010 <0.010 <0.010 <0.010 <0.020 0.062 <0.050
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Table 8.16.   continued

Location Sample source No. of Mean radioactivity concentration, Bq l-1   
  sampling       
  observ-      
  ations 3H 40K 90Sr 125I 137Cs 210Po 

Wales        
Gwynedd Cwm Ystradllyn Treatment Works 4 <4.0 <0.021 0.0038  0.0019 0.010
Mid-Glamorgan Llwyn-on Reservoir  4 <4.0 <0.048 0.0019  0.0012 0.012
Powys Elan Valley Reservoir  4 <4.0 <0.035 0.0033  <0.0011 0.010 

Location Sample source No. of Mean radioactivity concentration, Bq l-1   
  sampling        
  observ-     Total Total Total 
  ations 226Ra 234U 235U 238U alpha beta1 beta2 
Wales         
Gwynedd Cwm Ystradllyn Treatment Works 4 <0.010 <0.010 <0.010 <0.010 <0.020 <0.050 <0.050
Mid-Glamorgan Llwyn-on Reservoir  4 <0.010 <0.010 <0.010 <0.010 <0.020 0.051 <0.050
Powys Elan Valley Reservoir  4 <0.010 <0.010 <0.010 <0.010 <0.020 <0.050 <0.050         
1  Using 137Cs standard         
2  Using 40K standard

Table 8.17.  Concentrations of radionuclides in sources of drinking water in Northern Ireland, 2006   
         

Area Location No. of Mean radioactivity concentration, Bq l-1      

  sampling          
  observ-         Total Total
  ations 3H 90Sr 137Cs 210Po 226Ra 234U 235U 238U alpha beta            
Co. Londonderry R Faughan 4 <1.3 <0.0027 <0.05 <0.010 <0.010 <0.010 <0.010 <0.010 <0.020 0.072
Co. Antrim Lough Neagh 4 <1.3 <0.0036 <0.05 <0.010 <0.010 <0.010 <0.010 <0.010 <0.020 0.13
Co. Down Silent Valley 4 <1.5 <0.0034 <0.05 0.020 <0.010 <0.010 <0.010 <0.010 0.030 0.064
            

Table 8.18.  Estimates of radiation exposure from radionuclides in drinking water, 2006a 
  
Region Meanb exposure, mSv per year  Maximum exposure, mSv  

 Man-made  Naturally occurring  All radionuclides  Location All radionuclides
 radionuclidesc radionuclidesd

England <0.001 0.027 0.027 Derbyshire, Matlock  0.033
Wales <0.001 0.028 0.028 Mid-Glamorgan,   0.031
      Llwyn-on Reservoir
Northern Ireland <0.001 0.039 0.040 Co. Down, Silent Valley 0.046
Scotland e <0.001   Scottish Borders, Knowsdean  0.001e

UKf <0.001 0.028 0.028 Co. Down, Silent Valley 0.046

a  Assessments of dose are based on some concentration results at limits of detection.     
Exposures due to potassium-40 content of water are not included here because they do not vary vary according to the potassium-40 content 
of water.

 Levels of potassium are homeostatically controlled.        
b Average of the doses to the most exposed age group at each location       
c Including tritium   
d Including carbon-14   
e Analysis of naturally occurring radionuclides was not undertaken
f Not including Scotland
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Table 8.19.  Concentrations of radionuclides in seawater, 2006

Location No. of Mean radioactivity concentration, Bq l-1

 sampling 
 observ-        
 ations 3H 14C 60Co 90Sr 99Tc 106Ru 110mAg  
 
Dounreay (Sandside Bay) 4 <2.2  <0.10   <0.13 
Dounreay (Brims Ness) 4 <2.5  <0.10   <0.15 
Rosyth 1 <1.1  <0.10   <0.16 
Torness 2 4.9  <0.10   <0.23 
Hartlepool (North Gare) 2   <0.31   <2.3 <0.40
Hartlepool (North Gare) 2F <3.4      
Sizewell 2   <0.18   <1.5 <0.23
Aldeburgh 2F 8.0      
Bradwell 2   <0.31   <2.4 <0.44
Dungeness (inlet) 2F 3.8      
Dungeness south 2   <0.14   <1.2 <0.18
Winfrith (Lulworth Cove) 2   <0.17   <1.5 <0.25
Alderney 3F 5.9      
Jersey 1F       
Guernsey 3F       
Devonport 
  (Millbrook Lake) 2 <4.0 <4.0 <0.30    
Devonport 
  (Tor Point South) 2 <4.0 <4.0 <0.30    
Hinkley 2   <0.18 <0.030  <1.5 <0.25
Berkeley and Oldbury 2   <0.16   <1.4 <0.24
Cardiff 
  Orchard Ledges)a 2 <16 <4.0     
Cardiff 
  (Orchard Ledges East) 2F 5.0      
Holyhead 4F 3.3      
Wylfa (Cemaes Bay) 2   <0.14   <1.1 <0.18
Wylfa (Cemlyn Bay) 2   <0.30   <2.4 <0.43
Heysham (inlet) 2   <0.18   <1.5 <0.23
Heysham (inlet) 1F 20      
Seascale (Particulate) 2   <0.28 <0.015  <2.3 <0.38
Seascale (Filtrate) 2   <0.18 <0.087 <0.63 <1.5 <0.24
St. Bees 12F 9.0    0.045  
St. Bees (Particulate) 2   <0.28 <0.030  <2.3 <0.44
St. Bees (Filtrate) 2   <0.30 <0.10 <1.2 <2.3 <0.38
Seafield 4 9.1  <0.10   <0.16 
Southernessb 4 6.7  <0.10   <0.18 
Auchencairn 4 6.0  <0.10   <0.19 
Knock Bay 4 <3.1  <0.10   <0.18 
Knock Bay 4F 3.6      
Hunterston 2 4.1      
North of Larne 12N     0.0086  
Faslane (Carnban) 2 <3.9  <0.10   <0.20            
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Table 8.19.  continued

Location No. of Mean radioactivity concentration, Bq l-1

 sampling 
 observ-      Total Total 
 ations 125I 134Cs 137Cs 144Ce 241Am alpha beta
   
Dounreay (Sandside Bay) 4  <0.10 <0.10 <0.11 <0.10  
Dounreay (Brims Ness) 4  <0.10 <0.10 <0.11 <0.10  
Rosyth 1  <0.10 <0.10 <0.10 <0.10  
Torness 2  <0.10 <0.10 <0.14 <0.10  
Hartlepool (North Gare) 2  <0.29 <0.25 <1.0 <0.38 <2.2 16
Sizewell 2  <0.17 <0.15 <0.79 <0.33 <2.5 21
Bradwell 2  <0.30 <0.29 <1.1 <0.57 <1.7 20
Dungeness south 2  <0.14 <0.11 <0.59 <0.28 <2.8 21
Winfrith (Lulworth Cove) 2  <0.17 <0.15 <0.79 <0.32 <1.3 5.4
Alderney 3F  * 0.002    
Jersey 1F  * 0.004    
Guernsey 3F  * 0.002    
Hinkley 2  <0.18 <0.14 <0.81 <0.46 <2.0 10
Berkeley and Oldbury 2  <0.17 <0.15 <0.72 <0.28 <1.6 11
Cardiff 
 (Orchard Ledges)a 2 <0.25      
Holyhead 4F  * 0.03    
Wylfa (Cemaes Bay) 2  <0.13 <0.11 <0.61 <0.26 <1.9 12
Wylfa (Cemlyn Bay) 2  <0.31 <0.23 <1.1 <0.37 <2.4 17
Llandudno 1F  * 0.04    
Prestatyn 1F  * 0.06    
New Brighton 1F  * 0.06    
Ainsdale 1F  0.002 0.10    
Rossall 1F  * 0.10    
Heysham (inlet) 2  <0.18 <0.20 <0.81 <0.46 <2.3 18
Half Moon Bay 1F  * 0.20    
Silecroft 1F  * 0.09    
Seascale (Particulate) 2  <0.27 <0.27 <1.1 <0.34 0.17 0.66
Seascale (Filtrate) 2  <0.18 <0.20 <0.83 <0.47 <1.8 12
St. Bees 12F  <0.0004 0.12    
St. Bees (Particulate) 2  <0.27 <0.29 <1.1 <0.30 0.090 0.42
St. Bees (Filtrate) 2  <0.28 <0.32 <1.1 <0.38 <2.1 8.9
Whitehaven 1F  * 0.09    
Maryport 1F  * 0.18    
Silloth 1F  0.002 0.19    
Seafield 4  <0.10 <0.17 <0.12 <0.10  
Southernessb 4  <0.10 <0.13 <0.11 <0.00045  
Auchencairn 4  <0.10 <0.10 <0.12 <0.10  
Ross Bay 1F  * 0.06    
Isle of Whithorn 1F  * 0.03    
Drummore 1F  * 0.05    
Knock Bay 4  <0.10 <0.10 <0.12 <0.10  
Knock Bay 4F  * 0.03    
North of Larne 12N  * 0.02    
Faslane (Carnban) 2  <0.10 <0.10 <0.12 <0.10             
* Not detected by the method used             
a The concentration of  3H as tritiated water was 6.0 Bq l-1  and the concentration of 125I was <0.25 Bq l-1      

b The concentrations of  238Pu and 239+240Pu were <0.00025 and <0.0011 Bq l-1 respectively 
F Measurements labelled “F” are made on behalf of the Food Standards Agency
N Measurements labelled “N” are made on behalf of the Environment and Heritage Service       
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APPENDIX 1.  CD Supplement

This Appendix contains information on the methods of 
sampling, measurement, presentation and assessment.  It is 
provided on the CD accompanying the main report.
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APPENDIX 2.  Disposals of radioactive waste* 
Table A2.1.   Principal discharges of gaseous radioactive wastes from nuclear establishments in the United Kingdom, 2006 
 

Establishment Radioactivity Discharge limit Discharges during 2006  
  (annual    
  equivalent),     
  TBq TBq % of annual limitb 

Nuclear fuel production and reprocessing

Capenhurst (BNGSL)    
 Tritium 1600 5.9 10-6 <1
 Uraniumc BPM 7.20 10-8 NA
    
Capenhurst    
  (Urenco) Uranium 2.5 10-6 3.24 10-7 13
    
Sellafieldd  Alpha 8.8 10-4 6.60 10-5 7.5
 Beta 0.042 9.42 10-4 2.2
 Tritium 1100 185 17
 Carbon-14 3.3 0.71 22
 Krypton-85 4.4 105 2.28 104 5.2
 Strontium-90 7.1 10-4 4.80 10-5 6.8
 Ruthenium-106 0.028 0.00158 5.6
 Antimony-125 0.0023 0.00151 66
 Iodine-129 0.07 0.00665 9.5
 Iodine-131 0.055 6.61 10-4 1.2
 Caesium-137 0.0058 5.87 10-4 10
 Plutonium alpha 1.9 10-4 2.64 10-5 14
 Plutonium-241 0.003 2.25 10-4 7.5
 Americium-241 and curium-242 1.2 10-4 2.54 10-5 21
    
Springfields Uranium 0.0053 4.40 10-4 8.3
    
Springfields Tritium 10-4 2.50 10-7 <1
  (Nexia Solutions) Carbon-14 10-5 4.40 10-7 4.4
 Other alpha radionuclides 10-6 Nil Nil
 Other beta radionuclides 10-5 1.70 10-8 <1
    
    
    
Research establishments    
    
Dounreay    
  (Fuel Cycle Area) Alphae 9.8 10-4 9.85 10-6 1.0
 Betaf,g 0.045 2.39 10-4 <1
 Tritium 2 0.265 13
 Krypton-85 3000 1.24 <1
 Strontium-90 0.0042 7.14 10-5 1.7
 Ruthenium-106 0.0039 6.72 10-6 <1
 Iodine-129 0.0011 1.65 10-4 15
 Iodine-131 1.5 10-4 7.96 10-5 53
 Caesium-134 8.4 10-4 8.42 10-7 <1
 Caesium-137 0.007 3.99 10-5 <1
 Cerium-144 0.007 4.70 10-6 <1
 Plutonium-241 0.0033 8.20 10-6 <1
 Curium-242 2.7 10-4 7.05 10-8 <1
 Curium-244h 5.4 10-5 9.01 10-8 <1
    
Dounreay    
  (Fast Reactor) Alpha 10-5 7.80 10-9 <1
 Beta 0.0015 2.97 10-8 <1
 Tritium 4.5 1.33 10-3 <1
 Krypton-85 4 10-4 Nil Nil

Dounreay    
  (Prototype Fast Reactor) Alpha 6 10-6 3.71 10-8 <1
 Beta 5.1 10-5 1.30 10-6 2.5
 Tritium 10.5 7.62 10-2 <1
 Krypton-85 4 3.64 91
    
Dounreay    
  (PFR minor sources) Alphai 6 10-8 3.88 10-10 <1
 Betaf 5 10-7 1.50 10-9 <1
 Tritium 0.2 3.85 10-3 1.9
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Table A2.1.   continued

Establishment Radioactivity Discharge limit Discharges during 2006  
   (annual    
   equivalent),     
   TBq TBq % of annual limitb

Dounreay    
  (East minor sources) Alphai 1.37 10-5 6.63 10-8 <1
   Betaf,g 3.71 10-4 3.95 10-7 <1
   Krypton-85j 1 Nil Nil
    
Dounreay    
  (West minor sources) Alphai 3 10-7 1.03 10-9 <1
   Betaf,g 7.5 10-5 4.27 10-9 <1
   Tritium 0.01 3.24 10-4 3.2
    
Harwell    
  (AEA Technology) Alpha 7 10-7 Nil Nil
   Beta 3 10-5 Nil Nil
   Tritium 2 10-4 Nil Nil
    
Harwell    
  (UKAEA) Alpha 8 10-7 5.39 10-8 6.7
   Beta 2 10-5 1.10 10-6 5.5
   Tritium 15 0.23 1.6
   Krypton-85 2 0.118 5.9
   Radon-220 100 9.64 9.6
   Radon-222 3 0.29 9.7
   Iodines 0.01 Nil Nil
   Other radionuclides 0.1 Nil Nil
    
Harwell    
  (GE Healthcare B10.23)    
   Alpha 5 10-8 Nil Nil
   Beta/gamma 1.5 10-5 Nil Nil
    
Harwell     
  (GE Healthcare B443.26)    
   Alpha 1 10-7 1.64 10-9 1.6
   Beta/gamma 3 10-5 8.18 10-7 2.7
   Radon-222 1 Nil Nil
   Tritium 2 Nil Nil
   Krypton-85 0.06 Nil Nil
    
Windscale Alpha 1.2 10-5 1.05 10-7 <1
   Beta 5 10-4 1.66 10-6 <1
   Tritium 2.3 Nil Nil
   Krypton-85 14 0.03 <1
   Iodine-131 0.0012 8.64 10-7 <1
    
Winfrith s   
  (AEA Technology to 23/03/06 Alpha 1 10-7 Nil Nil
  WMT Ltd from 23/03/06) Beta 2.5 10-5 1.03 10-5 4.1
   Tritium 19.5 10.1 52
   Carbon -14 0.03 3.86 10-6 <1
   Other 1 10-7 Nil Nil
    
Winfrith    
  (UKAEA) Alpha 2 10-6 2.06 10-9 <1
   Tritium 4 1.10 22
   Carbon-14 0.006 8.6 10-4 14
   Other 5 10-6 1.47 10-8 <1
    
Minor sites    
    
Imperial College Reactor Centre    
  Ascot  Tritium 3 10-4 4.20 10-5 14
   Argon-41 1.7 9.49 10-2 5.6

Scottish Universities Environmental Research Centre    
  East Kilbride Beta 5 10-7 Nil Nil
     Tritium 0.05 Nil Nil
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Table A2.1.   continued

Establishment Radioactivity Discharge limit Discharges during 2006  
  (annual    
  equivalent),     
  TBq TBq % of annual limitb

      
Nuclear power stations    
    
Berkeleyk Beta 3 10-5 4.04 10-7 1.3
   Tritium 0.075 0.00386 5.1
   Carbon-14 0.011 1.66 10-4 1.5
    
Bradwell Beta 6 10-4 9.76 10-6 1.6
   Tritium 1.5 0.00843 <1
   Carbon-14 0.6 5.63 10-4 <1
    
Chapelcross Tritium 5000 121 2.4
   Sulphur-35 0.05 4.20 10-5 <1
   Argon-41 4500 Nil Nil
    
Dungeness    
  A’ Station Betaq 5.5 10-4 1.97 10-4 36
   Tritium 2.6 0.181 7.0
   Carbon-14 5 1.93 39
   Sulphur-35 0.15 0.047 31
   Argon-41 1700 1280 75
    
Dungeness    
  B’ Station Betaq 0.001 5.54 10-6 <1
   Tritium 15 2.99 20
   Carbon-14 5 0.601 12
   Sulphur-35 0.45 0.0201 4.5
   Argon-41 150 13.6 9.1
   Iodine-131 0.005 2.19 10-6 <1
    
Hartlepool Betaq 0.001 4.32 10-6 <1
   Tritium 6 1.26 21
   Carbon-14 5 1.47 29
   Sulphur-35 0.16 0.0198 12
   Argon-41 60 4.52 7.5
   Iodine-131 0.005 2.29 10-5 <1
    
Heysham    
  Station 1 Betaq 0.001 8.57 10-6 <1
   Tritium 6 1.04 17
   Carbon-14 4 1.72 43
   Sulphur-35 0.12 0.0241 20
   Argon-41 60 8.55 14
   Iodine-131 0.005 1.10 10-4 2.2
    
Heysham    
  Station 2 Betaq 0.001 1.18 10-5 1.2
   Tritium 15 0.994 6.6
   Carbon-14 3 1.27 42
   Sulphur-35 0.3 0.0149 5.0
   Argon-41 85 11.8 14
   Iodine-131 0.005 5.39 10-5 1.1
    
Hinkley Point    
  A’ Station Beta 1.5 10-4 8.39 10-7 <1
   Tritium 1.5 0.121 8.1
   Carbon-14 0.6 6.87 10-4 <1

Hinkley Point    
  B’ Station Betaq 0.001 2.48 10-5 2.5
  Tritium 30 6.52 22
  Carbon-14 8 1.32 17
  Sulphur-35 0.4 0.180 45
  Argon-41 300 8.04 2.7
  Iodine-131 0.005 4.06 10-6 <1
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Table A2.1.   continued

Establishment Radioactivity Discharge limit Discharges during 2006  
  (annual    
  equivalent),    
  TBq TBq % of annual limitb

   
Hunterston    
  A’ Station Betaq 6 10-5 2.83 10-7 <1
  Tritium 0.02 0.00197 9.9
  Carbon-14 0.002 1.84 10-4 9.2
    
Hunterston    
   B’ Station Betaq 0.002 3.40 10-5 1.7
  Tritium 20 1.66 8.3
  Carbon-14 3 1.68 56
  Sulphur-35 0.8 0.0222 2.8
  Argon-41 220 20.6 9.4
    
Oldbury Beta 10-4 1.39 10-5 14
  Tritium 9 1.72 19
  Carbon-14 4 0.887 22
  Sulphur-35 0.45 0.0412 9.2
  Argon-41 500 19.6 3.9
    
Sizewell    
  A’ Station Beta 8.5 10-4 2.23 10-4 26
  Tritium 3.5 1.42 41
  Carbon-14 2 1.49 75
  Sulphur-35 0.35 0.143 41
  Argon-41 3000 2130 71
    
Sizewell    
  B’ Station Noble gases 300 3.05 1.0
  Halogens 0.003 5.33 10-4 18
  Betaq 0.01 4.52 10-5 <1
  Tritium 8 1.23 15
  Carbon-14 0.6 0.169 28
    
Torness Betaq 0.002 4.22 10-6 <1
  Tritium 20 1.91 9.6
  Carbon-14 3 0.688 23
  Sulphur-35 0.8 0.0136 1.7
  Argon-41 220 3.76 1.7
    
Trawsfynydd Beta 5 10-5 2.69 10-7 <1
  Tritium 0.75 0.11 15
  Carbon-14 0.01 0.00296 30
    
Wylfa Beta 7 10-4 3.69 10-5 5.3
  Tritium 18 2.65 15
  Carbon-14 2.3 1.28 56
  Sulphur-35 0.45 0.161 36
  Argon-41 100 14.8 15
    
Defence establishments    
    
Aldermastona,m Alpha 4.5 10-7 5.85 10-8 13
  Tritium 170 1.16 <1
  Krypton-85 1 0.0217 2.2
  Plutonium-241 1.68 10-6 1.82 10-7 11
  Other beta and gamma emitters 5 10-6 1.05 10-7 2.1
    
Barrowl Tritium 3.2 10-6 Nil Nil
  Argon-41 0.048 Nil Nil
    
Burghfielda,m Tritium 0.05 Nil Nil
  Uranium 2 10-8 4.60 10-10 2.3
    
Coulport Tritium 0.05 0.00407 8.1
    
Derbyn,r Uranium 4 10-6 6.22 10-7 16
  Alphaq 2.4 10-8 1.98 10-10 <1
  Betaq 1.8 10-6 4.56 10-8 2.5
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Establishment Radioactivity Discharge limit Discharges during 2006  
  (annual    
  equivalent),    
  TBq TBq % of annual limitb

Devonporto Beta/gammaq 3 10-7 3.91 10-8 13
  Tritium 0.004 4.28 10-4 11
  Carbon-14 0.043 8.84 10-3 21
  Argon-41 0.015 1.22 10-4 <1
    
Dounreay    
  (Vulcan) Alphaq 10-6 4.68 10-11 <1
  Betaq 10-4 1.20 10-6 1.2
  Noble gases 0.027 3.26 10-4 1.2
  Iodine-131 3.7 10-4 2.60 10-5 7.0
    
Rosythp Beta 10-7 Nil Nil
  Argon-41 0.4 Nil Nil
    
Radiochemical production    
    
Amersham (GE Healthcare) Alpha 2.25 10-6 1.21 10-7 5.4
  Beta>0.4 MeV 0.0202 5.42 10-5 <1
  Radionuclides T1/2<2hr 0.01 7.59 10-4 7.6
  Tritium 2 1.08 10-6 <1
  Sulphur-35 0.035 0.00787 22
  Selenium-75 0.0015 2.12 10-4 14
  Iodine-125 0.02 0.00118 5.9
  Iodine-131 0.001 4.55 10-4 46
  Radon-222 10 2.92 29
  Other noble gases 50 17.2 34
  Other 0.016 5.87 10-4 3.7
    
Cardiff (GE Healthcare) Soluble tritium 156 70.69 45
  Insoluble tritium 600 248 41
  Carbon-14 2.38 1.68 71
  Phosphorus-32/33 5 10-6 7.80 10-7 16
  Iodine-125 1.8 10-4 4.49 10-5 25
  Other radionuclides 0.001 Nil Nil

* As reported to SEPA and the Environment Agency
a Some discharge limits and discharges are aggregated from data for individual locations on the site. Percentages are given as a general 

guide to usage of the limits but should strictly be calculated for individual locations. All discharges were below the appropriate limit for 
each location  

b Data quoted to 2 significant figures except where values are <1%  
c There are no numerical limits for this discharge. However, the authorisation stipulates that the Best Practicable Means should be used to 

control the discharge  
d Limits for tritium, carbon-14, krypton-85 and iodine-129 vary with the mass of uranium processed by THORP  
e Excluding curium-242 and 244  
f Excluding tritium  
g Excluding krypton-85  
h Data excludes any curium-243 present  
i Excluding radon and daughter products  
j Krypton-85 discharges are calculated monthly  
k Combined data for Berkeley Power Station and Berkeley Technology Centre  
l Discharges from Barrow are included with those from MOD sites because they are related to submarine activities. Discharges were made 

by BAE Systems Marine Ltd  
m Discharges were made by AWE plc  
n Discharges were made by Rolls Royce Marine Power Operations Ltd  
o Discharges were made by Devonport Royal Dockyard Ltd  
p Discharges were made by Rosyth Royal Dockyard Ltd  
q Particulate activity  
r Annual limits on beta and alpha derived from monthly and weekly notification levels
s New authorisation in force from 23 March 2006. Authorisation held by AEAT revoked at the same time. discharges include those from 

AEAT up to 23 March 2006. the authorisation from AEAT included a limit for beta which was revoked at the same time.
NA  Not applicable under authorisation
BPM  Best practicable means 

Table A2.1.   continued
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Table A2.2 Principal discharges of liquid radioactive waste from nuclear establishments in the United Kingdom, 2006

Establishment  Radioactivity Discharge limit Discharges during 2006  
  (annual    
  equivalent),     
  TBq TBqa % of annual limitb

Nuclear fuel production and reprocessing    
    
Capenhurst    
  (Rivacre Brook) Tritiumc 78 0.0325 10-4 <1
   Uranium 0.02 9.50 10-5 <1
   Uranium daughters 0.02 1.78 10-4 <1
   Non-uranic alpha 0.003 2.07 10-5 <1
   Technetium-99 0.1 8.50 10-5 <1
    
Sellafieldd (sea pipelines) Alpha 1 0.205 21
   Beta 220 29 13
   Tritium 2 104 1090 5.5
   Carbon-14 21 10.9 52
   Cobalt-60 3.6 0.14 3.9
   Strontium-90 48 4.96 10
   Zirconium-95 + Niobium-95 3.8 0.155 4.1
   Technetium-99f 10 5.62 56
   Ruthenium-106 63 3.51 5.6
   Iodine-129 2.0 0.198 9.9
   Caesium-134 1.6 0.154 9.6
   Caesium-137 34 5.93 17
   Cerium-144 4.0 0.553 14
   Neptunium-237 1.0 0.0548 5.5
   Plutonium alpha 0.7 0.147 21
   Plutonium-241 25 3.64 15
   Americium-241 0.3 0.0518 17
   Curium-243+244 0.069 0.00215 3.1
   Uraniumi 2000 439 22

Sellafield (factory sewer) Alpha 3 10-4 6.38 10-5 21
   Beta 0.0061 5.78 10-4 9.5
   Tritium 0.068 0.0214 31

Springfields Alpha 0.55 0.08 15
   Beta 140 20.7 15
   Technetium-99 0.6 0.065 11
   Thorium-230 0.4 0.0119 3.0
   Thorium-232 0.015 3.10 10-4 2.1
   Neptunium-237 0.04 0.00158 4.0
   Other transuranic radionuclides 0.02 0.00235 12
   Uranium 0.1 0.026 26

Research establishments    
    
Dounreay Alpha4 0.02 9.33 10-6 <1
  PFR liquid metal disposal plant Beta1 0.11 3.20 10-4 <1
   Tritium 1.4 0.00126 <1
   Sodium-22 1.8 0.0191 1.1
   Caesium-137 0.066 1.48 10-4 <1

Dounreay Alpha 0.09 4.08 10-4 <1
  Other facilities Beta 0.62 6.50 10-4 <1
   Tritium 5.5 0.335 6.1
   Strontium-90 0.77 0.0963 13
   Caesium-137 1.0 0.0116 1.2

Harwell (pipeline) Alpha 5 10-5 5.61 10-6 11
   Beta 0.0033 1.93 10-4 5.9
   Tritium 0.3 0.00260 <1
   Cobalt-60 1.2 10-4 1.74 10-6 1.5
   Caesium-137 5.4 10-4 2.98 10-5 5.5

Harwell (Lydebank Brook) Alpha 10-4 9.77 10-6 9.8
   Beta 6 10-4 4.81 10-5 8.0
   Tritium 0.08 0.00631 7.9
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Table A2.2.   continued

Establishment Radioactivity Discharge limit Discharges during 2006  
  (annual    
  equivalent),     
  TBq TBqa % of annual limitb

Winfrith (inner pipeline)7 Alpha 0.02 1.01 10-4 <1
   Tritium 220 16.0 7.3
   Caesium-137 2 0.033 1.7
   Other radionuclides 1 0.00421 <1

Winfrith (outer pipeline)7 Alpha 0.002 3.11 10-5 1.6
   Tritium 0.15 0.00513 3.4
   Other radionuclides 0.001 4.93 10-5 4.9
    
Winfrith (River Frome)7 Tritium 0.75 Nil Nil

Minor sites    

Imperial College Reactor Centre Tritium 4 10-5 1.08 10-5 27
  Ascot  Other radioactivity 10-4 1.00 10-9 <1

Scottish Universities Environmental Research Centre    
  East Kilbride Total activity 0.00169 6.34 10-5 3.8

Nuclear power stations    

Berkeley Tritium 2 2.34 10-4 <1
   Caesium-137 0.2 7.20 10-4 <1
   Other radionuclides 0.4 6.36 10-4 <1

Bradwell Tritium 7 0.255 3.6
   Caesium-137 0.7 0.173 25
   Other radionuclides 0.7 0.263 38

Chapelcross Alpha 0.1 1.06 10-5 <1
   Beta1 25 0.0036 <1
   Tritium 5.5 0.0113 <1

Dungeness Tritium 8 2.70 34
  A’ Station Caesium-137 1.1 0.0789 7.2
   Other radionuclides 0.8 0.0908 11

Dungeness Tritium 650 264 41
  B’ Station Sulphur-35 2 0.249 12
   Cobalt-60 0.03 0.00356 12
   Other radionuclides 0.25 0.0213 8.5

Hartlepool Tritium 1200 238 20
   Sulphur-35 3 0.275 9.2
   Cobalt-60 0.03 2.08 10-4 <1
   Other radionuclides 0.3 0.0100 3.3

Heysham Tritium 1200 351 29
  Station 1 Sulphur-35 2.8 0.284 10
   Cobalt-60 0.03 3.58 10-4 1.2
   Other radionuclides 0.3 0.0176 5.9

Heysham Tritium 1200 321 27
  Station 2 Sulphur-35 2.3 0.107 4.7
   Cobalt-60 0.03 7.74 10-5 <1
   Other radionuclides 0.3 0.0124 4.1

Hinkley Point    
  A’ Station Tritium 1.8 0.28 16
   Caesium-137 1 0.14 14
   Other radionuclides 0.7 0.13 19

Hinkley Point    
  B’ Station Tritium 620 309 50
   Sulphur-35 5 0.381 7.6
   Cobalt-60 0.033 1.35 10-4 <1
   Other radionuclides 0.235 0.0119 5.1
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Table A2.2.   continued

Establishment Radioactivity Discharge limit Discharges during 2006  
  (annual    
  equivalent),     
  TBq TBqa % of annual limitb

Hunterston    
  A’ Station Alpha 0.04 8.72 10-5 <1
   Beta 0.6 0.0455 7.6
   Tritium 0.7 5.30 10-4 <1
   Plutonium-241 1.0 6.30 10-5 <1

Hunterston    
  B’ Station Alpha 0.001 5.94 10-5 5.9
   Beta 0.45 0.00601 1.3
   Tritium 800 315 39
   Sulphur-35 10 0.582 5.8
   Cobalt-60 0.03 5.30 10-4 1.8

Oldbury  Tritium 1 0.154 15
   Caesium-137 0.7 0.396 57
   Other radionuclides 0.7 0.115 16
    
Sizewell    
  A’ Station Tritium 11 0.916 8.3
   Caesium-137 1 0.569 57
   Other radionuclides 0.7 0.398 57
    
Sizewell    
  B’ Station Tritium 80 55.1 69
   Other radionuclides 0.2 0.0217 11

Torness  Alpha 0.001 1.44 10-5 1.4
   Beta2,3,6 0.45 0.00217 <1
   Tritium 800 273 34
   Sulphur-35 10 0.0141 <1
   Cobalt-60 0.03 2.46 10-4 <1
    
Trawsfynydd Tritium 0.5 0.00332 <1
   Strontium-90 0.05 3.2 10-4 <1
   Caesium-137 0.03 0.00192 5.3
   Other radionuclides5 0.17 0.00181 1.1

Wylfa  Tritium 15 3.27 22
   Other radionuclides 0.11 0.017 15

Defence establishments    

Aldermaston (River Thames)g Alpha 6 10-5 Nil Nil
   Tritium 0.05 Nil Nil
   Plutonium-241 2.4 10-4 Nil Nil
   Other radionuclides 6 10-5 Nil Nil

Aldermaston (Silchester) Alpha 4 10-5 2.09 10-6 5.2
   Beta/gamma 1.2 10-4 1.01 10-5 8.4  

 Tritium 0.05 9.85 10-4 2.0  
  

Aldermaston (to Stream) Tritium 0.01 0.00110 11  
   

Barrowl  Tritium 0.012 2.80 10-4 2.3
   Other gamma emitting   
       radionuclides 3.5 10-6 2.28 10-6 65

Derbym  Alphan 0.002 5.12 10-5 2.6
   Alphao 3 10-7 Nil Nil
   Betao 3 10-4 3.03 10-8 <1

Devonportk (sewer) Tritium 0.002 2.87 10-4 14
   Cobalt-60 3.5 10-4 1.50 10-5 4.3
   Other radionuclides 6.5 10-4 3.43 10-4 53



228 Appendices

Table A2.2.   continued

Establishment Radioactivity Discharge limit Discharges during 2006  
  (annual    
  equivalent),     
  TBq TBqa % of annual limitb

    
Devonportk,p (pipeline) Tritium 0.7 0.127 18
   Carbon-14 0.0017 3.25 10-4 19
   Cobalt-60 8 10-4 1.90 10-4 24
   Other radionuclides 3 10-4 1.54 10-4 51

Faslane  Alpha 2 10-4 7.10 10-7 <1
   Beta3,6 5 10-4 6.20 10-6 1.2
   Tritium 1 0.121 12
   Cobalt-60 5 10-4 3.01 10-6 <1

Rosythj  Alpha 5.00 10-7 8.50 10-8 17
   Beta3,6 4.80 10-4 7.49 10-5 16
   Tritium 0.012 0.00112 9.4
   Cobalt-60 0.0025 9.93 10-5 4.0
    
Radiochemical production    

Amersham (GE Healthcare) Alpha 3 10-4 1.24 10-5 4.1
   Beta>0.4 MeV 0.06 3.00 10-4 <1
   Tritium 0.141 6.89 10-4 <1
   Iodine-125 0.004 6.13 10-5 1.5
   Caesium-137 0.005 1.54 10-5 <1
   Other radionuclides 0.215 6.25 10-3 2.9
    
Cardiff (GE Healthcare) Tritium 130 24.8 19
   Carbon-14 0.91 0.285 31
   Phosphorus-32/33 8.5 10-5 1.19 10-6 1.4
   Iodine-125 3 10-4 1.87 10-6 <1
   Others 1.2 10-4 1.85 10-7 <1

Industrial and landfill sites    

Drigg (sea pipeline)e8 Alpha BPM 7.37 10-5 NA
   Beta BPM 9.53 10-4 NA
   Tritium BPM 0.157 NA

Drigg (stream)h8 Alpha NA NA 
   Beta NA NA 
   Tritium NA NA 
a Some discharges are upper estimates because they include ‘less than’ data derived from analyses of effluents at limits of detection. Data 

quoted to 3 significant figures except where fewer significant figures are provided in source documents
b Data quoted to 2 significant figures except when values are less than 1%
c The limit for tritium is derived from a limit on activity concentration in Rivacre Brook of 111 Bq ml-1 and a flow rate of 90 m3 h-1

d Limits for tritium and iodine-129 vary with the mass of uranium processed by the THORP plant
e Discharge authorisations at Drigg were revised with effect from 1 May 2006
f New authorisation 1 April 2006
g Discharge ceased from 15 March 2005
h Discharges and limits are expressed in terms of concentrations of activity in Bq m-3 (discharges are expressed as the annual mean)
i The limit and discharge data are expressed in kg
j Discharges were made by Rosyth Royal Dockyard Ltd
k Discharges were made by Devonport Royal Dockyard Ltd
l Discharges from Barrow are included with those from MOD sites because they are related to submarine activities. Discharges were made 

by BAE Systems Marine Ltd    
m Discharges were made by Rolls Royce Marine Power Operations Ltd    
n Discharge limit is for Nuclear Fuel Production Plant    
o Discharge limit is for Neptune Reactor and Radioactive Components Facility   
p Discharges were also made by the Ministry of Defence. Discharge limits amended to BPM (1 May 2006)  
1 All beta and gamma emitting radionuclides (excluding tritium, sodium-22 and caesium-137) taken together  
2 Excluding sulphur-35    
3 Excluding cobalt-60    
4 All alpha emitting radionuclides taken together    
5 Including strontium    
6 Excluding tritium    
7 New authorisation March 2006    
8 New authorisation from May 2006 - limits revoked
NA Not applicable under new authorisation
BPM  Best practicable means
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Table A2.3.  Disposals of solid radioactive waste at nuclear establishments in the United Kingdom, 2006

Establishment Radioactivity Disposal limit, Disposals during 2006
  (annual 
  equivalent)    
  TBq TBq % of limita

Driggb Tritium 10 0.470 4.7
 Carbon-14 0.05 0.0100 20
 Cobalt-60 2 0.150 7.5
 Iodine-129 0.05 1.71 10-4 <1
 Radium-226 plus   
 thorium-232 0.03 0.00661 22
 Uranium 0.3 0.03 10
 Other alphad 0.3 0.184 61
 Othersd,e 15 3.22 21
    
Dounreayc Alpha  Nil Nil
 Beta/gamma  Nil Nil    
a Data quoted to 2 significant figures except where values are less than 1%    
b Discharge authorisations at Drigg were revised with effect from 1 May 2006    
c The current authorisation includes limits on concentrations of activity. At no time did the concentrations exceed the limits 
d With half-lives greater than 3 months excluding uranium, radium-226 and thorium-232    
e Iron-55 and beta-emitting radionuclides with half-lives greater than three months unless individually specified in this table  
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AEA Atomic Energy Authority
AGR Advanced Gas-Cooled Reactor
AWE Atomic Weapons Establishment
BNFL British Nuclear Fuels plc
BNG British Nuclear Group
BNGSL British Nuclear Group Sellafield Ltd
CAC Codex Alimentarius Commission
CEC Commission of the European Communities
CEDA Consultative Exercise on Dose Assessments
Cefas Centre for Environment, Fisheries & Aquaculture  
 Science
Defra Department for Environment, Food and Rural   
 Affairs
DETR Department of the Environment, Transport and  
 the Regions
DML Devonport Management Ltd.
DPAG Dounreay Particles Advisory Group 
DRDL Devonport Royal Dockyard Ltd
DSTL Defence Science and Technology Laboratory
EA Environment Agency
EARP Enhanced Actinide Removal Plant
EC European Commission
EHS Environment and Heritage Service
EU European Union
FEPA 85 Food and Environment Protection Act 1985
FHP Fuel Handling Plant
FSA Food Standards Agency
GDL Generalised Derived Limit
GE General Electric
HMIP Her Majesty’s Inspectorate of Pollution
HMNB Her Majesty’s Naval Base
HMSO Her Majesty’s Stationery Office
HPA Health Protection Agency
HSE Health & Safety Executive
HSL Harwell Scientifics Limited
IAEA International Atomic Energy Agency
IC Imperial College
ICRP International Commission on Radiological   
 Protection
IRPA International Radiation Protection Association
LLW Low-Level Waste
LLWR Low-Level Waste Repository

LoD Limit of Detection
MAC Medium Active Concentrate
MAFF Ministry of Agriculture, Fisheries & Food
MoD Ministry of Defence
MRL Minimum reporting level
ND Not detected
NDA Nuclear Decommissioning Authority
NII Nuclear Installations Inspectorate
NNC National Nuclear Corporation
NRPB National Radiological Protection Board
NRTE Naval Reactor Test Establishment
NSL Nexia Solutions Ltd
OBT Organically bound tritium
OECD Organisation for Economic Co-operation and   
 Development
OSPAR Oslo and Paris Convention
RIFE Radioactivity in Food and the Environment
RRDL Rosyth Royal Dockyard Ltd.
RRMPOL Rolls Royce Marine Power Operations Ltd
RNAS Royal Naval Air Station
RSA 93 Radioactive Substances Act 1993
SEPA Scottish Environment Protection Agency
SFL Springfields Fuels Ltd
SIXEP Site Exchange Effluent Plant
SL Scientific Ltd
SLC Site Licence Company
SRP Society for Radiological Protection
TDS Total Diet Study
THORP Thermal Oxide Reprocessing Plant
TNORM Technologically enhanced Naturally-Occurring   
 Radioactive Material
TPP Tetrophenylphosphonium bromide
TRAMP Terrestrial Radioactive Monitoring Programme
UK United Kingdom
UKAEA United Kingdom Atomic Energy Authority
VLA Veterinary Laboratories Agency
WELL Winfrith Environmental Level Laboratory
WFD Water Framework Directive
WHO World Health Organisation
WMTL Waste Management Technology Limited
YP Ystradyfodwg and Pontypridd

APPENDIX 3.  Abbreviations and glossary
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Absorbed dose The ionising radiation energy absorbed in a material per unit mass.  The unit for absorbed dose is the 
gray (Gy) which is equivalent toJ kg-1.

Becquerel One radioactive transformation per second.

Committed
effective

The sum of the committed equivalent doses for all organs and tissues in the body resulting from an 
intake (of a radionuclide), having been weighted by their tissue weighting factors.  The unit of committed 
effective dose is the Sievert (Sv).  The ‘committed’ refers to the fact that the dose is received over a 
number of years but it is accounted for in the year of the intake of the activity.

Critical group Those (or the ‘representative individual’) who receive the largest dose from artificially-produced 
radionuclides due to their habits, diet and where they spend their time.

Direct shine Ionising radiation which arises directly from processes or operations on premises using radioactive 
substances and not as a result of discharges of those substances to the environment.

Dose Shortened form of ‘effective dose’ or ‘absorbed dose’.

Dose limits Maximum permissible dose resulting from ionising radiation from practices covered by the Euratom Basic 
Safety Standards Directive, excluding medical exposures.  It applies to the sum of the relevant doses from 
external exposures in the specified period and the 50 year committed doses (up to age 70 for children) 
from intakes in the same period.  Currently, the limit has been defined as 1 mSv per year for the UK.

Dose rates The radiation dose delivered per unit of time.

Effective dose The sum of the equivalent doses from internal and external radiation in all tissue and organs of the 
body, having been weighted by their tissue weighting factors.  The unit of effective dose is the Sievert 
(Sv).  Environmental materials include freshwater, grass, seawater, seaweed, sediment, soil and various 
species of plants.

Equivalent dose The absorbed dose in a tissue or organ weighted for the type and quality of the radiation by a radiation-
weighting factor.  The unit of equivalent dose is the Sievert (Sv).

External dose Doses to humans from sources that do not involve ingestion or inhalation of the radionuclides.

Fragments ‘Fragments’ are considered to be fragments of irradiated fuel, which are up to a few millimetres in 
diameter.

Generalised
derived limit

A convenient reference level against which the results of environmental monitoring can be compared.  
GDLs are calculated using deliberately cautious assumptions and are based on the assumption that the 
level of environmental contamination is uniform over the year.  GDLs relate the concentrations of a single 
radionuclide in a single environmental material to the dose limit for members of the public.

Indicator
materials

Environmental materials may be sampled for the purpose of indicating trends in environmental 
performance or likely impacts on the foodchain.  These include seaweed, soil and grass.

In-growth Additional activity produced as a result of radioactive decay of parent radionuclides.

Kerma air rate Air kerma is the quotient of the sum of the kinetic energies of all the charged particles liberated by 
indirectly ionising particles in a specified mass of air.

Radiation 
exposure

Being exposed to radiation from which a dose can be received.

Radiation
Weighting

Factor used to weight the tissue or organ absorbed dose to take account Factor of the type and quality 
of the radiation.  Example radiation weighting factors: alpha particles = 20; beta particles = 1; photons 
= 1.

Radioactivity The emission of alpha particles, beta particles, neutrons and gamma or x-radiation from the transformation 
of an atomic nucleus.

Radionuclide An unstable form of an element that undergoes radioactive decay.

Representative
individual

A hypothetical individual receiving a dose that is representative of the most exposed individuals in the 
population.

TNORM Naturally-occurring radioactive materials that may have been tecnologically enhanced in some way.  
The enhancement has occurred when a naturally-occurring radioactive material has its composition, 
concentration, availability, or proximity to people altered by human activity.  The term is usually applied 
when the naturally-occurring radionuclide is present in sufficient quantities or concentrations to require 
control for purposes of radiological protection of the public or the environment.

Tissue Weighting
Factors

Factor used to weight the equivalent dose in a tissue or organ to take.  Factors account of the different 
radiosensitivity of each tissue and organ.  Example tissue weighting factors: lung = 0.12; bone marrow 
= 0.12; skin = 0.01

Total dose An assessment of dose that takes into account all exposure pathways such as radionuclides in food and 
the environment and direct radiation
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APPENDIX 4.  Assessment of the total dose integrated  
 across pathways

A4.1 Introduction

This appendix describes the methods, data and results used 
to assess total dose to the public near nuclear sites from 
all exposure pathways.  The approach uses dietary and 
occupancy data collected from integrated habit surveys 
carried out around nuclear sites.  The habit surveys are 
targeted at those most likely to be exposed around the site 
and gathers data on people’s occupancy close to each site 
and local food intake rates.  The sites for which integrated 
habit survey data are currently available are:  Aldermaston 
and Burghfield, Amersham, Cardiff, Chapelcross, Devonport, 
Dounreay, Dungeness, Faslane, Hartlepool, Heysham, Hinkley 
Point, Hunterston, Rosyth, Sellafield, Sizewell, Springfields, 
Torness, Trawsfynydd, Winfrith and Wylfa.  Further sites will 
be added in future RIFE reports as new integrated surveys 
are undertaken.

A4.2 Objectives

The Environment Agencies are required to ensure that doses 
to the public do not exceed 1 mSv per year from all routine 
man made sources, except certain medical ones.  Doses to 
the public are assessed and compared with the dose limit.  
For nuclear sites the dose assessment takes into account 
exposure to radionuclides in food and the environment and 
direct radiation.  The assessment makes use of the monitoring 
results reported elsewhere in this report.  The monitoring and 
habits data used in the assessment are provided for each site 
on the CD accompanying this report.

A4.3 Methods and data

The calculation method relies on the application of data 
from site-specific habits surveys (Camplin et al., 2005).  
This is possible because recent surveys have considered the 
habits of individuals in an integrated way, i.e. information for 
each individual has been recorded for all of the pathways of 
interest.  Using the habits survey data, the people who are 
regarded as having the potential to receive the highest doses 
are identified for each major pathway at each site.  Doses to 
the public from direct radiation are included in the assessment 
of total dose using information provided by the HSE who are 
responsible for regulating dose from direct radiation to the 
public (see Table A4.1) (Stephen, 2006 and Bunker, 2007).

Table A4.1.  Individual radiation exposures - direct 
radiation pathway, 2006  

Site Exposure, mSv

Nuclear fuel production and reprocessing 
Capenhurst 0.085
Sellafield Bgda

Springfields <0.020

Research establishments 
Dounreay <0.010
Harwell 0.026
Winfrith Bgda

Nuclear power stations 
Berkeley 0.089b

Bradwell <0.067b

Chapelcross Bgda,c

Dungeness 0.54b

Hartlepool <0.020
Heysham <0.020
Hinkley Point <0.0021b

Hunterston 0.083b

Oldbury <0.0049b

Sizewell <0.026b

Torness <0.020
Trawsfynydd 0.019b

Wylfa 0.0086b

Defence establishments 
Aldermaston Bgda

Burghfield Bgda

Derby Bgda

Radiochemical production 
Amersham 0.22
Cardiff (Amersham plc) Bgda

Industrial and landfill sites 
Drigg <0.090 
a  Doses not significantly different from natural background
b 2005 data used due to unavailability of 2006 data
c 2004 data used due to unavailability of 2005 and 2006 data
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The methodology may be summarised in four steps;

1) Starting with the first pathway, individuals are selected 
from the habit data based on the ‘cut-off’ method 
whereby all those who have habits within a factor of three 
of the maximum observed for the pathway are selected as 
members of the potential critical group for that pathway 
(Hunt et al., 1982; Preston et al.,1974).

2) Habit profiles for a particular pathway (for example fish 
consumers) are calculated for the selected adults by 
averaging the habit data chosen by the cut-off method.  
The profile includes averages of all the other habits 
identified in the integrated habit survey.  Habit profiles 
for children and infants are derived from the adult profiles 
using scaling factors.

3) Steps 1) and 2) are repeated for each pathway, thereby 
deriving a profile associated with each pathway and a 
series of potential critical groups.

4) Once all pathway profiles have been determined, doses 
are calculated for each profile using the environmental 
and food data.  Doses from direct radiation are included 
via those profiled groups who spend time near to the 
nuclear site.  The group with the highest dose near each 
site becomes the critical group.

The habit profiles that gave rise to the highest doses in this 
assessment of RIFE 2006 data are given in files on the CD 
accompanying this report.  Care should be taken in using 
these data in other circumstance because the profile leading 
to the highest doses may change if the measured or forecast 
concentrations and dose rates change.  Doses are calculated 
for each potential critical group using the same concentration 
and dose rate information used in the routine assessments 
earlier in this report.  Pathways related to gaseous discharges, 
which are not included in the routine monitoring programmes 
(in particular inhalation and plume shine), were assessed using 
dispersion modelling within the PC CREAM assessment code 
(Mayall et al., 1997).  A similar approach is used for the routine 
assessments and is described in Appendix 1.

A4.4 Results of the assessment of total 
dose

The results of the assessment are summarised in Table 
A4.2 for each site.  The data are presented in three parts.  
The group receiving the highest dose from the pathways 
predominantly relating to gaseous discharges and direct 
radiation are shown in the upper half of the tables, part 
A; those for liquid discharges in the middle part, part B.  
Occasionally the group receiving the highest dose from all 
pathways is different from that in A and B.  Therefore we have 
also presented this case in part C.  The major contributions 
to dose are also presented.

In all cases, doses estimated for 2006 were less than the limit 
of 1mSv for members of the public.  The most important 
group for gaseous discharges and direct radiation varied 
from site to site but the dominant pathway was often direct 
radiation where it was applicable.  The most important groups 
for liquid discharges were generally adult seafood consumers 
or occupants over contaminated substrates.  The highest dose 
was at Dungeness and was mostly due to direct radiation. The 
next highest dose was at Sellafield and Whitehaven though 
about half was due to the legacy of discharges of naturally-
occurring radionuclides from a phosphate processing works 
in Whitehaven.  These broad results and the numerical values 
of dose are similar to those found in routine assessments 
earlier in this report, taking into account the additional effect 
of direct radiation where it is prominent

A4.5 Trends in total dose

Total doses have been calculated in RIFE using the 
methodology described in this Appendix since 2003.  Over 
this time the number of sites with combined habits survey 
data has increased from 6 to the current 20.  The total doses 
calculated for nuclear sites since 2003 are presented in Table 
A4.3.  There has been a steady decrease in total dose at 
Cardiff due to reductions in discharges of tritium in liquid 
wastes.  Total dose at Sellafield has also generally reduced 
due to reductions in discharges and their effects on food and 
the environment, but this effect is overlaid on changes to 
the occupancies and consumption rates of local consumers.  
There have been no other significant trends in total dose 
identified from the assessments undertaken.
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Table A4.2.  Individual radiation exposures integrated across pathways, 2006  

Site Critical group Exposure, mSv 
  
  Total Dominant contributions

A Gaseous releases and direct radiation from the site   
Aldermaston 
  and Burghfield Milk consumers aged 1y <0.005 Milk, 3H, 137Cs, 234U
Amersham Local adult inhabitants (0 - 0.25km) 0.22 Direct radiation
Cardiff Milk consumers aged 1y <0.005 Milk, 3H, 14C, 32P, 35S, 137Cs
Chapelcross Milk consumers aged 1y 0.024 Milk, 14C, 35S, 90Sr, 241Am
Devonport Prenatal children of 
 green vegetable consumers <0.005 Fruit, green vegetables, root vegetables, 3H
Dounreay Milk consumers aged 1y 0.029 Milk, 90Sr, 106Ru, 129I, 144Ce, 241Am
Dungeness Local adult inhabitants (0 - 0.25km) 0.55 Direct radiation
Faslane - - 
Hartlepool Prenatal children of local inhabitants 
 (0 - 0.25km) 0.021 Direct radiation
Heysham Local adult inhabitants 
 (0.25 - 0.5km) 0.021 Direct radiation
Hinkley Point Prenatal children of local inhabitants 
 (0.5 - 1km) <0.005 Direct radiation, plume related pathways
Hunterston Adult mushroom consumers 0.097 Direct radiation
Rosyth - - 
Sellafield 
  and Whitehaven Milk consumers aged 1y 0.019 Milk, 90Sr, 60Co, 137Cs
Sizewell Prenatal children of wild fruit and 
 nut consumers 0.091 Direct radiation
Springfields Adult mushroom consumers 0.020 Direct radiation
Torness Adult root vegetable consumers 0.024 Direct radiation
Trawsfynydd Local inhabitants aged 1 y 
 (0.25 - 0.5km) 0.022 Direct radiation, milk
Winfrith Adult green vegetable consumers <0.005 Potatoes, root vegetables, green vegetables, milk,  
   domestic fruit, gamma dose rate over sediment, 137Cs
Wylfa Adult local inhabitants (0 - 0.25km) 0.009 Direct radiation
   
B Liquid releases from the site   
Aldermaston 
  and Burghfield Adult occupants of river bank <0.005 External dose from riverbank
Amersham Adult occupants over sediment <0.005 Gamma dose rate over sand/stone, freshwater fish,  
   241Am
Cardiff Prenatal children of fish consumers 0.011 Fish, 3H, 14C
Chapelcross Adult occupants over sediment 0.015 Gamma dose rate over sediment
Devonport Adult occupants over sediment <0.005 Gamma dose rate over sediment
Dounreay ‘Other’ vegetable consumers 
 aged 1 y 0.012 Potatoes, root vegetables, 90Sr, 103Ru
Dungeness Adult occupants over sediment 0.011 Gamma dose rate over sediment
Faslane Adult occupants over sediment <0.005 Gamma dose rate over mud
Hartlepool Prenatal children of mollusc consumers <0.005 Direct radiation, molluscs,14C
Heysham Adult occupants over sediment 0.037 Gamma dose rate over sediment
Hinkley Point Adult mollusc consumers 0.048 Gamma dose rate over sediment
Hunterston Adult occupants over sediment 0.009 Gamma dose rate over sediment
Rosyth Adult crustacean consumers <0.005 Fish, crustaceans, 241Am
Sellafield 
  and Whitehaven Adult mollusc consumers 0.44 Molluscs, 210Po, 241Am
Sizewell Prenatal children of occupants 
 over sediment <0.005 Direct radiation, gamma dose rate over sediment
Springfields Adult occupants on houseboats 0.13 Gamma dose rate over sediment
Torness Adult fish consumers <0.005 Direct radiation, fish, 241Am
Trawsfynydd Prenatal children of occupants 
 over sediment 0.007 Gamma dose rate over sediment, direct radiation,  
   fish, 90Sr
Winfrith Adult occupants over sediment <0.005 Gamma dose rate over sediment
Wylfa Adult occupants over sediment <0.005 Gamma dose rate over sediment
   
C Combined releases from the site   
Aldermaston 
  and Burghfield Milk consumers aged 1y <0.005 Milk, 3H, 137Cs, 234U
Amersham Local adult inhabitants (0 - 0.25km) 0.22 Direct radiation
Cardiff Prenatal children of fish consumers 0.011 Fish, 3H, 14C
Chapelcross Milk consumers aged 1y 0.024 Milk, 14C, 35S, 90Sr, 241Am
Devonport Adult occupants over sediment <0.005 Gamma dose rate over sediment
Dounreay Milk consumers aged 1y 0.029 Milk, 90Sr, 106Ru, 129I, 144Ce, 241Am
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Table A4.2.  continued  

Site Critical group Exposure, mSv 

  Total Dominant contribution

 
Dungeness Local adult inhabitants (0 - 0.25km) 0.55 Direct radiation
Faslane Adult occupants over sediment <0.005 Gamma dose rate over mud
Hartlepool Prenatal children of local inhabitants 
 (0 - 0.25km) 0.021 Direct radiation
Heysham Adult occupants over sediment 0.037 Gamma dose rate over sediment
Hinkley Point Adult mollusc consumers 0.048 Gamma dose rate over sediment
Hunterston Adult mushroom consumers 0.097 Direct radiation
Rosyth Adult crustacean consumers <0.005 Fish, crustaceans, 241Am
Sellafield
  and Whitehaven Adult mollusc consumers 0.44 Molluscs, 210Po, 241Am
Sizewell Prenatal children of wild fruit and 
 nut consumers 0.091 Direct radiation
Springfields Adult occupants on houseboats 0.13 Gamma dose rate over sediment
Torness Adult root vegetable consumers 0.024 Direct radiation
Trawsfynydd Local inhabitants aged 1 y 
 (0.25 - 0.5km) 0.022 Direct radiation, milk
Winfrith Adult occupants over sediment <0.005 Gamma dose rate over sediment
Wylfa Adult local inhabitants (0.25 - 0.5km) 0.009 Direct radiation

Table A4.3.  Trends in total dose from all sourcesa

Site 2003 2004 2005 2006

Aldermaston and Burghfield <0.005 <0.005 <0.005 <0.005
Amersham  0.24 0.24 0.22
Cardiff 0.038 0.023 0.023 0.011
Chapelcross   0.023 0.024
Devonport  <0.005 <0.005 <0.005
Dounreay 0.012 0.011 0.043 0.029
Dungeness   0.55 0.55
Faslane    <0.005
Hartlepool 0.021 0.021 0.021 0.021
Heysham    0.037
Hinkley    0.048
Hunterston  0.10 0.090 0.097
Rosyth   <0.005 <0.005
Sellafield and Whitehaven 0.71 0.60 0.41 0.44
Sizewell   0.086 0.091
Springfields    0.13
Torness    0.024
Trawsfynydd   0.021 0.022
Winfrith <0.005 <0.005 <0.005 <0.005
Wylfa  0.011 0.010 0.009
a Where no data is given, no assessment was undertaken due to a lack of suitable habit data at the time 
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APPENDIX 5.  Research in support of the monitoring  
 programmes

The Food Standards Agency and the Environment Agencies 
have programmes of special investigations and supporting 
research and development studies to complement the routine 
monitoring programmes.  This additional work is primarily 
directed at the following objectives:

● to evaluate the significance of potential sources of 
radionuclide contamination of the food chain   and the 
environment;

● to identify and investigate specific topics or pathways 
not currently addressed by the routine   monitoring 
programmes and the need for their inclusion in future 
routine monitoring;

● to develop and maintain site-specific habit and agricultural 
practice data, in order to improve the realism of dose 
assessment calculations;

● to develop more sensitive and/or efficient analytical 
techniques for measurement of radionuclides in natural 
matrices;

●    to evaluate the competence of laboratories’ radiochemical 
analytical techniques for specific radionuclides in food and 
environmental materials;

● to develop improved methods for handling and processing 
monitoring data.

Other studies include projects relating to effects on wildlife, 
emergency response and planning and development of new 
environmental models and data.

The contents of the research programmes are regularly 
reviewed and open meetings are held to discuss ongoing, 
completed and potential future projects.  Occasionally specific 
topics are the subject of dedicated workshops (e.g. Ould-
Dada, 2000).  A summary of all the research and development 
undertaken by the Environment Agency between 1996 and 
2001 was published in 2002 (Environment Agency, 2002b).  
A review of research funded by the Food Standards Agency 
was published in 2004 (Food Standards Agency, 2004).

A list of related projects completed in 2006 is presented in 
Table A5.1.  Those sponsored by the Environment Agency 
and the Food Standards Agency are also listed on the 
Internet (www.environment-agency.gov.uk, www.food.
gov.uk, respectively).  Copies of the final reports for each 
of the projects funded by the Food Standards Agency are 
available from the Emergency Planning, Radiation and 
Incidents Division, Aviation House, 125 Kingsway, London 
WC2B 6NH.  Further information on studies funded by the 
Scottish Environment Protection Agency and the Scotland 
and Northern Ireland Forum for Environmental Research 
is available from Greenside House, 25 Greenside Place, 
Edinburgh, EH1 3AA.  Environment Agency reports are 
available from www.environment-agency.gov.uk.  A charge 
may be made to cover costs.  Table A5.1 also provides 
information on projects that are currently underway.  The 
results of these projects will be made available in due course.  
A short summary of the key points from specific monitoring 
projects that have recently been completed is given here.

Table A5.1.  Extramural projects   
  
Topic Reference Further  Target 
  details completion  
   date 

Transfer of radionuclides into sewage sludge SC020150 E Complete

Soil and herbage survey UKRSR01 and SC000027 E, S Jun-07

Total diet studies R03024 F Mar-07

Discharges to sewer by non-nuclear industry in Scotland SEPA S Sep-07

Tritium transfer from sewage sludge to plants  R01041       F       Sep-07

Availability of technetium-99 to seafood from contaminated sediments R01062 F Mar-08

Transfer from seaweed to terrestrial foods R04003 F Dec-08

Measurement of radioactivity in canteen meals for Euratom (2005-2008) R03025 F Mar-09

E  Environment Agency
F  Food Standards Agency
S  Scotland and Northern Ireland Forum for Environmental Research or SEPA
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Radionuclides in Sewage Systems – P3-
109A and P3 -109B

In 2006, two research projects on the behaviour of 
radionuclides in sewage came to completion.

This first report described a set of laboratory experiments 
designed to provide robust sludge retention factors for using 
in predicting the partitioning of radionuclides between sludge 
and treated effluent during sewage treatment (Punt et al, in 
publication, 2007a).

The second report followed the fate of I-131 after discharge 
to a Sewage Treatment works in South West London (Punt 
et al, in publication, 2007b).

The first study (P3-109A) carried out partitioning experiments 
on the solid-solution behaviour of a range of radio-elements 
(Br; Ca; Co; Cu; Fe; Ga; I; In; La; Mn; Ni; P; Re (as an analogue 
for Tc); S; Sr; Th; U; V; and, Y.  These elements were chosen 
because radioisotopes of these elements are discharged 
to sewers from a number of non-nuclear establishments 
in England and Wales and the radiological impact of the 
discharges can be relatively high.  Experiments were carried 
out to emulate sewage treatment by specialist laboratories 
using sewage materials sourced from a domestic housing 
estate.  The experiments were designed to assess the 
partitioning processes likely to occur during sewage transport 
through the sewer, the transfer to primary solids during 
primary settlement (Primary Settlement Retention Factor, 
PSRF), the transfer of tracer to solids during secondary 
(activated sludge) treatment (the Activated Sludge Retention 
Factor, ASRF); and the overall Sludge Retention Factor (SRF), 
likely to be achieved in a typical sewage works.

The second study (P3-109B) assessed iodine-131 activity 
concentrations in raw sewage, in sewage effluent and sludge 
cake and in river water and sediment in and around the 
Hogsmill sewage treatment works. 15.1 GBq of iodine-131 
was discharged over three consecutive days in February 2006,  
leading to concentrations of up to 50 Bq l-1 in raw sewage, 
20 Bq  l-1 in treated effluent, 76 Bq l-1 in primary sludge, 130 
Bq l-1 in activated sludge and 1800 Bq kg-1 in dewatered 
sludge.  Gamma dose was also detected in river water, river 
sediment and Thames estuary sediment.  Iodine-131 rates 
were measured and were found to be slightly enhanced 
relative to background (up to 10 nGy h-1) near the pressed 
sludge cake.
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