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6. Radiochemical production

previous surveys, however, there was anecdotal evidence of
fish consumption, albeit occasional and at low rates. To allow
for this, a consumption rate of 1 kg per year for fish has been
included in the dose assessment for anglers.

The Grove Centre discharges liquid waste to Maple Lodge
sewage treatment works, and the prolonged proximity to
raw sewage and sludge experienced by sewage treatment
workers is a common exposure pathway (National Dose
Assessment Working Group, 2004). The dose received by
these workers in 2009 was modelled using the methods
described in Appendix 1. The dose from a combination of
external exposure to contaminated raw sewage and sludge
and the inadvertent ingestion and inhalation of resuspended
radionuclides was less than 0.005 mSv.

Gaseous discharges and terrestrial
monitoring

The Amersham facility is permitted to discharge gaseous
radioactive wastes via stacks on the site. In 2010, radon-222
discharges were reduced to the lowest value in recent years;
other gaseous discharges were very similar to those in 2009.
Activity concentrations in terrestrial samples were generally
below the limits of detection (Table 6.2). Sulphur-35 was
positively detected at low concentrations in some crop and
grass samples in 2010. Caesium-137 activities were again
detected in soil near the site, and this is likely to be due to
global fallout from testing of weapons or from the Chernobyl
accident.

Liquid waste discharges and aquatic
monitoring

Radioactive liquid wastes are discharged to sewers serving the
Maple Lodge sewage treatment works (STW); treated effluent
subsequently enters the Grand Union Canal and the River
Colne. The results of the aquatic monitoring programme are
given in Table 6.2. Activity concentrations in freshwater, and
effluent and sludge from Maple Lodge STW, were below, or
near, the limits of detection. The sludge samples contained
very low concentrations of iodine-131 in 2010, which were
most likely to have originated from the therapeutic use of this
radionuclide in a local hospital. The caesium-137 detected in
sediments upstream of the sewage treatment works outfall
is likely to be derived from weapons test fallout or the
Chernobyl accident. Gross alpha and beta activities in water
were below the WHO screening levels for drinking water.
Gamma dose rates (given in footnote, Table 6.2) above the
banks of the canal remained low, and are very similar to levels
expected due to background radiation.

6.2 Maynard Centre, Cardiff

GE Hea l t h ca re
operates a second
establishment, on the
Forest Farm industrial
e s t a t e nea r
Whitchurch, Cardiff.
GE Healthcare ceased
manufactur ing a
range of radiolabelled
products containing
tritium in late 2009
and p roduc t s
containing carbon-14

in April 2010. The site will be decommissioned and the bulk
of the site will be de-licensed, leaving a small licensed area
for storage of historic radioactive wastes. GE Healthcare’s
custom radiolabelling division has been acquired by Quotient
Bioresearch, (a division of Quotient Bioscience) who will
operate from different premises in Cardiff (purpose-built
laboratory at Trident Park). Quotient Bioresearch was issued
with a permit by the Environment Agency to discharge
radioactive wastes, effective from 16 April 2010.

The Food Standards Agency and the Environment Agency
conduct a routine monitoring programme on behalf of the
Welsh Government. This includes sampling of locally produced
food, fish and shellfish, and external dose rate measurements
over muddy, intertidal areas (Figure 6.1). These are supported
by analyses of intertidal sediment. Environmental materials
including seawater, freshwater, seaweed, soil and grass provide
additional information. The most recent habits survey was
undertaken in 2003 (McTaggart et al., 2004).

Past monitoring data from Cardiff has been reviewed in order
to compare the apparent enhancement of tr it ium
concentrations on uptake by marine biota with bioaccumulation
at other UK sites (Hunt et al., 2010). The observed enhancement
factor at Cardiff remains at least an order of magnitude
greater than at the other sites studied, although the organically
bound fractions were uniformly high. Various earlier monitoring
and research efforts have targeted organically bound tritium
(OBT) in foodstuffs (Food Standards Agency, 2001b; Swift,
2001; Williams et al., 2001; Leonard et al., 2001 and McCubbin
et al., 2001).

Doses to the public

In 2010, the total dose from all pathways and sources was
assessed to have been 0.006 mSv (Table 6.1), or approximately
0.5 per cent of the dose limit. This dose estimates take into
account the increased dose coefficients for OBT derived for
discharges from the Maynard Centre and includes consideration
of prenatal children. The dominant contribution to this
exposure was the low levels of external radiation emitted from
radionuclides in the sediment and mostly due to radioactive
sources other than from the GE Healthcare site in Cardiff. The
prenatal children of adults who spend time over intertidal
sediments were the most exposed people. Tritium in fish
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6. Radiochemical production

contributed approximately 0.001 mSv to the total dose. Trends
in total doses in the Severn Estuary (and areas of the south
coast) are shown in Figure 6.5. At Cardiff, the most significant
reductions in the total dose, prior to 2007, were largely due
to lower concentrations of tritium and carbon-14 in seafood.
Most recently, the total doses have continued to decrease over
time, and were low.

Source specific assessments of exposures for consumers of
locally grown foods (that consumed crops grown in soil
treated with sludge pellets), for recreational users of the River
Taff, and for workers at Cardiff East Waste Water Treatment
Works, were less than 0.006 mSv in 2010 (Table 6.1). The dose
to consumers of locally grown foods and seafood, at high-rates,
were 0.005 and 0.010 mSv, respectively. The dose from
terrestrial food in 2009 was 0.008 mSv and the decrease was
mostly due to lower carbon-14 concentrations in milk in
2010. The dose to seafood consumers in 2009 was 0.009 mSv,
and the increase in 2010 resulted from an increase from
gamma dose exposure.

The dose coefficients for OBT differ from those for tritiated
water (see Appendix 1) and the estimates of dose to members

of the public account for this. For ingestion of seafood caught
near Cardiff, an area taken to be equivalent to the Bristol
Channel, a dose coefficient based on a site-specific study of
the consumption of fish caught in Cardiff Bay is used. A
recent experimental study by Hunt et al. (2009) suggests that
this raised dose coefficient is conservative, but it is retained
for 2010 dose assessments on the advice of the HPA. For
ingestion of other food, the ICRP dose coefficient for OBT is
applied.

Gaseous discharges and terrestrial
monitoring

The Maynard Centre discharges radioactivity to the atmosphere
via stacks on the site. This is predominantly tritium and
carbon-14, with smaller levels of phosphorus-32/33 and
iodine-125 also released. Following the significant decrease
of tritium discharges in 2009 (from 2008), further reductions
in releases of tritium (mostly insoluble tritium) occurred in 2010.
This resulted from the reduced commercial operations, in
relation to the site’s planned shutdown. Carbon-14 and
phosphorous-32/33 discharges were also lower in 2010,
compared to those in 2009.
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Figure 6.1. Monitoring locations at Cardiff, 2010 (not including farms)
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6. Radiochemical production

The main focus of the terrestrial sampling was for the content
of tritium, carbon-14 and sulphur-35 in milk, crops, freshwater,
soil and grass. The Environment Agency also analysed samples
of sewage products from the Cardiff East Waste Water
Treatment Works (WWTW) for tritium and carbon-14. This
enabled an assessment of exposure from eating crops grown
on land fertilised with sludge pellets to be undertaken. The
constraints of the Sludge (Use in Agriculture) Regulations
(United Kingdom – Parliament, 1989) (commonly referred to
as the Safe Sludge Matrix) require that crops cannot be
harvested within 10 months of the application of sludge
pellets. A recent Food Standards Agency research project
(Ham et al., 2007) investigated the transfer of tritium from
treated soil to crops, under the Safe Sludge Matrix conditions,
and concluded that the transfer of tritium to each of the crops
considered was small.

Enhanced tritium concentrations continued to be detected in
terrestrial food samples (Table 6.3(a)), however, levels in 2010
were generally lower (where comparisons can be made),
consistent with lower discharges in recent years. Similarly, and
for the same reason, carbon-14 concentrations declined in
some foodstuffs and in grass samples this year. Low
concentrations of sulphur-35 and caesium-137 were detected
in foods (similar to those in 2009); both these nuclides are
not discharged by the site. Phosphorus-32 and iodine-125 were
below the limits of detection in all terrestrial samples.

Samples of raw and treated sewage and associated products
from Cardiff East WWTW were analysed for tritium and
carbon-14 in 2010. The results (Table 6.3(a)) show enhanced
concentrations of tritium in sludge pellets.

Relatively low levels of tritium continue to be detected in
sediment and freshwater from the Glamorganshire Canal;
however, this is not used as a source of water for the public
water supply. The recent trend in sediment concentrations from
the marine and freshwater environments are shown in Figure
6.4. The overall decline echoes that of tritium discharges,
although the decline in marine levels (east/west of the pipeline)
is less pronounced than in the canal sediments over the whole
time period. In 2010, tritium was also detected at low
concentrations from site run-off water into the River Taff.

Liquid waste discharges and aquatic
monitoring

The Maynard Centre discharges liquid wastes into the
Ystradyfodwg and Pontypridd public sewer (YP). This joins the
Cardiff East sewer, which after passing through a waste water
treatment works discharges into the Severn estuary near
Orchard Ledges. During periods of high rainfall, effluent from
the YP sewer has been known to overflow into the River Taff.
In addition, there is run-off from the site into the river via surface
water drains.

The bulk of the radioactivity discharged to the YP sewer is
tritium and carbon-14. The amount of tritium released to the
sewer in 2010 was decreased in comparison to discharges in
2009. Over the longer term the discharge rate of this nuclide

has decreased substantially (Figure 6.2). Carbon-14 discharges
also decreased in 2010, continuing its recent and long-term
downward trend (Figure 6.3).

Marine sampling included locally caught seafood, and indicator
materials (e.g. seaweed). These were supported by external
dose rate measurements over intertidal areas. The results of
routine monitoring in 2010 are given in Tables 6.3(a) and (b).
The effects of liquid discharges remain evident in enhanced
tritium and carbon-14 concentrations in fish samples. Further
analysis of these samples shows that a high proportion of the
tritium was still associated with organic matter, a situation that
has been observed since the late 1990s (McCubbin et al., 2001;
Leonard et al., 2001; Williams et al., 2001). The tritium is
strongly bound to organic matter and has the potential to
transfer through the marine food chain from small organisms
to accumulate in fish. In 2010, tritium concentrations in
flounder, mullet and dogfish decreased significantly, whilst other
fish species were generally similar, as compared with levels
of their respective species in 2009. Moreover, the tritium
concentrations reported in flounder were the lowest values
in over a decade and below the 1 kBq l-1 level for the first
time over this period. The continued overall decline in tritium
concentrations in fish from the Cardiff area is likely to be a
direct response to the decreasing inputs from the Maynard
Centre, as well as a shift in the composition of this discharge
away from organically bound compounds. However, the
annual uncertainty and variation in certain species suggests
that complex indirect uptake mechanisms continue to affect
tritium concentrations in the region.

No mussel samples were collected from Cardiff in 2010 due
to the scarcity of the available species, leaving limpets as the
only mollusc sample. Figure 6.2 indicates that the overall
tritium concentrations in mollusc samples have decreased
significantly over the last decade. Tritium was also detected
in marine sediment samples at similar levels to those in 2009.
The mean concentration of carbon-14 in both fish and molluscs
showed a decrease consistent with the reduction in discharges
in 2009. The longer term trend in concentrations and the
relationship to discharges is shown in Figure 6.3. Concentrations
of caesium-137 in marine samples remain low and can largely
be explained by other sources such as Chernobyl, weapon test
fallout and discharges from other establishments such as the
Hinkley Point, Berkeley and Oldbury nuclear sites. Where
directly comparable, gamma dose rates over sediment were
slightly higher than 2009 levels, and are not in the main
attributable to discharges from the Maynard Centre.
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6. Radiochemical production

Figure 6.2. Tritium liquid discharge from Cardiff and mean concentrations in fish and molluscs
near Cardiff, 1998-2010 (species include all those reported in RIFE for the given year)
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Figure 6.3. Carbon-14 liquid discharge from Cardiff and mean concentrations in fish and
molluscs near Cardiff, 1998-2010 (species include all those reported in RIFE for the given year)
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Figure 6.4. Tritium liquid discharge from Cardiff and mean concentrations in sediment
near Cardiff, 2004-2010
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6. Radiochemical production174
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2007 2008 2009 2010

Figure 6.5. Total dose for major sites in the Severn Estuary and south coast, 2003-2010
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6. Radiochemical production 175

Table 6.1. Individual radiation exposures - radiochemical sites, 2010

Site Exposed Exposure, mSv per year
populationa

Total Fish and Other External Intakes of Gaseous Direct
Shellfish local food radiation sediment plume radiation

from or water related from
intertidal pathways site
areas or
river
banks

Amersham
Total dose -
all sources Local adult inhabitants (0 - 0.25km) 0.22 - <0.005 - - <0.005 0.22

Source specific
doses Anglers <0.005 <0.005 - <0.005 - - -

Consumers of locally grown foodb 0.012 - <0.005 - - 0.010 -
Workers at Maple Lodge STW <0.005 - - <0.005c <0.005d - -

Cardiff
Total dose -
all sources Prenatal children of occupants

over sediment 0.006 <0.005 - <0.005 - - -
Source specific
doses Prenatal children of seafood consumers 0.010 <0.005 - 0.007 - - -

Recreational users of River Taff <0.005 - - <0.005 <0.005 - -
Consumers of locally grown foodb 0.005 - 0.005 - - <0.005 -
Workers at Cardiff East WWTW <0.005 - - <0.005c <0.005d - -
Prenatal children of consumers of crops
grown in soil treated with sludge pellets <0.005 - <0.005 - - - -

a The total dose is the dose which accounts for all sources including gaseous and liquid discharges and direct radiation.
The total dose for the representative person with the highest dose is presented.
Other dose values are presented for specific sources, either liquid discharges or gaseous discharges, and their associated pathways.
They serve as a check on the validity of the total dose assessment.
Adults are the most exposed group unless otherwise stated

b Children aged 1y
c External radiation from raw sewage and sludge
d Intakes of resuspended raw sewage and sludge



6. Radiochemical production176

Table 6.2. Concentrations of radionuclides in food and the environment near Amersham, 2010g

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

sampling
observ-
ations 3H 32P 35S 57Co 65Zn 125I

Freshwater samples
Flounder Beckton 1 <25 <0.02 <0.11
Sediment River Colne

(Grand Union Canal) 2E <0.42 <2.5 <25
Sediment Outfall

(Grand Union Canal) 2E <0.54 <3.2 <24
Freshwater Maple Cross 2E <2.9 <0.16 <0.77 <3.8
Freshwater Upstream of outfall

(Grand Union Canal) 2E <2.9 <0.16 <0.75 <3.9
Freshwater River Chess 1E <2.9 <0.15 <0.92 <3.1
Freshwater River Misbourne -

upstream 1E <2.9 <0.13 <0.51 <2.6
Freshwater River Misbourne -

downstream 1E <2.9 <0.12 <0.58 <3.8
Crude effluentd Maple Lodge Sewage

Treatment Works 4E <17 <1.3 <0.81 <0.14 <0.65 <2.3
Digested sludgee Maple Lodge Sewage

Treatment Works 4E <12 <1.5 <1.1 <0.13 <0.61 <2.5
Final effluentf Maple Lodge Sewage

Treatment Works 4E <9.1 <1.6 <0.81 <0.12 <0.54 <2.6

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

sampling
observ- Gross Gross
ations 131I 137Cs 241Am alpha beta

Freshwater samples
Flounder Beckton 1 <0.84 0.09 <0.04
Sediment River Colne

(Grand Union Canal) 2E <16 3.3 <110 450
Sediment Outfall

(Grand Union Canal) 2E <18 8.7 210 390
Freshwater Maple Cross 2E <7.3 <0.26 <0.085 0.42
Freshwater Upstream of outfall

(Grand Union Canal) 2E <8.8 <0.28 <0.045 0.17
Freshwater River Chess 1E <0.47 <0.33 <0.040 <0.10
Freshwater River Misbourne -

upstream 1E <0.32 <0.20 <0.060 <0.10
Freshwater River Misbourne -

downstream 1E <0.39 <0.27 <0.040 <0.10
Crude effluentd Maple Lodge Sewage

Treatment Works 4E <0.26 <0.36 <0.080 0.45
Digested sludgee Maple Lodge Sewage

Treatment Works 4E 1.2 <0.26 <0.33 <3.0 <4.1
Final effluentf Maple Lodge Sewage

Treatment Works 4E <0.22 <0.32 <0.063 0.63
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Table 6.2. continued

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

sampling
observ- Gross Gross
ationsc 3H 35S 57Co 65Zn 125I 131I 137Cs alpha beta

Terrestrial samples
Milk 2 <4.4 <0.23 <0.016 <0.0031 <0.20
Milk max <4.5 <0.017
Apples 1 <4.0 <0.20 <0.033 <0.20
Beetroot 1 <5.0 <0.20 <0.039 <0.20
Blackberries 1 <4.0 <0.20 <0.049 <0.20
Broad beans 1 <6.0 <0.20 <0.045 <0.20
Carrots 1 <5.0 <0.10 <0.059 <0.20
Peas 1 <6.0 0.30 <0.046 <0.20
Spinach 1 <5.0 0.40 <0.038 <0.20
Wheat 1 <8.0 0.90 <0.081 <0.20
Grass Next to site 1E 5.8 <0.71 <3.3 <14 <1.8 <1.3 <5.0 290
Grass Orchard next to site 1E 3.1 <0.49 <2.3 <9.3 <1.3 <0.86 <5.0 240
Grass Water Meadows

(River Chess) 1E 8.0 <0.58 <2.9 <12 <1.6 <1.1 <2.0 340
Soil Next to site 1E <0.20 <1.1 <6.6 <0.51 9.4 340 960
Soil Orchard next to site 1E <0.22 <1.5 <6.8 <0.61 3.3 430 890
Soil Water Meadows

(River Chess) 1E <0.17 <0.72 <5.1 <0.45 9.9 104 440

a Except for milk, water and effluent where units are Bq l-1 and for sediment and soil where dry concentrations apply
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 number of farms from which milk is sampled. The number of analyses is greater than this and depends on the bulking regime
d The concentration of 3H as tritiated water was <3.7 Bq l-1
e The concentration of 3H as tritiated water was <3.8 Bq l-1
f The concentration of 3H as tritiated water was <3.8 Bq l-1
g The gamma dose rates in air at 1m over grass and grass and mud on the bank of the Grand Union Canal were 0.060 and 0.063 µGy h-1

respectively
E Measurements labelled “E” are made on behalf of the Environment Agency, all other measurements are made on behalf of the Food

Standards Agency
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Table 6.3(a). Concentrations of radionuclides in food and the environment near Cardiff, 2010

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

sampling
observ- Organic
ations 3He 3H 3Hf 14C 125I 131I 134Cs 137Cs

Marine samples
Cod East of new pipeline 1 190 23 * <0.04 0.36
Flounder East of new pipeline 4 920 990 38 <0.71 <0.10 0.40
Sole East of new pipeline 2 1700 60 <0.44 <0.04 0.22
Mullet East of new pipeline 1 32 35 * <0.05 0.45
Lesser spotted dogfish Off Orchard Ledges 2 280 290 43 <0.65 <0.13 0.50
Skates/Rays Off Orchard Ledges 2 470 570 37 <0.28 <0.07 0.71
Limpets Lavernock Point 2 <29 <25 15 <0.45 <0.14 0.49
Seaweedd Orchard Ledges 2E <16 <4.5 11 <3.1 <1.5
Sediment East of new pipeline 2E 26 <6.0 <21 18
Sediment West of new pipeline 2E 24 <4.2 <6.6 <20 22
Seawater Orchard Ledges 2E <14 <3.5 <2.1 <0.24

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

sampling
observ- Organic Gross Gross
ationsc 3He 3H 3Hf 14C 35S 125I 131I 137Cs alpha beta

Terrestrial samples
Milkg 6 <5.0 <5.2 14 <0.33 <0.017 <0.20
Milkg max <5.9 <7.8 16 <0.40 <0.019
Blackberries 1 3.0 33 18 <0.20 <0.050 <0.20
Cabbage 1 <17 11 <3.0 0.80 <0.051 <0.20
Honey 1 <8.0 56 0.40 <0.024 <0.20
Leeks 1 3.0 7.0 <3.0 1.1 <0.043 <0.20
Onions 1 <7.0 <5.0 <3.0 0.20 <0.048 <0.20
Potatoes 1 <7.0 <5.0 13 <0.10 <0.065 <0.20
Rape oil 1 <15 120 4.3 <0.053 <0.20
Strawberries 1 <4.0 <4.0 4.0 0.50 <0.051 0.20
Swede 1 1.0 5.0 6.0 0.80 <0.038 <0.20
Wheat 1 <6.0 75 0.80 <0.051 <0.20
Grass 5 <27 <32 43 <0.20
Grass max <68 64 45 0.20
Silage 2 <16 <19 50
Silage max 26 32 72
Soil 3 5.5
Soil max 6.5
Sediment Canal 2E 78 23 <22 9.5
Freshwater River Taff upstream 2E <12 <3.7 <5.0 <1.5 <1.9 <0.21 <0.055 0.29
Freshwater Run off into River Taff 1E 35 26 <2.4 <0.30 <3.2 <0.21 <0.060 0.23
Freshwater River Taff downstream 1E <9.0 <3.0 <4.0 <2.6 <0.30 <0.21 <0.040 0.46
Freshwater Canal 2E <13 13 <4.2 <1.4 <1.8 <0.21 <0.12 <0.11
Crude effluent Cardiff East WWTW 1E 26 28 <3.8 <5.2
Final effluent Cardiff East WWTW 1E 42 44 <3.8 <5.7
Sludge pellets Cardiff East WWTW 1E 1100 88

* Not detected by the method used
a Except for milk, water and effluent where units are Bq l-1 and for sediment where dry concentrations apply
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 number of farms from which milk is sampled. The number of analyses is greater than this and depends on the bulking regime
d The concentration of 99Tc was 6.9 Bq kg-1

e The organic fraction may be higher than the total tritium value for some analyses due to uncertainties in the analytical methods for
tritium. For dose assessments in this report, the higher of the two values has been used

f As tritiated water
g The concentration of 32P was <0.36 (max <0.39) Bq l-1
E Measurements labelled “E” are made on behalf of the Environment Agency, all other measurements are made on behalf of the Food

Standards Agency
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Table 6.3(b). Monitoring of radiation dose rates near
Cardiff, 2010

Location Ground type No. of µGy h-1

sampling
observ-
ations

Mean gamma dose rates at 1m over substrate
East of Pipeline Mud and sand 1 0.069
East of Pipeline Mud and rock 1 0.085
West of Pipeline Mud and sand 1 0.097
West of Pipeline Mud and stones 1 0.11
Peterstone Wentlooge Salt marsh 2 0.083
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This section considers the effects of (i) the main disposal site
on land for solid radioactive wastes in the UK, at LLWR near
Drigg in Cumbria, as well as other landfill sites which have
received small quantities of solid wastes and (ii) other sites
where industries or incidents may have introduced radioactivity
into the environment.

7.1 Low Level Waste Repository near
Drigg, Cumbria

The Low Level Waste
Repository (LLWR) is
the UK’s national low
level waste disposal
facility and is located
on the Wes t
Cumbr ian coas t ,
approximately 7 km
sou th ea s t o f
Sellafield. The main
function of LLWR is
to receive low-level
so l id rad ioact i ve

wastes from all UK nuclear sites (except Dounreay) and many
non-nuclear sites. Where possible the waste is compacted, and
then most waste is grouted within containers before disposal.
Wastes are now disposed of in engineered concrete vaults on
land, whereas prior to the early 1990s waste was disposed
of in open clay lined trenches. The site is operated by LLW
Repository Limited on behalf of the NDA. From 1 April 2008,
a consortium, UK Nuclear Waste Management Ltd (UKNWM),
took over as the Parent Body Organisation for LLW Repository
Limited.

A report published by the Environment Agency provides new
data on radionuclides in a variety of wildlife species (including
small mammals and reptiles) collected in the Drigg sand
dunes. The wildlife is contaminated indirectly by permitted
discharges from the Sellafield site. The monitoring results
indicate that there is likely to be no adverse impact on wildlife
in the sand dunes (Beresford et al., 2008).

The disposal permit allows for the discharge of leachate from
the site through a marine pipeline. These discharges are small
compared with those discharged from the nearby Sellafield
site (Appendix 2). Marine monitoring of the LLWR is therefore
subsumed within the Sellafield programme, described in
Section 2. The contribution to exposures due to LLWR
discharges is negligible compared with that attributable to
Sellafield and any effects of LLWR discharges in the marine
environment could not, in 2010, be distinguished from those
due to Sellafield. In 2010, the total transfers of solid waste
to the LLWR for disposal were generally less than those in 2009.

During 2010, the LLWR near Drigg reported some negative
figures for the disposal of solid low level waste by burial on
the site (Appendix 2). These negative figures reflect an exercise
undertaken in February 2010 in which a number of waste
containers were transferred from a disposal vault to a storage
vault, or to positions within a vault currently identified as for
storage only. Insufficient further waste was disposed of in the
disposal vault, during the remainder of 2010, to restore the
total radioactivity of some groups of radionuclides within this
vault to positive disposal figures. This resulted in negative overall
disposal figures during the year for the site. These transfers
were undertaken to optimise the limited remaining disposal
capacity for the receipt of ‘overweight’ containers in the
disposal vault. There remains the possibility that, should a permit
for further disposal not be granted, the stored containers (not
currently permitted for disposal) will be moved elsewhere for
storage or disposal. Such future movement of containers
could be problematic if ‘overweight’. Hence, the movement

Whitehaven

Drigg

Site

1817. Industrial and landfill sites

7. Industrial and landfill sites

Key points
LLWR, near Drigg
• Total transfers of solid radioactive waste to

the LLWR site near Drigg for disposal were
generally less in 2010

• Concentrations and dose rates at LLWR were
similar to those in 2009

• Doses near Drigg were dominated by the
effects of the legacy of discharges into the sea
at Sellafield and Whitehaven

Other sites
• Tritium found in leachate from other landfill

sites. Probably due to disposal of Gaseous
Tritium Light Devices. Doses were less than
0.5 per cent of dose limit

• The Studsvik Metals Recycling Facility
commenced operations as a new nuclear site
in September 2009, with its first full year of
operation during 2010. Discharges were all
low and within permitted limits.

• Enhancement in natural radionuclides at
Whitehaven from phosphate processing now
very difficult to detect, however the radiation
dose from the enhancement was estimated to
be 18 per cent of the dose limit

• Radium-226 contamination requires further
investigation near Dalgety Bay, Fife

• Discharges from other non-nuclear sites
(hospitals, universities etc.) were all within
limits set in regulations



of a number of containers has been, as far as possible, to a
location in the disposal vault where the need for their relocation
is much less likely.

Although the permit for disposal to the Drigg Stream has been
revoked, reassurance monitoring of samples of water and
sediment has continued. The results are given in Table 7.2.
The gross alpha and beta concentrations were below or close
to the WHO screening levels for drinking water from the
Drigg stream. Although the stream is not known to be used
as a source of drinking water, it is possible that occasional use
could occur, for example by campers. If the stream was used
as a drinking water supply for three weeks, the dose would
be less than 0.005 mSv. Concentrations of radionuclides in
sediment from the Drigg stream were similar to those for 2009.
They reflect the legacy of direct discharges of leachate from
the disposal site into the stream (BNFL, 2002). This practice
stopped in 1991.

In the past, groundwater from some of the trenches on the
LLWR site moved eastwards towards a railway drain along the
perimeter of the site. Radioactivity from the LLWR was detected
in the drain water. The previous operators of the site (BNFL)
took steps in the early 1990s to reduce ingress of water from
the trenches by building a “cut-off wall” to reduce lateral
migration of leachate. The results of monitoring in the drain
show that the activity concentrations are now very low and
have reduced significantly since the “cut-off wall” was
constructed. Both gross alpha and gross beta concentrations
were below or close to the relevant WHO screening limit.
Concentrations of tritium were close to the limit of detection.

The monitoring programme of terrestrial foodstuffs at the site
is primarily directed at the potential migration of radionuclides
from the waste burial site via groundwater. Results for 2010
are given in Table 7.2. Evidence in support of the proposition
that radioactivity in leachate from the LLWR might be
transferring to foods was very limited in 2010, as it was in
2009. In general, concentrations of radionuclides detected were
similar to or lower than those found near Sellafield (Section 2).
The total dose from all pathways and sources, including a
component due to Chernobyl and weapon test fallout, was
0.18 mSv, or 18 per cent of the dose limit for members of
the public of 1 mSv (Table 7.1). This is dominated by the effects
of the legacy of discharges into the sea at Sellafield and
Whitehaven, which are near to the LLWR site. If these effects
were to be excluded, and the sources of exposure from the
LLWR are considered, the people most exposed are represented
by adults spending time near the site. Their total dose in
2010 was 0.038 mSv (Table 1.2), mostly due to direct radiation.
Source specific assessments of exposures for consumers of
water from Drigg stream and of locally grown terrestrial food
were less than 0.012 mSv.

7.2 Other landfill sites

Some organisations are granted authorisations or permits by
SEPA in Scotland or the Environment Agency in England and
Wales respectively to dispose of solid wastes containing low
levels of radioactivity to approved landfill sites. Waste with

very low levels of radioactivity can also be disposed of in
general refuse. Radioactivity in wastes can migrate into
leachate and in some cases can enter the groundwater. SEPA
and the Environment Agency carry out monitoring of leachates.
The distribution of landfill sites considered in 2010 is shown
in Figure 7.1 and the results are presented in Tables 7.3 and
7.4. The programme in England and Wales reduced significantly
in 2007 because the data from the previous, larger programme,
collected over many years, showed that any enhancements
in concentrations were predictable and gave rise to doses of
very low significance. The remaining programme in England
and Wales constitutes continued monitoring in relation to sites
near Springfields where solid LLW has been disposed of, and
at a few other landfill sites where disposals of radioactive waste
are ongoing.

The results, in common with previous years, show very low
concentrations of caesium-137 in leachate and evidence for
migration of tritium from some of the discharge sites. The
reported tritium concentrations vary from year to year. The
variation is thought to be related to changes in rainfall quantity
and resulting leachate production and the use of different
boreholes for sampling. A possible source of the tritium is
thought to be due to disposal of Gaseous Tritium Light Devices
(Mobbs et al., 1998). Inadvertent ingestion of leachate (2.5 l per
year) from the site with the highest observed concentration
of tritium would result in a dose of less than 0.005 mSv or
less than 0.5 per cent of the dose limit for members of the
public of 1 mSv (Table 7.1).
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Figure 7.1. Landfill sites monitored in 2010



7.3 Metals Recycling Facility, Lillyhall,
Cumbria

The Metals Recycling Facility (MRF), operated by Studsvik UK
Limited, first commenced operations in September 2009. The
facility is located on the north-eastern edge of the Lillyhall
Industrial Estate, about 4 km south-east of Workington. The
main function of the MRF is to receive, sort, segregate,
monitor and size reduce metallic low level radioactive waste
(LLW) before either treat ing it on site by surface
decontamination, or sending the metal to a sister plant in
Sweden for melting. The intent of the process is, as far as
possible, to decontaminate the metal, such that it can be
returned to the open market as exempt from control as

radioactive waste, for recycling. Secondary wastes from the
metal treatment containing radioactivity, as either LLW or
very low level waste (VLLW), are disposed of to the LLWR or
to landfills.

A permit for disposal of radioactive waste from the site was
issued by the Environment Agency in March 2008, although
no radioactive waste disposals were made until September
2009. The permit allows discharges of gaseous waste to the
environment via a main stack and aqueous waste to the
sewer. Low discharge limits are set for both aqueous and
gaseous discharges, and discharges during 2010 were well
below the limits (Appendix 2). Transfer of LLW to the LLWR
and VLLW to landfills, along with normal refuse for the
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Figure 7.2. Polonium-210 discharge from Whitehaven and concentration in winkles at Parton,
1990-2010

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
0

100

200

G
B

q

Discharge

Winkles

range of
natural levels

maximum

median
minimum

B
q

kg
-1

(f
re

sh
)

60

40

20

0

Figure 7.3. Polonium-210 discharge from Whitehaven and concentration in crabs at Parton,
1990-2010
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purposes of disposal, is also allowed by the permit. No transfers
were made during 2010. The permit includes conditions
requiring Studsvik UK Ltd to monitor discharges and undertake
environmental monitoring.

7.4 Phosphate processing,
Whitehaven, Cumbria

Prev ious surveys
(Rollo et al., 1992)
have established that
an important man-
made sou rce o f
naturally-occurring
radionuclides in the
marine environment
ha s been the
chemical plant at
Wh i t ehaven in
Cumbria, which used
to manu fa c tu re

phosphor i c ac id f rom impor ted phosphate ore .
Phosphogypsum, containing thorium, uranium and their
daughter products, was discharged as a liquid slurry by pipeline
to Saltom Bay. Processing of phosphate ore ceased in 1992
and processing of phosphoric acid at the plant ceased at the
end of 2001. However, there is an environmental legacy from
past operations. Such sources are said to give rise to
technologically enhanced naturally-occurring radioactive
material (TNORM). Decommissioning of the plant was
undertaken in 2002 and released small quantities of uranium
to sea, but discharges were very much lower than in previous
years. The plant was subsequently demolished in 2004 and
the permit to discharge radioactive wastes revoked by the
Environment Agency.

The results of routine monitoring for naturally-occurring
radioactivity near the site in 2010 are shown in Table 7.5.
Analytical effort has focused on lead-210 and polonium-210,
which concentrate in marine species and are the important

radionuclides in terms of potential dose to the public.
Concentrations of polonium-210 and other naturally-occurring
radionuclides are slightly enhanced near Whitehaven but
quickly reduce to background levels further away. Figures
7.2 and 7.3 show how concentrations of polonium-210 in
winkles and crabs have decreased since 1998. Concentrations
in the early 1990s were in excess of 100 Bq kg-1 (fresh weight).
There were small decreases in concentrations of polonium-210
in local samples in 2010 compared with 2009. However, the
changes were small and taking into account the ranges of
values observed, it is now difficult to distinguish between the
total naturally-occurring radionuclide concentrations and the
range of concentrations normally expected from naturally
sourced radioactivity. These are shown in Figures 7.2 and 7.3
and in Appendix 1 (Annex 4). There were small enhancements
for some samples above the expected natural background
median levels for marine species, but the majority were within
the ranges observed in the undisturbed marine environment.
It is nevertheless considered prudent to continue to estimate
doses based on the difference between observed
concentrations and median levels indicative of natural
background.

The critical radiation exposure pathway is internal irradiation,
due to the ingestion of naturally-occurring radioactivity in local
fish and shellfish. Centred on the Sellafield site to the south
of Whitehaven, the group includes people with habits relating
to the immediate area around Whitehaven, including Saltom
Bay and Parton. It is identical to the group used to assess the
impact of the Sellafield site (Section 2). An additional, smaller
group limited to the immediate area around Saltom Bay is no
longer assessed separately because the larger group provides
adequate protection and a more robust assessment. The
estimated contribution due to background median
concentrations of naturally-occurring radionuclides has been
subtracted. Consumption rates for people who eat at high-
rates were reviewed and revised in 2010. The dose coefficient
for polonium-210 is based on a value of the gut transfer
factor of 0.5 for all foods.

Workington

Whitehaven

Site

Saltom
Bay
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The total dose to local high rate consumers of molluscs was
0.18 mSv in 2010 (Table 7.1), below the dose limit for members
of the public of 1 mSv and a decrease from the estimate for
2009 of 0.28 mSv. The decrease was largely due to small
decreases in concentrations of polonium-210 in seafood
though changes in consumption rates also had an effect.
The dose includes the effects of all sources near the site,
enhanced naturally-occurring radionuclides from the non-
nuclear industrial activity (i.e. TNORM), and Sellafield operations.
The source specific assessment of dose, targeted directly at
high-rate seafood consumers confirmed the total dose
assessment and gave a similar result, 0.26 mSv. The contribution
to the total dose from enhanced natural radionuclides was
0.047 mSv in 2010, compared with 0.14 mSv in 2009. The
change was largely due to the reductions in concentrations
of polonium-210 in seafood.

7.5 Aberdeen

Enhancement of naturally-occurring radionuclides in the
marine environment may also result from operations conducted
by Scotoil in Aberdeen. The company operates a cleaning facility
for equipment from the oil and gas industry contaminated with
enhanced concentrations of radionuclides of natural origin.
Prior to these operations, a fertiliser manufacturing process
was operated on the site, which made discharges to sea. Scotoil
is authorised by SEPA to discharge small amounts of radioactive
waste to the sea near Aberdeen Harbour. The authorisation
includes conditions requiring Scotoil to undertake
environmental monitoring. The primary discharge is of
radium-226 and radium-228, with lead-210 and polonium-210
in smaller quantities. Following a review of the authorisation
held by Scotoil, SEPA issued a variation notice requiring a range
of improvements. The variation notice which required use of
the discharge pipeline to cease by December 2008 was
appealed by Scotoil in 2007.

Following a public inquiry in March and April 2008 to consider
the appeal made by Scotoil, Scottish Ministers announced their
decision, based on the Reporter’s recommendations, in October
2008. The main outcome of the decision is that the discharge
of solid radioactive waste into the sea must cease by October
2011.

Scotoil is currently developing a waste treatment facility for
the solidification of radioactive waste prior to the cessation
of their discharges into the sea.

7.6 Dalgety Bay, Fife

Radioactive items containing radium-226 and associated
daughter products have been detected in Dalgety Bay in Fife
since at least 1990. Contamination is likely to be due to past
military operations at the Royal Naval Air Station (RNAS)
Donibristle, which closed in 1959. The air station played a role
as an aircraft repair, refitting and salvage yard. It is believed
that waste was incinerated and the resultant ash and clinker
was disposed of in an area of ground that, as a result of erosion,
is now exposed and adjacent to the foreshore. Some of the

incinerated material contained items which had been painted
with luminous paint containing radium-226.

In June 1990, environmental monitoring showed elevated
radiation levels in the Dalgety Bay area. The monitoring was
undertaken as part of the routine environmental monitoring
programme for Rosyth Royal Dockyard conducted in
accordance with the dockyard’s authorisation to dispose of
liquid radioactive effluent to the Firth of Forth. Some material
was removed for analysis, which indicated the presence of
radium-226. Further investigation confirmed that the
contamination could not have originated from the dockyard
and was most likely to be associated with past practices
related to the nearby former RNAS Donibristle/HMS Merlin
military airfield. Since this initial discovery, there have been
several monitoring exercises to determine the extent of this
contamination.

The data from a monitoring exercise, conducted during March
2006, was used to undertake a screening risk assessment. The
monitoring survey report and screening risk assessment have
been published (RWE Nukem, 2006; Scottish Environment
Protection Agency, 2006). The screening risk assessment
considered the range of activities of radium-226 in samples
removed from the beach, the likelihood of encountering such
items and various modes of exposure - ingestion, inhalation
and external exposure.

More recently, further studies have been undertaken by the
MoD (Male and Jones, 2008). Their study included sampling,
measurement and assessment in parts of the beach and
residential area. The results were compared to the 3 mSv per
year criterion recommended for use in relation to radioactively
contaminated land (Department for Environment, Food and
Rural Affairs, 2006b). The results showed that contamination
at two residential properties could lead to exposures in excess
of 3 mSv per year.

In 2010, SEPA conducted further work on the potential
solubility and doses which could be received from a source
present on the beach at Dalgety Bay should it be ingested,
together with work on the potential doses which could occur
from skin contact. Both reports will be available at:
http://www.sepa.org.uk/radioactive_substances/publications/da
lgety_bay_reports.aspx

This study reports that there is low potential of a skin burn
being received following exposure to a source, although if a
source were to be ingested it could result in a dose in excess
of 100 mSv to young infants.

The scheduled monitoring programme undertaken by Defence
Estates (now the Defence Infrastructure Organisation (DIO))
came to a conclusion in 2010 and SEPA considered in the
absence of such a programme whether further actions were
needed to protect the public from the radioactive sources
present on the beach. As sources which could give significant
doses to members of the public were still being recovered from
the beach, SEPA concluded that a further programme of
monitoring and retrieval was needed coupled with the
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continued presence of signs to provide information to the public
on the hazards present. Following discussions with SEPA, the
DIO has agreed to undertake a further programme of
monitoring and recovery. The DIO has also agreed to support
the work of SEPA in attempting to determine the primary source
of the contamination which continues to re-populate the
beach; this work will be reported in the next RIFE report.

7.7 Other non-nuclear sites

Routine discharges of small quantities of radioactive wastes
to air and water are made from a wide range of other
non-nuclear sites in the UK on land, and from offshore oil and
gas installations.

A summary of the most recent data for the quantities
discharged under regulation is given in Tables 7.6 and 7.7.
The data are grouped according to the main industries giving
rise to such wastes in the UK and exclude information for other
industries considered in other sections of this report, principally
the nuclear sector. The main industries are:

• Oil and gas (on-shore)
• Oil and gas (off-shore)
• Education (Universities and Colleges)
• Hospitals
• Other (research, manufacturing and public sector)

Discharges may also occur without an authorisation or permit
when the quantities are considered to be below the need for
specific regulatory control. For example discharges of natural
radionuclides are made from coal-fired power stations because
of the presence of trace quantities of uranium and thorium
and their decay products in coal.

As indicated in Section 1, general monitoring of the British
Isles as reported elsewhere in this report has not detected any
gross effects from non-nuclear sources. Occasionally, routine
programmes directed at nuclear site operations detect the
effects of discharges from the non-nuclear sector and, when
this occurs, a comment is made in the relevant nuclear site
text. The radiological impact of the radioactivity from the
non-nuclear sector detected inadvertently in this way is very
low.

Monitoring of the effects of the non-nuclear sector is not
undertaken routinely because of the relatively low impact of
the discharges. However, ad hoc programmes are carried out
to confirm that impacts are low and, when these occur, they
are described in this report.

In 2010, SEPA undertook a small-scale survey (as part of the
annual programme) of the effects of discharges from
non-nuclear operators by taking and analysing samples of
mussels and other materials in the River Clyde. The results in
marine samples show the expected effects of Sellafield
discharges at this distance (Table 7.8). The results were similar
to those in 2009. An assessment of the dose to a hypothetical
group of high-rate mollusc consumers was undertaken. The
dose was less than 0.005 mSv or less than 0.5 per cent of the
dose limit.

In 2010, SEPA also responded to public concern over potential
radium contamination at an intertidal area in the Firth of
Forth. SEPA believed the reported "blue glow" to be a natural
phenomenon of bioluminescence phytoplankton (Noctiluca
scintillans). The algae could not be sampled due to the time
delay in contacting SEPA; however a dose rate measurement
and sediment sample confirmed that there was no significant
radiological hazard present on the beach. The dose rate was
0.061 µGy h-1 and the concentrations of caesium-137,
europium-155 and americium-241 were 24, 1.7 and 2.0 Bq kg-1

(dry), respectively.
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Table 7.1. Individual radiation exposures - industrial and landfill sites, 2010

Site Exposed Exposure, mSv per year
populationa,d

Total Seafood Seafood Other External Intakes of
(nuclear (other local food radiation sediment
industry discharges) from and water
discharges) intertidal

areas

Total dose -
all sources

Sellafield,
Whitehaven
and LLWR Adult mollusc consumers 0.18c 0.13 0.047 <0.005 0.009 -

Source specific -
doses

LLWR near Drigg Consumers of locally grown foodb 0.012 - - 0.012 - -
Consumers of water from
Drigg stream <0.005 - - - - <0.005

Landfill sites Inadvertent leachate consumersb <0.005 - - - - <0.005
for low-level
radioactive wastes

Whitehaven Seafood consumersc 0.26 0.15 0.082 - 0.031 -
(habits averaged
2006-10)

a The total dose is the dose which accounts for all sources including gaseous and liquid discharges and direct radiation.
The total dose for the representative person with the highest dose is presented.
Other dose values are presented for specific sources, either liquid discharges or gaseous discharges, and their associated pathways.
They serve as a check on the validity of the total dose assessment.
Adults are the most exposed group unless otherwise stated

b Children aged 1y
c Includes the effects of discharges from the adjacent Sellafield site
d None of the people represented in this table were considered to receive direct radiation from the site
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Table 7.2. Concentrations of radionuclides in terrestrial food and the environment near Drigg, 2010

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

or selectiona sampling
observ-
ationsc 3H 14C 60Co 90Sr 95Zr 95Nb 99Tc 106Ru 125Sb

Milk 1 <4.5 13 <0.19 0.076 <0.32 <0.24 <0.0030 <1.1 <0.33
Blackberries 1 <4.0 14 <0.10 0.16 <0.30 <0.20 <1.1 <0.50
Cabbage 1 <5.0 <3.0 <0.20 0.52 <0.20 <0.20 <0.021 <0.60 <0.30
Deer muscle 1 <5.0 19 <0.20 0.019 <0.30 <0.20 <0.021 <0.60 <0.20
Eggs 1 6.0 42 <0.20 0.021 <0.40 <0.20 <1.2 <0.60
Pheasants 1 <6.0 29 <0.20 <0.0070 <0.30 <0.20 <0.029 <1.4 <0.20
Potatoes 1 <5.0 13 <0.10 0.023 <0.30 <0.20 <0.026 <1.4 <0.30
Sheep muscle 1 7.0 22 <0.20 0.029 <0.20 <0.10 <0.024 <1.1 <0.20
Sheep offal 1 <8.0 <10 <0.10 0.66 <0.30 <0.10 <0.020 <0.80 <0.40
Swede 1 6.0 7.0 <0.30 0.33 <0.40 <0.20 <1.8 <0.40
Grass 2 0.10
Grass max 0.19
Sediment Drigg Stream 4E <1.6 <7.3 <1.6 <0.64 <7.5 <3.9
Freshwater Drigg Stream 4E <5.7 <0.31 <0.10
Freshwater Railway Drain 1E 13 <0.25 1.2

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

or selectiona sampling
observ- Total
ationsc 129I 134Cs 137Cs Cs 144Ce 210Po 228Th 230Th 232Th

Milk 1 <0.0075 <0.18 <0.18 <0.73
Blackberries 1 <0.026 0.073 <0.80
Cabbage 1 <0.020 0.15 <0.50
Deer muscle 1 <0.041 2.4 <0.70
Eggs 1 <0.030 0.15 <1.4
Pheasants 1 <0.032 0.26 <0.50
Potatoes 1 <0.027 0.43 <0.80
Sheep muscle 1 <0.027 0.64 <0.70
Sheep offal 1 <0.024 0.40 <0.50
Swede 1 <0.026 0.52 <0.90
Sediment Drigg Stream 4E <0.84 650 <4.0 19 20 21 16
Freshwater Drigg Stream 4E <0.29 <0.26 <0.016 <0.0093 <0.0050 <0.0043
Freshwater Railway Drain 1E <0.24 <0.21 <0.0060 <0.0050 <0.0060 <0.0050

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

or selectiona sampling
observ- 239Pu+ Gross Gross
ationsc 234U 235U 238U 238Pu 240Pu 241Pu 241Am alpha beta

Milk 1 <0.00010 <0.00028 <0.026 0.00035
Blackberries 1 <0.00010 0.00020 <0.052 0.0010
Cabbage 1 <0.00010 <0.00020 <0.045 0.00070
Deer muscle 1 <0.00010 <0.00020 <0.063 0.00020
Eggs 1 <0.00010 <0.00010 <0.040 0.00020
Pheasants 1 <0.00010 0.00020 <0.067 0.00010
Potatoes 1 <0.00010 <0.00020 <0.049 0.00020
Sheep muscle 1 <0.00020 0.0017 <0.077 0.0025
Sheep offal 1 0.0078 0.043 0.24 0.059
Swede 1 0.00010 <0.00020 <0.050 0.00050
Grass 2 0.015 <0.00065 0.016
Grass max 0.022 <0.00070 0.022
Soil 1 11 0.43 10
Sediment Drigg Stream 4E 110 <4.0 93 38 220 1400 340 980 2100
Freshwater Drigg Stream 4E <0.016 <0.0063 0.011 <0.0078 <0.0063 <0.55 <0.015 <0.053 0.63
Freshwater Railway Drain 1E 0.024 <0.0050 0.022 <0.0070 0.0060 <0.20 <0.030 <0.20 5.7

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 Except for milk and freshwater where units are Bq l-1, and for sediment where dry concentrations apply
c 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 7.3. Concentrations of radionuclides in surface water leachate from landfill sites in Scotland, 2010

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

sampling
observ-
ations 3H 14C 137Cs 241Am

Aberdeen City Ness Tip 1 24 <15 <0.05 <0.05
City of Glasgow Summerston Tip 1 230 <15 <0.05 <0.05
City of Glasgow Cathkin 1 490 <15 <0.05 <0.05
Clackmannanshire Black Devon 1 22 <15 <0.05 <0.05
Dunbartonshire Birdstone 1 <5.0 <15 <0.05 <0.05
Dundee City Riverside 1 14 <15 <0.05 <0.05
Edinburgh Braehead 1 <2.5 <15 <0.05 <0.05
Fife Balbarton 1 67 <15 <0.05 <0.05
Fife Melville Wood 1 47 <15 <0.05 <0.05
Highland Longman Tip 1 <2.5 <15 <0.05 <0.05
North Lanarkshire Dalmacoulter 1 100 <15 <0.05 <0.05
North Lanarkshire Kilgarth 1 <5.0 <15 <0.05 <0.05
Stirling Lower Polmaise 1 220 <15 <0.05 <0.05

Table 7.4. Concentrations of radionuclides in water from landfill sites in England and Wales, 2010

Location Sample No. of Mean radioactivity concentration, Bq kg-1

source sampling
observ-
ations 3H 3Ha 14C 40K 60Co 137Cs 228Th

Glamorgan
Trecatti Landfill,
Merthyr Tydfil Raw Leachate 2 360 310 <3.8

Trecatti Landfill,
Merthyr Tydfil Treated leachate 2 360 370 <4.2

Lancashire
Clifton Marsh Borehole 6 2 9.3 <6.2 <0.29 <0.24 <0.010
Clifton Marsh Borehole 19 2 <5.0 <8.3 <0.33 <0.27 <0.0070
Clifton Marsh Borehole 40 2 <4.3 <5.3 <0.24 <0.20 <0.012
Clifton Marsh Borehole 59 2 11 <5.3 <0.25 <0.20 <0.0060
Ulnes Walton Pond 1 <2.8 <11 <0.45 <0.34 <0.0070

South Glamorgan
Lamby Way Tipb Borehole 1A 2 23 <5.4 <6.3 <0.30 <0.24

Location Sample No. of Mean radioactivity concentration, Bq kg-1

source sampling
observ- Gross Gross
ations 230Th 232Th 234U 235U 238U alpha beta

Lancashire
Clifton Marsh Borehole 6 2 <0.0050 <0.0050 0.026 <0.0050 0.023 <0.25 5.3
Clifton Marsh Borehole 19 2 <0.0050 <0.0050 0.047 <0.0065 0.041 <0.35 2.8
Clifton Marsh Borehole 40 2 <0.0050 <0.0050 0.0085 <0.0050 0.0065 <0.085 1.4
Clifton Marsh Borehole 59 2 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.25 2.3
Ulnes Walton Pond 1 <0.0050 <0.0050 0.069 <0.0070 0.071 0.15 0.48

South Glamorgan
Lamby Way Tipb Borehole 1A 2 <1.1 1.7

a As tritiated water
b The concentrations of 125I and 131I were <2.2 and <1.9 Bq l-1 respectively
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Table 7.5. Concentrations of naturally occurring radionuclides in the environment, 2010

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

sampling
observ-
ations 210Po 210Pb 228Th 230Th 232Th 234U 235U 238U

Phosphate processing, Whitehaven
Winkles Saltom Bay 4 12 0.91
Winkles Parton 4 15 1.4 0.63 0.82 0.38 1.6 0.054 1.4
Winkles North Harrington 1 19
Winkles Nethertown 4 17
Winkles Drigg 1 1.1 1.1 0.81
Winkles Tarn Bay 1 11
Mussels Parton 4 39 1.1
Mussels Nethertown 4 34 2.9
Limpets St Bees 2 15
Cockles Ravenglass 2 24
Crabs Parton 4 17 0.12 0.097 0.019 0.0073 0.066 0.0021 0.059
Crabs Sellafield coastal area 4 11 0.15
Lobsters Parton 4 6.8 0.12 0.040 0.0075 0.0035 0.043 0.0018 0.037
Lobsters Sellafield coastal area 4 12 0.063
Cod Parton 2 0.62 0.23 0.021 0.0033 0.0013 0.0065 <0.00027 0.0052
Dab Whitehaven 1 1.7

Other samples
Winkles South Gare (Hartlepool) 2 8.6 0.78
Winkles Kirkcudbright 1 3.2
Mussels Ribble Estuary 2 0.23 0.58 0.11
Cockles Southern North Sea 1 0.56 0.26 0.42
Cockles Flookburgh 1 13
Scallops Kirkcudbright 1 1.9
Crabs Kirkcudbright 1 3.9
Lobsters Kirkcudbright 1 1.7
Shrimps Ribble Estuary 2 0.0056 0.0052 0.0011
Wild fowl Ribble Estuary 1 0.0048 0.0033 0.0014
Seaweed Isle of Man 1 1.8 <0.22 1.4
Sediment Kirkcudbright 1 11 0.54 11

a Except for sediment where dry concentrations apply

Table 7.6. Discharges of gaseous radioactive wastes from non-nuclear establishments in the United
Kingdom, 2009a

Discharges during 2009, GBq

Education (Universities and Colleges) Hospitals Other (Research,
manufacturing and
public sector)

England Northern England Northern England Northern
and Wales Ireland Scotland and Wales Ireland Scotland and Wales Ireland

3H 1.1E-01 1.1E+03
14C 4.7E-03 5.3E-03 1.3E+03 9.2E-03
18F 1.9E+02 3.4E+01
35S 2.3E-05 2.2E-01
85Kr 1.4E-01
99mTc 1.4E+00
125I 2.7E-05 5.6E-02 2.6E-01
129I 3.6E-05
131I 5.4E-01 9.2E-02
137Cs 4.8E-09
222Rn 2.0E+00
Plutonium Alpha 2.4E-07
Uranium Alpha 1.2E-10
241Am 4.4E-07
Other Alpha particulate 8.6E+01
Other Beta/Gamma 3.1E+02
Other Beta/Gamma Particulate 9.6E+02 3.1E+00 3.2E-01 2.0E+00 1.7E+04

a Excludes nuclear power, defence and radiochemical manufacturing (Amersham and Cardiff) industries. Excludes discharges which are
exempt from reporting. Northern Ireland discharge data refers to 2010
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Table 7.7. Discharges of liquid radioactive waste from non-nuclear establishments in the United Kingdom,
2009a

Discharges during 2009, TBq

Education Hospitals Other Oil and Oil and
(Universities and Colleges) (Research, manufacturing gas gas

and public sector) (onshore) (offshore)

England Northern Scotland England Northern Scotland England Scotland Northern Scotland Scotland
and Wales Ireland and Wales Ireland and Wales Ireland

3H 3.7E-02 2.6E-05 5.4E-04 4.4E-04 2.5E-01
14C 5.0E-03 6.7E-06 1.3E-03 8.3E-04 5.5E-01 4.1E-03 5.7E-03
18F 5.2E-01 6.2E-02 1.7E+00 2.3E-01 2.5E-01 9.6E-01
22Na 3.7E-07 4.0E-09 8.6E-10
32P 2.3E-02 9.6E-05 3.3E-03 7.1E-03 2.8E-05 1.2E-03 1.0E-02 5.6E-04
33P 1.5E-03 4.0E-09 1.3E-02 6.0E-03 1.4E-02
35S 3.2E-02 3.0E-04 2.9E-03 3.0E-03 7.0E-03 4.3E-04
51Cr 7.3E-03 5.6E-05 4.5E-02 5.1E-04 3.2E-03 1.1E-03
57Co 3.2E-05 2.1E-09
58Co 1.3E-06 7.1E-07
60Co 2.1E-09 2.0E-07
67Ga 2.3E-02 2.2E-04 8.7E-04 1.7E-04
75Se 3.6E-05 8.0E-04 1.2E-05 6.8E-06
89Sr 2.0E-02 5.9E-03 1.4E-04
90Sr 4.0E-09 1.7E-07
90Y 3.3E-07 3.6E-01 4.0E-06
99Tc 7.8E-06 8.6E-01
99mTc 1.6E-03 5.3E+01 1.5E+00 5.0E+00 5.8E-01
106Ru 1.9E-04 3.5E-08
111In 3.0E-03 3.1E-01 7.6E-03 3.4E-02 4.5E-03
123I 9.6E-01 5.8E-02 1.4E-01 1.1E-02
125Sb 3.8E-09
125I 3.0E-03 1.2E-04 6.2E-04 1.8E-03 3.2E-05 6.3E-02 5.0E-05
129I 1.3E-07
131I 4.6E-04 3.8E-03 8.9E+00 1.3E-02 1.1E+00 1.6E-01
134Cs 1.6E-07
137Cs 2.8E-05 1.8E-05 2.3E-05
144Ce 7.4E-11
153Sm 4.7E-02
201Tl 1.8E-01 3.2E-03 2.6E-02 3.5E-04
232Th 4.3E-03
Plutonium Alpha 1.8E-05 2.2E-06
Uranium Alpha 6.1E-07 7.9E-03
237Np 1.2E-07
241Am 5.0E-09 7.7E-07
241Pu 4.4E-06
Total Alpha 2.4E-05 2.0E-03 2.9E-02 1.3E-02 7.8E-03
Total Beta/Gamma
(Excl Tritium) 6.3E-01 8.9E-02 5.3E+01 6.6E+00 1.4E+00 5.4E-03 8.7E-03 3.7E-03

Other Alpha
particulate 2.9E-10 1.7E-05 1.3E-04

Other Beta/
Gammab 1.2E-02 2.8E-05 4.0E-01 1.0E-07 9.0E-04 4.9E-02

Other Beta/
Gamma particulate 9.3E-03

a Excludes nuclear power, defence and radiochemical manufacturing (Amersham and Cardiff) industries. Excludes discharges which are
exempt from reporting. Northern Ireland discharge data refers to 2010

b Excluding specific radionuclides
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Table 7.8. Monitoring in the River Clyde, 2010a

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

sampling
observ-
ations 3H 14C 90Sr 99Tc 125Sb

Between Finlaystone and Woodhall Mussels 1 37 5.2 <0.27
Between Finlaystone and Woodhall Fucus vesiculosus 1 160 <0.10
14 km downstream of Dalmuir Sediment 1 <15 0.64
Downstream of Dalmuir Freshwater 4 <0.10
River Clyde Freshwater 4 <1.1 <0.0050

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

sampling
observ- Gross
ations 137Cs 155Eu 241Am beta

Between Finlaystone and Woodhall Mussels 1 0.30 <0.24 <0.15
Between Finlaystone and Woodhall Fucus vesiculosus 1 1.8 0.10 <0.10
14 km downstream of Dalmuir Sediment 1 44 1.6 1.8
Downstream of Dalmuir Freshwater 4 <0.10 <0.10 <0.10
River Clyde Freshwater 4 <0.10 0.96

a Results are available for other radionuclides detected by gamma spectrometry,
All such results are less than the limit of detection

b Except for water where units are Bq l-1, and sediment where dry concentrations apply
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8. Chernobyl and regional monitoring

8.1 Chernobyl

25 years ago the Chernobyl accident occurred in April 1986,
in the former USSR (now Ukraine). After the accident,
radiocaesium was detected in sheep grazing certain upland
areas in the UK, which were subjected to heavy rainfall in the
days following the accident. Restrictions were put in place on
the movement, sale and slaughter of sheep from the affected
areas, in order to prevent animals from entering the food chain
above the action level of 1,000 Bq kg-1 of radiocaesium, a level
based on the recommendations of an EU expert committee
in 1986.

A programme of monitoring live animals, known as the Mark
and Release Scheme, ensures that food safety is protected,
whilst allowing established sheep farming practices to continue.
A farmer wishing to move sheep out of a restricted area must
have them tested using an external radiation monitor held
against the sheep. Any sheep assessed to have levels of
radiocaesium exceeding the limit of 1,000 Bq kg-1 is marked
on the back of the head with coloured paint. Painted sheep
may be moved off restricted areas, but cannot be sold to
slaughter nor returned to the restricted areas for a minimum
of three months, which allows time for the radiocaesium to
pass out of the body. Results of the Mark and Release
monitoring programme for 2010 are given in Table 8.1.

The Food Standards Agency is reviewing these controls to assess
whether these protective measures are still required to maintain
food safety. The review will include an assessment of the risk
to consumers and the potential radiation dose by looking at
levels of radiocaesium and peoples’ consumption patterns.
Sheep monitoring surveys during the summers of 2010 and
2011 in England and Wales will provide data to inform this
assessment.

There have been substantial reductions in the number of
farms under restriction since 1986 (Figure 8.1). In January 2010,
there remained a total of 340 farms or part farms (8 in
England, 2 in Scotland and 330 in Wales) subject to restrictions.
There are approximately 190,000 sheep within these restricted
areas. This represents a reduction of over 95 per cent since
1986, when approximately 9,700 farms and 4,225,000 sheep
were under restriction across the UK. All remaining restrictions
in Northern Ireland were lifted in 2000. In Scotland, restrictions
for the two remaining farms were lifted in 2010, although
one farm has a conditional consent to ensure sheep are
clean-grazed prior to sale or slaughter.

Sampling locations for freshwater fish affected by Chernobyl
are now limited to Cumbria in England, which had areas of
relatively high deposition of fallout from the accident. Samples
from areas of low deposition in England were also obtained

for comparison. Table 8.2 presents concentrations of
caesium-134 and caesium-137 in fish. Other artificial
radionuclides from the Chernobyl accident are no longer
detectable. In 2010, the highest concentration of caesium-137
was 130 Bq kg-1 in perch from Devoke Water, up from
87 Bq kg-1 in 2009. This apparent change is based on
observations of single samples and is most likely to be due
to sample variability. Levels in fish from other locations were
generally similar to those in recent years, and substantially less
(by an order of magnitude) than the 1,000 Bq kg-1 level
reached shortly after the accident. Caesium-134 concentrations
were below detection limits in all samples. The long-term trend
of radiocaesium in freshwater fish has been reviewed (Smith
et al., 2000) and the effective ecological half-life of
radiocaesium during the late 1990s has been shown to be
between six and 30 years. Monitoring results for Devoke
Water for perch and trout, over the period 1986 – 2010, are
shown in Figure 8.2.

Key points
• Contamination of sheep and fish with

caesium-137 from Chernobyl remains evident
but is decreasing. Concentrations in fish are
now less than 10 per cent of those observed in
the immediate aftermath of the accident

• Monitoring and assessment was increased in
2011 because of the Fukushima-Daiichi nuclear
power station incident in Japan

• Sampling of marine biota from the Channel
Islands continued to monitor possible effects
from French nuclear facilities discharging
radioactivity into the English Channel. Doses
were less than 1 per cent of the limit

• Monitoring in Northern Ireland and the Isle of
Man showed low concentrations of man-made
radionuclides from Sellafield and other UK
nuclear facilities. Doses were approximately
1 per cent of the dose limit

• Samples from the UK food supply, air, rain and
drinking water were analysed. Natural
radionuclides dominated the doses due to
consumption of general diet and drinking
water

• Surveys of seas around the UK supported
international assessments for the OSPAR
Treaty and showed the extent of tritium and
caesium-137 contamination. In the North Sea,
caesium-137 concentrations showed a
decrease over concentrations reported in 2008
from Chernobyl input
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A cautious assessment has been made of the dose from
consuming fish contaminated with radiocaesium following the
Chernobyl accident. A consumption rate of 37 kg per year,
sustained for one year, was taken to be an upper estimate
for adults subject to the highest exposures. Actual exposures
are likely to be much lower, not only because this consumption
rate is higher than expected (Leonard et al., 1990) but also
because, in practice, hatchery-reared or farmed fish are likely
to contribute most to the diet and have a much lower
radiocaesium concentration. In 2010, estimated doses were
less than 0.1 mSv.

8.2 Fukushima-Daiichi

On 11 March 2011, a serious nuclear accident occurred at the
Fukushima-Daiichi site in north-eastern Japan, following the
Tohuku earthquake and consequent tsunami. Large amounts
of radioactivity were released to air and the sea. In terms of
protection of UK citizens, the UK Government, together with
the responsible agencies, reacted quickly, and made an
assessment of risks and introduced several measures to help
minimise risks to people.

These included advice to UK citizens in Japan:

• To stay away from a large area around the site
• Not to eat locally produced food
• On keeping and disposing of contaminated items

and also actions taken in the UK:

• Introduction of controls on importation of food into the
UK

• Increased monitoring following positive detection of
radionuclides in air across the UK, with measurements of
air, rain, grass and food in the UK to check for the effects
of atmospheric transport and deposition from Japan

The resu l t s of increased moni tor ing in Scot land
have been pub l i s hed on the SEPA webs i t e
(http://www.sepa.org.uk/radioactive_substances/publications/
other_reports.aspx). Related monitoring results for the UK will
be published in RIFE next year. Small amounts of iodine-131
from the Fukushima-Daiichi nuclear power station were
detected in air, rain and food. The concentrations measured
meant there was no risk to public health from contamination
detected in the UK and the monitoring returned to routine
frequency in July 2011. No contamination of food at points
of entry into the UK had been detected by the time of writing
this report (July 2011).

8.3 Channel Islands

Samples of marine environmental materials provided by the
Channel Island States have been analysed for levels of
radioactivity. The programme monitors the effects of radioactive
discharges from the French reprocessing plant at Cap de la
Hague and the power station at Flamanville; it also serves to
monitor any effects of historical disposals of radioactive waste
in the Hurd Deep, a natural trough in the western English
Channel. Fish and shellfish are monitored in order to determine

Figure 8.1. Numbers of farm holdings under restriction, 1986-2010
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exposure from the internal irradiation pathway; sediment is
analysed with relevance to external exposures. Seawater and
seaweeds are sampled as environmental indicator materials
and, in the latter case, because of their use as fertilisers.

Analysis results for 2010 are given in Table 8.3. There was
evidence of routine releases from the nuclear industry in
some samples (cobalt-60 and technetium-99); however, activity
concentrations in fish and shellfish were low and similar to
those in previous years. Apportionment to different sources,
including weapon test fallout, is difficult in view of the low
levels detected. No evidence for significant releases of activity
from the Hurd Deep site was found.

An assessment of the dose to people who consume high-rates
of fish and shellfish was undertaken, and in 2010 they were
estimated to receive less than 0.005 mSv, which is 0.5 per cent
of the dose limit for members of the public. The assessment
included a contribution from external exposure. The
concentrations of artificial radionuclides in the marine
environment of the Channel Islands and the effects of
discharges from local sources, therefore, continued to be of
negligible radiological significance.

Milk and crop samples from the Channel Islands were also
analysed. The results are included in Tables 8.7 and 8.8,
respectively, and form part of the programmes considered in
Sections 8.7 and 8.8.

8.4 Isle of Man

The Food Standards Agency carries out an on-going
programme of radioactivity monitoring on behalf of the
Department of Environment, Food and Agriculture on the Isle
of Man for a range of terrestrial foodstuffs (Table 8.4). The
results complement the Isle of Man Government’s own
independen t r ad i a t i on mon i to r i ng p rog ramme

(www.gov.im/dlge/enviro/govlabs) and provide a comprehensive
assessment of environmental radioactivity levels on the Isle
of Man. Results of aquatic monitoring are presented in Section
2 because of their significance in relation to Sellafield, but are
also included here for completeness (Table 8.4).

Radioactivity monitoring on the island serves two purposes:
first to monitor the continuing effects of radiocaesium
deposition resulting from the Chernobyl accident in 1986; and
second to respond to public concern over the effects of the
nuclear industry. The potential sources of exposure from the
UK nuclear industry are: (i) liquid discharges into the Irish Sea
and sea-to-land transfer; and (ii) gaseous discharges of tritium,
carbon-14 and sulphur-35 and atmospheric transport.

Many of the analyses conducted showed that levels of
radionuclides were below the limit of detection of the method
used. Carbon-14 concentrations were similar to those expected
from natural background, and concentrations of sulphur-35,
strontium-90, radiocaesium, plutonium isotopes and
americium-241 detected in local milk and crops were all
similar to the values observed in the regional networks of UK
dairies and crop sampling locations remote from nuclear sites.
The results demonstrate that there was no significant impact
on Manx foodstuffs from operation of mainland nuclear
installations in 2010.

Radiation doses to people on the Isle of Man from different
exposure pathways are given in Table 2.18. The dose to local
people from high-rate consumption of the terrestrial foodstuffs
monitored in 2010 was 0.009 mSv (0.008 mSv in 2009),
which is less than 1 per cent of the dose limit for members
of the public of 1 mSv. The effects of liquid discharges from
Sellafield into the Irish Sea are discussed fully in Section 2. The
dose to people consuming large quantities of Manx fish and
shellfish was less than 0.005 mSv in 2010, which is unchanged
from the 2009 dose, and residents spending a typical amount
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of time on sandy beaches were assessed to receive 0.010 mSv
from external exposure to radionuclides entrained on the
sand.

8.5 Northern Ireland

The Northern Ireland Environment Agency undertakes
monitoring of the far field effects of liquid discharges into the
Irish Sea from Sellafield. The programme is made up of
sampling fish, shellfish and indicator materials from a range
of locations along the coastline (Figure 8.3). The external
exposure pathway is studied by monitoring of gamma dose
rates over intertidal areas. The results are presented in Tables
8.5(a) and (b).

In 2010, the main effect of discharges from Sellafield was
evident as concentrations of technetium-99 in shellfish and
seaweed samples. These were somewhat lower than in 2009,
reflecting the considerably decreased inputs to the Irish Sea
in recent years. Caesium-137 concentrations were low and
similar to 2009 levels, and trace amounts of transuranic
nuclides were detected. Observed concentrations were less
than those found nearer to Sellafield. The radiation dose
rates over intertidal areas were similar to those in previous years.

Habits representative of high-rate fish and shellfish consumers
have been established by a survey of consumption and
occupancy in coastal regions of Northern Ireland (Smith et al.,
2002). The dose to the most exposed people on the basis of
monitoring results from the marine environment in 2010 was
0.010 mSv, which is 1 per cent of the dose limit for members
of the public.

Monitoring results for the terrestrial environment of Northern
Ireland are given in following parts of Section 8.

8.6 General diet

As part of the Government’s general responsibility for food
safety, concentrations of radioactivity are determined in diets
of the regions. These data (and those on other dietary
components in Sections 8.7 and 8.8) form the basis of the
UK submission to the EC under Article 36 of the Euratom Treaty
to allow comparison with those from other EU Member States
(e.g. Joint Research Centre, 2009). Concentrations of
radioactivity in the general diet are reported to the EC by the
Food Standards Agency (for England, Northern Ireland and
Wales), and by SEPA (for Scotland) under a sampling
programme run by the Food Standards Agency.

In 2010, the concentrations found in a survey of radioactivity
in canteen meals collected across the UK (Table 8.6) were similar
to the mean concentrations found in UK diet in 2009 with
some higher potassium-40* levels apparent, particularly in
Northern Ireland and Wales.

8.7 Milk

The programme of milk sampling across dairies in the UK
continued in 2010. The aim is to collect and analyse samples
for their radionuclide content on a monthly basis. The
programme, together with that for crops presented in the
following section, provides useful information with which to
compare data from farms close to nuclear sites and other
establishments that may enhance concentrations above
background levels. Milk data are reported by the Food
Standards Agency (for England, Northern Ireland and Wales)
and SEPA (for Scotland) as part of the UK submission to the
EC under Article 36 of the Euratom Treaty (e.g. Joint Research
Centre, 2009).

The results are summarised in Table 8.7. The majority of
measurements, where comparable, are similar to those in
previous years. Carbon-14 concentrations are very close to the
expected background concentration in milk (see Appendix 1,
Annex 4). Tritium results were again below their limits of
detection. The mean concentration of strontium-90 detected
was about 0.04 Bq l-1. In the past, the concentrations of
radiocaesium in dairy milk were highest from regions that
received the greatest amounts of Chernobyl fallout. However,
the concentrations are now very low and it is less easy to
distinguish this trend. The highest concentrations of
caesium-137 were found in Northern Ireland.

Radiation dose from the consumption of milk at average
rates was assessed for various age groups. In 2010 the
maximum dose was to one-year-old infants. For the range of
radionuclides analysed, the dose was less than 0.005 mSv.
Previous surveys (e.g. Food Standards Agency and Scottish
Environment Protection Agency, 2002) have shown that if a
full range of nuclides are analysed and assessed the dose is
dominated by naturally-occurring lead-210 and polonium-210
whereas man-made radionuclides contribute less than 10 per
cent.

8.8 Crops

The nationwide programme of monitoring naturally-occurring
and man-made radionuclides in crops continued in 2010
(Table 8.8). Tritium activity was below the LoD in most samples.
Carbon-14 was generally detected at levels close to those
expected to occur through natural processes. Levels of other
naturally-occurring radionuclides varied from region to region.
Plutonium isotopes and americium-241 were detected at
trace levels in some samples. However, within the variability
observed, the concentrations of all radionuclides in crops
were similar to those observed in 2009.

In 2010, screening instruments for radioactivity were triggered
at Dover Docks by the presence of caesium-137 in a
consignment of food being imported into the UK. A sample
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was analysed and the results are given in Table 8.9. The
activity concentration was 110 Bq kg-1. This was below the
maximum level permissible under EC regulations, which is 600
Bq kg-1, and so no action on food restrictions was necessary.

8.9 Airborne particulate, rain,
freshwater, groundwater and
sediments

Monitoring of radioactivity in rainwater and air took place at
several UK locations as part of a monitoring programme of
background sampling. These data are reported by HPA (for
England, Northern Ireland and Wales) and SEPA (for Scotland)
on behalf of DECC, NIEA and the Scottish Government, as
part of the UK submission to the EC under Article 36 of the
Euratom Treaty (e.g. Joint Research Centre, 2009). The results
are given in Table 8.10. The routine programme comprised
two components (i) regular sampling and analysis on a quarterly
basis and (ii) supplementary analysis on an ad hoc basis by
gamma-ray spectrometry. Caesium-137 concentrations were
all below the limits of detection. These levels in air, typical of
recent years, remain less than 0.01 per cent of those observed
in 1986, the year of the Chernobyl reactor accident.

Concentrations of beryllium-7, a naturally-occurring
radionuclide formed by cosmic ray reactions in the upper
atmosphere were detected at similar levels at all sampling
locations. Peak air concentrations of this radionuclide tend to
occur during spring and early summer as a result of seasonal
variations in the mixing of stratospheric and tropospheric air
(Environment Agency, 2002a). Tritium concentrations in
rainwater were similar to those in 2009. Concentrations in
air and rainwater are very low and do not currently merit
radiological assessment.

Sampling and analysis of freshwater from drinking water
sources throughout the UK continued in 2010 (Figure 8.4).
These water data are reported by the Environment Agency
(for England and Wales), NIEA (for Northern Ireland) and
SEPA (for Scotland) as part of the UK submission to the EC
under Article 36 of the Euratom Treaty (e.g. Joint Research
Centre, 2009). Sampling is designed to be representative of
the main drinking water sources, namely reservoirs, rivers
and groundwater boreholes. Most of the water samples are
representative of natural waters before treatment and supply
to the public water system. The results in Tables 8.11, 8.12
and 8.13 show that concentrations of tritium are all substantially
below the EU indicator limit for tritium of 100 Bq l-1. The highest
value in Scotland was found at Gullielands Burn which is
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near to the Chapelcross nuclear site. The origin of the local
source is being investigated (see Section 4). Concentrations
of gross alpha and gross beta were all below the WHO
screening levels for drinking water of 0.5 and 1.0 Bq l-1,
respectively.

The mean annual dose from consumption of drinking water
in the UK was assessed as 0.027 mSv in 2010 (Table 8.14).
The estimated doses were dominated by naturally-occurring
radionuclides. The annual dose from artificial radionuclides
in drinking water was less than 0.001 mSv. The highest annual
dose was also estimated to be 0.027 mSv (above the mean
annual dose value, but rounded to two significant figures) due
to radionuclides in a source of drinking water from Matlock
in Derbyshire.

Separately, in 2010, SEPA took a series of groundwater samples
from across Scotland with the aim of determining natural
variability. Samples were taken in summer and winter to
assess seasonal effects which may be caused by changes in
ground water flow. The mean results are displayed in Table
8.15. All samples contained levels of tritium and caesium-137
below the limit of detection, and so in this respect the seasonal
and geographical variability was low. The relatively high result
for total beta activity in Ayrshire in the table is not high in the
context of other measurements made for water (Tables 8.11
– 8.13).

8.10 Seawater surveys

The UK Government is committed to preventing pollution of
the marine environment from ionising radiation, with the
ultimate aim of reducing concentrations in the environment
to near background values for naturally-occurring radioactive
substances, and close to zero for artificial radioactive substances
(Department of Energy and Climate Change, Department of
the Environment, Northern Ireland, The Scottish Government
and Welsh Assembly Government, 2009). Therefore a
programme of surveillance into the distribution of key
radionuclides is maintained using research vessels and other
means of sampling.

The seawater surveys reported here also support international
studies concerned with the quality status of coastal seas (e.g.
OSPAR, 2010b). In 2006, OSPAR adopted the Periodic
Evaluation of the Progress in Implementing the OSPAR
Radioactive Substances Strategy (concerning progressive and
substantial reductions in discharges of radioactive substances,
as compared with the agreed baseline) (OSPAR, 2009d). The
programme of radiological surveillance work provides the
source data and therefore the means to monitor and make
an assessment of progress in line with the UK’s commitments
towards OSPAR’s 1998 Strategy for Radioactive Substances
target for 2020. The surveys also provide information that can
be used to distinguish different sources of man-made
radioactivity (e.g. Kershaw and Baxter, 1995). Data have been
used to examine the long distance transport of activity to the
Arctic (Leonard et al., 1998; Kershaw et al., 1999) and to derive
dispersion factors for nuclear sites (Baxter and Camplin, 1994).
In addition, the distribution of radioactivity in seawater around

the British Isles is a significant factor in determining the
variation in individual exposures at coastal sites, as seafood
is a major contribution to food chain doses. Evidence to help
gauge progress towards achievement of the Government’s
vision for radionuclides and other hazardous substances is set
out in a recent report (Department for Environment, Food and
Rural Affairs, 2010).

The research vessel programme on radionuclide distribution
current ly comprises annual surveys of the Br istol
Channel/western English Channel and biennial surveys of the
Irish Sea and the North Sea. The results obtained in 2010 are
given in Figures 8.5 – 8.9. Shoreline sampling is also conducted
around the UK, and the data are given in Table 8.16. Much
of the shoreline sampling is directed at establishing whether
the impacts of discharges from individual sites are detectable.
Where appropriate, commentary is found in the relevant site
section.

A survey of the North Sea was conducted in 2010. The
caesium-137 data from this survey (Figure 8.5) show very low
concentrations (0.01 Bq l-1) throughout the survey area, and
these were only slightly above those observed for global
fallout levels in surface seawaters (0.0001- 0.0028 Bq l-1,
Povinec et al., 2005). The overall distribution in the North Sea
is characteristic of that observed over the last 5 years. However
in 2010, unlike previous surveys, there was no evidence of
input of Chernobyl-derived caesium-137 from the Baltic (via
the Skaggerak) close to the Norwegian Coast. In the previous
three decades the impact of discharges from the reprocessing
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Figure 8.4. Drinking water sampling locations, 2010



plants at Sellafield and La Hague has been readily apparent,
carried by the prevailing residual currents from the Irish Sea
and the Channel, respectively (Povinec et al., 2003). The
activity of caesium-137 in the North Sea has tended to follow
the temporal trends of the discharges, albeit with a time lag.
The maximum discharge of caesium-137 occurred at Sellafield
in 1975, with up to 0.5 Bq l-1 caesium-137 in the North Sea
surface waters 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).

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 2009 seawater survey recorded
concentrations of up to 0.1 Bq l-1 in the eastern Irish Sea, and
concentrations elsewhere were generally below 0.05 Bq l-1.

The predominant source of caesium-137 to the Irish Sea is now
considered to be remobilisation into the water column from
activity associated with seabed sediment. Discharges from
Sellafield have decreased substantially since the commissioning
of the SIXEP waste treatment process in the mid 1980s, and
this has been reflected in a near exponential decrease in
shoreline seawater concentrations at St Bees (Figure 8.10).
Longer time series showing peak concentrations in the Irish
Sea and, with an associated time-lag, the North Sea are also
shown in Figure 8.10.

Concentrations of caesium-137 (< 0.002 Bq l-1) in the western
English Channel (Figure 8.6) were not distinguishable from
the background levels of global fallout (within experimental
error).

A full assessment of long-term trends of caesium-137 in
surface waters of Northern European seas is provided elsewhere
(Povinec et al., 2003).

Tritium concentrations in North Sea seawater, in 2010, are
shown in Figure 8.7, and were generally lower than those
observed in the Irish Sea in 2009 (Environment Agency, Food
Standards Agency, Northern Ireland Environment Agency and
Scottish Environment Protection Agency, 2010a) due to the
influence of discharges from Sellafield and other nuclear sites.
As in previous North Sea surveys, the concentrations of tritium
were elevated (but still very low) along, and close to, the coast-
line of main-land Europe (South-east North Sea). The most
probable source of this is from authorised discharges of tritium
from French nuclear power plants located on the coast of the
English Channel.

In the Bristol Channel, the combined effect of tritium discharges
from Cardiff, Berkeley, Oldbury and Hinkley Point remains
evident from sample points close to these installations (Figure
8.8). These few tritium concentrations were slightly elevated
in comparison to corresponding data in 2009 and 2008, but
are still low in contrast to the North-east Irish Sea. Overall,
the general level in the Bristol Channel is low and many
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Figure 8.6. Concentrations (Bq I-1) of caesium-137 in filtered 
surface water from the western English Channel, March 2010



samples were below the limits of detection. Tritium
concentrations in the western English Channel were very low
(Figure 8.9).

Technetium-99 concentrations in seawater are now decreasing
following the substantial increases observed from 1994 to their
most recent peak in 2003. The results of research cruises to
study this radionuclide have been published by Leonard et al.,
(1997a, b; 2004) and McCubbin et al., (2002; 2008). Trends
in plutonium and americium concentrations in seawater of
the Irish Sea have been considered by Leonard et al. (1999).
Full reviews of the quality status of the north Atlantic and a
periodic evaluation of progress towards internationally agreed
targets have been published by OSPAR (2000b; 2009d; 2010).

Samples of seawater were also collected as part of routine
site and regional monitoring programmes. These are reported
in the relevant sections of this report, and the analysis results
are collated in Table 8.16. Most radionuclides are below limits
of detection, and tritium and caesium-137 levels are consistent
with those in Figures 8.5 – 8.9.
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Figure 8.9. Concentrations (Bq I-1) of tritium in surface water from 
the western English Channel, March 2010
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Figure 8.10. Concentration of caesium-137 in the Irish sea, North sea and in shoreline seawater close to Sellafield (at St. Bees)
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Table 8.1. Mark and release monitoring of sheep in England, Wales and Scotland, 2010

England Wales Scotland United Kingdom

Number of sheep monitored 3978 71111 120a 75209
Number of sheep above action level 0 129 0 129
Percentage of sheep above action level 0 0.18 0 0.17
Number of farms under restriction 8 330 2 340
Approximate number of sheep 6000 180000 1200 187200
Approximate land area (ha) 12000 53000 2800 67800

a Results provided monitor calibration data

Table 8.2. Concentrations of radiocaesium in the freshwater
environment, 2010

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

ations
134Cs 137Cs

England
Borrowdale Rainbow trout 1 <0.05 0.13
Cogra Moss Rainbow trout 2 <0.06 <0.15
Narborougha Rainbow trout 1 <0.08 0.19
Low Wath Rainbow trout 1 <0.12 0.25
Devoke Water Brown trout 1 <0.09 41
Devoke Water Perch 1 <0.29 130
Gilcrux Rainbow trout 1 <0.05 0.10

a The concentrations of 14C, 238Pu, 239+240Pu and 241Am were 41, 0.000091, 0.000070 and
0.00017 Bq kg-1 respectively
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Table 8.3. Concentrations of radionuclides in seafood and the environment near the Channel Islands, 2010

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

sampling
observ- Organic
ations 3H 3H 14C 60Co 90Sr 99Tc 106Ru 129I

Guernsey
Mackerel 1 <0.05 <0.51
Bass 1 <0.04 <0.44
Crabs 1 <0.05 <0.44
Lobsters 1 <0.05 <0.44
Limpets 1 <0.07 <0.61
Scallops 1 <0.06 <0.42
Ormers 1 <0.08 <0.66

Fermain Bay Porphyra 2 <0.10 <1.1
Fermain Bay Fucus serratus 2 <0.10 <0.080 3.4 <0.91
St. Sampson's
Harbour Mud 1 <0.17 <1.9

Seawater 2
Jersey

Mackerel 1 <0.04 <0.37
Pollack 2 <0.07 <0.60
Bass 1 <0.08 <0.65
Crabs 1 <0.06 <0.49
Spiny spider crabs 1 <0.09 <0.74
Lobsters 1 <0.04 0.77 <0.32

La Rocque Oysters 1 <0.02 <0.21
La Rozel Limpets 1 <0.04 <0.26

Scallops 2 <0.09 <0.39
Plemont Bay Porphyra 2 <0.06 <0.48
La Rozel Fucus vesiculosus 4 <0.07 <0.092 8.7 <0.36
Verclut Fucus vesiculosus 1 0.05 <0.48
Verclut Fucus serratus 1 0.10 <0.50
Verclut Laminaria digitata 2 <0.05 <0.37
St Helier Mud 1 1.8 <2.0

Alderney
Crabs 2 <25 <25 40 <0.05 <0.30 <0.37
Spiny spider crabs 1 0.45 <0.57
Lobsters 1 <0.06 <0.47
Toothed winkles 1 27 <25 37 0.23 <0.11 <1.5
Fucus vesiculosus 2 0.49

Quenard Point Fucus serratus 4 <0.06 <0.039 7.1 <0.42
Quenard Point Laminaria digitata 4 <0.07 <0.70
Little Crabbe
Harbour Mud and sand 1 0.93 <2.3

Seawater 3 <4.7
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Table 8.3. continued

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

sampling
observ- 239Pu+ 243Cm+ Gross
ations 137Cs 155Eu 238Pu 240Pu 241Am 242Cm 244Cm beta

Guernsey
Mackerel 1 0.21 <0.15 0.00061 0.00032 0.0013 * * 120
Bass 1 0.26 <0.13 0.000029 0.000095 0.00022 * * 140
Crabs 1 <0.04 <0.08 0.00035 0.0012 0.0033 0.000078 0.00045 85
Lobsters 1 0.06 <0.12 <0.12 75
Limpets 1 <0.06 <0.16 <0.19 87
Scallops 1 <0.04 <0.07 0.00047 0.0018 0.0013 * 0.00014 140
Ormers 1 <0.07 <0.18 <0.20 82

Fermain Bay Porphyra 2 <0.09 <0.14 0.0012 0.0041 0.0049 * 0.00052 64
Fermain Bay Fucus serratus 2 <0.07 <0.12 0.0027 0.011 0.0052 * 0.00037 170
St. Sampson's
Harbour Mud 1 0.55 <0.40 0.034 0.13 0.15 * 0.025 500

Seawater 2 0.002
Jersey

Mackerel 1 0.11 <0.08 <0.000011 0.000033 0.000082 * *
Pollack 2 0.23 <0.16 <0.19 160
Bass 1 0.16 <0.12 <0.07 120
Crabs 1 <0.05 <0.08 0.00030 0.0010 0.0030 * 0.00048 100
Spiny spider crabs 1 <0.07 <0.18 <0.21 110
Lobsters 1 0.07 <0.07 0.00019 0.00069 0.0054 * 0.00050 79

La Rocque Oysters 1 <0.02 <0.04 0.0016 0.0051 0.0055 * 0.00053 70
La Rozel Limpets 1 <0.03 <0.04 0.0028 0.013 0.012 * 0.0011 80

Scallops 2 <0.06 <0.09 0.014 0.038 0.057 0.0013 0.0057 120
Plemont Bay Porphyra 2 <0.05 <0.08 <0.05 96
La Rozel Fucus vesiculosus 4 <0.04 <0.10 0.0089 0.026 0.011 * 0.00089 150
Verclut Fucus vesiculosus 1 <0.05 <0.13 <0.16 150
Verclut Fucus serratus 1 0.09 <0.10 <0.07 190
Verclut Laminaria digitata 2 <0.04 <0.09 <0.09 160
St Helier Mud 1 1.6 1.4 0.28 0.82 1.6 0.0023 0.12 720
St Catherine's Bay Seawater 1 0.001

Alderney
Crabs 2 <0.04 <0.07 0.00017 0.00056 0.0027 * 0.00030 100
Spiny spider crabs 1 <0.05 <0.10 0.0014 0.0045 0.0057 * 0.00057 130
Lobsters 1 <0.05 <0.07 0.00045 0.0022 0.0061 * 0.00039 99
Toothed winkles 1 <0.14 <0.34 0.0059 0.016 0.020 0.000098 0.0025 67
Fucus vesiculosus 2

Quenard Point Fucus serratus 4 <0.04 <0.12 0.0050 0.020 0.0067 0.000096 0.00078 190
Quenard Point Laminaria digitata 4 <0.06 <0.12 <0.10 240
Little Crabbe
Harbour Mud and sand 1 1.7 <0.57 1.1 710

Seawater 3 0.002

* 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 8.4. Concentrations of radionuclides in food and the environment from the Isle of Man, 2010a

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

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

Aquatic samples
Cod 4 <0.06 <0.13 <0.10 <0.52 <0.13 <0.06 1.4
Mackerel 2 <0.08 <0.16 <0.12 <0.72 <0.20 <0.08 0.67
Herring 2 <0.10 <0.30 <0.32 <0.86 <0.20 <0.09 0.53
Lobsters 4 <0.05 <0.09 <0.07 19 <0.41 <0.10 <0.05 0.27
Scallops 4 <0.05 <0.10 <0.08 <0.40 <0.10 <0.05 0.25
Seaweedc 4E <0.74 <0.96 <0.52 180 <4.5 <2.6 <0.61 <0.57
Sediment 1E <1.0 <2.6 <0.71 <6.9 <3.7 <0.92 7.5

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

sampling
observ- 239Pu + 243Cm+ Gross Gross
ations 144Ce 238Pu 240Pu 241Am 242Cm 244Cm alpha beta

Aquatic samples
Cod 4 <0.23 0.000071 0.00045 0.00083 * *
Mackerel 2 <0.39 0.00011 0.00093 0.0019 * *
Herring 2 <0.40 <0.19
Lobsters 4 <0.18 <0.08 130
Scallops 4 <0.17 0.029 0.16 0.046 * *
Seaweedc 4E <2.1 <0.72
Sediment 1E <3.7 <1.4 180 500

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

or selectiond sampling
observ-
ationse 3H 14C 35S 60Co 90Sr 99Tc 106Ru

Terrestrial samples
Milk 2 <4.4 15 <0.33 <0.16 0.033 <0.0040 <1.0
Milk max <4.5 <0.38 <0.18 0.034 <1.2
Cabbage 1 <4.0 10 <0.30 <0.20 0.092 <0.021 <1.3
Potatoes 1 <5.0 15 0.30 <0.20 0.055 <0.028 <1.5
Rhubarb 1 <5.0 4.0 0.20 <0.30 0.068 <2.4

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

or selectiond sampling
observ- Total 239Pu +
ationse 125Sb 129I Cs 238Pu 240Pu 241Pu 241Am

Terrestrial samples
Milk 2 <0.38 <0.0080 0.059 <0.00010 0.00010 <0.020 0.00010
Milk max 0.069
Cabbage 1 <0.40 <0.025 0.074 <0.00010 <0.00040 <0.052 0.00030
Potatoes 1 <0.20 <0.021 0.057 0.00020 <0.00030 <0.053 <0.00020
Rhubarb 1 <0.50 0.087

* Not detected by the method used
a The gamma dose rate in air at 1m over sand and stones at RamseyE was 0.091 µGy h-1

b Except for milk where units are Bq l-1, and sediment where dry concentrations apply
c The concentrations of 234U, 235U and 238U were 1.8, <0.22 and 1.4 Bq kg-1 respectively
d 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
e 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 8.5(a). Concentrations of radionuclides in seafood and the environment in Northern Ireland, 2010a

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

sampling
observ-
ations 14C 60Co 99Tc 125Sb 134Cs 137Cs

Cod Kilkeel 4 49 <0.06 <0.14 <0.06 2.1
Plaice Kilkeel 4 <0.13 <0.29 <0.13 1.0
Haddock Kilkeel 4 <0.09 <0.21 <0.10 0.83
Herring Ardglass 2 <0.10 <0.20 <0.10 0.59
Spurdog North coast 1 <0.12 <0.26 <0.13 2.3
Skates / rays North coast 3 <0.16 <0.33 <0.15 1.3
Skates / rays Kilkeel 4 <0.19 <0.39 <0.19 0.99
Crabs Kilkeel 4 <0.10 <0.22 <0.10 0.24
Lobsters Ballycastle 2 <0.09 19 <0.22 <0.09 0.16
Lobsters Kilkeel 4 <0.10 25 <0.23 <0.10 0.27
Nephrops Kilkeel 4 <0.14 7.8 <0.29 <0.14 0.58
Winkles Minerstown 2 <0.05 <0.11 <0.05 0.36
Mussels Carlingford Lough 2 <0.12 13 <0.30 <0.13 0.32
Scallops Co. Down 2 <0.07 <0.13 <0.06 0.30
Ascophyllum nodosum Ardglass 1 <0.15 <0.37 <0.16 0.55
Ascophyllum nodosum Carlingford Lough 1 <0.11 <0.25 <0.12 0.41
Fucus spp. Carlingford Lough 3 <0.07 56 <0.15 <0.08 0.51
Fucus spp. Portrush 4 <0.05 <0.09 <0.04 0.07
Fucus vesiculosus Ardglass 3 <0.08 80 <0.16 <0.09 0.32
Rhodymenia spp. Portaferry 4 <0.12 5.3 <0.25 <0.12 0.34
Mud Carlingford Lough 2 <0.84 <2.2 <1.1 52
Mud Dundrum Bay 1 <0.94 <2.6 <1.3 31
Mud Oldmill Bay 2 <0.76 <2.1 <1.0 30
Mud Strangford Lough-

Nicky's point 2 <0.79 <2.0 <1.0 27
Mud Ballymacormick 1 <0.63 <1.6 <0.73 13
Mud Carrichue 1 <0.48 <1.3 <0.64 1.1
Mud and sand Carrichue 1 <0.78 <1.7 <0.81 1.5
Mud and sand Ballymacormick 1 <0.86 <2.2 <0.96 11
Mud and sand Dundrum Bay 1 <0.81 <1.7 <0.92 5.5
Sand Portrush 2 <0.42 <1.0 <0.47 <0.46
Seawater North of Larne 12 0.0022 * 0.01
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Table 8.5(a). continued

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

sampling
observ- 239Pu+ 243Cm+
ations 155Eu 238Pu 240Pu 241Am 242Cm 244Cm

Cod Kilkeel 4 <0.13 <0.14
Plaice Kilkeel 4 <0.22 <0.15
Haddock Kilkeel 4 <0.17 <0.16
Herring Ardglass 2 <0.17 <0.10
Spurdog North coast 1 <0.20 <0.10
Skates / rays North coast 3 <0.26 <0.18
Skates / rays Kilkeel 4 <0.28 <0.17
Crabs Kilkeel 4 <0.16 <0.10
Lobsters Ballycastle 2 <0.21 <0.21
Lobsters Kilkeel 4 <0.20 <0.17
Nephrops Kilkeel 4 <0.20 0.0022 0.015 0.035 * *
Winkles Minerstown 2 <0.10 0.051 0.31 0.21 * *
Mussels Carlingford Lough 2 <0.28 <0.25
Scallops Co. Down 2 <0.12 <0.18
Ascophyllum nodosum Ardglass 1 <0.34 <0.33
Ascophyllum nodosum Carlingford Lough 1 <0.26 <0.31
Fucus spp. Carlingford Lough 3 <0.18 <0.08
Fucus spp. Portrush 4 <0.07 <0.10
Fucus vesiculosus Ardglass 3 <0.15 <0.16
Rhodymenia spp. Portaferry 4 <0.17 0.042 0.24 0.43 0.00092 0.00027
Mud Carlingford Lough 2 <2.1 2.2 13 8.6 * *
Mud Dundrum Bay 1 <3.0 <4.5
Mud Oldmill Bay 2 <1.9 15
Mud Strangford Lough-

Nicky's point 2 <1.9 11
Mud Ballymacormick 1 <1.4 12
Mud Carrichue 1 <1.2 0.055 0.38 0.63 * 0.0035
Mud and sand Carrichue 1 <1.1 0.98
Mud and sand Ballymacormick 1 <2.0 15
Mud and sand Dundrum Bay 1 <1.3 1.3
Sand Portrush 2 <1.1 <1.2

* Not detected by the method used
a All measurements are made on behalf of the Northern Ireland Environment Agency
b Except for seawater where units are Bq l-1, and for sediment where dry concentrations apply
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Table 8.5(b). Monitoring of radiation dose rates in
Northern Ireland, 2010a

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

µGy h-1

Lishally Mud 1 0.061
Eglington Shingle 1 0.050
Carrichue Mud 1 0.069
Bellerena Mud 1 0.061
Benone Sand 1 0.057
Castlerock Sand 1 0.066
Portstewart Sand 1 0.056
Portrush, Blue Pool Sand 1 0.056
Portrush, White Rocks Sand 1 0.056
Portballintrae Sand 1 0.057
Giant's Causeway Sand 1 0.055
Ballycastle Sand 1 0.054
Cushendun Sand 1 0.064
Cushendall Sand and stones 1 0.058
Red Bay Sand 1 0.066
Carnlough Sand 1 0.061
Glenarm Sand 1 0.053
Half Way House Sand 1 0.053
Ballygally Sand 1 0.056
Drains Bay Sand 1 0.056
Larne Sand 1 0.057
Whitehead Sand 1 0.062
Carrickfergus Sand 1 0.061
Jordanstown Sand 1 0.061
Helen's Bay Sand 1 0.059
Groomsport Sand 1 0.058
Millisle Sand 1 0.068
Ballywalter Sand 1 0.066
Ballyhalbert Sand 1 0.064
Cloghy Sand 1 0.068
Portaferry Shingle and stones 1 0.087
Kircubbin Sand 1 0.070
Greyabbey Sand 1 0.082
Ards Maltings Mud 1 0.080
Island Hill Mud 1 0.070
Nicky's Point Mud 1 0.077
Strangford Shingle and stones 1 0.089
Kilclief Sand 1 0.069
Ardglass Mud 1 0.086
Killough Mud 1 0.083
Rocky Beach Sand 1 0.072
Tyrella Sand 1 0.074
Dundrum Sand 1 0.082
Newcastle Sand 1 0.11
Annalong Sand 1 0.11
Cranfield Bay Sand 1 0.078
Mill Bay Sand 1 0.10
Greencastle Sand 1 0.078
Rostrevor Sand 1 0.11
Narrow Water Mud 1 0.088
a All measurements are made on behalf of the Northern Ireland

Environment Agency
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Table 8.6. Concentrations of radionuclides in canteen meals, 2010a

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

sampling
observ-
ations 14C 40K 90Sr 137Cs

England 8 31 96 <0.074 <0.06
Northern Ireland 5 36 100 0.11 <0.05
Scotland 12S 30 <0.037 <0.04
Scotland 2 31 95 0.050 0.06
Wales 5 38 120 0.074 <0.05
a Results are available for other artificial nuclides detected by gamma spectrometry

All such results were less than the limit of detection
S Measurements labelled “S” are made on behalf of the Scottish Environment

Protection Agency

Table 8.7. Concentrations of radionuclides in milk remote from nuclear sites, 2010

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

farms/dairiesb

3H 14C 90Sr Total Cs

Co. Antrim 1 <4.5 13 0.019 0.13
Co. Armagh 2 <2.6 16 0.023 0.098
Co. Armagh max <4.0 0.024 0.11
Cambridgeshire 1 <3.0 14 0.017 0.067
Ceredigion 1 <4.0 15 0.034 0.082
Cheshire 1 <4.0 14 0.018 0.12
Clwyd 1 <2.3 15 0.024 0.068
Cornwall 1 <4.5 16 0.029 0.064
Devon 1 <4.0 14 0.031 0.065
Dorset 1 <4.0 15 0.019 0.084
Co. Down 1 <4.5 12 0.025 0.13
Dumfriesshire 1 <5.0 <14 <0.10 <0.05c

Essex 1 <4.5 9.5 0.016 0.063
Co. Fermanagh 1 <4.0 14 0.024 0.094
Gloucestershire 1 <4.0 15 0.021 0.062
Guernsey 1 <2.3 12 0.020 0.076
Gwynedd 1 <4.0 9.5 0.029 0.070
Hampshire 1 <4.0 11 0.024 0.066
Humberside 1 <4.5 11 0.020 0.072
Kent 1 <4.0 14 0.023 0.079
Lanarkshire 1 <0.028 0.03c

Lancashire 1 <4.0 13 0.022 0.083
Leicestershire 1 <4.0 14 0.019 0.064
Middlesex 1 <4.0 15 0.018 0.065
Midlothian 1 <5.0 <15 <0.11 <0.05c

Nairnshire 1 <5.0 <15 <0.10 <0.05c

Norfolk 1 <4.5 13 0.020 0.074
North Yorkshire 1 <4.0 12 0.018 0.079
Renfrewshire 1 <5.0 <14 <0.10 <0.05c

Co. Tyrone 1 <4.0 15 0.019 0.096

Mean Values
Channel Islands <2.3 12 0.020 0.076
England <4.1 13 0.021 0.073
Northern Ireland <3.9 14 0.022 0.11
Wales <3.4 13 0.029 0.073
Scotland <5.0 <15 <0.088 <0.05c

United Kingdom <4.1 <14 <0.040 <0.085

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 8.8. Concentrations of radionuclides in animals and crops remote from nuclear sites, 2010a

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

samples

3H 14C 90Sr Total Cs 210Pb 210Po 226Ra

Ceredigion
Aberystwyth Lettuce 1 <4.0 7.0 0.031 0.052 0.10 0.048 0.0080

Potatoes 1 <4.0 20 0.13 0.090 <0.022 0.0050 0.0040
Channel Islands
Guernsey Blackberries 1 <4.0 17 0.047 0.017 0.020 0.016 0.022

Lettuce 1 <4.0 6.0 0.053 0.028 0.066 0.013 0.0090
Jersey Potatoes 1 6.0 12 <0.0070 0.038

Strawberries 1 <5.0 7.0 0.048 0.045
Cornwall
Liskeard Kale 1 <4.0 6.0 1.4 0.32 2.5 0.88 0.032

Potatoes 1 <5.0 13 0.071 0.15 <0.022 0.0049 0.0090
Cumbria
Carlisle Cabbage 1 <5.0 <3.0 0.089 0.046 <0.037 0.011 <0.0040

Gooseberries 1 <4.0 11 0.23 0.076 0.16 0.074 0.010
Devon
Exeter Blackberries 1 <4.0 19 0.045 0.042 0.034 0.021 0.010

Lettuce 1 <4.0 4.0 0.31 0.073 0.13 0.071 0.0080
Dumfriesshire
Dumfries Mixed diet 4 <0.10 <0.05b

East Lothian
North Berwick Mixed diet 4 <0.10 <0.05b

Gloucestershire
Cheltenham Strawberries 1 <5.0 11 0.019 0.21 0.039 0.0083 0.0030
Wotton-under-Edge Cabbage 1 <4.0 <3.0 0.097 0.070 <0.036 0.0070 0.011

Kent
Chillenden Cabbage 1 <5.0 <3.0 0.059 0.039 <0.018 0.0098 <0.0030

Strawberries 1 <4.0 3.0 <0.0070 0.084 <0.017 0.0071 0.014
Lincolnshire
Spilsby Lettuce 1 <5.0 <3.0 0.13 0.042 0.17 0.092 0.045
Skegness Strawberries 1 <5.0 8.0 0.022 0.14 <0.033 0.0037 0.0020

Norfolk
Norwich Cabbage 1 <4.0 8.0 0.059 <0.012 <0.032 0.0039 0.0030

Strawberries 1 <4.0 7.0 0.0090 0.021 <0.030 0.0073 0.0040
Northamptonshire
Northampton Potatoes 1 <5.0 14 0.046 0.039 0.36 0.14 0.019
Wellingborough Spinach 1 <4.0 <3.0 0.37 0.055 <0.032 0.0041 0.32

North Yorkshire
Thirsk Lettuce 1 <4.0 <3.0 0.16 0.065 0.078 0.066 0.015

Strawberries 1 <4.0 10 0.091 <0.014 0.052 0.016 0.025
Northumberland
Otterburn Cabbage 1 <4.0 7.0 0.12 0.031 <0.027 0.0064 0.030

Potatoes 1 <5.0 18 0.013 0.057 <0.035 0.0054 0.0050
North Humberside
Cottingham Cabbage 1 <4.0 <3.0 0.36 0.076 0.12 0.054 0.013

Potatoes 1 <5.0 20 0.041 0.037 0.031 0.0050 0.0020
Renfrewshire
Paisley Mixed diet 4 <0.10 <0.05b

Ross-shire
Dingwall Mixed diet 4 <0.10 <0.05b

Somerset
Chew Magna Chard 1 <4.0 12 0.26 0.10 0.41 0.18 0.11

Potatoes 1 <4.0 17 0.013 0.088 <0.024 0.015 0.015
Staffordshire
Lichfield Cabbage 1 <5.0 6.0 0.12 0.058 0.043 0.015 0.015

Strawberries 1 <4.0 11 0.031 0.041 <0.019 0.0019 0.027
Suffolk
Bury St Edmunds Lettuce 1 <4.0 3.0 0.12 0.11 <0.030 0.031 0.0070

Potatoes 1 <5.0 19 0.025 0.10 <0.041 0.0056 0.0090
Surrey
Guildford Cabbage 1 <5.0 <3.0 0.30 0.48 <0.028 0.0075 0.011

Potatoes 1 <5.0 12 0.016 0.054 <0.032 0.0084 0.012
Weybridge Beef Kidney 1 <8.0 49 0.047 0.27

Beef Liver 1 <8.0 20 0.25 0.34
Beef Muscle 1 <5.0 26 0.012 0.21
Sheep Kidney/Liver 1 8.0 43 0.12 0.37
Sheep Muscle 1 <6.0 38 <0.0080 0.17

Wiltshire
Chippenham Kale 1 <4.0 <3.0 0.43 0.045 0.075 0.032 0.070

Strawberries 1 5.0 10 0.10 0.097 0.034 0.012 <0.0020

Mean Valuesc

Channel Islands <4.8 11 <0.039 0.032 0.043 0.015 0.016
England <4.8 <13 <0.15 <0.12 <0.16 0.060 <0.018
Wales <4.0 14 0.081 0.071 <0.061 0.027 0.0060
Scotland <0.10 <0.05b

Great Britain <4.4 <13 <0.11 <0.079 <0.11 0.043 <0.012
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Table 8.8. continued

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

samples
239Pu+

232Th 234U 235U 238U 238Pu 240Pu 241Am

Ceredigion
Aberystwyth Lettuce 1 0.0028

Potatoes 1 <0.00050 0.0010 <0.00060 0.0013
Channel Islands
Guernsey Blackberries 1 0.0012 0.0021 <0.00060 0.0012 <0.00010 <0.00020 0.00010

Lettuce 1 <0.00070 <0.00010 <0.00020 <0.00010
Jersey Potatoes 1 <0.00010 <0.00010 <0.00010

Strawberries 1 0.00010 <0.00020 0.00030
Cornwall
Liskeard Kale 1 0.0061

Potatoes 1 0.0021 0.0038 0.0012 0.0032
Cumbria
Carlisle Cabbage 1 <0.0010

Gooseberries 1 <0.00080 0.0022 <0.00060 0.0027
Devon
Exeter Blackberries 1 0.0014

Lettuce 1 0.0068
Gloucestershire
Cheltenham Strawberries 1 0.0017
Wotton-under-Edge Cabbage 1 0.0020 0.0056 0.00070 0.0029

Kent
Chillenden Cabbage 1 <0.0010

Strawberries 1 0.0010
Lincolnshire
Spilsby Lettuce 1 0.021
Skegness Strawberries 1 <0.0012

Norfolk
Norwich Cabbage 1 <0.0010 0.0044 0.00060 0.0024

Strawberries 1 <0.00080
Northamptonshire
Northampton Potatoes 1 0.0011
Wellingborough Spinach 1 0.012 0.0075 0.0010 0.0069

North Yorkshire
Thirsk Lettuce 1 0.014

Strawberries 1 0.00090
Northumberland
Otterburn Cabbage 1 0.0027

Potatoes 1 0.0015
North Humberside
Cottingham Cabbage 1 0.0019

Potatoes 1 0.0020 0.0049 <0.00060 0.0033
Somerset
Chew Magna Chard 1 0.010 0.0063 <0.00040 0.0062

Potatoes 1 0.013
Staffordshire
Lichfield Cabbage 1 0.0015

Strawberries 1 <0.00060 0.0042 0.00060 <0.00090
Suffolk
Bury St Edmunds Lettuce 1 <0.0014

Potatoes 1 0.0045
Surrey
Guildford Cabbage 1 0.0028

Potatoes 1 0.0019 0.0042 0.00090 0.0031
Weybridge Beef Kidney 1 0.0052 <0.00090 0.0037 <0.00010 <0.00030 0.00030

Beef Liver 1 <0.00010 <0.00020 0.00020
Beef Muscle 1 <0.00010 <0.00020 0.00020
Sheep Kidney/Liver 1 <0.00010 <0.00030 0.00050
Sheep Muscle 1 <0.00010 <0.00020 <0.00020

Wiltshire
Chippenham Kale 1 0.0018

Strawberries 1 0.00080

Mean Valuesc

Channel Islands <0.0010 0.0021 <0.00060 <0.0012 <0.00010 <0.00018 <0.00015
England <0.0036 0.0044 <0.00073 <0.0032 <0.00010 <0.00024 <0.00028
Wales <0.0017 0.0010 <0.00060 0.0013
Scotland
Great Britain <0.0026 0.0027 <0.00066 <0.0022 <0.00010 <0.00024 <0.00028

a Results are available for other artificial nuclides detected by gamma spectroscopy. All such results are less than the limit of detection
b 137Cs only
c Great Britain mean excludes Channel Islands. Mean values include crops and animals
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Table 8.9. Concentrations of caesium-137 in imported foods monitored at ports, 2010

Port Country of Foodstuff No. of Mean radioactivity Dilution
origin sampling concentration, factor

observations Bq kg-1 (fresh)
137Cs

Dover
Ukraine Blueberries 1 110 Nil

Table 8.10. Concentrations of radionuclides in rainwater and air 2010

Location Sample Number of Mean radioactivity concentrationa

sampling
observations 3H 7Be 7Bed 90Srb 137Cs

Ceredigion
Aberporth Rainwater 4 <1.2 1.5 <0.014

Air 4 0.0016 <7.2 10-7

Co. Down
Conlig Rainwater 4 1.3 <0.019

Air 4 7.9 10-4 <7.6 10-7

Dumfries and Galloway
Eskdalemuir Rainwater 4 <1.2 1.5 <0.018

Air 4 0.0012 <7.1 10-7

Glasgow
Glasgow Air 6 <0.010

North Yorkshire
Dishforth Rainwater 4 2.2 <0.017

Air 4 0.0010 <8.8 10-7

Oxfordshire
Chilton Rainwater 4 0.98 1.8 0.0010 <0.017

Air 12 0.0014 <2.7 10-7

Shetland
Lerwick Rainwater 4 1.4 <0.019

Air 4 0.0012 <8.4 10-7

Suffolk
Orfordness Rainwater 4 <1.3 2.7 <0.022

Air 4 0.0015 <9.4 10-7

Location Sample Number of Mean radioactivity concentrationa

sampling 239Pu+ Gross Gross
observations 137Csd 240Puc 241Amc alphad betad

Ceredigion
Aberporth Rainwater 4 5.7 10-6 5.2 10-6

Air 4 4.6 10-10 <3.0 10-10

Glasgow
Glasgow Air 6 <0.0020

Oxfordshire
Chilton Rainwater 4 <6.3 10-4 0.043 0.037

a Bq l-1 for rainwater and Bq kg-1 for air. 1.2 kg air occupies 1m3 at standard temperature and pressure
b Bulked from 4 quarterly samples
c Separate annual sample for rain, annual bulked sample for air
d Bulked from 12 monthly samples
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Table 8.11. Concentrations of radionuclides in sources of drinking water in Scotland, 2010

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

sampling
observ- Gross Gross
ations 3H 90Sr 137Cs alpha beta

Angus Loch Lee 4 <1.2 <0.0052 <0.01 <0.010 0.027
Argyll and Bute Auchengaich 1 <1.2 <0.01 <0.010 0.032
Argyll and Bute Helensburgh Reservoir 1 <1.2 <0.01 <0.010 0.027
Argyll and Bute Loch Ascog 1 <1.2 <0.01 <0.011 0.10
Argyll and Bute Loch Eck 1 <1.2 <0.01 <0.010 0.017
Argyll and Bute Lochan Ghlas Laoigh 1 <1.2 <0.01 <0.010 0.019
Argyll and Bute Loch Finlas 1 <1.2 <0.01 <0.010 0.035
Clackmannanshire Gartmorn 1 <1.2 <0.01 <0.010 0.13
Dumfries and Galloway Black Esk 1 <1.1 <0.01 <0.010 0.015
Dumfries and Galloway Gullielands Burn 1 31 <0.01 <0.014 0.36
Dumfries and Galloway Purdomstone 1 <1.2 <0.01 <0.010 0.063
Dumfries and Galloway Winterhope 1 <1.1 <0.01 <0.010 0.042
East Lothian Hopes Reservoir 1 <1.2 <0.01 <0.010 <0.014
East Lothian Thorters Reservoir 1 <1.2 <0.01 <0.010 <0.014
East Lothian Whiteadder 1 <1.2 <0.01 <0.010 <0.014
East Lothian Thornton Loch Burn 1 <1.0 <0.01 <0.011 0.15
Fife Holl Reservoir 1 <1.2 <0.01 <0.010 0.035
Highland Loch Baligill 1 <1.1 <0.01 <0.010 0.018
Highland Loch Calder 1 <1.1 <0.01 <0.010 0.015
Highland Loch Glass 4 <1.1 <0.0050 <0.01 <0.010 0.025
Highland Loch Shurrerey 1 <1.1 <0.01 <0.010 0.017
North Ayrshire Camphill 1 <1.2 <0.01 <0.010 0.022
North Ayrshire Knockendon Reservoir 1 <1.0 <0.01 <0.010 0.038
North Ayrshire Munnoch Reservoir 1 <1.2 <0.01 <0.012 0.069
North Ayrshire Outerwards 1 <1.2 <0.01 <0.010 0.019
Orkney Islands Heldale Water 1 <1.1 <0.01 <0.010 0.016
Perth and Kinross Castlehill 1 <1.2 <0.01 <0.010 0.024
Scottish Borders Knowesdean 4 <1.1 <0.0050 <0.01 <0.033 <0.044
Stirling Loch Katrine 12 <1.1 0.0033 <0.002 <0.010 <0.022
West Dunbartonshire Loch Lomond 1 <1.2 <0.01 <0.010 0.033

(Ross Priory)
West Lothian Morton No 2 1 <1.0 <0.01 <0.012 0.068
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Table 8.12. Concentrations of radionuclides in sources of drinking water in England and Wales, 2010

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

sampling
observ-
ations 3H 40K 90Sr 125I

England
Buckinghamshire Bourne End, Groundwater 4 <4.0 0.035 <0.0010
Cambridgeshire Grafham Water 4 <4.0 0.31 0.0016
Cheshire River Dee, Chester 2 <4.0 <0.040 0.0014
Cornwall River Fowey 4 <4.0 0.065 0.0016 <0.0037
Cornwall Roadsford Reservoir, Dowrglann, 4 <4.0 0.053 0.0023

St Austell
County Durham Honey Hill Water Treatment Works, 4 <4.0 0.031 0.0033

Consett
County Durham River Tees, Darlington 4 <4.0 0.046 0.0018 <0.0021
Cumbria Haweswater Reservoir 4 <4.0 <0.013 0.0016
Cumbria Ennerdale Lake 4 <4.0 <0.010 0.0016
Derbyshire Arnfield Water Treatment Plant 4 <4.0 <0.015 <0.0010
Derbyshire Matlock, Groundwatera 4 <4.0 0.033 <0.0010
Devon River Exe, Exeter 4 <4.0 <0.049 <0.0021 <0.0036
Gloucestershire River Severn, Tewkesbury 3 <4.0 0.14 0.0012 <0.0026
Greater London River Lee, Chingford 4 <4.0 0.28 <0.0010 <0.0021
Hampshire River Avon, Christchurch 4 <4.0 0.054 <0.0010 <0.0038
Humberside Littlecoates, Groundwater 4 <4.0 0.065 <0.0011
Kent Denge, Shallow Groundwater 4 <4.0 0.11 0.0018
Kent Chatham, Deep Groundwater 4 <4.0 0.043 <0.0010
Lancashire Corn Close, Groundwater 4 <4.0 0.056 <0.0010
Norfolk River Drove, Stoke Ferry 4 <4.0 0.10 <0.0013 <0.0022
Northumberland Kielder Reservoir 4 <4.0 <0.059 <0.0016
Oxfordshire River Thames, Oxford 4 <4.0 0.17 <0.0010 <0.0022
Somerset Ashford Reservoir, Bridgwater 4 <4.0 0.064 <0.0010
Somerset Chew Valley Lake Reservoir, Bristol 4 <4.0 0.12 0.0017
Surrey River Thames, Walton 4 <4.0 0.19 <0.0012 0.0016
Surrey River Thames, Chertsey 4 <4.0 0.18 <0.0012 <0.0021
Yorkshire Eccup No. 1, Washburn Valley, Leeds 4 <4.0 0.066 <0.0013
Yorkshire Chellow Heights, Bradford 4 <4.0 <0.016 0.0032

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

sampling
observ- Gross Gross Gross
ations 137Cs alpha beta1 beta2

England
Buckinghamshire Bourne End, Groundwater 4 <0.0010 <0.021 0.062 <0.049
Cambridgeshire Grafham Water 4 <0.0010 0.025 0.44 0.27
Cheshire River Dee, Chester 2 <0.0015
Cornwall River Fowey 4 <0.0010 0.049 0.12 0.072
Cornwall Roadsford Reservoir, Dowrglann, 4 <0.0010 <0.020 0.086 0.054

St Austell
County Durham Honey Hill Water Treatment Works,

Consett 4 0.0022 0.060 0.15 0.092
County Durham River Tees, Darlington 4 <0.0010 <0.020 0.076 0.051
Cumbria Haweswater Reservoir 4 <0.0010 <0.020 <0.050 <0.050
Cumbria Ennerdale Lake 4 <0.0010 <0.020 <0.049 <0.050
Derbyshire Arnfield Water Treatment Plant 4 <0.0010 <0.020 <0.051 <0.050
Derbyshire Matlock, Groundwatera 4 <0.0010 0.10 0.10 0.062
Devon River Exe, Exeter 4 <0.0023 <0.020 0.10 0.064
Gloucestershire River Severn, Tewkesbury 3 <0.0010 0.042 0.24 0.15
Greater London River Lee, Chingford 4 <0.0010 0.029 0.41 0.25
Hampshire River Avon, Christchurch 4 <0.0011 <0.020 0.12 0.074
Humberside Littlecoates, Groundwater 4 <0.0020 0.021 0.14 0.087
Kent Denge, Shallow Groundwater 4 <0.0010 <0.020 0.16 0.10
Kent Chatham, Deep Groundwater 4 <0.0010 <0.022 0.062 <0.049
Lancashire Corn Close, Groundwater 4 <0.0010 <0.020 0.081 <0.061
Norfolk River Drove, Stoke Ferry 4 <0.0010 0.030 0.16 0.10
Northumberland Kielder Reservoir 4 <0.0022 0.020 0.048 <0.050
Oxfordshire River Thames, Oxford 4 <0.0010 0.023 0.24 0.14
Somerset Ashford Reservoir, Bridgwater 4 <0.0010 0.020 0.11 0.069
Somerset Chew Valley Lake Reservoir, Bristol 4 <0.0010 0.023 0.18 0.11
Surrey River Thames, Walton 4 <0.0010 0.020 0.32 0.20
Surrey River Thames, Chertsey 4 <0.0010 0.023 0.29 0.18
Yorkshire Eccup No. 1, Washburn Valley, Leeds 4 <0.0011 0.017 0.11 0.069
Yorkshire Chellow Heights, Bradford 4 <0.0010 <0.019 0.050 <0.050
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Table 8.12. continued

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

sampling
observ-
ations 3H 40K 90Sr

Wales
Gwynedd Cwm Ystradllyn Treatment Works 4 <4.0 <0.015 0.0025
Mid-Glamorgan Llwyn-on Reservoir 4 <4.0 <0.028 <0.0014
Powys Elan Valley Reservoir 4 <4.0 <0.015 0.0019

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

sampling
observ- Gross Gross Gross
ations 137Cs alpha beta1 beta2

Wales
Gwynedd Cwm Ystradllyn Treatment Works 4 0.0014 <0.020 <0.048 <0.050
Mid-Glamorgan Llwyn-on Reservoir 4 <0.0010 <0.019 <0.049 <0.050
Powys Elan Valley Reservoir 4 <0.0010 <0.020 <0.051 <0.050

1 Using 137Cs standard
2 Using 40K standard
a The concentrations of 210Po, 226Ra, 234U, 235U and 238U were <0.0095, <0.010, 0.040, <0.010 and 0.021 Bq l-1 respectively

Table 8.13. Concentrations of radionuclides in sources of drinking water in Northern Ireland, 2010

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

sampling
observ- Gross Gross
ations 3H 90Sr 137Cs 210Po 226Ra 234U 235U 238U alpha beta

Co. Londonderry R Faughan 4 <1.2 0.0031 <0.05 <0.010 <0.010 <0.010 <0.010 <0.010 <0.020 0.12
Co. Antrim Lough Neagh 4 <1.2 0.0024 <0.05 <0.010 <0.010 <0.010 <0.010 <0.010 <0.030 0.38
Co. Down Silent Valley 4 <1.2 0.0023 <0.05 <0.010 <0.010 <0.010 <0.010 <0.010 0.16 0.21

Table 8.14. Estimates of radiation exposure from radionuclides in drinking water, 2010a

Region Mean exposure, mSv per year Maximum exposure, mSv per year

Man-made Naturally occurring All Location All
radionuclidesb,c radionuclidesb radionuclides radionuclides

England <0.001 0.027 0.027 Matlock, Groundwater, Derbyshire 0.027
Walesd <0.001 Cwm Ystradllyn Treatment Works <0.001d

Gwynedd
Northern Ireland <0.001 0.026 0.027 R Faughan, Co. Londonderry 0.027
Scotlandd <0.001 Loch Lee, Angus <0.001d

UK <0.001 0.027 0.027 Matlock, Groundwater, Derbyshire 0.027

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 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 Analysis of naturally occurring radionuclides was not undertaken
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Table 8.15. Analysis of groundwater in Scotland, 2010

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

sampling
observ- Gross Gross
ations 3H 137Cs alpha beta

Aberdeenshire Turriff, Borehole 2 <1.9 <0.01 <0.072 <0.057
Angus Forfar, Borehole 2 <3.1 <0.01 0.037 0.059
Ayrshire Kilmarnock, Borehole 1 <5.0 <0.01 0.026 0.21
Dumfriesshire Dumfries, Deep borehole 2 <3.1 <0.01 0.026 0.063
Dumfriesshire Moffat, Deep borehole 1 <1.2 <0.01 0.014 0.029
East Lothian Dunbar, Borehole 1 <5.0 <0.01 0.015 0.080
Highlands Fort William, Borehole 2 <1.9 <0.01 <0.018 0.042
Highlands Tomatin, Borehole 2 <1.9 <0.01 <0.011 0.045
Moray Fochabers, Borehole 2 <1.9 <0.01 <0.011 0.096
Perth and Kinross Kinross, Deep borehole 2 <3.1 <0.01 <0.012 0.078

Table 8.16. Concentrations of radionuclides in seawater, 2010

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

sampling
observ-
ations 3H 14C 60Co 90Sr 99Tc 106Ru 110mAg

Dounreay (Sandside Bay) 4 <1.1 <0.10 <0.54 <0.10
Dounreay (Brims Ness) 4 <1.1 <0.10 <0.46 <0.10
Rosyth 2 <1.2 <0.10 <0.54 <0.10
Torness 2 <4.1 <0.10 <0.32 <0.10
Hartlepool (North Gare) 2 <4.8 <0.25 <1.9 <0.28
Sizewell 2 <2.9 <0.24 <1.8 <0.25
Bradwell 2 <0.25 <1.8 <0.26
Dungeness south 2 <15 <0.25 <1.9 <0.27
Winfrith (Lulworth Cove) 1 <0.31 <2.4 <0.40
Alderney 3F <4.7
Devonport (Millbrook Lake) 2 <3.5 <5.0 <0.26
Devonport (Tor Point South) 2 <3.1 <7.2 <0.30
Hinkley 2 <0.33 <0.045 <2.4 <0.33
Berkeley and Oldbury 2 <0.25 <1.8 <0.26
Cardiff (Orchard Ledges)a 2 <14 <3.8 <0.30
Holyhead 4C <1.5
Wylfa (Cemaes Bay) 2 <2.9 <0.34 <2.5 <0.34
Wylfa (Cemlyn Bay West) 2 <0.25 <1.8 <0.27
Heysham (inlet) 2 <7.3 <0.33 <2.4 <0.32
Seascale (Particulate) 2 <0.05 <0.050 <0.38 <0.06
Seascale (Filtrate) 2 <0.38 <0.050 <0.25 <2.7 <0.42
St. Bees 4 <8.3 <0.29
St. Bees (Particulate) 2 <0.06 <0.020 <0.49 <0.06
St. Bees (Filtrate) 2 <13 <0.25 <0.040 <0.27 <1.9 <0.22
Seafield 4 <1.6 <0.10 <0.54 <0.11
Southernessb 4 <6.2 <0.10 <0.56 <0.10
Auchencairn 4 3.2 <0.10 <0.54 <0.10
Knock Bay 4 <1.1 <0.10 <0.64 <0.10
Knock Bay 4C <2.1
Hunterston 2 2.8 <0.10 <0.46 <0.10
Hunterston (South of pipeline) 2 2.3 <0.10 <0.41 <0.10
North of Larne 12N 0.0022
Faslane (Carnban) 2 <1.2 <0.10 <0.42 <0.10
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Table 8.16. continued

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

sampling
observ- Gross Gross
ations 134Cs 137Cs 144Ce 241Am alpha beta

Dounreay (Sandside Bay) 4 <0.10 <0.10 <0.32 <0.11
Dounreay (Brims Ness) 4 <0.10 <0.10 <0.29 <0.10
Rosyth 2 <0.10 <0.10 <0.37 <0.10
Torness 2 <0.10 <0.10 <0.21 <0.10
Hartlepool (North Gare) 2 <0.23 <0.20 <1.0 <0.30 <5.5 15
Sizewell 2 <0.23 <0.20 <0.96 <0.31 <3.0 17
Bradwell 2 <0.24 <0.21 <1.1 <0.35 <3.5 12
Dungeness south 2 <0.24 <0.22 <1.1 <0.34 <4.0 15
Winfrith (Lulworth Cove) 1 <0.28 <0.26 <0.98 <0.31 <0.90 4
Alderney 3F * 0.002
Jersey 1F * 0.001
Guernsey 3F * 0.002
Hinkley 2 <0.31 <0.27 <1.1 <0.33 <2.5 14
Berkeley and Oldbury 2 <0.23 <0.21 <1.1 <0.34 <3.4 10
Cardiff (Orchard Ledges)a 2 <0.24
Holyhead 4C * 0.01
Wylfa (Cemaes Bay) 2 <0.31 <0.28 <1.3 <0.38 <2.0 9.8
Wylfa (Cemlyn Bay West) 2 <0.24 <0.20 <1.0 <0.31 <4.0 19
Llandudno 1C * 0.02
Prestatyn 1C * 0.03
New Brighton 1C * 0.04
Ainsdale 1C * 0.06
Rossall 1C * 0.04
Heysham (inlet) 2 <0.30 <0.27 <1.1 <0.33 <3.5 11
Half Moon Bay 1C * 0.09
Silecroft 1C * 0.05
Seascale (Particulate) 2 <0.05 <0.08 <0.16 <0.19 0.48 0.18
Seascale (Filtrate) 2 <0.36 <0.30 <1.3 <0.42 <2.5 14
St. Bees 4 <0.27 <0.25
St. Bees (Particulate) 2 <0.06 <0.06 <0.20 0.12 <0.15 0.45
St. Bees (Filtrate) 2 <0.24 <0.22 <1.0 <0.31 <2.0 15
Whitehaven 1C * 0.05
Maryport 1C * 0.08
Silloth 1C * 0.08
Seafield 4 <0.10 <0.17 <0.37 <0.11
Southernessb 4 <0.10 <0.13 <0.38 <0.0035
Auchencairn 4 <0.10 <0.10 <0.32 <0.10
Ross Bay 1C * 0.04
Isle of Whithorn 1C * 0.03
Drummore 1C * 0.03
Knock Bay 4 <0.10 <0.10 <0.39 <0.11
Knock Bay 4C * 0.02
Hunterston 2 <0.10 <0.10 <0.30 <0.12
Hunterston (South of pipeline) 2 <0.10 <0.10 <0.24 <0.10
North of Larne 12N * 0.01
Faslane (Carnban) 2 <0.10 <0.10 <0.30 <0.11

* Not detected by the method used
a The concentration of 3H as tritiated water was <3.5 Bq l-1, and the concentration of 125I was <2.1 Bq l-1
b The concentrations of 238Pu and 239+240Pu were <0.00055 and <0.0033 Bq l-1 respectively
c Measurements labelled “C” are made by Cefas on behalf of Defra
F Measurements labelled “F” are made on behalf of the Food Standards Agency and the Channel Island States
N Measurements labelled “N” are made on behalf of the Northern Ireland Environment Agency
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This Appendix contains information on the methods of
sampling, measurement, presentation and assessment. It is
provided on the CD accompanying the printed report and with
the web version of the report.

If the CD is missing, or you experience problems with accessing
the contents of the CD, please contact one of the organisations
given at the start of the report, via the E-Mail address.

APPENDIX 1. CD Supplement
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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, 2010

PLEASE NOTE CHANGE OF UNITS TO BEQUERELS

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)x,
Bq Bq % of annual limitb

Nuclear fuel production and reprocessing

Capenhurst (Sellafield Ltd)
Other authorised outlets Alpha BAT 4.12E+05 NA

Beta BAT 6.34E+05 NA

Incinerator Alpha 2.00E+08 Nil Nil
Beta 2.50E+08 Nil Nil

Capenhurst1

(Urenco UK) Uranium 1.50E+07 3.16E+05 2.0
Other alpha 4.80E+06 Nil Nil
Technetium-99 2.00E+08 Nil Nil
Others 4.50E+09 Nil Nil

Sellafieldd Alpha 8.80E+08 8.57E+07 9.7
Beta 4.20E+10 9.99E+08 2.4
Tritium 1.10E+15 9.76E+13 8.9
Carbon-14 3.30E+12 2.73E+11 8.3
Krypton-85 4.40E+17 4.53E+16 10
Strontium-90 7.10E+08 4.00E+07 5.6
Ruthenium-106 2.80E+10 7.54E+08 2.7
Antimony-1256 3.00E+10 7.40E+09 25
Iodine-129 7.00E+10 9.64E+09 14
Iodine-131 5.50E+10 3.76E+08 <1
Caesium-137 5.80E+09 9.33E+07 1.6
Plutonium alpha 1.90E+08 1.96E+07 10
Plutonium-241 3.00E+09 2.16E+08 7.2
Americium-241 and curium-242 1.20E+08 1.66E+07 14

Springfields Uraniuma 5.30E+09 5.60E+08 11

Springfields Tritium 1.00E+08 1.58E+07 16
(National Nuclear Laboratory)c Carbon-14 1.00E+07 5.65E+05 6

Other alpha radionuclides 1.00E+06 Nil Nil
Other beta radionuclides 1.00E+07 3.78E+04 <1

Research establishments

Dounreay
(Fuel Cycle Area) Alphae 9.80E+08 9.93E+06 1.0

Beta f,g 4.50E+10 1.62E+08 <1
Tritium 2.00E+12 1.85E+11 9.3
Krypton-85 3.00E+15 Nil Nil
Strontium-90 4.20E+09 3.40E+07 <1
Ruthenium-106 3.90E+09 5.07E+06 <1
Iodine-129 1.10E+09 6.62E+07 6.0
Iodine-131 1.50E+08 1.27E+07 8.5
Caesium-134 8.40E+08 6.29E+05 <1
Caesium-137 7.00E+09 1.85E+06 <1
Cerium-144 7.00E+09 3.54E+06 <1
Plutonium-241 3.30E+09 1.07E+06 <1
Curium-242 2.70E+08 1.92E+04 <1
Curium-244h 5.40E+07 2.06E+03 <1

Dounreay
(Fast Reactor) Alpha 1.00E+07 1.03E+04 <1

Beta 1.50E+09 3.70E+04 <1
Tritium 4.50E+12 2.54E+09 <1
Krypton-85 4.00E+08 Nil Nil
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Table A2.1. continued

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)x,
Bq Bq % of annual limitb

Dounreay
(Prototype Fast Reactor) Alpha 6.00E+06 3.23E+04 <1

Beta 5.10E+07 2.46E+05 <1
Tritium 1.05E+13 6.82E+10 <1
Krypton-85 4.00E+12 Nil Nil

Dounreay
(PFR minor sources) Alphai 6.00E+04 5.41E+02 <1

Betaf 5.00E+05 2.10E+03 <1
Tritium 2.00E+11 4.23E+09 2.1

Dounreay
(East minor sources) Alphai 1.37E+07 6.41E+04 <1

Betaf 3.71E+08 3.25E+05 <1
Krypton-85j 1.00E+12 Nil Nil

Dounreay
(West minor sources) Alphai 3.00E+05 2.54E+03 <1

Betaf,g 7.50E+07 1.19E+04 <1
Tritium 1.00E+10 2.27E+08 2.3

Harwell
(AEA Technology) Alpha 7.00E+05 Nil Nil

Beta 3.00E+07 Nil Nil
Tritium 2.00E+08 Nil Nil

Harwell
Research Sites Restoration Ltd Alpha 8.00E+05 3.46E+04 4.3
(UKAEA) Beta 2.00E+07 4.70E+05 2.4

Tritium 1.50E+13 1.10E+12 7.3
Krypton-85 2.00E+12 Nil Nil
Radon-220 1.00E+14 6.33E+12 6.3
Radon-222 3.00E+12 2.90E+11 9.7
Iodines 1.00E+10 Nil Nil
Other radionuclides 1.00E+11 Nil Nil

Harwell5

(GE Healthcare B10.23)
Alpha 5.00E-08 Nil Nil
Beta/gamma 1.50E-05 Nil Nil

Harwell
(GE Healthcare B443.26)

Alpha 1.00E+05 4.04E+03 4.0
Beta/gamma 3.00E+07 5.10E+04 <1
Radon-222 1.00E+12 8.06E+09 <1
Tritium 2.00E+12 5.42E+07 <1
Krypton-85 6.00E+10 Nil Nil

Winfrith
(Inutec formally WMT Ltd) Alpha 1.00E+05 Nil Nil

Tritium 1.95E+13 8.33E+11 4.3
Carbon -14 3.00E+10 1.98E+07 <1
Other 1.00E+05 Nil Nil

Winfrith
Research Sites Restoration Ltd Alpha 2.00E+06 3.23E+03 <1

Tritium 5.00E+13 2.89E+10 <1
Carbon-14 6.00E+09 1.34E+08 2.2
Other 5.00E+06 2.09E+04 <1

Minor sites

Imperial College Reactor Centre
Ascot Tritium 3.00E+08 1.48E+07 4.9

Argon-41 1.70E+12 3.77E+10 2.2
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Table A2.1. continued

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)x,
Bq Bq % of annual limitb

Nuclear power stations

Berkeleyk Beta 2.00E+07 2.91E+05 1.5
Tritium 2.00E+10 5.42E+09 27
Carbon-14 5.00E+09 2.45E+08 4.9

Bradwell Beta 6.00E+08 4.18E+05 <1
Tritium 1.50E+12 1.14E+10 <1
Carbon-14 6.00E+11 2.99E+08 <1

Chapelcross Tritium 5.00E+15 4.95E+13 <1
Sulphur-35 5.00E+10 Nil Nil
Argon-41 4.50E+15 Nil Nil

Dungeness
A Station Betaq 5.50E+08 1.85E+07 3.4

Tritium 2.60E+12 1.84E+10 <1
Carbon-14 5.00E+12 2.22E+08 <1
Sulphur-35 1.50E+11 8.31E+07 <1
Argon-41 1.70E+15 Nil Nil

Dungeness
B Station Tritium 1.20E+13 1.68E+12 14

Carbon-14 3.70E+12 5.03E+11 14
Sulphur-35 3.00E+11 2.14E+10 7.1
Argon-41 7.50E+13 2.34E+13 31
Cobalt-60q 1.00E+08 2.87E+06 2.9
Iodine-131 1.50E+09 2.74E+07 1.8

Hartlepool Tritium 1.00E+13 8.12E+11 8.1
Carbon-14 4.50E+12 1.93E+12 43
Sulphur-35 2.30E+11 2.95E+10 13
Argon-41 1.50E+14 7.85E+12 5.2
Cobalt-60q 1.00E+08 1.42E+07 14
Iodine-131 1.50E+09 1.68E+08 11

Heysham
Station 1 Tritium 1.00E+13 1.10E+12 11

Carbon-14 4.50E+12 1.27E+12 28
Sulphur-35 2.00E+11 2.05E+10 10
Argon-41 1.50E+14 6.28E+12 4.2
Cobalt-60q 1.00E+08 5.17E+06 5.2
Iodine-131 1.50E+09 7.64E+07 5.1

Heysham
Station 2 Tritium 1.00E+13 9.48E+11 9.5

Carbon-14 3.70E+12 1.21E+12 33
Sulphur-35 2.30E+11 1.02E+10 4.4
Argon-41 7.50E+13 6.61E+12 8.8
Cobalt-60q 1.00E+08 1.21E+07 12
Iodine-131 1.50E+09 1.01E+08 6.7

Hinkley Point
A Station4 Beta 5.00E+07 1.90E+05 <1

Tritium 7.50E+11 5.00E+10 6.7
Carbon-14 5.00E+10 7.10E+08 1.4

Hinkley Point
B Station Tritium 1.20E+13 1.45E+12 12

Carbon-14 3.70E+12 1.21E+12 33
Sulphur-35 3.50E+11 1.12E+11 32
Argon-41 1.00E+14 1.21E+13 12
Cobalt-60q 1.00E+08 6.83E+06 6.8
Iodine-131 1.50E+09 5.77E+06 <1

Hunterston
A Station Betaq 6.00E+07 4.97E+05 <1

Tritium 2.00E+10 9.20E+08 4.6
Carbon-14 2.00E+09 9.40E+07 4.7
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Table A2.1. continued

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)x,
Bq Bq % of annual limitb

Hunterston
B Station Particulate beta 5.00E+08 1.37E+08 27

Tritium 1.50E+13 4.56E+12 30
Carbon-14 4.50E+12 1.31E+12 29
Sulphur-35 5.00E+11 1.79E+11 36
Argon-41 1.50E+14 2.13E+13 14
Iodine-131 2.00E+09 1.20E+08 6.0

Oldbury Beta 1.00E+08 3.63E+07 36
Tritium 9.00E+12 2.54E+12 28
Carbon-14 4.00E+12 1.75E+12 44
Sulphur-35 4.50E+11 1.01E+11 23
Argon-41 5.00E+14 4.32E+13 8.6

Sizewell
A Station2 Beta 8.50E+08 7.00E+05 <1

Tritium 3.50E+12 2.38E+11 6.8
Carbon-14 1.00E+11 5.80E+09 5.8

Sizewell
B Station Noble gases 3.00E+13 2.96E+12 9.9

Particulate Beta 1.00E+08 5.00E+06 5.0
Tritium 3.00E+12 7.68E+11 26
Carbon-14 5.00E+11 1.46E+11 29
Iodine-131 5.00E+08 2.10E+07 4.2

Torness Particulate beta 4.00E+08 4.42E+06 1.1
Tritium 1.10E+13 2.23E+12 20
Carbon-14 4.50E+12 8.26E+11 18
Sulphur-35 3.00E+11 9.20E+09 3.1
Argon-41 7.50E+13 4.47E+12 6.0
Iodine-131 2.00E+09 3.14E+06 <1

Trawsfynydd Beta 5.00E+07 6.40E+05 1.3
Tritium 7.50E+11 2.51E+11 33
Carbon-14 1.00E+10 3.76E+09 38

Wylfa Beta 7.00E+08 6.52E+07 9.3
Tritium 1.80E+13 2.78E+12 15
Carbon-14 2.30E+12 1.33E+12 58
Sulphur-35 4.50E+11 1.54E+11 34
Argon-41 1.00E+14 1.82E+13 18

Defence establishments

Aldermastonm Alpha 1.65E+05 3.65E+04 22
Particulate Beta 6.00E+05 2.17E+04 3.6
Tritium 3.90E+13 6.84E+11 1.8
Carbon-14 6.00E+06 Nil Nil
Argon-41 1.00E+09 Nil Nil
Krypton-85 7.50E+10 2.03E+10 27
Volatile beta 4.40E+06 1.28E+05 2.9

Barrowl Tritium 3.20E+06 Nil Nil
Argon-41 4.80E+10 Nil Nil

Burghfielda,m Tritium 1.00E+10 1.36E+05 <1
Alpha 6.00E+03 1.27E+03 21

Coulport Tritium 5.00E+10 4.51E+09 9.0

Derbyn,r Uranium 4.00E+06 5.19E+05 13
Alphaq 2.40E+04 4.40E+01 <1
Betaq 1.80E+06 4.36E+04 2.4

Devonporto Beta/gammaq 3.00E+05 3.32E+04 11
Tritium 4.00E+09 1.69E+09 42
Carbon-14 4.30E+10 7.60E+08 1.8
Argon-41 1.50E+10 1.13E+07 <1
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Table A2.1. continued

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)x,
Bq Bq % of annual limitb

Dounreay3 Betaq 1.00E+08 1.20E+06 1.2
(Vulcan) Noble gases 2.70E+10 Nil Nil

Rosythp Beta (particulate) 1.00E+05 Nil Nil
Tritium 2.00E+08 Nil Nil
Carbon-14 5.00E+08 Nil Nil

Radiochemical production

Amersham (GE Healthcare) Alpha 2.25E+06 3.28E+05 15
Radionuclides T1/2<2hr 7.50E+11 3.84E+10 5.1
Tritium 2.00E+12 1.08E+06 <1
Sulphur-35 3.50E+10 1.10E+09 3.1
Iodine-125 2.00E+10 9.46E+08 4.7
Radon-222 1.00E+13 2.73E+12 27
Other noble gases 5.00E+13 Nil Nil
Other including selenium-75 1.60E+10 2.79E+08 1.7
and iodine-131

Cardiff (GE Healthcare) Soluble tritium 1.56E+14 2.79E+13 18
Insoluble tritium 6.00E+14 4.27E+12 <1
Carbon-14 2.38E+12 6.04E+11 25
Phosphorus-32/33 5.00E+06 2.00E+04 <1
Iodine-125 1.80E+08 6.90E+05 <1
Other radionuclides 1.00E+09 Nil Nil

Industrial and landfill sites

LLWR near Drigg Alpha BAT 4.28E+04 NA
Beta BAT 1.12E+05 NA

Studsvik Alpha (particulate) 5.00E+05 Nil NA
Beta (particulate) 5.00E+05 3.96E+02 <1

* 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 Formerly Nexia Solutions
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 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
x In some cases permits specify limits in greater detail than can be summarised in a single table; in particular, periods shorter than one

year are specified at some sites
1 Discharge permit revised with effect from 1 January 2009
2 Discharge permit revised with effect from 22 March 2010
3 A letter of agreement was issued with effect from 28 September 2009
4 Discharge permit revised with effect from 11 January 2010
5 Discharge permit revoked (B10.23) with effect from 1 February 2009
6 Discharge permit revised with effect from 1 April 2008, with a further variation with effect from 1 April 2010 (limit revised to 3.00E-02

TBq), to reflect the trend of increasing discharges in 2009
NA Not applicable under permit
BAT Best available technology
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Table A2.2. Principal discharges of liquid radioactive waste from nuclear establishments in the United
Kingdom, 2010

PLEASE NOTE CHANGE OF UNITS TO BEQUERELS

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)n,
Bq Bqa % of annual limitb

Nuclear fuel production and reprocessing

Capenhurst
(Rivacre Brook) Uranium 7.50E+08 6.32E+06 <1

Uranium daughters 1.36E+09 6.40E+06 <1
Non-uranic alpha 2.20E+08 1.51E+07 6.9
Technetium-99 1.00E+09 1.50E+06 <1

Sellafieldc (sea pipelines) Alpha 1.00E+12 1.34E+11 13
Beta 2.20E+14 1.14E+13 5.2
Tritium 2.00E+16 1.39E+15 7.0
Carbon-14 2.10E+13 4.37E+12 21
Cobalt-60 3.60E+12 9.81E+10 2.7
Strontium-90 4.80E+13 1.02E+12 2.1
Zirconium-95 + Niobium-95 3.80E+12 2.37E+11 6.2
Technetium-99 1.00E+13 1.41E+12 14
Ruthenium-106 6.30E+13 1.16E+12 1.8
Iodine-129 2.00E+12 2.74E+11 14
Caesium-134 1.60E+12 1.10E+11 6.9
Caesium-137 3.40E+13 4.85E+12 14
Cerium-144 4.00E+12 5.70E+11 14
Neptunium-237 1.00E+12 4.08E+10 4.1
Plutonium alpha 7.00E+11 1.34E+11 19
Plutonium-241 2.50E+13 3.16E+12 13
Americium-241 3.00E+11 2.33E+10 7.8
Curium-243+244 6.90E+10 2.92E+09 4.2
Uraniume (measured in kg) 2.00E+03 2.52E+02 13

Sellafield (factory sewer) Alpha 3.00E+08 3.87E+07 13
Beta 6.10E+09 8.61E+08 14
Tritium 6.80E+10 8.73E+09 13

Springfields Alpha 1.00E+11 2.10E+10 21
Beta 2.00E+13 4.45E+12 22
Technetium-99 6.00E+11 1.85E+10 3.1
Thorium-230 2.00E+10 3.80E+09 19
Thorium-232 1.50E+10 1.80E+08 1.2
Neptunium-237 4.00E+10 3.70E+08 <1
Other transuranic radionuclides 2.00E+10 1.59E+09 8.0
Uranium 4.00E+10 1.47E+10 37

Research establishments

Dounreay Alpha4 2.00E+10 Nil Nil
PFR liquid metal disposal plant Beta2 1.10E+11 Nil Nil

Tritium 1.40E+12 Nil Nil
Sodium-22 1.80E+12 Nil Nil
Caesium-137 6.60E+10 Nil Nil

Dounreay Alpha4 9.00E+10 1.99E+08 <1
Other facilities Beta2 6.20E+11 5.45E+08 <1

Tritium 5.50E+12 9.13E+10 1.6
Strontium-90 7.70E+11 3.23E+10 4.2
Caesium-137 1.00E+12 5.15E+09 <1

Harwell (River Thames)
Alpha 5.00E+07 2.39E+06 4.8
Beta 3.30E+09 1.19E+08 3.6
Tritium 3.00E+11 5.30E+08 <1
Cobalt-60 1.20E+08 1.23E+06 1.0
Caesium-137 5.40E+08 5.03E+07 9.3

Harwell (Lydebank Brook) Alpha 1.00E+08 5.31E+06 5.3
Beta 6.00E+08 2.61E+07 4.3
Tritium 8.00E+10 3.85E+09 4.8
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Table A2.2. continued

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)n,
Bq Bqa % of annual limitb

Winfrith (inner pipeline) Alpha 2.00E+10 5.46E+07 <1
Tritium 2.20E+14 2.28E+12 1.0
Caesium-137 2.00E+12 3.34E+09 <1
Other radionuclides 1.00E+12 4.26E+09 <1

Winfrith (outer pipeline) Alpha 2.00E+09 3.81E+06 <1
Tritium 1.50E+11 5.96E+08 <1
Other radionuclides 1.00E+09 2.00E+07 2.0

Winfrith (River Frome) Tritium 7.50E+11 Nil

Winfrith
(Inutec formally WMT Ltd) Tritium 1.80E+14 2.70E+12 1.5

Alpha emitting 6.00E+09 8.65E+05 <1
Other radionuclides 1.60E+10 1.81E+07 <1

Minor sites

Imperial College Reactor Centre Tritium 4.00E+07 1.58E+06 4.0
Ascot Other radioactivity 1.00E+06 Nil Nil

Nuclear power stations

Berkeley Tritium 1.00E+12 4.09E+09 <1
Caesium-137 2.00E+11 2.40E+08 <1
Other radionuclides 2.00E+11 3.88E+08 <1

Bradwell Tritium 7.00E+12 9.20E+09 <1
Caesium-137 7.00E+11 1.60E+10 2.3
Other radionuclides 7.00E+11 1.07E+10 1.5

Chapelcross Alpha 1.00E+11 9.95E+07 <1
Beta1 2.50E+13 9.42E+09 <1
Tritium 5.50E+12 7.41E+09 <1

Dungeness Tritium 8.00E+12 6.56E+10 <1
A Station Caesium-137 1.10E+12 1.15E+10 1.0

Other radionuclides 8.00E+11 5.93E+09 <1

Dungeness Tritium 6.50E+14 1.08E+14 17
B Station Sulphur-35 2.00E+12 1.35E+11 6.8

Cobalt-60 1.00E+10 1.19E+09 12
Caesium-137 1.00E+11 1.84E+09 1.8
Other radionuclides 8.00E+10 2.91E+09 3.6

Hartlepool Tritium 6.50E+14 3.54E+14 54
Sulphur-35 3.00E+12 1.03E+12 34
Cobalt-60 1.00E+10 1.70E+08 1.7
Caesium-137 1.00E+11 1.80E+09 1.8
Other radionuclides 8.00E+10 2.94E+09 3.7

Heysham Tritium 6.50E+14 2.31E+14 36
Station 1 Sulphur-35 2.00E+12 2.81E+11 14

Cobalt-60 1.00E+10 1.29E+08 1.3
Caesium-137 1.00E+11 2.22E+09 2.2
Other radionuclides 8.00E+10 2.85E+09 3.6

Heysham Tritium 6.50E+14 2.31E+14 35
Station 2 Sulphur-35 2.00E+12 3.26E+10 1.6

Cobalt-60 1.00E+10 4.70E+07 <1
Caesium-137 1.00E+11 1.09E+09 1.1
Other radionuclides 8.00E+10 8.48E+09 11

Hinkley Point
A Station9 Tritium 1.00E+12 7.62E+10 7.6

Caesium-137 1.00E+12 4.74E+10 4.7
Other radionuclides 7.00E+11 2.34E+11 33



237Appendices

Table A2.2. continued

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)n,
Bq Bqa % of annual limitb

Hinkley Point
B Station Tritium 6.50E+14 1.47E+14 23

Sulphur-35 2.00E+12 2.26E+11 11
Cobalt-60 1.00E+10 2.28E+08 2.3
Caesium-137 1.00E+11 2.98E+09 3.0
Other radionuclides 8.00E+10 4.44E+09 5.6

Hunterston
A Station Alpha 4.00E+10 4.37E+08 1.1

Beta 6.00E+11 1.34E+10 2.2
Tritium 7.00E+11 2.94E+08 <1
Plutonium-241 1.00E+12 2.58E+08 <1

Hunterston
B Station Alpha 1.00E+09 2.72E+07 2.7

All other non-alpha 1.50E+11 8.87E+09 5.9
Tritium 7.00E+14 1.91E+14 27
Sulphur-35 6.00E+12 1.08E+12 18
Cobalt-60 1.00E+10 1.60E+08 1.6

Oldbury Tritium 1.00E+12 2.13E+11 21
Caesium-137 7.00E+11 1.77E+11 25
Other radionuclides 7.00E+11 1.46E+11 21

Sizewell
A Station10 Tritium 5.00E+12 5.52E+10 1.1

Caesium-137 1.00E+12 1.40E+11 14
Other radionuclides 7.00E+11 6.92E+10 9.9

Sizewell
B Station Tritium 8.00E+13 2.49E+13 31

Caesium-137 2.00E+10 6.00E+09 30
Other radionuclides 1.30E+11 2.00E+10 15

Torness Alpha 5.00E+08 1.17E+07 2.3
All other non-alpha 1.50E+11 3.63E+09 2.4
Tritium 7.00E+14 2.70E+14 39
Sulphur-35 3.00E+12 1.19E+10 <1
Cobalt-60 1.00E+10 2.40E+08 2.4

Trawsfynydd Tritium 5.00E+11 1.38E+09 <1
Strontium-90 5.00E+10 Nil Nil
Caesium-137 3.00E+10 3.20E+08 1.1
Other radionuclides5 1.70E+11 6.30E+08 <1

Wylfa Tritium 1.50E+13 5.56E+12 37
Other radionuclides 1.10E+11 1.02E+10 9.3

Defence establishments

Aldermaston (Silchester) Alpha 1.00E+07 1.72E+06 17
Other beta emitting radionuclides 2.00E+07 2.28E+06 11
Tritium 2.50E+10 4.13E+08 1.7

Aldermaston (to Stream)d Tritium Nil 5.92E+08 NA

Barrowh Tritium 1.20E+10 Nil Nil
Other gamma emitting
radionuclides 3.50E+06 Nil Nil

Derbyi Alphaj 2.00E+09 5.67E+07 2.8
Alphak 3.00E+05 1.30E+04 4.3
Betak 3.00E+08 6.73E+05 <1

Devonportg (sewer) Tritium 2.00E+09 8.07E+07 4.0
Cobalt-60 3.50E+08 7.77E+06 2.2
Other radionuclides 6.50E+08 1.71E+08 26
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Table A2.2. continued

Establishment Radioactivity Discharge limit Discharges during 2010
(annual
equivalent)n,
Bq Bqa % of annual limitb

Devonportg (estuary) Tritium 7.00E+11 6.49E+10 9.3
Carbon-14 1.70E+09 2.01E+08 12
Cobalt-60 8.00E+08 1.40E+08 18
Other radionuclides 3.00E+08 4.15E+07 14

Faslane Alpha 2.00E+08 6.00E+04 <1
Beta3,6 5.00E+08 1.31E+06 <1
Tritium 1.00E+12 1.68E+10 1.7
Cobalt-60 5.00E+08 1.25E+06 <1

Rosythf Tritium 3.00E+09 1.81E+07 <1
Cobalt-60 3.00E+08 1.11E+07 3.7
Other radionuclides 3.00E+08 4.11E+06 1.4

Radiochemical production

Amersham (GE Healthcare)3 Alpha 3.00E+08 7.41E+06 2.5
Tritium 1.41E+11 3.00E+06 <1
Iodine-125 4.00E+09 6.33E+06 <1
Caesium-137 5.00E+09 4.22E+06 <1
Other radionuclides 6.50E+10 7.34E+08 1.1

Cardiff (GE Healthcare) Tritium 1.30E+14 1.15E+12 <1
Carbon-14 9.10E+11 1.65E+10 1.8
Phosphorus-32/33 8.50E+07 Nil Nil
Iodine-125 3.00E+08 Nil Nil
Others 1.20E+08 Nil Nil

Industrial and landfill sites

LLWR near Drigg Alpha BAT 6.95E+07 NA
Beta BAT 7.61E+08 NA
Tritium BAT 8.99E+10 NA

Studsvik Alpha 5.00E+05 3.96E+03 <1
Beta 5.00E+05 Nil 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 2 decimal places

b Data quoted to 2 significant figures except when values are less than 1%
c Limits for tritium and iodine-129 vary with the mass of uranium processed by the THORP plant
d The discharge permit has been replaced by an activity notification level of 30 Bq l-1
e The limit and discharge data are expressed in kg
f Discharges were made by Rosyth Royal Dockyard Ltd
g Discharges were made by Devonport Royal Dockyard Ltd
h 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
i Discharges were made by Rolls Royce Marine Power Operations Ltd
j Discharge limit is for Nuclear Fuel Production Plant
k Discharge limit is for Neptune Reactor and Radioactive Components Facility
n In some cases permits specify limits in greater detail than can be summarised in a single table; in particular, periods shorter than one

year are specified at some sites
1 All beta and gamma emitting radionuclides (excluding tritium, sodium-22 and caesium-137) taken together
2 All beta and gamma emitting radionuclides (excluding tritium, strontium-90 and caesium-137) taken together
3 Excluding cobalt-60
4 All alpha emitting radionuclides taken together
5 Including strontium
6 Excluding tritium
9 Discharge permit revised with effect from 11 January 2010
10 Discharge permit revised with effect from 22 March 2010
NA Not applicable under permit
BAT Best available technology
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Table A2.3. Disposals of solid radioactive waste at nuclear establishments in the United Kingdom, 2010

PLEASE NOTE CHANGE OF UNITS TO BEQUERELS

Establishment Radioactivity Disposal Disposals during 2010
Limit
Bq Bq % of limita

LLWRb Tritium 1.00E+13 -1.63E+10 NA
Carbon-14 5.00E+10 -1.30E+09 NA
Cobalt-60 2.00E+12 2.32E+09 <1
Iodine-129 5.00E+10 -6.05E+06 NA
Radium-226 plus
Thorium-232 3.00E+10 -1.94E+10 NA
Uranium 3.00E+11 -1.76E+10 NA
Other alphad 3.00E+11 2.03E+10 6.8
Othersd,e 1.50E+13 3.11E+11 2.1

Studsvik Tritium 1.00E+11 Nil NA
Carbon-14 1.00E+09 Nil NA
Cobalt-60 1.00E+11 Nil NA
Iodine-129 1.00E+09 Nil NA
Radium-226 plus
Thorium-232 1.00E+10 Nil NA
Uranium 2.00E+10 Nil NA
Other alphad 2.00E+10 Nil NA
Othersd,e 1.00E+11 Nil NA

Dounreayc Alpha Nil NA
Beta/gamma Nil NA

a Data quoted to 2 significant figures except where values are less than 1%
b Under current planning permission at the LLWR near to Drigg, certain wastes are temporarily stored, as opposed to being disposed,

pending disposal/storage elsewhere or permission for disposal in-situ
Movement of some waste out of disposal and into storage locations during 2010 has led to some negative disposal figures
being reported
c The current permit 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
NA Not applicable

Table A2.4. Summary of unintended leakages, spillages, emissions or unusual findings of radioactive
substances from nuclear licensed sites in the UK in 2010

Site Month Summary of occurrence Consequences and action taken

Aldermaston June During the transfer of low activity
effluent the connection between two
lengths of hose failed, leading to the
spillage to ground of < 5 litres of
effluent.

The operator was issued with a Warning Letter under the
Environmental Permitting Regulations.

Bradwell March Radioactive water was transferred for
incineration by an unpermitted route.
However, receipt for incineration was
permitted.

All transfer arrangements were reviewed and deficiencies in
signing off transfers were rectified. A Warning Letter was issued
when the error was noticed in 2011.

Dungeness A May A contaminated item was stored
outside without weather protection.
Rain caused leakage to ground of
small amount of radioactivity.

All storage arrangements were reviewed and the item correctly
stored. A Warning Letter was issued.

Sellafield January In January 2010, Sellafield Limited
reported the detection of minor leaks
from ventilation system condensate
drain lines serving the Magnox
Reprocessing facility.

The Environment Agency is considering these reported leaks as
part of its investigation into the leakage, and subsequent ground
contamination incident, reported in January 2009.

Sellafield April In April 2010, Sellafield Limited
reported that it had incorrectly sent
four bags of low level radioactive
waste for disposal from the Sellafield
site to the Lillyhall landfill site at, near
Workington, Cumbria.

This waste should have been sent for disposal to the Low Level
Waste Repository, near Drigg. The incorrectly consigned waste was
subsequently identified and recovered back to the Sellafield site.
The Environment Agency is carrying out a formal investigation into
this incident.



240 Appendices

AGIR Advisory Group on Ionising Radiation
AGR Advanced Gas-Cooled Reactor
AWE Atomic Weapons Establishment
BAT Best Available Techniques or Best Available

Technology
BNFL British Nuclear Fuels plc
BNGSL British Nuclear Group Sellafield Limited
BPEO Best Practicable Environmental Option
BSS Basic Safety Standards
CCFE Culham Centre for Fusion Energy
CEC Commission of the European Communities
CEDA Consultative Exercise on Dose Assessments
Cefas Centre for Environment, Fisheries &

Aquaculture Science
CoRWM Committee on Radioactive Waste Management
DECC Department of Energy and Climate Change
Defra Department for Environment, Food and Rural

Affairs
DETR Department of the Environment, Transport and

the Regions
DH Department of Health
DIO Defence Infrastructure Organisation
DPAG Dounreay Particles Advisory Group
DSRL Dounreay Site Restoration Limited
DSTL Defence Science and Technology Laboratory
EA Environment Agency
EARP Enhanced Actinide Removal Plant
Euratom European Atomic Energy Community
EC European Commission
EDF Electricité de France
EHS Environment and Heritage Service
EPR 10 Environment Permitting (England and Wales)

Regulations 2010
ERICA Environmental Risk from Ionising

Contaminants: Assessment and Management
EU European Union
FEPA Food and Environment Protection Act
FSA Food Standards Agency
GDA Generic Design Assessment
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
ICRP International Commission on Radiological

Protection
IRPA International Radiation Protection Association
ISO International Standards Organisation
LGC Laboratory of the Government Chemist

LLLETP Low Level Liquid Effluent Treatment Plant
LLW Low Level Waste
LLWR Low Level Waste Repository
LoD Limit of Detection
MAC Medium Active Concentrate
MAFF Ministry of Agriculture, Fisheries & Food
MMO Marine Management Organisation
MoD Ministry of Defence
MRF Metals Recycling Facility
MRL Minimum reporting level
MRWS Managing Radioactive Waste Safely
NaK Sodium / Potassium
ND Not detected
NDA Nuclear Decommissioning Authority
NIEA Northern Ireland Environment Agency
NII Nuclear Installations Inspectorate
NMP Nuclear Management Partners Limited
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
ONR Office for Nuclear Regulation
OSPAR Oslo and Paris Convention
PBO Parent Body Organisation
PRAG(D) Particles Retrieval Advisory Group (Dounreay)
PWR Pressurised Water Reactor
REP RSR Environmental Principle
RIFE Radioactivity in Food and the Environment
PRAG(D) Particles Retrieval Advisory Group (Dounreay)
RRDL Rosyth Royal Dockyard Limited
RRMPOL Rolls Royce Marine Power Operations Limited
RNAS Royal Naval Air Station
RSA 93 Radioactive Substances Act 1993
RSR Radioactive Substances Regulation
RSRL Research Sites Restoration Limited
RSS Radioactive Substances Strategy
SEPA Scottish Environment Protection Agency
SFL Springfields Fuels Limited
SIXEP Site Exchange Effluent Plant
SL Scientifics Limited
SRP Society for Radiological Protection
STW Sewage Treatment Works
SWIMMER Sustainable Water Integrated Management and

Ecosystem Research
THORP Thermal Oxide Reprocessing Plant
TNORM Technologically enhanced Naturally-Occurring

Radioactive Material
TPP Tetraphenylphosphonium bromide
TRAMP Terrestrial Radioactive Monitoring Programme
UKAEA United Kingdom Atomic Energy Authority

APPENDIX 3. Abbreviations and glossary
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UKNWM UK Nuclear Waste Management Limited
UNSCEAR United Nations Scientific Committee on the

Effects of Atomic Radiation
UOC Uranium Ore Concentrate
UUK Urenco UK Limited
VLA Veterinary Laboratories Agency

VLLW Very Low Level Waste
WELL Winfrith Environmental Level Laboratory
WFD Water Framework Directive
WHO World Health Organisation
WWTW Waste Water Treatment Works
YP Ystradyfodwg and Pontypridd

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 to J kg-1.

Authorised Premises This is a premises that has been authorised by the environment agencies to discharge to the
environment.

Becquerel One radioactive transformation per second.

Bioaccumulation Excretion may occur, however the rate of excretion is less than the rate of intake + accumulation.

Biota Flora and fauna.

Committed Effective dose 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.

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 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.
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Indicator materials Environmental materials may be sampled for the purpose of indicating trends in environmental
performance or likely impacts on the food chain. 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.

Millisievert The millisievert is a 1/1000 of a sievert. A sievert is one of the International System of Units
used for the measurement of dose equivalent.

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 technologically 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 takes 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. 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 recently completed is presented in
Table A4.1. 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 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.
Env i ronment Agency repor t s a re ava i l ab le f rom
www.environment-agency.gov.uk. A charge may be made to
cover costs. Table A4.1 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.

External dose in the Ribble Estuary

Radionuclides are found in the Ribble Estuary in Lancashire
from liquid waste discharges from Springfields and Sellafield.
A study for the Environment Agency has extended previous
research and supplemented the routine monitoring programme
published in RIFE by offering detailed and focused surveys of
three field sites:

(i) A boatyard where there are houseboat dwellers
(ii) A salt marsh frequented by wildfowlers and
(iii) A tidal tributary used by pleasure craft

The study has recently been published (Punt et al., 2011) and
the main findings include:

• The current external gamma dose rates are dominated by
caesium-137 discharges arising from the Sellafield site whilst
the contribution from Springfields is minimal

• Large boat hulls resulted in a gamma dose rate reduction
of up to 50% compared to that over intertidal sediment.
There was little attenuation for small boat hulls.

• Houseboat dwellers in the Becconsall boatyard remain the
most exposed people. They were estimated to receive
around 70 µSv in 2008.

• Dose to wildfowlers on the salt marshes are about half
that received by houseboat dwellers, however more
information is needed on the importance of dug-out hide
pits where higher dose rates were measured

Coastal dispersion parameter values

The Environment Agency has an initial radiological assessment
system for providing estimates of radiation exposures from
proposed discharges. The assessment system uses
environmental dispersion data to provide estimates of the
predicted levels of radionuclides in the environment. More
detailed assessments may also be undertaken with more
sophisticated models such as PC-CREAM. For discharges
reaching the marine environment, a key dispersion parameter
used by the

initial assessment system is volumetric flow in the vicinity of
the release point. This study provides improved quantitative
estimates of the hydrographic parameters (volumetric exchange
rate, net exchange rate, compartment volume, mean
compartment depth, coastline length, diffusion rate, suspended
sediment load, and sedimentation rate) used by the
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Environment Agency’s initial radiological assessment tool.
Parameters are given for over 80 local compartments around
the England and Wales coast. These locations are primarily
those associated with the discharges of radioactive wastes from
the non-nuclear sectors, such as educational establishments
and hospitals. Guidance on how to use these values has been
provided by the Environment Agency, together with a
comparison with the values currently used in PC-CREAM.

For the majority of sites, sufficient data were available to
calculate the hydrographic parameters. However, occasionally
insufficient data were available to determine a particular
parameter value, and in this situation a ‘best-estimate’ has
been provided based on knowledge of similar compartments
and/or the nearest available data. These values should be

used with care, and, depending on the nature of the assessment
being undertaken, further effort may be warranted to better
determine the level of uncertainty in these estimates and
provide a revised parameter value (Dewar et al., 2011).

Survey of external dose rates in the Esk
estuary

An extensive survey of dose rates in the Esk estuary was
completed in 2007 and the results have been published
(Wood et al., 2011). A summary is provided in Section 2.3.2
of this report.

Table A4.1. Extramural Projects

Topic Reference Further Target
details completion

date

Freshwater concentration factors for phosphorus-32 SCO60083/SR E Published
Estimating external dose rates to people on houseboats SCO60080 E Published
Survey of gamma dose rates in air around the Esk Estuary SCO60083/SR3 E Published
Coastal dispersion parameter values SCO60080/R3 E Published
Soil and herbage survey UKRSR01 and SCO00027 E, S In press
Measurement of radioactivity in canteen meals for
Euratom (2005-2012) R03025 F Mar-13

E Environment Agency
F Food Standards Agency
S Scotland and Northern Ireland Forum for Environmental Research or SEPA
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In England, the Marine Management Organisation (MMO)
administers a range of statutory controls that apply to marine
works on behalf of the Secretary of State for Environment,
Food and Rural Affairs (Defra), this includes issuing licences
under the Food and Environmental Protection Act (FEPA),
1985 (United Kingdom - Parliament, 1985) for the disposal
of dredged material at sea. Licences for disposals made in
Scottish waters and around the coast of Northern Ireland are
the responsibility of the Scottish Government (Marine Scotland)
and the Department of Environment (NIEA), respectively. As
of 1 April 2010 licences for Welsh waters are the responsibility
of the Welsh Government.

The protection of the marine environment is considered before
a licence is issued. Since dredge material will contain
radioactivity from natural and man-made sources at varying
concentrations, assessments are undertaken when appropriate
for assurance that there is no significant food chain or other
risk from the disposal. Guidance on exemption criteria for
radioactivity in relation to sea disposal is available from the
International Atomic Energy Agency (IAEA) (International
Atomic Energy Agency, 1999). IAEA has published a system
of assessment that can be applied to dredge spoil disposal
(International Atomic Energy Agency, 2003). This has been
adapted to reflect operational practices in England and Wales
(McCubbin and Vivian, 2006). In 2010, Watchet Harbour
Marina Limited lodged a FEPA licensing application to carry
out a dredging program involving the disposal at sea of
7,791 m3 of sediment from Watchet Harbour in Somerset. Also

in 2010, Magnox North Limited lodged a FEPA licensing
application, involving the disposal at sea of 59,900 m3 of
sediment, over a three year period, from Oldbury Power
Station in South Gloucestershire. Specific assessments were
conducted for the disposal of the dredge material for each
location (Leonard and Smedley, 2010a and b).

Sediments from both sampling locations contained artificial
radionuclides due to the combined effects of discharges from
nuclear establishments discharging into the Bristol Channel
and weapons testing (and possibly a small Sellafield derived
component). Samples of the material taken from Watchet
Harbour and the vicinity of Oldbury Power Station were
analysed, and the results are given in Table A5.1and A5.2,
respectively. The contributions from individual radionuclides
to the total dose for individual crew members and individual
members of the public are given in Figures A5.1 and A5.2
(Watchet Harbour) and A5.3 and A5.4 (Oldbury Power Station),
respectively. Under the London Convention, only materials with
de minimis levels of radioactivity may be considered for
dumping. Using the conservative generic radiological
assessment procedure developed by the IAEA (International
Atomic Energy Agency, 2003) to convert radionuclide
concentrations in dumped material into radiation doses due
to dumping, the total dose (from artificial and naturally-
occurring radionuclides) to individual members of the crew
and public were both less than 0.005 mSv per year and within
the IAEA de minimis criteria of 0.010 mSv per year, at both
locations.

APPENDIX 5. Disposal of dredge material from
Watchet Harbour, Somerset
and from Oldbury Power Station,
South Gloucestershire
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Table A5.1. Concentrations of radionuclides in sediment dredged from
Watchet Harbour, 2010

Sample number Mean radioactivity concentration (dry), Bq kg-1

60Co 137Cs 226Ra 232Th 238U 241Am
(via 214Pb)1 (via 228Ac)1 (via 234Th)1

1 <0.41 24 21 28 72 <0.8
2 <0.36 24 23 29 49 <0.67
3 <0.40 23 21 27 100 <1.16

Mean* 0.4 24 22 28 74 1

1 Parent nuclides not directly detected by the method used. Instead, concentrations were
estimated from levels of their daughter products

* Mean determinations use < results as positively measured values to produce a
conservative estimate, and are calculated from raw data (raw data are rounded in the
table above)

Table A5.2. Concentrations of radionuclides in sediment dredged from
Oldbury power station, 2010

Sample number Mean radioactivity concentration (dry), Bq kg-1

60Co 137Cs 226Ra 232Th 238U 241Am
(via 214Pb)1 (via 228Ac)1 (via 234Th)1

P1 <0.5 21 21 29 37 <1.5
P2 <0.5 9 26 31 42 <0.5
P3 <0.7 11 16 19 24 <0.6
P4 <0.8 28 25 34 44 <0.8
P5 <0.3 8 23 31 43 <1.4
Mean* 0.6 15 22 29 38 1

1 Parent nuclides not directly detected by the method used. Instead, concentrations were
estimated from levels of their daughter products

* Mean determinations use < results as positively measured values to produce a
conservative estimate, and are calculated from raw data (raw data are rounded in the
table above)

Figure A5.1. Radionuclide contribution to dose to individual
crew members due to dredging at Watchet Harbour, 2010

Co-60 Cs-137 Pu-239+240 Pu-241 Am-241 Th-232 U-238
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Figure A5.2. Radionuclide contribution to dose to
individual members of the public due to dredging
at Watchet Harbour, 2010

Co-60 Cs-137 Pu-239+240 Pu-241 Am-241 Th-232 U-238

Figure A5.3. Radionuclide contribution to dose to
individual crew members due to dredging at
Oldbury Power Station, 2010

Co-60 Cs-137 Pu-239+240 Pu-241 Am-241 Th-232 U-238
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Figure A5.4. Radionuclide contribution to dose to
individual members of the public due to dredging
at Oldbury Power Station, 2010

Co-60 Cs-137 Pu-239+240 Pu-241 Am-241 Th-232 U-238
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