
Radiological Habits Survey: 
Harwell, 2007

 
2008

Environment Report RL 07/08

Cefas contract report C2848



  

 
 
 
 

Radiological Habits Survey: Harwell, 2007 
 
 

Environment Report RL07/08 
 
 
 
 
 
 

The Centre for Environment, Fisheries & Aquaculture Science 
Lowestoft Laboratory 

Pakefield Road 
Lowestoft 

Suffolk 
NR33 0HT 

 
 

C.J. Garrod, F.J. Clyne, J.R. Tipple and A. Edgar 
 
 

2008 
 
 

Peer reviewed by K.S. Leonard 
 
 
 
 
 
 
 
 
 
 

The work described in this report was carried out under contract to the 
Environment Agency, the Food Standards Agency and the Health and 

Safety Executive. 
Cefas contract C2848 

FSA Project PAU 198 / Lot 7 / ERI0006 
 



 
 
 

2



 
 
 

3

SUMMARY            7 
 
1. INTRODUCTION        11 

1.1 Regulatory framework       11 
1.2 Radiological protection framework     12 

 
2. THE SURVEY         15
 2.1 Site activity        15 
 2.2 Survey objectives       16 
 2.3 Survey areas        17 
 2.4 Conduct of the survey       19 
 
3. METHODS FOR DATA ANALYSIS      23 
 3.1 Data recording        23 
 3.2 Data analysis        25 
 
4. AQUATIC RADIATION PATHWAYS      28 
 4.1 Aquatic survey area       28 
 4.2 Commercial fisheries and wholesalers     33 
 4.3 Angling and hobby fishing      34 
 4.4 Didcot Sewage Treatment Works     35 

4.5 Food consumption data       36 
4.6 Riverbank occupancy       38 
4.7 Handling of sediment, fishing gear and nets    39 
4.8 Occupancy rates in close proximity to sewage, sewage sludge or  40 

sewage cake         
4.9 Water based activities       40 

 
5. TERRESTRIAL RADIATION PATHWAYS     43 
 5.1 Terrestrial survey area       43 
 5.2 Unusual pathways       47 
 5.3 Wholesalers and retailers      48 
 5.4 Food consumption data       48 
 
6. DIRECT RADIATION PATHWAYS      52 
 6.1 Direct radiation survey area      52 

6.2 Residential activities       54 
6.3 Leisure activities        55 

 6.4 Employment activities       55 
 6.5 Educational activities       57 

6.6 Occupancy rates       58 
6.7 Gamma dose rate measurements     59 

 
7. COMBINED PATHWAYS       60 
 7.1 Use of the data for assessing total dose     61 

7.2 Use of the data for foetal dose assessment    61 
 

8. CONCLUSIONS AND SUGGESTIONS      62 
 8.1 Survey findings        62 

8.2 Comparisons with previous surveys     65 
Table A. Comparison between 1999 and 2007 adult critical group mean  67 
consumption rates (kg/y or l/y) for terrestrial food groups at Harwell 

 8.3 Suggestions for environmental monitoring    68 
 
9. ACKNOWLEDGEMENTS       71 
 
10. REFERENCES         72 



 
 
 

4

FIGURES 
 
Figure 1 The Harwell aquatic survey area 
Figure 2 The Harwell terrestrial (outer ring) and direct radiation (inner ring) survey 

areas 
Figure 3 The watercourse from Lydebank Brook to the River Thames that carries 

surface water runoff from the site 
 
TABLES 

Table 1 Survey coverage 
Table 2  Typical food groups used in habits surveys 
Table 3 Adults’ consumption rates of freshwater fish (river) in the Harwell area (kg/y) 
Table 4 Adults’ consumption rates of freshwater crustaceans in the Harwell area 

(kg/y) 
Table 5 Children's consumption rates of freshwater crustaceans in the Harwell area 
Table 6 Summary of adults’ consumption rates in the Harwell area (kg/y or l/y) 
Table 7 Summary of 15-year-old children’s consumption rates in the Harwell area 

(kg/y or l/y) 
Table 8 Summary of 10-year-old children’s consumption rates in the Harwell area 

(kg/y or l/y) 
Table 9 Summary of 5-year-old children’s consumption rates in the Harwell area (kg/y 

or l/y) 
Table 10 Summary of 1-year-old children’s consumption rates in the Harwell area (kg/y 

or l/y) 
Table 11  Adults’ riverbank occupancy rates in the Harwell area (h/y) 
Table 12 Children's riverbank occupancy rates in the Harwell area (h/y) 
Table 13 Gamma dose rate measurements over riverbank substrates in the Harwell 

area (µGy/h) 
Table 14 Handling rates of fishing gear and sediment in the Harwell area (h/y) 
Table 15 Occupancy rates in close proximity to sewage, sewage sludge or sewage 

cake (h/y) 
Table 16 Adults’ occupancy rates in and on water in the Harwell area (h/y) 
Table 17 Children’s occupancy rates in and on water in the Harwell area (h/y) 
Table 18 Adults’ consumption rates of green vegetables in the Harwell area (kg/y) 
Table 19 Adults’ consumption rates of other vegetables in the Harwell area (kg/y) 
Table 20 Adults’ consumption rates of root vegetables in the Harwell area (kg/y) 
Table 21 Adults’ consumption rates of potato in the Harwell area (kg/y) 
Table 22 Adults’ consumption rates of domestic fruit in the Harwell area (kg/y) 
Table 23 Adults’ consumption rates of milk in the Harwell area (l/y) 
Table 24 Adults’ consumption rates of cattle meat in the Harwell area (kg/y) 
Table 25 Adults’ consumption rates of pig meat in the Harwell area (kg/y) 
Table 26 Adults’ consumption rates of sheep meat in the Harwell area (kg/y) 
Table 27 Adults’ consumption rates of poultry in the Harwell area (kg/y) 
Table 28 Adults’ consumption rates of eggs in the Harwell area (kg/y) 
Table 29 Adults’ consumption rates of wild/free foods in the Harwell area (kg/y) 
Table 30 Adults’ consumption rates of rabbits/hares in the Harwell area (kg/y) 
Table 31 Adults’ consumption rates of honey in the Harwell area (kg/y) 
Table 32 Adults’ consumption rates of wild fungi in the Harwell area (kg/y) 
Table 33 Adults’ consumption rates of venison in the Harwell area (kg/y) 
Table 34 Adults’ consumption rates of freshwater fish (lake & stream) in the Harwell 

area (kg/y) 
Table 35 Children’s consumption rates of green vegetables in the Harwell area (kg/y) 
Table 36 Children’s consumption rates of other vegetables in the Harwell area (kg/y) 
Table 37 Children’s consumption rates of root vegetables in the Harwell area (kg/y) 
Table 38 Children’s consumption rates of potato in the Harwell area (kg/y) 
Table 39 Children’s consumption rates of domestic fruit in the Harwell area (kg/y) 
Table 40 Children’s consumption rates of cattle meat in the Harwell area (kg/y) 
Table 41 Children’s consumption rates of sheep meat in the Harwell area (kg/y) 
Table 42 Children’s consumption rates of poultry in the Harwell area (kg/y) 



 
 
 

5

Table 43 Children’s consumption rates of eggs in the Harwell area (kg/y) 
Table 44 Children’s consumption rates of wild/free foods in the Harwell area (kg/y) 
Table 45 Children’s consumption rates of rabbits/hares in the Harwell area (kg/y) 
Table 46 Children’s consumption rates of venison in the Harwell area (kg/y) 
Table 47 Children's consumption rates of freshwater fish (lake & stream) in the Harwell 

area (kg/y) 
Table 48 Percentage contribution each food type makes to its terrestrial food group for 

adults 
Table 49 Occupancy rates in the Harwell direct radiation survey area for adults and 

children (h/y)   
Table 50 Analysis of occupancy rates in the Harwell direct radiation survey area  
Table 51 Gamma dose rate measurements for the Harwell direct radiation survey 

(µGy/h) 
Table 52 Combinations of adult pathways for use in dose assessments in the Harwell 

area 
  
ANNEXES 
 
Annex 1 Adults’ consumption rates (kg/y or l/y) and occupancy rates (h/y) in the 

Harwell area 
Annex 2 Children’s consumption rates (kg/y or l/y) and occupancy rates (h/y) in the 

Harwell area 
Annex 3 Qualitative and estimated data for use in dose assessment 
Annex 4 Ratios for determining consumption and occupancy rates for children 
Annex 5 Summary of adults’ profiled habits data in the Harwell area 
Annex 6 Female consumption rates (kg/y and l/y) and occupancy rates (h/y) in the 

Harwell area, for use in foetal dose assessments 
 
 



 
 
 

6



 
 
 

7

SUMMARY 

 

This report presents the results of a survey conducted in 2007 to determine the habits and 

consumption patterns of people living, working and pursuing recreational activities in the 

vicinity of the United Kingdom Atomic Energy Authority nuclear research facility at Harwell in 

Oxfordshire. The last research reactors were shut down in the early 1990s and the site is 

undergoing decommissioning. There are a number of tenant organisations on the site, some 

of which handle radioactive materials. The site discharges gaseous radioactive waste via 

stacks to the atmosphere, liquid radioactive waste via an outfall into the River Thames at 

Sutton Courtenay and contains sources of direct radiation.  Surface water run-off from the site 

is discharged into Lydebank Brook.  One of the tenants on the site has an application pending 

for an authorisation to make radioactive liquid discharges to the water utility company’s foul 

sewer.  It is anticipated that other tenants will apply for authorisations to discharge to the 

sewer in the near future.  Neighbouring organisations, situated outside the licensed site 

boundary, are already making liquid discharges to the sewer. 

 

The following potential exposure pathways related to the site were investigated: 

 The consumption of food from the terrestrial survey area 

 The production, use and destination of local produce 

 The consumption and use of groundwater and surface water in the terrestrial survey area 

 Occupancy within 1 km of the site perimeter fence 

 The consumption of locally sourced aquatic foods 

 Activities and occupancy over river bank substrates 

 The handling of fishing gear and sediment 

 Activities and occupancy in and on water 

 New or unusual practices such as the transfer of contamination off-site by wildlife 

 The discharge of liquid waste to the water utility company’s foul sewer (a site-specific 

issue, as requested by the Environment Agency) 
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Interviews were conducted with members of the public and data collected for 453 individuals 

are presented and discussed.  High rates of consumption, occupancy and handling are 

identified by using the ‘cut off’ method and 97.5th percentiles.  These rates can be used in 

dose assessments.   Additionally, profiles of integrated habits data are presented specifically 

for use in total dose assessments. 

 

In the aquatic survey area, internal and external exposure pathways were investigated 

because of the potential effects from liquid discharges.  (Fish caught in lakes and streams, 

which were subject to potential exposure to gaseous discharges, were recorded separately 

from fish caught in the river, which were potentially exposed to liquid discharges, and were 

included in the terrestrial survey).  Foods consumed from the aquatic survey area were fish 

from the river and freshwater crustaceans.  The only foods consumed by the respective 

critical groups for these food groups were perch and signal crayfish.  Generic 97.5th percentile 

rates have not been determined for fish from the river or freshwater crustaceans.  The critical 

group riverbank occupancy rate was calculated for anglers.  The critical group handling rate 

for fishing gear was calculated for a hobby fisherman.  No sediment handling was identified 

during the survey.  People were undertaking water based activities such as swimming, 

kayaking, canoeing, rowing, sailing, houseboat dwelling and cruising.  Occupancy in close 

proximity to sewage and sewage products was identified.  Cattle were observed drinking river 

water. The consumption or use of freshwater plants was not identified. 

 

The terrestrial survey covered an area up to 5 km from the site centre and included some 

watercourses that extended beyond the 5 km area.  In this area, internal exposure pathways 

were investigated because of the potential effects from gaseous discharges.  Food production 

was identified at 19 farms in the area (including beef cattle, pigs, lamb, dairy cattle, chickens 

eggs, fruit and arable), five allotment sites and several private gardens.  Honey was produced 

from the hives of five beekeepers.  Rainbow trout were consumed from a trout farm and a 

stocked sport fishery, and the consumption of wild brown trout caught from streams was also 

identified.  For foods consumed from the terrestrial survey area, the mean critical group 

consumption rates exceeded the respective generic 97.5th percentile rates for green 
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vegetables, root vegetables, cattle meat, pig meat, sheep meat and honey.  Other local foods 

consumed were other vegetables, potato, domestic fruit, milk, poultry, eggs, wild/free foods, 

rabbits/hares, wild fungi, venison and fish from lakes and streams. Two vineyards were 

identified and the wine produced was sold locally.  Flour milled from cereal grown on a farm in 

the area was also on sale.  Human consumption of well water and borehole water was identified 

at approximately 260 residential and business properties.  Livestock were drinking stream, 

ditch, river, borehole and well water. 

 

Investigations into the off-site transfer of radioactive contamination by wildlife established that 

although rabbits, pigeons and deer were found on site, they were not considered by the site 

operators to be a pest problem within the perimeter fence.  Some members of the public who 

lived in the terrestrial survey area were consuming rabbits that were shot within the immediate 

vicinity of the site and others were consuming rabbits, pigeons and deer that were shot within 

5 km of the site. 

 

The direct radiation survey covered an area out to 1 km from the licensed site boundary.  In this 

area, external pathways were investigated because of potential effects from ionising radiation.  

The highest outdoor occupancy rate was for three people who lived and worked at horse 

stables in the area; the highest indoor occupancy rate was for a resident.  Occupancy rates 

were also recorded for people at work and children at a primary school.  Two nursery schools 

were located in the area. 

 

Gamma dose rate measurements were taken at various locations in the aquatic survey area 

and both indoors and outdoors at properties in the direct radiation survey area.  Background 

readings were taken outside the 5 km radius of the terrestrial survey area. 

 

Comparisons were made with the results from the previous aquatic survey conducted in 1991 

and the previous terrestrial survey conducted in 1999.  No surveys for direct radiation have 

previously been carried out by Cefas so comparisons were not possible. 
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In the 2007 aquatic survey critical group mean consumption rates were calculated for fish 

from the river and freshwater crustaceans but no consumption of these food groups was 

identified in the 1991 survey.  Adult critical group mean occupancy rate over riverbank mud 

was 360 h/y in 1991 and increased to 420 h/y over mud and grass in 2007.  Fishing gear 

handling was identified in 2007 but not in 1991.  Sediment handling was not identified in either 

survey.  Occupancy rates in and on water and in close proximity to sewage products were 

obtained in 2007 but these pathways were not investigated in 1991. 

 

In the terrestrial survey, there were significant changes in some of the adult critical group mean 

consumption rates compared to the results of the previous survey of 1999.  Food groups with 

significant increases in consumption rates in 2007 were: domestic fruit, from 37 kg/y to 63 kg/y; 

pig meat, from 21 kg/y to 49 kg/y; and wild/free food from 3.1 kg/y to 17 kg/y.  Food groups with 

significant decreases in consumption rates in 2007 were: green vegetables, from 78 kg/y to 46 

kg/y; other vegetables, from 73 kg/y to 28 kg/y; potato, from 97 kg/y to 50 kg/y; milk from 310 l/y 

to 59 l/y; poultry from 44 kg/y to 6.0 kg/y; eggs from 21 kg/y to 12 kg/y; venison from 11 kg/y to 

5.0 kg/y; and fish from lakes and streams from 17 kg/y to 4.9 kg/y. 

 

Suggestions are provided for changes to environmental monitoring programmes on the basis 

of the information collected during the survey (see Section 8.3).  These include adding 

samples of signal crayfish, mushrooms, runner beans, rabbit and one of beef, pork or lamb; 

replacing a sample of pike with a sample of perch and replacing beetroot with onion; adding 

samples of river water and sediment from Clifton Hampton and a sample of sewage cake 

from Didcot Sewage Works. 
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1 INTRODUCTION 

 

The public may be exposed to radiation as a result of the operations of the Harwell site either 

from discharges of liquid or gaseous radioactive wastes into the local environment, or from 

radiation emanating directly from the site.  This report provides information about activities 

carried out by members of the public under everyday circumstances, which may influence 

their radiation exposure.  The study has been funded by the Environment Agency, the Food 

Standards Agency and the Health and Safety Executive in order to support their respective 

roles in protecting the public from the effects of radiation. 

 

1.1 Regulatory framework 

 

The Environment Agency regulates discharges of waste under the Radioactive Substances 

Act 1993 (RSA 93) (UK Parliament, 1993) as amended by: the Environment Act 1995 (EA 95) 

(UK Parliament, 1995a); by legislation implementing the European Union (EU) Basic Safety 

Standards (BSS) Directive 96/29/Euratom (CEC, 1996); and by the Energy Act 2004 (EA 04) 

(UK Parliament, 2004).  The Directive takes into account Recommendations of the 

International Commission on Radiological Protection (ICRP), particularly ICRP 60 (ICRP, 

1991).  Authorisations under RSA 93 are issued by the Environment Agency after wide-

ranging consultations that include the Food Standards Agency.  As well as being a Statutory 

Consultee, the Food Standards Agency has responsibilities for ensuring that any radioactivity 

present in food does not compromise food safety and that authorised discharges of 

radioactivity do not result in unacceptable doses to consumers via the food chain.  The Food 

Standards Agency also ensures that public radiation exposure via the food chain is within EU 

accepted limits.  Consultation papers on Statutory Guidance to the Environment Agency on 

the regulation of radioactive waste discharges were issued by the Department of the 

Environment, Transport and the Regions (DETR) (now part of the Department for 

Environment, Food and Rural Affairs (Defra)) in 2000 (DETR, 2000a) and the Welsh 

Assembly in 2002 (The Welsh Assembly Government, 2002).  These documents include, inter 

alia, affirmation that protection of the critical groups of the public is the appropriate 
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radiological protection methodology to use.  This report provides information to support 

assessments of critical groups. 

 

Installation and operation of certain prescribed activities can only take place on sites if they 

are licensed under the Nuclear Installations Act 1965 (as amended) (NIA 65) (UK Parliament, 

1965).  The Nuclear Installations Inspectorate of the Health and Safety Executive implements 

this legislation and is also responsible for regulating, under the Ionising Radiations 

Regulations (IRR 99) (UK Parliament, 1999), the restriction of exposure of the public to direct 

radiation from operations occurring on these sites. 

 

1.2 Radiological protection framework 

 

UK policy on the control of radiation exposure has long been based on the Recommendations 

of ICRP, which embody the principles of justification of practices, optimisation of protection 

and dose limitation.  Radiological protection of the public is based on the concept of a critical 

group of individuals.  This group is defined as those people who, because of where they live 

and their habits, receive the highest radiation dose due to the operations of a site.  It follows 

that, if the dose to this group is acceptable when compared to relevant dose limits and 

constraints, other members of the public will receive lower doses, and overall protection to the 

public is provided from the effects of radiation.  The ICRP have recommended that the term 

‘representative person’ be used in preference to the term ‘critical group’. (ICRP, 2007)  

However, this recommendation has not yet been formally adopted in the UK and therefore we 

continue to use the term ‘critical group’ in this report. 

 

Dose standards for the public are embodied in national policy (UK Parliament, 1995b), in 

guidance from the International Atomic Energy Agency (IAEA), in the Basic Safety Standards 

for Radiation Protection (IAEA, 1996) and in European Community legislation in the EU BSS 

Directive 96/29/Euratom (CEC, 1996).  The public dose standards were incorporated into UK 

law in IRR 99.  In order to implement the Directive in England and Wales, the Environment 
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Agency was issued with a direction by the DETR in 2000 (DETR, 2000b).  This includes the 

requirements that the Environment Agency ensure, wherever applicable, 

 all public radiation exposures from radioactive waste disposal are kept As Low As 

Reasonably Achievable (ALARA) 

 the sum of such exposures does not exceed the dose limit of 1 mSv a year 

 

The principal limit of 1 mSv per year to the public is also the recommendation made by the 

ICRP. 

 

The Environment Agency shall have regard for maximum doses to individuals for use at the 

planning stage: 

 0.3 mSv a year from any source 

 0.5 mSv a year from the discharges from any single site 

 

The Environment Agency is also required to ensure that the dose estimates are as realistic as 

possible for the population as a whole and for reference groups of the population.  It is 

required to take all necessary steps to identify the reference groups of the population taking 

into account the effective pathways of transmission of radioactive substances.  Guidance on 

the principles underlying prospective radiological assessment (i.e. assessments of potential 

future doses) has been provided by a group of UK Government Bodies (EA, SEPA, DoENI, 

NRPB and FSA, 2002).  The National Dose Assessment Working Group (NDAWG) has also 

published principles underlying retrospective radiological assessment (i.e. assessment of 

doses already received from past discharges) (Allott, 2005) and possible methods of carrying 

out these assessments using data from combined habits surveys (Camplin et al., 2005).  

NDAWG agreed that the optimal method for performing retrospective dose assessments 

would be to use habits profiles (profiling method).  This approach is being adopted in 

Radioactivity in Food and the Environment (RIFE) publications,  (e.g. EA, EHS, FSA and 

SEPA, 2007), as combined habits surveys are completed. 
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This report provides information that allows the habits of members of the public to be 

quantified so that the most exposed groups can be identified and doses to the groups can be 

assessed in a realistic way. 
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2 THE SURVEY 

 

2.1 Site activity  

 

At the time of the survey the Harwell nuclear licensed site was operated by the United 

Kingdom Atomic Energy Authority (UKAEA) on behalf of the Nuclear Decommissioning 

Authority (NDA).  It is anticipated that the operation of the site will be transferred to a new 

entity called Research Sites Restoration Ltd, probably early in 2009.  The nuclear site forms 

part of the Harwell Science and Innovation Campus and is situated approximately 5 km 

southwest of the town of Didcot in Oxfordshire.  The site opened in 1946 and was once the 

headquarters of the UK civil nuclear research programme, providing a range of reactors and 

other research facilities.  In the early 1990s, the last research reactors were shut down and 

the site is currently being decommissioned and restored.  Some areas of land that were 

previously part of the licensed site have already been delicensed, and it is proposed that, 

subject to funding and other constraints, the site will be progressively delicensed with the aim 

of delicensing the entire current nuclear licensed site, if possible by 2025. 

 

GE Healthcare occupies buildings in two small areas embedded within the UKAEA licensed 

site, each with their own nuclear site licence.  There are also several other tenant 

organisations operating within the UKAEA licensed site and some of these handle radioactive 

materials.  The Harwell site produces liquid and gaseous discharges and contains sources of 

direct radiation.  Routine operational discharges have ceased and current discharges are the 

result of decommissioning activities.   

 

A revised discharge authorisation for UKAEA at Harwell came into effect in 2003 and a 

revised discharge authorisation for GE Healthcare at Harwell came into effect in 2005.  In 

2006 UKAEA received an authorisation to control transfers of wastes on to the licensed site 

from areas of UKAEA land outside the nuclear site boundary. 
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Under NIA 65, both UKAEA and GE Healthcare hold site licences that allow the installation 

and operation of certain activities.  Under RSA 93, UKAEA, GE Healthcare and other tenants 

each hold separate authorisations to discharges radioactive wastes into the environment.  

The releases include the discharge of gaseous radioactive waste to the atmosphere and 

liquid radioactive waste via an outfall to the River Thames at Sutton Courtenay.  Surface 

water run-off from the site is discharged into Lydebank Brook.  One of the tenant 

organisations has an application pending for an authorisation to discharge liquid radioactive 

waste to Didcot Sewage Treatment Works via the water utility company’s sewer.  Other 

tenants are expected to apply for authorisations to discharge to the sewer in the near future.   

Details of the amounts of radioactive waste discharged in 2006 have been published (EA, 

EHS, FSA and SEPA, 2007). 

 

There are three other organisations that may handle small amounts of radioactive materials 

that are situated on the campus but outside the boundary of the UKAEA licensed site.  These 

organisations do not require nuclear site licences and are not explicitly covered in this report.  

However, they may transfer liquid waste to UKAEA and any such waste is then included with 

that of UKAEA.  These organisations discharge liquid waste to the sewer. 

 

2.2 Survey objectives 

 

The Centre for Environment, Fisheries & Aquaculture Science (Cefas) undertook the survey 

in 2007 on behalf of the Environment Agency, the Food Standards Agency, and the Health 

and Safety Executive.  The aim of the survey was to obtain information on the habits of the 

public that might lead to their exposure to atmospheric discharges, liquid discharges and 

direct radiation from the Harwell nuclear site.  The survey provided comprehensive 

information to ensure that all potential exposure pathways were identified. 

 

Specifically, investigations were conducted into the following: 

 The consumption of food from the terrestrial survey area 

 The production, use and destination of local produce 
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 The consumption and use of groundwater and surface water in the terrestrial survey area 

 Occupancy within 1 km of the site perimeter fence 

 The consumption of locally sourced aquatic foods 

 Activities and occupancy over river bank substrates 

 The handling of fishing gear and sediment 

 Activities and occupancy in and on water 

 New or unusual practices such as the transfer of contamination off-site by wildlife 

 

Additionally, the following issue was investigated, as the result of a site-specific request from 

the Environment Agency: 

 Potential exposure pathways arising from the discharge of liquid waste to the water utility 

company’s foul sewer. 

 

2.3 Survey areas 

 

Three survey areas were defined to encompass the dominant activities expected for aquatic, 

terrestrial and direct radiation pathways. 

 

The aquatic survey area (Figure 1) extended from the liquid effluent discharge point across a 

weir in a backwater at Sutton Courtenay, known as Mill Cut, and downstream along the River 

Thames to Day’s Lock, a distance of approximately 10 km.  Moor Ditch, which carries treated 

effluent from Didcot Sewage Treatment Works to the Thames at Little Wittenham was also 

included since some tenant organisations will soon discharge liquid waste to the sewage 

works.  UKAEA is authorised to make liquid discharges to Lydebank Brook. However, since 

the discharges to the brook are only surface water run-off, which is only likely to be affected 

by washout of gaseous discharges, Lydebank Brook and the watercourses connecting it to 

the River Thames have been included in the terrestrial survey area.   

 

The same section of the River Thames was covered in both the 2007 survey and the previous 

aquatic habits survey conducted by Cefas in the Harwell area, which was in 1991 (Thurston et 
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al., 1993).  Moor Ditch was included in the 2007 survey but was not included in the 1991 

survey.  Lydebank Brook and the watercourses connecting it to the Thames were included in 

the aquatic survey area in 1991 but in 2007 they are included in the terrestrial survey area. 

 

The terrestrial survey area, shown in Figure 2, was defined as the circle to a radius of 5 km 

from the Harwell site centre (NGR SU 471 867) to encompass the main areas of potential 

deposition from gaseous discharges.  Activities relating to groundwater and surface water in 

the terrestrial area were also investigated.  Watercourses and areas potentially containing 

contamination only from washout of gaseous discharges are discussed in the terrestrial 

sections of this report.  As described earlier, this includes the watercourses from Lydebank 

Brook to the Thames (Figure 3), which extend beyond the 5 km radius.  The survey area was 

broadly similar to that used in the last terrestrial habits survey conducted by Cefas in the 

Harwell area, which was in 1999 (Tipple et al., 1999).  Since the 1999 survey, the site centre 

and hence the 2007 survey area had moved slightly owing to changes to the site boundary.  

An allotment site at Didcot, (included in the 1999 survey) was not surveyed in 2007 since it 

was now outside the 5 km area.  In the 1999 survey, consumers were asked about the 

consumption of foods originating from lakes and streams situated only within the 5 km area. 

 

In this report, the food group  ‘freshwater fish’ is divided into two categories: ‘Freshwater fish 

(river)’ which denotes fish caught in the river that are potentially subject to the effects of liquid 

discharges and ‘freshwater fish (lake and stream)’ which denotes fish caught in lakes and 

streams that are potentially subject to the effects of gaseous discharges only. 

 

The direct radiation survey area is also shown in Figure 2.  The UKAEA licensed site consists 

of two separate pieces of land comprising of the main site and the much smaller liquid effluent 

treatment plant situated about 100m to the north of it.  The direct radiation survey area was 

defined as the area within 1 km of the boundary of either of these licensed areas.  It was 

noted that the boundary formed by the security fence was different from the boundary of the 

licensed site. The boundary of the licensed site was used as the baseline for determining the 

direct radiation survey area.  Tenants of UKAEA operating within the licensed site were not 
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included in the survey. Cefas has not previously conducted a direct radiation survey at 

Harwell. 

 

Due to the dense population within the direct radiation survey area, it was not possible to 

interview all the occupants.  Therefore, interviewing effort was concentrated on residential 

properties since they were likely to have higher occupancy rates, rather than business 

properties.  Also, since the site covered a large irregularly shaped area with multiple sources 

of direct radiation within it, effort was divided between residential and business properties that 

were located in different directions from the site and targeted at the closest properties in each 

direction.  The properties of some organisations had tight security.  Due to the difficulties in 

arranging personal visits these organisations were sent questionnaires by e-mail.   

 

2.4 Conduct of the survey 

 

Prior to the start of the fieldwork, discussions were held between members of the Cefas 

survey team and representatives from UKAEA, the Environment Agency, the Food Standards 

Agency and the Health and Safety Executive.  These discussions provided an outline of the 

main aims of the survey and highlighted issues that required special attention by the team. 

 

As part of the pre-survey preparation, people with a local knowledge of the survey area were 

contacted for information on any aspects relevant to the various exposure pathways.  These 

included a Harwell site representative, parish councils and members of the Local 

Stakeholders Group.  Further information regarding the habits of people in the aquatic and 

terrestrial survey areas was obtained from Internet searches, Ordnance Survey maps and 

from previous habits surveys undertaken at Harwell.  A proposed fieldwork programme was 

sent to the Environment Agency, the Food Standards Agency, and the Health and Safety 

Executive before the fieldwork commenced, for their comment. 

 

The fieldwork component of the survey was carried out from 10th – 20th September 2007 by a 

survey team of four people, according to techniques described by Leonard et al. (1982). 
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At the start of the fieldwork, on 11th September, a meeting was held between two members of 

the survey team and a representative from UKAEA.  This served to provide details about site 

operations, waste disposal and information about potential pathways and activities in the 

area.  Details obtained are as follows: 

 The site is now in progressive decommissioning and the intention is that it will eventually 

be entirely delicensed.  The discharges are now mainly tritium with the possibility of some 

radon.  They are sporadic, as determined by the dismantling of the buildings and facilities.  

 There are cooling ponds at the southern end of the site that are operated by a tenant and 

contain sealed cobalt sources.  They do not give rise to discharges. 

 Discharges of liquid waste are declining.  At the moment active waste is treated at the 

liquid effluent treatment plant and discharged two or three times a year via a pipeline to 

an outfall into the Thames at Sutton Courtenay.  Trade effluent is discharged down the 

same pipeline every few weeks but is not treated because the activity is low.  It is 

expected that liquid discharges will decline further and it is intended that eventually all 

discharge of liquid waste will be via the sewers to Didcot Sewage Works and that the 

pipeline to the Thames at Sutton Courtenay will be closed.  Neighbouring organisations 

that have historically transferred low-level liquid waste to UKAEA for disposal are either 

already discharging directly to the sewers or are planning to do so.  

 The sewage plant at the northern end of the site has been demolished.  Lydebank Brook 

only receives surface water runoff from the site.  This carries some tritium arising from 

rain washout of airborne discharges. 

 Information about potential pathways and activities in the area included: anglers and 

other river users at Sutton Courtenay, horse riders and walkers along bridleways near the 

perimeter fence, and locations of residential and business areas on the campus. 

 

The site representative was also asked about any wildlife studies and pest control measures 

in and immediately around the site.  Animals could be carriers for transporting radioactive 

materials off-site and are also potential food items for some individuals. (See Section 5.2) 
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During the fieldwork, individuals who were identified in the pre-survey preparation as having 

the potential to be exposed to radioactivity from the site were contacted and interviewed.  

These included anglers, house boat dwellers, hobby fishermen, boat users, farmers, allotment 

holders, beekeepers and people living, working or attending educational establishments close 

to the site.  Interviews were used to establish individuals’ consumption rates of locally grown 

terrestrial foods and locally caught freshwater food, their handling rates of fishing gear, their 

occupancy rates relevant to external exposure and occupancy rates in and on water.  Any 

general information of possible use to the survey was also obtained.  Using the information 

obtained in the interviews, a list of occupations and activities was built up to produce a picture 

of potential exposure pathways.   

 

The survey did not involve the whole population in the vicinity of Harwell, but targeted subsets 

or groups, chosen in order to identify those individuals potentially most exposed to radiation 

pathways.  However, it is possible that even within a subset or group there may be people not 

interviewed at the time of the survey.  Therefore, to aid interpretation, the number of people 

for whom data were obtained in each group as a percentage of the estimated complete 

coverage for that group has been calculated.  The results are summarised in Table 1.  The 

‘groups’ are described and quantified, and the numbers of people for whom data were 

obtained are given as percentages of the totals.  It should be noted that for certain groups, 

such as boat users, it can be virtually impossible to calculate the total number of people who 

undertake the activity in the survey area as many people visit from outside or only visit 

occasionally during the year.  In other cases, it may be necessary, for example, to estimate 

the number of individuals from the number of clubs.  These cases are explained in Table 1.  

Overall, although the number of potential interviewees in the terrestrial survey area was 

estimated to be around 19000, and approximately 4500 people worked in the direct radiation 

survey area, information was obtained for a significantly smaller number than this.  In 

particular, it should be noted that the survey did not include the activities of the employees of 

UKAEA, GE Healthcare, tenant organisations or contractors while they were at work on the 

site.  This is because dose criteria applicable to these people whilst at work and the dose 

assessment methods are different to those for members of the public.  However, any 
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consumption data, and activities and occupancy rates for these employees while outside 

work, are included in the results if employees were encountered during the survey. 

 

For each of the three survey areas, the survey targeted pathways primarily relevant to that 

survey area.  Where possible, people were also asked about habits relating to the other two 

survey areas.  For example, people in the terrestrial survey were initially questioned because 

it was known that they grew significant quantities of terrestrial foodstuffs.  However, they were 

also asked about habits that might lead to exposure to liquid discharges or direct radiation.  

During interviews with representatives from large organisations such as local businesses, it 

was not possible to collect data for all pathways (such as consumption of local foods) for each 

person.  In these cases, the data were limited to those relating to the primary reason for the 

interview (e.g. in the case of businesses in the 1 km direct radiation area, for occupancy 

rates).  In Annexes 1 and 2, such individuals only have data for the pathways of primary 

interest. 

 

Thirty-six person-days were spent investigating the survey areas and interviewing individuals 

who were relevant to the survey. Observations for 2480 individuals were recorded.  However, 

2086 of these were repetitive generic level observations; for example occupancy rates for 

employees of large organisations. Only representative samples of these generic data were 

included in the analysis, resulting in 453 observations being used in total.   

 

During the survey, gamma dose rate measurements were taken to aid assessment of external 

exposure pathways. 
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3 METHODS FOR DATA ANALYSIS 

 

3.1 Data recording 

 

Data collected during the fieldwork were recorded in logbooks.  On return to the laboratory, 

the data were examined and any notably high rates were double-checked, where possible, by 

way of a follow up phone call.  In rare cases where follow up phone calls were not possible 

(e.g. interviewees who wished to remain anonymous), the data were accepted at face value.  

The raw data were entered into a habits survey database where each individual for whom 

information was obtained was given a unique identifier (the observation number) to assist in 

maintaining data quality. 

 

During the interviews, people could not always provide consumption rates in kilograms per 

year for food or litres per year for milk.  In these cases, interviewees were asked to provide 

the information in a different format.  For example, some estimated the size and number of 

items (e.g. eggs) consumed per year, whereas others gave the number of plants in a crop or 

the length and number of rows in which the crop was grown per year.  The database 

converted these data into consumption rates (kg/y for food and l/y for milk) using a variety of 

conversion factors.  These factors included produce weights (Hessayon, 1990 and 1997; 

Good Housekeeping, 1994), edible fraction data researched by Cefas, and information 

supplied by the Meat and Livestock Commission. 

 

All consumption and occupancy data in the text of this report are rounded to two significant 

figures to reflect the authors’ judgement on the accuracy of the methods used.  In the tables 

and annexes, the consumption rate data are usually presented to one decimal place. 

Occasionally, this rounding process causes the row totals or mean rates to appear slightly 

erroneous.  Consumption rates less than 0.05 kg/y are presented to two decimal places in 

order to avoid the value of  0.0 kg/y.  External exposure data are quoted as integers. 
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To ensure the quality of the data collected during the survey fieldwork and presented in the 

report, the following procedures have been employed: 

 Experienced scientific staff were used for fieldwork and data assessment.  They had been 

trained in the techniques of interviewing and obtaining data for all pathways that were 

relevant to the survey being conducted.  Where individuals offered information during 

interview that was unusual, they were questioned further in order to double-check the 

validity of their claims. 

 Where possible, interviewees were contacted again to confirm the results of the initial 

interview if, when final consumption or occupancy rates were calculated, observations 

were found to be high in relation to our experience of other surveys.  Local factors were 

taken into account in these cases. 

 The data were manipulated in a database using a consistent set of conversion factors. 

 The data were stored in a purpose built database in order to minimise transcription and 

other errors. 

 Draft reports were formally reviewed by a senior Cefas radiological scientist. 

 Final reports were only issued when the Environment Agency, the Food Standards 

Agency and the Health and Safety Executive were entirely satisfied with the format and 

content of the draft. 

 

For the purpose of data analysis, foodstuffs were aggregated into food groups as identified in 

Table 2.  Specific food types relevant to this survey are presented in the subsequent tables.  

The data are structured into groups with similar attributes.  For example, when considering 

terrestrial food consumption, all types of root vegetables are grouped together in a food group 

called ‘root vegetables’.  Similarly, for aquatic food consumption, all crustacean species are 

grouped as ‘crustaceans’.  For external exposure over riverbank sediments, occupancy over a 

common substrate (e.g. mud and grass) is chosen.  The choice of a group of activities is 

made when it is reasonable to assume that consistent concentrations or dose rates would 

apply within the group. 
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In addition to grouping of activities, data are structured into age groups because different 

dose coefficients (i.e. the factors which convert intakes of radioactivity into dose) can apply to 

different ages.  The age groups and their relevant age ranges are based on the 

recommendations in ICRP 72 (ICRP, 1996), and are listed below: 

 

Age group Age range in group 

3-month-old Under 1-year-old 

1-year-old 1-year-old 

5-year-old 2-year-old to 6-year-old 

10-year-old 7-year-old to 11-year-old 

15-year-old 12-year-old to 16-year-old 

Adult 17-year-old and over 

 

For direct radiation pathways, the data are grouped into distance zones from the site 

perimeter as a coarse indication of the potential dose rate distribution due to this source of 

exposure.  The bands used were: 0 – 0.25 km, >0.25 – 0.5 km and >0.5 – 1 km.  These 

distance bands are also useful when assessing exposure to gaseous discharges. 

 

3.2 Data analysis 

 

The main output of the study is the statement of individuals’ consumption, handling and 

occupancy rates given in Annexes 1 and 2.  These can be used in radiological assessments 

of the effects of the operation of the Harwell site – taking into account the concentration 

and/or dose rate distributions in space and time relevant to the assessment. 

 

Annex 3 contains qualitative and estimated data for pathways where it was not possible to 

obtain quantifiable data from interviews.   Information is given on alleged poaching of fish for 

human consumption from the River Thames but there were insufficient data available to 

estimate a consumption rate. 
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For ingestion pathways, critical group rates for children have been calculated from the survey 

data.  However, because few child consumers were identified, the rates should be viewed 

with caution.  For assessment purposes, an alternative approach may be taken which 

involves scaling the critical group rates for adults by ratios.  These ratios are given in Annex 4 

and have been calculated using generic 97.5th percentile consumption rates. 

 

Selection of 97.5th percentile and critical group rates for occupancy is not made for the direct 

radiation pathway.  Such an analysis is of limited value without a detailed knowledge of the 

spatial extent of dose rates due to direct radiation. 
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4 AQUATIC RADIATION PATHWAYS     

 

4.1 Aquatic survey area 

 

The aquatic survey area (Figure 1) extended from the liquid effluent discharge point across a 

weir in a backwater at Sutton Courtenay, known as Mill Cut, and downstream along the River 

Thames to Day’s Lock.  Moor Ditch, which carried treated effluent from the sewage works at 

Didcot to the River Thames at Long Wittenham, was also included. 

 

Overview of survey area 

 

The River Thames meanders for about 10 km between Sutton Courtenay and Day’s Lock.  

The flow of water is generally slow and the river level is regulated to some extent by 

intermittent weirs and locks.  For most of this stretch the river cuts through farmland but it 

passes by, or through, the villages of Sutton Courtenay, Long Wittenham, Clifton Hampden 

and Burcot.  The riverbank is mainly natural but small sections are reinforced with metal piles 

or wooden staves and the locks are lined with stone or concrete.    

 

The main riverbank activity was angling and this took place over mud and grass.  Small areas 

of exposed riverbed sand, no more than a square metre in size, were observed at a few 

locations.  These were places that anglers might stand, or people might paddle in the river, 

but no activities over sand were observed at the time of the survey.   

 

Boating was a popular activity all along this stretch of the River Thames.  Relatively few boats 

had permanent moorings in the area but many vessels passed through it.  They were 

predominantly narrow boats and motor cruisers. Most were hired for holidays although some 

were privately owned.  

 

The Thames Path National Trail ran close by the river all along this stretch.  It was popular 

with walkers and dog walkers in areas with easy access from the road, which were mainly 
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close to villages.   No long distance walkers were encountered in the more remote parts of the 

path at the time of the survey.  The path was mainly at the top of the bank and was unlikely to 

be prone to regular flooding, although it was vulnerable to extreme flooding events. 

 

No regular dredging took place on this stretch of the river although it was carried out if 

required.  The last dredging was at Day’s Lock several years ago. 

 

The lock keepers at Clifton Lock and Day’s Lock had residences by the river but most of their 

duties were carried out high above the water on the stone and concrete of the lock side.   

 

The culvert of Moor Ditch passed through the outskirts of Didcot before cutting across 

farmland to join the Thames at Long Wittenham. 

 

The terms ‘left bank’ and ‘right bank’ are used to describe locations in the following section 

and they refer to the left and right hand sides of the river as seen by an observer facing 

downstream, towards the east in Figure 1. 

 

The discharge point in Mill Cut to its confluence with the River Thames 

 

The liquid effluent was discharged from a pipe with multiple release holes that spanned a weir 

across Mill Cut.  Mill Cut only extended about 200 m downstream of the weir before it rejoined 

the main flow of the Thames below Sutton Pools.  Below the weir, the left bank of Mill Cut was 

the garden of a private dwelling and the right bank was the property of UKAEA.  The UKAEA 

property was not open to members of the general public, although the gate to the fenced area 

was not locked.  Fishing along this small stretch was reserved for members of the Harwell 

Angling Club, which was part of the sports and social provision at UKAEA.  
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The Mill Cut/River Thames confluence to Sutton Bridge 

 

This was only a short section of river (approximately 300 m) but was a popular location for 

angling.  Access to the river was relatively easy with a nearby public car park at Culham.  

Most angling was observed on the left bank between the confluence and Sutton Bridge. The 

riverside path was also frequently used by walkers and anglers on their way to visit Sutton 

Pools, which was just upstream.  A cattle drink was located on the right bank at the 

confluence and cattle were observed drinking on several occasions. A wooden angling 

platform had also been constructed over the mud. 

  

Sutton Bridge to Appleford railway bridge 

 

The Thames Path provided access to angling spots all along the left bank of the Thames 

between Sutton Bridge and Appleford railway bridge.  However, this stretch was not heavily 

fished and most angling activity took place at the eastern end, which was closer to the car 

park at Culham.  On the right bank, downstream from Sutton bridge there was no easy public 

access to the river until a track leading down to the Didcot Power Station pump house was 

reached. This section of riverbank was another popular location for angling and there were 

fishing positions up to approximately 300 m east and west of the track.  Five canoes were 

observed passing along the river. 

 

Appleford railway bridge to Clifton Lock 

 

The Thames Path continued to provide access along the left bank of the river.  However 

angling was not popular along the stretch down to Clifton Lock owing to the long walks 

required to reach the area.   Access to the right bank of the river was by footpaths from the 

villages of Appleford and Long Wittenham.  Again, this area was not close to easy parking 

and was not heavily fished.  Clifton Cut, which was now the navigable route, left the river at a 

weir to the west of Long Wittenham and rejoined it at Clifton Lock.  The outflow from Moor 
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Ditch entered the Thames just upstream from Long Wittenham.  Residential properties 

backed on to the river at Long Wittenham preventing public access. 

   

Clifton Lock to Clifton Hampden Bridge  

  

The Thames Path continued all along the left bank of this section of river.  This was a 

common mooring area for visiting pleasure craft since the path provided access from the river 

to the amenities of Clifton Hampden.  Closer to the bridge the bank was unsuitable for 

mooring and several anglers fished in this area. 

 

No angling was noted on the right bank downstream from Long Wittenham until a lay-by on 

the approach road to Clifton Hampden Bridge.  The lay-by provided a convenient place for 

anglers to park their cars and the riverbank close by was a popular angling location.  Further 

towards the bridge there were moorings for about 15 pleasure craft.  One of these was a 

larger vessel that was used as a houseboat.  The houseboat was permanently occupied by 

two adults.  Just to the south of the bridge and alongside the river was a caravan park for both 

touring and permanently sited vans.  Several of the caravan occupants were keen anglers 

and they fished from the bank close to their caravans.  The park had been flooded earlier in 

the year.  Several canoeists were observed paddling past the camp during the survey.  

 

There was a large car park at Clifton Hampton Bridge close to the right bank of the river.  

Visitors had easy access by foot to both banks of the river in both upstream and downstream 

directions. 

 

Clifton Hampton Bridge to Day’s Lock 

 

Several anglers fished a small stretch, about 100 m long, on the left bank of the river just 

north of Clifton Hampton Bridge. Further downstream, the buildings of Clifton Hampton 

blocked access to the riverbank.  There was a short section of open riverbank between Clifton 

Hampton and Burcot but there was no easy access to this area.  No activities were observed 
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there.  Continuing downstream on the left bank the buildings of Burcot, and then private land, 

prevented access to the riverbank almost as far as Day’s Lock.  Just north of Day’s Lock was 

a stretch of bank about 300 m long where passing pleasure craft were moored. Three families 

were observed having picnics on the grass bank by the side of their boats.  This area could 

be reached by land along footpaths from Dorchester, which was over one kilometre away.  

 

The Thames Path crossed from the left bank to the right bank at Clifton Hampton Bridge and 

provided access to the right bank of the river all the way down to Day’s Lock.  Angling was 

very popular close to the bridge.  As in other areas, the number of anglers dwindled as the 

distance increased from the road access point.  A troop of local sea-scouts had a regular 

camp in a field by the river about 400 m down stream from the bridge.  The camp was held on 

one day a week through the summer.  The scouts, aged between 10 and 16 years old, 

engaged in a number of water based activities including kayaking, swimming, canoeing, 

rowing and sailing.  Generic level data was obtained for 20 scouts and a representative 

sample of eight have been included in the analysis.  The four scoutmasters undertook the 

same water based activities as the children, except for swimming. 

 

Some limited car parking was available at Little Wittenham and from there a footbridge 

crossed the river to Day’s Lock.  The lock keeper reported that very few anglers ever came 

past the lock to fish at potential angling areas further upstream. 

 

Moor Ditch 

 

Moor Ditch carried treated effluent from Didcot Sewage Works to an outfall into the Thames 

just upstream of Long Wittenham, a distance of about three kilometres.  After leaving the 

sewage works, the culvert passed under a railway line and a road close to residential 

properties on the outskirts of Didcot, before crossing farmland to the river.  A cycle track and 

footpath extended alongside the ditch for almost its entire length.  Except in a couple of 

places, the banks of the ditch were very overgrown preventing access to the water.  Between 

the railway and the road there was an area without undergrowth where access to the stream 
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was possible.  Also, the ditch and cycle track passed under the road together and it was easy 

to access the water here.  Both these locations appeared to be potential play areas for 

children from nearby properties although no activities were observed at the time of the survey.  

The cycle track was well used at the Didcot end. 

 

4.2 Commercial fisheries and wholesalers 

 

No commercial fisheries were identified during the survey although there is some potential for 

commercial fishing in the area. 

 

Following enquires concerning potential commercial fisheries, EA Fisheries Officers provided 

the following information:   

 Fyke netting for eels would not be allowed this far up the Thames.   

 Electrofishing for eels would be permitted under licence but no licences had been issued. 

 ‘Several dozen’ consents had been issued authorising the removal of signal crayfish.  The 

usual method of catching signal crayfish was by using traps.    

 Most of the crayfish consents were held by hobby fisherman (see below) but the Fisheries 

Officers knew of one commercial and one semi-commercial signal crayfish fisherman. 

 The crayfish consents covered a wide region of the River Thames catchment and it was 

not known if any commercial fishing for signal crayfish actually took place within the 

survey area. 

 No other potential commercial fisheries were known of in the area. 

 

Enquiries were made with a commercial crayfish fisherman who had been identified in a 

previous Cefas survey of Aldermaston.  He reported that, although there was potential, he did 

not usually fish in the Harwell survey area.  Normal procedures are to set traps from the 

riverbank, between July and October each year, when the water is warmer and the crayfish 

are more active and easier to catch.  Catches are exported to Sweden, France and Spain. 

 

 



 
 
 

34

No wholesalers or retailers of aquatic produce were positively identified within the survey area 

on this occasion. 

 

4.3 Angling and hobby fishing 

 

Angling from the riverbank was a popular activity at several locations in the survey area.  

People were observed angling at Sutton Courtenay, Didcot Power Station pump house, a lay-

by between Long Wittenham and Clifton Hampden and at Clifton Hampden.  It was possible 

to fish from many other parts of the riverbank but these were more difficult to access.  No 

anglers were observed in these more remote areas at the time of the survey.  At least seven 

angling clubs held the fishing rights to various sections of the riverbank.  As with all rivers in 

England, the Thames is subject to a ‘closed season’ lasting from 15 March to 15 June each 

year during which time no angling for coarse fish is permitted.  No information could be 

obtained about fishing activities at the Harwell Angling Club site close to the discharge point 

in Mill Cut. 

 

It is probable that some angling also occurred from moored pleasure craft, but this activity 

was not observed at the time of the survey. 

 

All the anglers interviewed were fishing for sport on a ‘catch and release’ basis.  However, 

one angler consumed perch (Perca fluviatilis) if they were damaged during capture and 

unlikely to survive if returned to the water.  At least 12 anglers mentioned that they had 

observed, or knew of, people taking large quantities of fish from the River Thames for 

consumption.  (See Annex 3)  Anglers are allowed to keep fish, but under the Thames Region 

Fishery Bylaws there is bag limit of two fish per person per day of which not more than one 

fish may be tench, carp, barbell, bream or pike.  

 

Several anglers reported that they caught signal crayfish (Pacifastacus leniusculus) as a by-

catch whilst angling for fish.  Most anglers returned the crayfish to the water (either dead or 

alive), but one person kept them to eat. 
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One hobby fisherman was interviewed during the survey.  He intermittently used a few 

homemade traps to fish for signal crayfish at Clifton Hampden.  The crayfish caught were 

consumed by himself and members of his family.  Several anglers and pleasure boat users 

stated that trapping crayfish was a common practice in the region.  They reported that they 

knew it occurred within the survey area, although the river at Abingdon, (upstream of the 

survey area), was a more popular place to fish.  Traps were deployed both from boats and 

from the riverbank.  Fisheries Officers reported that most hobby fishermen probably used just 

one or two traps.  The catches were believed to be consumed by the fishermen’s family and 

friends.  It was possible that some hobby fishermen, in fact, operated on a semi-commercial 

basis but no evidence of this was found during the survey. 

 

One angler reported that he had observed people taking freshwater mussels from the river 

but he did not know what they were used for. 

 

4.4 Didcot Sewage Treatment Works 

 

The sewage works were investigated because one of the tenants at the UKAEA Harwell site 

has applied for authorisation to release liquid discharges to the water utility company’s foul 

sewer and other tenants are expected to apply for similar authorisations in the near future.  

(Note also that other organisations, situated outside the licensed site boundary, are already 

discharging liquid waste to the sewer.) Sewage from Harwell travels through pipes to the 

Didcot Sewage Treatment Works where it undergoes treatment.  Activities in the sewers 

between Harwell and Didcot were not considered. 

 

During the sewage treatment process solid matter settles out to form sludge.  The sludge has 

more water removed to produce sewage cake, which is a solid.  The cake is used as a 

fertiliser and soil conditioner on farmland.  The treated water, which may still hold 

radionuclides in liquid phase, is discharged to Moor Ditch from where it flows to the Thames. 
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Three men were employed at the sewage works and they each spent 1700 hours per year at 

the plant.  The plant was highly automated and mechanised.  Consequently, the employees 

spent relatively little time in close proximity to the sewage, sewage sludge or sludge cake.  

They were in close proximity (<1 m) with the sewage during activities such as clearing pipes; 

cleaning rag traps, fat traps and grit traps; and sampling.  They were also in close proximity 

(<3 m) of the sewage sludge or sludge cake during activities such as sampling and using a 

small mechanical digger to move the cake to a storage area.  The sludge cake was collected 

from the site periodically by contractors using their own machinery for lorry loading. 

  

4.5 Food consumption data 

 

Consumption data for local aquatic foodstuffs are presented in Tables 3 and 4 for adults and 

in Table 5 for children.  The tables include the mean consumption rates of the critical groups 

together with the observed 97.5th percentile rates calculated as described in Section 3.2.  The 

data are summarised in Table 6 for adults and Tables 7 and 8 for children (15-year-olds and 

10-year-olds, respectively).  Mean rates and 97.5th percentile rates based on national data 

(referred to as ‘generic’ data in this report) are not available for freshwater species so 

comparisons with these cannot be made. 

 

Adult consumption rates 

 

Adults were found consuming foods from the following two food groups; freshwater fish (river) 

and freshwater crustaceans.  No consumption of freshwater molluscs or freshwater plants 

was noted during the survey. The people consuming the greatest quantities of food from the 

aquatic survey area were an angler and a hobby fisherman and his family.  The hobby 

fisherman used traps to catch crayfish. 

 

The only species of freshwater fish (river) consumed by an adult was perch (Perca fluviatilis). 

A critical group of one individual was identified who had a consumption rate of 1.1 kg/y. 
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The only species of freshwater crustacean consumed by adults was signal crayfish 

(Pacifastacus leniusculus).  A critical group of three individuals was identified with a maximum 

consumption rate of 1.2 kg/y and a mean of 1.1 kg/y.  The observed 97.5th percentile rate 

based on three observations was 1.2 kg/y. 

 

Children’s consumption rates 

 

15-year-old age group 

 

The only species of freshwater crustacean consumed by the 15-year-old age group was 

signal crayfish (Pacifastacus leniusculus). No consumption of freshwater fish (river), 

freshwater molluscs or freshwater plants was noted during the survey. 

 

For freshwater crustaceans, a critical group of one individual was identified with a 

consumption rate of 1.2 kg/y. 

 

10-year-old age group 

 

The only species of freshwater crustacean consumed by the 10-year-old age group was 

signal crayfish (Pacifastacus leniusculus).  No consumption of freshwater fish (river), 

freshwater molluscs or freshwater plants was noted during the survey 

 

For freshwater crustaceans, a critical group of one individual was identified with a 

consumption rate of 1.2 kg/y. 

 

Other age groups 

 

No children in the 5-year-old, 1-year-old or 3-month-old age groups were noted to be 

consuming any local aquatic foods. 
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4.6 Riverbank occupancy 

 

Adults’ occupancy rates 

 

Riverbank occupancy rates for adults over mud and grass are presented in Table 11. 

Individuals in the critical groups are shown in bold. 

 

The maximum occupancy rate recorded over mud and grass was 780 h/y for two anglers.  

Fourteen other anglers had occupancy rates within a factor of three of this.  This gives a 

critical group mean occupancy rate of 420 h/y. 

 

Children’s occupancy rates 

 

Occupancy rates for children over mud and grass are presented in Table 12.  

 

15-year-old age group 

 

Only one child angler was noted with bank side occupancy in this age group. He spent 360 

h/y occupancy over mud and grass. 

 

10-year-old age group 

 

The maximum occupancy rate recorded over mud and grass for this age group was 360 h/y 

for an angler.  Three other anglers had occupancy rates within a factor of three of this.  This 

gives a critical group mean occupancy rate of 280 h/y. 

 

5-year-old age group 

 

Only one child angler was noted with bank side occupancy in this age group. He spent 200 

h/y occupancy over mud and grass. 
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Other age groups 

 

No children in the 1-year-old or 3-month-old age groups were noted with bank side 

occupancy. 

 

Gamma dose rate measurements 

 

Representative gamma dose rate measurements at 1 m above the substrate were taken over 

mud, sand and grass.  These measurements (shown in Table 13) ranged from 0.064 to 0.078 

µGy/h over mud, 0.068 to 0.072 µGy/h over sand and 0.070 to 0.073 µGy/h over grass.  The 

data in Table 13 (where comparisons can be made) are consistent with those reported by the 

Environment Agency (EA, EHS, FSA, SEPA, 2007).  Natural levels of around 0.07 µGy/h over 

mud, 0.05 µGy/h over sand and 0.06 µGy/h over other substrates are expected. 

 

4.7 Handling of sediment, fishing gear and nets 

 

Handling sediment, or handling fishing gear which has become entrained with fine sediment 

particles, can potentially give rise to skin exposure from beta radiation.  Doses to the skin 

need consideration as there is a separate dose limit for skin for members of the public.  There 

is also a contribution to effective dose due to skin exposure (ICRP, 1991). 

 

Handling of angling equipment was not considered to be a significant pathway.  Therefore, as 

in previous surveys, data for this pathway were not collected. 

 

Fishing gear can also be a source of whole body gamma exposure due to occupancy in the 

vicinity of the gear.  However, this pathway is minor compared with the same exposure 

received during occupancy over bank side areas and it has therefore been omitted from the 

report. 
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Adults’ handling 

 

Table 14 shows the adult rate for handling fishing gear, as recorded during the survey. No 

handling of sediment was noted. 

 

Only one individual was noted handling fishing gear.  He handled crayfish traps for 12 h/y. 

 

Children’s handling 

 

No children were noted to be handling either fishing gear (excluding angling equipment) or 

sediment during the survey. 

 

4.8 Occupancy rates in close proximity to sewage, sewage sludge or sewage cake 

 

Table 15 shows the occupancy rates in close proximity to sewage, sewage sludge or sewage 

cake for the employees at Didcot Sewage Works. 

 

All three employees had the same occupancy rates.  The occupancy rate in close proximity to 

sewage was 130 h/y.  The combined occupancy rate in close proximity to sewage sludge or 

sewage cake was 160 h/y. 

 

4.9 Water based activities 

 

Activities taking place in or on the water can lead to ingestion of water and/or inhalation of 

spray.  These pathways are generally considered to be minor in comparison with other 

exposure pathways such as the ingestion of foods produced in the vicinity of a nuclear site.  

However, in order to enable dose assessment, relevant data have been collected.  No 

manipulation of the data (for example, calculating critical group rates) has been carried out. 
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Occupancy rates for activities taking place in or on water potentially affected by liquid 

discharges from Harwell are shown in Table 16 for adults and Table 17 for children.  For the 

purposes of this report, activities where there is a high likelihood of the individual’s face 

submerging under water have been classified as activities ‘in water’, as they are more likely to 

lead to ingestion of water.  All other activities have been classified as activities ‘on water’.     

 

Adults’ activities in the water 

 

The only activity noted to be taking place in water in the survey area was kayaking.  The 

maximum rate recorded, of 39 h/y, was for four individuals. 

 

Adults’ activities on the water 

 

Activities taking place on the water included houseboat dwelling, sailing, canoeing, rowing, 

hobby fishing and cruising.  The highest occupancy rate was 4900 h/y, for two individuals who 

were living on a houseboat.  The houseboat was permanently afloat. 

  

Children’s activities in the water 

 

15-year-old age group 

 

Activities noted taking place in water for this age group were kayaking and swimming. The 

highest occupancy rate was 51 h/y, for five individuals. 

 

10-year-old age group 

 

Activities noted taking place in water for this age group were also kayaking and swimming. 

The highest occupancy rate was 51 h/y, for three individuals. 
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Other age groups  

 

No children in the 5-year-old, 1-year-old or 3-month-old age groups were identified as 

participating in any activities in water during the survey. 

 

Children’s activities on the water 

 

15-year-old age group 

 

Activities noted taking place on water for this age group were canoeing, rowing and sailing. 

The highest occupancy rate was 120 h/y, for five individuals. 

 

10-year-old age group 

 

Activities noted taking place on water for this age group were also canoeing, rowing and 

sailing.  The highest occupancy rate was 120 h/y, for three individuals. 

 

Other age groups 

 

No children in the 5-year-old, 1-year-old or 3-month-old age groups were identified as 

participating in any activities on water during the survey. 
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5 TERRESTRIAL RADIATION PATHWAYS 

 

5.1 Terrestrial survey area 

 

The terrestrial survey area covered all land and watercourses within 5 km of the Harwell site 

centre (NGR SU 471 867) as shown in Figure 2.   The watercourses connecting the Lydebank 

Brook to the River Thames, which extended beyond the 5 km radius, have also been included 

in the terrestrial survey area since they carried surface run off water from the site (Figure 3). 

 

Several villages were located within the terrestrial survey, including: Milton to the north of the 

site; Harwell to the north-east; West Hagbourne and Upton to the east; Chilton to the south-

east; West Ilsley to the south, and Ardington, East Hendred and West Hendred to the north-

west.  Several brooks, including the Lydebank Brook, flowed through the survey area to the 

north and west of the site.  Land in the terrestrial survey area was predominantly agricultural. 

 

Nineteen working farms were identified in the area.  Of these: 

 Five farms produced crops 

 Three farms produced crops and beef cattle 

 Three farms produced crops, beef cattle and sheep 

 One farm produced crops and free range chicken eggs 

 One farm produced crops and dairy cattle 

 One farm produced beef cattle 

 One farm produced beef cattle, dairy cattle and crops 

 One farm produced beef cattle, sheep and crops 

 One farm produced beef cattle, sheep, pigs, free range chicken eggs and crops 

 One farm produced dairy cattle 

 One farm produced fruit 

 

Beef cattle and lambs from the survey area were sold at livestock markets in Thame and 

Cirencester, and sent to abattoirs in England and Wales.  Beef and lamb were also sold 
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directly from a farm and from farm shops located within the terrestrial survey area.  Milk was 

sold to the national chains First Milk and First Dairy.  Chicken eggs were sold from the farms 

where they were produced and from local farm shops.  Crops (beans, oilseed rape, wheat, 

barley, maize and oats) were sold to national distributors for malting, milling and for animal 

feed.  Grain from one farm was made into flour at a mill located outside the area and this was 

sold from shops in the area.  Brussels sprouts, fruit, nuts and cider were sold directly from 

farms. 

 

Farmers and their families were noted to be consuming beef, lamb, pork, milk, chicken and 

eggs (chicken and duck) from their own farms. 

 

Two vineyards were identified in the survey area, both located to the northeast of the site.  

One vineyard had approximately 6000 vines and had a shop where their local wine, apples 

and plums were sold.  Wine was also sold from local shops and via the Internet.  The second 

vineyard had 1000 vines and sold their wine through local garden centres and on the Internet.  

They also grew fruit and nut trees, the produce of which was sold from the estate. 

 

Four allotment sites were located within the survey area, at Harwell, East Hendred, Chilton 

and Ardington.  One was located just outside the survey area at Steventon.  The allotment 

sites were well used and well maintained, with the exception of the Chilton site, which only 

had a few well-maintained plots.  There were approximately 20 plots at Harwell, 30 plots at 

East Hendred, 10 plots at Chilton (two not used), 10 plots at Ardington (three not used) and 

50 plots at Steventon.  Many varieties of fruit and vegetables were grown on the allotments.  

In addition, chickens were kept for egg production at one allotment site.  Private gardens and 

farms with a range of fruit and vegetables were noted; one gardening club with keen 

members was identified in the area.  Chickens were kept for egg production at two private 

residences where interviews were conducted.  Several private houses were selling small 

amounts of fruit from their door and one individual was identified who sold boxes of mixed 

vegetables from his house. 
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Five beekeepers were identified in the survey area; three hives were located at Rowstock, 

three at East Hendred, two at Upton and four at Harwell.  The production of honey per hive 

ranged from 7 kg/y to 34 kg/y and the average production per hive was 16 kg/y.  The 

beekeepers consumed some of the honey and the rest was given to family and friends, sold 

to local customers and sold through shops. 

 

The consumption of wild foods included blackberries, bullus plums, crab apples, damsons, 

elderberries, hazel nuts, plums and sloes.  These were collected from the lanes around the 

villages and from fields and farmland in the survey area.  Game from within the survey area, 

which included partridge, pheasant, pigeon, rabbit and venison, was consumed.  Two 

organised game shoots were identified in the survey area.  One was a private shoot on 

farmland and the birds were consumed by syndicate members and their families and sold 

through a village shop in the survey area.  The other was a small private shoot on a country 

estate, which was for the estate owner’s family members only.  Rough shooting for rabbits 

and hares was carried out at several locations on farmland; individuals were consuming the 

rabbits they shot and some individuals were consuming rabbit liver. 

 

Evidence of the human consumption of groundwater, and the consumption by livestock of 

groundwater and surface water, was found.  A hamlet of about 10 houses, situated 

approximately 2 km west of the site, did not have the utility of mains water and was supplied 

with water from a well on a farm.  A large country estate on the western edge of the terrestrial 

survey area also did not have mains utility water and had private water supplies from 

boreholes.  Borehole water was supplied to a village, two hamlets and other properties on the 

estate, comprising a total of approximately 200 residences and 50 businesses.  Another 

country estate bordered the western side of the Harwell site.  It was reported that there were 

boreholes on the estate land but they were not used because the water was contaminated 

with chemicals (not with radioactivity).  Livestock were identified drinking water from another 

borehole, a well and from streams, ditches and the River Thames. 
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Several brooks were identified in the north and west of the survey area.  The Lydebank Brook 

was of particular interest as it carried the surface runoff (potentially containing gaseous 

discharges) from the Harwell site.  From the site, the Lydebank Brook is very small and 

crosses open farmland and woodland before passing through an underground culvert at East 

Hendred.  The Lydebank Brook then joins the Ginge Brook and the Ardington Brook to 

become a sizable stream called the East Hendred Brook.  This stream flows through 

Steventon (the outer limit of the 5 km terrestrial area) and then across farmland, becoming 

Mill Brook before joining the River Thames at Sutton Courtenay. 

 

The Lydebank Brook was investigated to identify any activities occurring on the banks or in 

the brook.  Two public access points were identified along the Lydebank Brook.  One was to 

the east of East Hendred village where a few metres of the brook could be accessed by a 

footpath through farmland and woodland.  Here the brook was very narrow and the banks 

were heavily overgrown.  There was very little water in the brook at the time of the survey.  

There was no evidence of activities along this stretch of the brook.  The second access point 

was in the village of East Hendred where the brook flowed under a road and then passed 

through woodland.  At this point there was a footpath alongside the brook, which was 

passable for about 20 metres before becoming overgrown. The water could be accessed near 

the road and this was potentially an area where children could play.  However, no one was 

identified spending time there.  The Lydebank Brook and the Ginge Brook flowed past a trout 

farm at East Hendred (see below).  No activities were identified between the trout farm and 

the River Thames; for the most part the brook crossed farmland and access was extremely 

limited. 

 

There was one trout farm located to the northwest of the site and one trout sport fishery 

located to the west of the site.  The trout farm produced approximately 15 tonnes of trout 

annually, of which, 95% were rainbow trout (Oncorhynchus mykiss), and 5% were brown trout 

(Salmo trutta).  Water was diverted predominantly from the Ginge Brook to fill the ponds, with 

a small amount of water originating from the Lydebank Brook.  Trout remain in the ponds for 

six months to two years.  There was also a trout pond for angling at the farm, which was 
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predominantly used by local families.  Trout was being sold from the trout farm shop.  The 

sport fishery was located to the west of the Harwell site and comprised of five lakes on a 

country estate.  The lakes were stocked with brown trout and rainbow trout; the trout 

remained in the ponds for varying lengths of time, from several days up to two years.  

Approximately 50 anglers fished at the sport fishery; 50% of which had a full licence and 50% 

had a half licence.  The maximum number of fish that each individual could keep was four per 

week.  However, it was reported that most members gave away their catch so no people were 

identified with high consumption rates. A farmer fished for wild brown trout in streams that 

crossed his land and he and his family consumed the small catch. 

 

5.2 Unusual pathways 

 

The transfer of contamination from the Harwell site by wildlife was investigated.  A 

representative from UKAEA was asked about wildlife that could act as carriers for the transfer 

of radioactivity off site.  He reported that rabbits, pigeons and deer were found on site, but 

were not considered to be a pest problem.   There were areas of low-level radioactive waste 

covered in soil mounds on the site, where rabbits could potentially burrow.  The rabbits were 

periodically culled and disposed of but pigeons and deer were not being culled.  Wildlife was 

not being routinely sampled; rabbits and pigeons had occasionally been analysed for 

radioactivity in the past, but no elevated levels were found.  Eighteen individuals were 

consuming rabbits and hares from the survey area, three of which were consuming rabbits 

from the immediate vicinity of the site.  Eleven people were consuming venison and one 

person was consuming pigeon from the survey area. 
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5.3 Wholesalers and retailers 

 

Retailers and wholesalers were interviewed to find out whether they were selling local 

produce from within the survey area.  Six outlets in total were visited, which were; three farm 

shops, a vineyard, a village shop and a trout farm shop.  All six outlets were selling produce 

from within the terrestrial survey area.  One farm shop was selling fruit, vegetables, meat 

(beef, lamb venison, duck, partridge and pheasant), apple juice, cider, flour and eggs; one 

farm shop was selling chicken eggs, meat (beef, lamb and pork) fruit, vegetables and honey; 

and one farm shop was selling cider, fruit and nuts.  The vineyard shop sold wine, fruit and 

nuts, and the village shop sold beef, lamb, eggs, honey, flour, vegetables, and wine.  The 

trout farm was selling trout from the farm, which was also sold at local farmers markets and to 

local pubs and restaurants. 

 

5.4 Food consumption data 

 

Consumption data for locally produced foodstuffs potentially affected by gaseous discharges 

are presented in Tables 18 to 34 for adults and Tables 35 to 47 for children.  These tables 

include the mean consumption rates of the critical groups together with the observed 97.5th 

percentile rates calculated as described in Section 3.2.  For purposes of comparison, the data 

are summarised in Table 6 for adults and in Tables 7 to 10 for children (15-year-olds, 10-year-

olds, 5-year-olds and 1-year-olds, respectively).  No children in the 3-month-old age group 

were noted to be consuming foods produced in the terrestrial survey area. 

 

In order to provide information relevant to surveillance and assessment studies, the 

consumption rate data collected during the survey were analysed to indicate which food types 

most commonly contributed to each food group.  The data are summarised in Table 48.  

Those food types shown in emboldened italics were sampled as part of the 2006 Food 

Standards Agency monitoring programme (EA, EHS, FSA and SEPA, 2007). 
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Adult’s consumption rates 

 

Consumption of locally produced foods was identified in the following 17 food groups: green 

vegetables, other vegetables, root vegetables, potato, domestic fruit, milk, cattle meat, pig 

meat, sheep meat, poultry, eggs, wild/free foods, rabbits/hares, honey, wild fungi, venison 

and freshwater fish (lake & stream).  No consumers of local cereals were identified but it was 

almost certain that local cereals were consumed since flour, milled from locally grown wheat, 

was sold through one of the farm shops.  

 

Critical group mean consumption rates were found to be greater than the generic 97.5th 

percentile consumption rates in the green vegetables and pig meat food groups.  A further 

eight critical group mean consumption rates exceeded the generic mean consumption rates.  

These were for other vegetables, root vegetables, domestic fruit, cattle meat, sheep meat, 

eggs, wild/free foods and honey.  Six observed 97.5th percentile consumption rates exceeded 

the generic 97.5th percentile consumption rates.  These were for green vegetables, root 

vegetables, cattle meat, pig meat, sheep meat and honey. 

 

Children’s consumption rates  

 

15-year-old age group 

 

Sixteen children in this age group were identified to be eating locally produced food.  

Consumption was identified in the following 13 food groups: green vegetables, other 

vegetables, root vegetables, potato, domestic fruit, cattle meat, sheep meat, poultry, eggs, 

wild/free foods, rabbits/hares, venison and freshwater fish (lake & stream).  No consumption 

was identified for milk, pig meat, honey, wild fungi or local cereals.  Critical group mean 

consumption rates did not exceed the generic 97.5th percentile consumption rates for any 

food group.  Four critical group mean consumption rates exceeded the generic mean 

consumption rates.  These were for green vegetables, other vegetables, root vegetables and 
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eggs.  Two observed 97.5th percentile consumption rates were greater than the generic 97.5th 

percentile consumption rates. These were for green vegetables and root vegetables. 

 

10-year-old age group 

 

Fourteen children in this age group were identified to be eating locally produced food.  

Consumption was identified in the following 12 food groups: green vegetables, other 

vegetables, root vegetables, potato, domestic fruit, cattle meat, sheep meat, poultry, eggs, 

wild/free foods, venison and freshwater fish (lake & stream).  No consumption was identified 

for milk, pig meat, rabbits/hares, honey, wild fungi or local cereals.  The critical group mean 

consumption rate for green vegetables exceeded the generic 97.5th percentile. Five critical 

group mean consumption rates exceeded the generic mean consumption rates.  These were 

for other vegetables, root vegetables, domestic fruit, sheep meat and eggs.  One observed 

97.5th percentile consumption rate was greater than the generic 97.5th percentile consumption 

rate. This was for green vegetables. 

 

5-year-old age group 

 

Five children in this age group were identified to be eating locally produced food.  

Consumption was identified in the following eight food groups: green vegetables, other 

vegetables, root vegetables, potato, domestic fruit, eggs, wild/free foods and freshwater fish 

(lake & stream). No consumption was identified for milk, cattle meat, pig meat, sheep meat, 

poultry, rabbits/hares, honey, wild fungi, venison or local cereals.  No generic 97.5th percentile 

or generic mean consumption rates have been determined for this age group so no 

comparisons with the corresponding observed rates are possible. 

 

1-year-old age group 

 

Two children in this age group were identified to be eating locally produced food.  

Consumption was identified in the following seven food groups: green vegetables, other 



 
 
 

51

vegetables, root vegetables, potato, domestic fruit, eggs and wild/free foods. No consumption 

was identified for milk, cattle meat, pig meat, sheep meat, poultry, rabbits/hares, honey, wild 

fungi, venison, freshwater fish (lake & stream) or local cereals.  No generic 97.5th percentile or 

generic mean consumption rates have been determined for this age group so no comparisons 

with the corresponding observed rates are possible. 

 

3-month-old age group 

 

No children in this age group were identified to be eating locally produced food.   

 



 
 
 

52

6 DIRECT RADIATION PATHWAYS 

 

6.1 Direct radiation survey area 

 

The direct radiation survey area is shown in Figure 2.  It covered all land within 1 km of the 

UKAEA licensed site boundary.  The occupancy data collected from the direct radiation 

survey area is also applicable to direct exposure arising from gaseous releases from the site. 

 

The UKAEA licensed site occupied a broad arc of land along the northwest side of the 

Harwell Science and Innovation Campus. The liquid effluent treatment plant formed a 

separate, relatively small, licensed area about 100m north of the main licensed site.  It was 

noted that the boundary formed by the security fence was different from the boundary of the 

licensed site and it was the boundary of the licensed site that was used as the baseline for 

determining the direct radiation survey area.  

 

The whole campus was being developed and regenerated as a major business and science 

centre.  Some of the buildings were disused and others were under construction.  There were 

several small residential areas within, or close to, the campus.  Outside the campus the area 

was predominantly farmland.  There were plans for a new housing development of 200 to 300 

homes to be built in the southern area of the campus. 

 

Directly adjacent to the northeast corner of the site there was a business area. This consisted 

of a small shopping precinct, service businesses and several office blocks.  Businesses and 

facilities included, for example: a newsagent, café, sandwich bar, bank, post office, 

hairdresser, dentist, health centre and conference hall.  Some of the office blocks were 

occupied by single organisations while others were multi occupancy, housing a number of 

small organisations.  A nursery school, squash courts and playing fields were located close by 

to the east.  The facilities catered mainly for people working on the campus site or living close 

by.  A small housing estate was situated slightly further to the northeast.  Dog walkers used 

footpaths across small areas of grass and trees, close to the liquid effluent treatment plant.   
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Other paths provided short cuts between the housing estate and shopping area.  All the area 

to the north and northeast of the housing estate was open farmland and two isolated 

residences were located in the far northeast close to the limit of the 1 km survey area.  The 

A4185 road proceeded from north to south and formed the eastern boundary of the campus. 

 

There was an area of land near the main entrance at the eastern side of the site that had 

recently been delicensed.  Since the security fence had not been moved the area remained 

inside the secure area.  One organisation had premises located within this area and they 

were sent an e-mail questionnaire. 

 

The main buildings of the science campus were situated to the southeast of the licensed site. 

Several large, and many smaller, organisations were in the location.  Some were enclosed by 

their own security fences and these organisations were sent e-mail questionnaires. The area 

was dominated by a large circular research building, which operates a synchrotron  (Diamond 

Synchrotron) and produces ultraviolet and X-ray beams.  There were several large lawned 

areas, a sports field, a hotel, a bus terminus and another nursery school. 

 

Further to the southeast was an area of rough land and woodland criss-crossed by old airfield 

roads, some of which were blocked off.  A row of houses was located along one road.  Still 

further to the southeast and close to the limit of the 1 km area there were minor roads with a 

primary school, garden centre and small housing development.  The A34 trunk road 

proceeded along the extreme limit of the 1 km zone to the southeast of the site. 

 

The land to the south of the site was farmland that could be accessed by bridleways and 

tracks.  Two sets of stables, with attached residences, were located in this area.  One of the 

stables had a plot of pastureland, and employed a person that lived outside the area. 

 

The restricted byway known as ‘Ridgeway’, part of the National Trail network, proceeded 

along the top of the chalk ridge in the southwest of the area close to the limit of the 1 km 

zone. 
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The land to the west and to the north of the licensed site was predominantly farmland with 

scattered small patches of woodland.  A minor road ran north to south down the western edge 

of the 1km zone and there were several bridleways in the area.  There were two isolated 

cottages to the west and a small hamlet and isolated farm to the northwest of the licensed 

site. 

 

6.2 Residential activities 

 

The main concentration of residences was on a housing estate to the northeast of the site.  

There were 85 residences on the estate with about 65 of these being in the 0 – 0.25 km zone 

and the other 20 in the >0.25 – 0.5 km zone.  One road on the southern side of the estate 

was scheduled for redevelopment.  The houses were being boarded up as they became 

vacant.  Only 5 of the 12 properties in this road were occupied at the time of the survey. 

 

There were two smaller groups of residences to the southeast of the site.  These included a 

road with 12 neighbouring houses and a modern housing development of 11 properties with 

two older cottages close by.  All these residences were in the >0.5 – 1.0 km zone. 

 

There was another small hamlet of 7 residences to the northwest of the site in the >0.5 – 1.0 

km zone. 

 

There were several isolated residences in various locations. To the northeast of the site there 

were two houses in the >0.5 – 1.0 km zone. To the south there were two residences attached 

to stables in the 0 – 0.25 km zone and a house attached to another set of stables in the >0.5 

– 1.0 km zone.  To the west there were two cottages in the >0.5 – 1.0 km zone and to the 

northwest there was a farm in the >0.25 – 0.5 km zone. 

Interviews were conducted at 26 residences. Twelve were on the housing estate to the 

northeast of the site; seven were on the road to the southeast; two were on the housing 
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development to the southeast; two were at the hamlet to the northwest and three were at the 

two sets of stables to the south of the site. 

 

No interviews were conducted at the two isolated houses to the northeast of the site, or at the 

two cottages to the west or the farm to the northwest.    

 

Thirteen of the residences interviewed were in the 0 – 0.25 km zone, one was in the >0.25 – 

0.5 km zone and 12 were in the >0.5 – 1.0 km zone.  Eight of the residences had families with 

children. 

 

6.3 Leisure activities 

 

Few leisure activities were observed around the Harwell site.  Dog walking took place in the 

area surrounding the LETP to the north of the site and it was reported that horse riders and 

walkers occasionally used the bridleways to the south and west of the site.  There were 

squash courts and two well maintained sports fields outside the main entrance on the eastern 

side of the site.  Another sports field was located to the south of the site.  No leisure activities 

were observed at the time of the survey.  The ‘Ridgeway’ trail to the southwest of the site may 

have attracted walkers, horse riders and cyclists but was not investigated during the survey 

owing to its distance from the licensed site boundary and the expectation that users would 

only spend a little time passing through the survey area. 

 

6.4 Employment activities 

 

There were around 100 organisations located on the Harwell Science and Innovation 

Campus, employing about 4,500 people.  These ranged in size from small enterprises with 

just two or three staff to large organisations employing almost 1500 people.  They were 

engaged in a diverse array of activities and included high-tech businesses, commercial firms, 

scientific research institutes, government agencies and local service providers. The 

organisations were located in two main areas, one to the northeast of the licensed site and 
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the other to the southeast.  All of the organisations to the northeast were in the 0 – 0.25 km 

zone and about three quarters of the organisations to the southeast were in the 0 – 0.25 km, 

with most of the rest in the >0.25 – 0.5 km zone.  There was a garden centre to the southeast 

close to the limit of the >0.5 – 1 km zone and a farm to the northwest in the >0.25 – 0.5 km 

zone but interviews were not conducted at either of these premises.  Building works were 

taking place at several places around the campus but information was not obtained for the 

construction workers. 

 

Interviews were conducted at four of the smaller organisations located to the northwest of the 

site, which together employed 17 staff.  Only one person spent time outdoors and this was 

limited to about 1 hour per week. 

 

One organisation had one set of premises located inside the security fence on the delicensed 

land at the east of the site and another set of premises located to the southeast of the site.  

Generic data was obtained for the 392 full time staff and 50 part time staff that worked at the 

two sets of premises.  A representative sample of 14 staff has been used in the analysis.  

None of the staff spent significant periods of time outdoors. 

 

Another large organisation to the southeast of the site provided generic data for 1266 full time 

staff and 168 part time staff.  A representative sample of 18 staff has been used in the 

analysis.  Most of the staff did not spend significant periods of time outdoors but one of the 

employees used in the analysis, a security guard, spent about half his time outdoors. 

One of the sets of stables to the south of the site employed a worker from outside the area 

who spent all their time at work outdoors.  No information was collected for farm workers who 

may have worked in fields around the site. 

 

The activities of the employees of UKAEA, GE Healthcare, tenant organisations and 

contractors while at work within the licensed site were not included in the direct radiation 

survey. 
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6.5 Educational activities 

 

A primary school and two nursery schools were located in the direct radiation area. 

 

The primary school employed 9 full-time staff, 20 part-time staff and had 190 pupils aged from 

3 years to 11 years old.  Occupancy rates were available for the staff but only generic level 

data were collected for the pupils and a representative sample of 20 observations were 

included in the analysis.  Both staff and pupils spent some time outdoors. 

 

One of the nursery schools employed 15 full-time staff, and had 70 registered children, aged 

from 3 months to 5 years.  Attendance times for the children were very variable, ranging from 

4 hours to 40 hours per week, but detailed attendance times were not available.  

Approximately 30 of the children were between 3 months and 2 years old and about 40 

children were between 2 years and 5 years old.  Usually about 50 to 60 children attended 

school on each day.  The staff and children spent an average of one to two hours per day 

outdoors, depending on the weather. 

 

The other nursery school employed 28 full-time staff, 7 part-time staff and had 96 registered 

children, aged from 3 months to 5 years.  Again attendance times for the children were very 

variable and occupancy rates for the children were not collected.  Some only attended on one 

day a week while others attended up to five days a week.  The nursery was open from 7:30 

am to 6:00 pm for five days a week.  Twelve of the children were under 1-year-old, 36 

children were 1 year to 2 years old and 48 children were between 3 years and 5 years old.   

Staff and children spent on average one to two hours per day outdoors, depending on the 

weather. 

 





 
 
 

59

6.7 Gamma dose rate measurements 

 

Table 51 presents the gamma dose rate measurements for the Harwell direct radiation 

survey.  Representative gamma dose rate measurements were taken at a height of 1 m both 

inside and outside residences, businesses and schools and at outdoor background locations 

outside the direct radiation survey area.  Outdoor measurements were taken approximately 

10 to 20 metres from the nearest buildings, and the background locations were on rough 

grassland.  It should be noted that the measurements taken at residences, businesses and 

schools have not been adjusted for natural background dose rates. 

 

In the survey area, the 25 outdoor measurements, which were all taken over grass, ranged 

from 0.057 to 0.088 µGy/h.  The 20 measurements taken inside houses and businesses 

ranged from 0.062 to 0.116 µGy/h. 

 

Outside the survey area, background readings over rough grassland ranged from 0.065 to 

0.074 µGy/h.  At the time of the survey, approximately 50% of the outdoor measurements 

within the survey area were above the maximum of these background measurements. 

 

Comprehensive studies of background radiation have been carried out on a national scale by 

the Radiation Protection Division of the Health Protection Agency (previously the National 

Radiological Protection Board), the most recent of these being a review conducted in 2005 

(Watson et al, 2005).  The results from this review could be used for comparison with the data 

collected during the survey. 
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7 COMBINED PATHWAYS 

 

In determining habits data for the purposes of assessing radiological doses to the public, it 

may be necessary to consider a combination of pathways.  Data are provided in Annexes 1 

and 2 so that the full effect of combining pathways can be assessed for individual 

observations, given the concentrations and dose rates for a particular assessment.  In some 

circumstances, it will be possible to make simplifying assumptions and define the 

consumption and external exposure rates appropriate to a series of potential critical groups.  

Such assumptions will depend on the assessment in question but some initial observations 

are provided here as a starting point for those undertaking assessments. 

 

The most extensive combinations of pathways for adult dose assessment are shown in Table 

52.  Each of the 20 combinations shown in Table 52 represents an actual individual (or 

individuals) from Annex 1 who has positive data (irrespective of the magnitude), for each 

pathway marked with an asterisk.  It should be noted that combination numbers in Table 52 

do not correlate directly with observation numbers in Annex 1.  Other individuals from Annex 

1 have combinations that are not listed in Table 52 because they have fewer pathways and a 

dose assessment for them would be adequately covered by one of the 20 listed combinations. 

 

Qualitative and estimated data shown in Annex 3 have not been included in Table 44.  This is 

because data in Annex 3 are for pathways that were identified by hearsay during the survey, 

but not quantified by interviewees. 

 

Combinations of pathways at critical group rates may be achieved by considering the data in 

Annexes 1 and 2.  Although critical group rates are not given in the annexes, the rates for 

individuals making up the groups are shown emboldened.  Possible combinations of 

pathways and their associated critical group rates are, therefore, apparent. 
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7.1 Use of the data for assessing total dose 

 

The Environment Agencies and the Food Standards Agency have considered ways of using 

habits data to calculate total dose retrospectively.  The adopted approach is to use the adult 

consumption and occupancy data collected in each habits survey to create a matrix with a 

series of habits profiles for each site.  The relevant matrix for the Harwell adults’ profiled 

habits data is shown in Annex 5.  The National Dose Assessment Working Group (NDAWG) 

has considered this approach to assessing retrospective total doses (Camplin et al, 2005) and 

has agreed that using habits profiles is an appropriate approach.  Retrospective total doses 

around Harwell will in future be made using these profiles and reported in the Radioactivity in 

Food and the Environment Reports (e.g. EA, EHS, FSA and SEPA, 2007).  Data from Annex 

3 are not included in Annex 5. 

 

7.2 Use of the data for foetal dose assessment 

 

Dose assessment of the prenatal age group was introduced routinely for the first time in the 

Radioactivity in Food and the Environment Report in 2005 (EA, EHS, FSA and SEPA, 2006), 

following the publication of recommendations by the Radiation Protection Division of the 

Health Protection Agency (National Radiological Protection Board, 2005).  The adopted 

approach is to use consumption and occupancy data for women of childbearing age.  

Therefore, to assist in the assessment of foetal dose, consumption and occupancy data 

collected during the Harwell habits survey for females of childbearing age are presented in 

Annex 6.  The Office of National Statistics classifies women to be of childbearing age if they 

are between 15 – 44 years old (www.statistics.gov.uk); this age range has been used in 

Annex 6.  It was not possible to collect ages for all female observations during the habits 

survey; however, these females with unknown ages have been included in Annex 6 as they 

are potentially women of childbearing age. 
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8 CONCLUSIONS AND SUGGESTIONS 

 

8.1 Survey findings 

 

The survey investigated the three potential sources of public radiation exposure from the 

Harwell site, which were: 

 Discharges of liquid radioactive waste into the River Thames from the discharge pipe at 

Sutton Courtenay and into the water utility company’s foul sewer.  

 Discharges of gaseous radioactive waste to the atmosphere 

 Emissions of direct radiation 

 

Data were collected for 453 individuals including riverbank anglers, hobby fishermen, 

houseboat dwellers, people pursuing water sports, farmers, allotment holders, beekeepers, 

sewage workers and people spending time within 1 km of the site.  These people were 

targeted because their habits and where they live may cause them to be exposed to 

radioactivity from the site.  However, it should be noted that the most exposed people can 

only be defined with the outcome of a dose assessment. 

 

All consumption rates recorded in this report are only for foods produced or caught within the 

terrestrial and aquatic survey areas defined in Section 2.3. 

 

The adult mean critical group rates (as defined in Section 3.2) for the separate aquatic 

consumption pathways were: 

 1.1 kg/y for freshwater fish (river) 

 1.1 kg/y for freshwater crustaceans 

 

The predominant aquatic species consumed by the respective critical groups were perch and 

signal crayfish. 

 

The mean critical group riverbank occupancy rate over mud and grass was 420 h/y. 
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The mean critical group rate for handling fishing gear was 12 h/y. 

  

The occupancy rate for sewage workers in close proximity to sewage was 130 h/y.  The 

combined occupancy rate in close proximity to sewage sludge and sewage cake was 160 h/y.  

Sewage cake was used as a fertiliser/soil conditioner on farmland. 

 

The maximum occupancy rate spent in water was 39 h/y and the maximum occupancy rate 

spent on water was 4900 h/y on a houseboat. 

 

The adult mean critical group rates for the separate consumption pathways for foods affected 

by gaseous discharges were: 

 46 kg/y for green vegetables 

 28 kg/y for other vegetables 

 31 kg/y for root vegetables 

 50 kg/y for potato 

 63 kg/y for domestic fruit 

 59 l/y for milk 

 42 kg/y for cattle meat 

 49 kg/y for pig meat 

 23 kg/y for sheep meat 

 6.0 kg/y for poultry 

 12 kg/y for eggs 

 17 kg/y for wild/free foods 

 1.6 kg/y for rabbits/hares 

 9.3 kg/y for honey 

 2.2 kg/y for wild fungi 

 5.0 kg/y for venison 

 4.9 kg/y for freshwater fish (lake & stream) 
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No consumption of cereals was positively identified, although it was noted that flour milled 

from wheat grown in the terrestrial survey area was sold at one of the farm shops.  

Consumption of foodstuffs by children was also recorded.  Combinations of food groups (both 

aquatic and terrestrial) consumed at critical group rates, together with external pathway 

exposures, may be derived from the data for individuals in Annexes 1 and 2.  Rates for 

individuals making up the critical groups are presented in bold type. 

 

Evidence of the human consumption of groundwater, and the consumption by livestock of 

groundwater and surface water, was found.  The domestic supply for about 10 houses in a 

small hamlet was from a farm well and the domestic supply for approximately 200 houses and 

50 businesses on a large country estate was from boreholes.  Livestock were identified as 

drinking water from a borehole, a well, streams, ditches, and the River Thames. 

 

Transfer of radioactive contamination from the site into the surrounding area by wildlife was 

investigated.  Rabbits, pigeons and deer were reported on the site but none of these was 

considered by the site operators to be a pest problem.  The rabbits were periodically culled 

but pigeons and deer were not.  Eighteen individuals were consuming rabbits and hares from 

the survey area, three of which were consuming rabbits from the immediate vicinity of the site.  

Eleven people were consuming venison and one person was consuming pigeon from the 

survey area. 

 

For occupancy by members of the public within 1 km of the Harwell site boundary, the highest 

total occupancy, indoor occupancy and outdoor occupancy rates were: 

 For the 0 - 0.25 km zone; 8100 h/y total occupancy, 7900 h/y indoor occupancy and  

3900 h/y outdoor occupancy  

 For the >0.25 - 0.5 km zone; 6600 h/y total occupancy, 6200 h/y indoor occupancy and 

400 h/y outdoor occupancy 

 For the >0.5 - 1.0 km zone; 8600 h/y total occupancy, 8600 h/y indoor occupancy and 

2100 h/y outdoor occupancy 
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In all three zones, the highest total occupancy, indoor occupancy and outdoor occupancy 

rates were all for permanent residents, some of whom worked at home. 

 

8.2 Comparisons with previous surveys 

 

Despite some changes to the survey areas the majority of aquatic and terrestrial results from 

this 2007 survey can be compared with the data from the aquatic survey undertaken by Cefas 

in 1991 (Thurston and Doddington, 1993) and the terrestrial habits survey undertaken by 

Cefas in 1999 (Tipple and McMeekan, 1999).  No observations were recorded in the parts of 

the survey areas that had changed between the 1991, 1999 and 2007 surveys except at one 

of six of the allotment sites and the Didcot Sewage Works. 

  

The results of the direct radiation component of this survey cannot be compared as no 

previous direct radiation survey has been conducted by Cefas at this site. 

 

All comparisons for consumption and external pathways are for adult data only.  

 

Aquatic survey 

 

In 1991, no freshwater fish (river) consumption was identified during the survey.  In 2007, one 

individual was identified consuming freshwater fish (river) at an annual rate of 1.1 kg/y. The 

only species consumed was perch. 

 

In 1991, no freshwater crustacean consumption was identified during the survey.  In 2007, a 

critical group of three individuals was identified consuming freshwater crustaceans at a mean 

annual rate of 1.1 kg/y. The maximum rate was 1.2 kg/y. The only species consumed was 

signal crayfish.  

                                                                                                                                                                                       

For external pathways, it should be noted that the methodology for determining the critical 

group has changed since the 1991 survey (see Section 3.2) so care is needed when 
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comparing results.  In the following comparison, the critical group rate from the 1991 survey 

has been recalculated using the current method. 

 

Using the current methodology the 1991 critical group mean bank side occupancy rate over 

mud was 360 h/y for five anglers. The maximum rate, which was for an angler fishing close to 

the discharge weir in Mill Cut, was 650 h/y, and this figure has been used for dose 

assessments purposes.  In 2007 a critical group of 16 anglers was identified with a mean 

bank side occupancy rate over mud and grass of 420 h/y. The maximum rate, for anglers 

fishing throughout the survey area, was 780 h/y. 

 

In 1991 no fishing gear handling was identified. In 2007 an individual was identified handling 

crayfish traps for 12 h/y. 

 

No sediment handling was identified during either the 1991 survey or the 2007 survey. 

 

A comparison of occupancy rates in close proximity to sewage, sewage sludge and sewage 

cake cannot be undertaken because these pathways were not investigated in the 1991 

survey. 

 

A comparison of occupancy rates in and on water cannot be carried out because these 

pathways were not investigated in the 1991 survey. 
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Terrestrial survey 

 

The adult critical group mean consumption rates for terrestrial food groups from the 1999 and 

2007 surveys are shown in Table A, below. 

 

Table A.  Comparison between 1999 and 2007 adult critical group mean consumption 
rates (kg/y or l/y) for terrestrial food groups at Harwell. 
 
Food Group 1999 2007 

Green vegetables 77.9 45.6 

Other vegetables 72.5 28.2 

Root vegetables 48.8 30.6 

Potato 97.0 49.7 

Domestic fruit 36.6 62.9 

Milk 311.0 59.1 

Cattle meat 55.6 41.8 

Pig meat 21.4 49.4 

Sheep meat 19.5 23.4 

Poultry 43.9 6.0 

Eggs 21.0 12.1 

Wild/free foods 3.1 16.7 

Rabbits/hares 2.4 1.6 

Honey 7.9 9.3 

Wild fungi 2.8 2.2 

Venison 11.3 5.0 

Freshwater fish (lake & stream) 17.0 4.9 

 

 

Consumption rates had decreased in 2007 in 12 food groups: green vegetables, other 

vegetables, root vegetables, potato, milk, cattle meat, poultry, eggs, rabbits/hares, wild fungi, 

venison and freshwater fish (lake & stream).  Consumption rates had increased in 2007 in the 
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remaining five food groups: domestic fruit, pig meat, sheep meat, wild/free foods and honey.  

There were large decreases in green vegetables, other vegetables, potato, milk, poultry, 

eggs, venison and freshwater fish (lake & stream) and large increases in domestic fruit, pig 

meat and wild/free foods. 

 

Neither the 1999 nor 2007 surveys identified any individuals consuming local cereals although 

in 2007 it was noted that a farm shop sold flour milled from wheat that was grown on a farm in 

the survey area. 

 

8.3 Suggestions for environmental monitoring 

 

The 2006 monitoring programmes operated by the Environment Agency and the Food 

Standards Agency included the following samples and measurements (EA, EHS, FSA and 

SEPA, 2007):   

 

Aquatic surveillance: 

(Some of these samples relate to the wider monitoring of the Thames catchment in areas 

potentially affected by discharges from Amersham and Aldermaston as well as from Harwell.)  

 

 Pike from Sutton Courtenay outfall* 

 Pike from Newbridge* 

 Pike from Staines* 

 Pike from Shepperton* 

 Pike from Teddington** 

 Flounder from Beckton 

 Nuphar lutea from Newbridge 

 Nuphar lutea from Staines 

 Sediment from Appleford 

 Sediment from Sutton Courtenay outfall 

                                                 
* All pike samples were removed from the programme in 2007 



 
 
 

69

 Sediment from Day’s Lock 

 Sediment from Lydebank Brook 

 Freshwater from Day’s Lock 

 Freshwater from Lydebank Brook 

 Freshwater from River Thames (above discharge point) 

 Freshwater from River Thames (below discharge point) 

 

Gamma dose rate measurements were taken over the following substrates: 

 Mud at Appleford 

 Mud and sand at Appleford 

 Grass and mud at Sutton Courtenay 

 Grass and mud at Day’s Lock 

 

Terrestrial surveillance:  

 Milk 

 Apples 

 Beetroot 

 Blackberries 

 Cabbage/Brussel sprouts 

 Honey 

 Potatoes 

 

The following lists are suggestions for changes to the current environmental monitoring 

programmes.  It should be noted that the suggestions are based on the findings of this 

survey.  They are not the outcome of any form of assessment.  It is suggested that samples 

currently monitored, which are not listed below, remain unchanged in the monitoring 

programme. 
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Environment Agency monitoring: 

 A sample of sewage cake from Didcot Sewage Treatment Works could be introduced 

since the works receives discharges from Harwell via the sewer network and discharges 

to the sewer are expected to increase.  The sewage works employees have occupancy 

close to the sewage cake and it is subsequently spread on farmland. 

 Sediment and water samples from the Thames at Clifton Hampden could be introduced 

since a wide range of activities was recorded there. 

 

Food Standards Agency monitoring: 

 A sample of signal crayfish from the River Thames could be introduced since this is the 

first survey that the consumption of fresh water crustaceans has been noted in the area. 

 The sample of pike from the River Thames at Sutton Courtenay could be replaced by a 

sample of perch, since perch was definitely identified as being eaten.  Previously a 

nominal consumption rate of pike has been used in dose assessments.  However there 

was no direct evidence that pike, or any other freshwater fish from the river, was 

consumed.  

  A sample of mushrooms could be introduced since this is the most commonly eaten wild 

fungi and no sample for this food group is currently taken.  Fungi are known to have large 

concentration factors for radionuclides. 

 A sample of runner bean could be introduced since this is the most commonly eaten other 

vegetable and no sample for this food group is currently taken. 

 A sample of rabbit could be introduced since it was being consumed from the terrestrial 

survey area and rabbits could be potential carriers for off-site transfer of radioactive 

materials. 

 The sample of beetroot could be replaced with a sample of onion since this is the most 

commonly eaten root vegetable. 

 A sample of beef, pork or lamb could be introduced since they were all eaten at above the 

97.5th percentile rates. 
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